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Management summary 
This research is conducted at Body & Fit in the field of forecasting- and inventory management 

within a warehouse. In this research we focus on forecasting demand and reducing the 

inventory by using existing literature and translate this information into a practical system.  

Background 

Body & Fit experiences high inventory levels and limited cash available. The lack of cash limits 

the company to grow further and limits the company to introduce new products. The safety 

stocks held in the warehouse are high and as a consequence there is not enough space left for 

goods receipt to process the incoming goods. At this moment the forecasting of the products is 

based on the naïve method. Our findings are that a better forecasting method is needed to 

determine the safety stocks, lead time demand, and that the inventory control policy should be 

adjusted to the service environment of Body & Fit. The objective of this research is: 

“Provide a forecasting system that supports the management of B&F to control the inventory 

and order-up-to-levels” 

Approach 

The first step in our approach is to map all the processes and identify the problems. We 

interviewed several people and gathered information from back office system Sherpa. Next step 

is to get familiar with literature related to forecasting- and inventory management.  

The forecasting models should be approachable and easy to implement. We determine that 

exponential smoothing models are the best option for Body & Fit to implement because the 

methods are easy to implement, easy to understand, and are robust. From literature we know 

that sales data can be constant, have a trend, have seasonality, or can have both trend and 

seasonality. We therefore develop an easy to use system that chooses the best method to 

apply per stock keeping unit. This results in an automatic forecasting system that is built up by 

using different statistical methods to identify the best method to be implemented per stock 

keeping unit.  

From literature we choose to use a (s, S)-policy to control the stock, because the (s, S)-policy is 

the best option in a service environment. We therefore propose to implement this new policy 

with service level P1, the stock out probability.   

Results and conclusions 

We compare the current system with the proposed system and conclude that the proposed 

system gives 98 %, or 255 out of 260 times (260 SKUs were used in the test), gives a more 

reliable forecast compared to the naïve method. On average this reliability is 39.40 % higher 

compared to the naïve method.  

We apply different lead times and different service levels to show what happens with the 

inventory levels. In practice the lead time is five days and we set the service level on 99.5 % but 

it is possible to lower the service level of some products to 95.0 %.  

We compare 176 stock keeping units with the proposed system and the current system. This 

results in a reduction in amount of items on stock in the local warehouse: 

<<CONFIDENTIAL>> 
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This results in savings expressed in working capital: 

<<CONFIDENTIAL>> 

When we take into account the carrying cost r of 19.7 % the yearly savings for B&F are: 

<<CONFIDENTIAL>> 

The savings can be more by changing the service levels of the SKUs. These calculated savings 

in this report are only for 176 SKUs. It is possible to have more savings by applying the 

proposed system over the complete assortment.  

Recommendations 

From this research we recommend to implement the forecasting system, the safety stocks, and 

the (s, S)-policy as proposed. We also recommend to research the possibilities further to 

expand the forecasting system in such a way that the seasonality models in the future can also 

be applied when there is enough data available to apply seasonality. We recommend to create 

a link with the data warehouse and the proposed system and to redesign the purchasing 

process slightly. We also recommend to employ an inventory/ purchasing controller who is 

responsible for the inventory and purchasing process. Last we recommend to repel almost 

<<CONFIDENTIAL>> SKUs that are responsible for <<CONFIDENTIAL>> of the turnover. 

We recommend to research the following topics in future: 

 Research inventory control in combination with expiration dates. 

 Research how to design the picking route through the warehouse. 

 Research a redesign of the packing station in order to increase the amount of packages 

per hour. 

 Research to determine whether or not it is profitable to outsource the current production 

facilities of the super foods.  

 Research in order to create time windows for the transportation companies to divide the 

workload over the day. 
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Management samenvatting (Dutch) 
Dit onderzoek is uitgevoerd bij Body & Fit met als afbakening voorspellings- en voorraad 

management in een magazijn. We richten ons in dit onderzoek met name op het voorspellen 

van de vraag en het reduceren van de voorraden in het magazijn door gebruik te maken van 

literatuur en de literatuur te vertalen naar de praktijk.  

Achtergrond 

Body & Fit ervaart hoge voorraden in het magazijn en ervaart dat er beperkte liquide middelen 

beschikbaar zijn. De veiligheidsvoorraden in het magazijn zijn te hoog met als consequentie dat 

er niet genoeg ruimte is voor goederen ontvangst om de binnengekomen goederen goed te 

kunnen verwerken. Onze bevindingen zijn dat betere voorspellingen nodig zijn om de vraag 

tijdens levertijd te kunnen berekenen en om de veiligheidsvoorraad te kunnen bepalen. Ook 

moet er een ander voorraadbeleid worden toegepast die ten gunste is aan de service omgeving 

van Body & Fit. Het doel van dit onderzoek is: 

"Zorg voor een systeem dat het management van B&F ondersteund in het beheren van de 

voorraden en afroepgroottes” 

Aanpak 

De eerste stap in onze aanpak is alle processen in kaart brengen en problemen zichtbaar 

maken. We houden interviews met verschillende personen en verzamelen informatie via 

Sherpa. De volgende stap in onze aanpak is bekend worden met literatuur op het gebied van 

voorspellings- en voorraad management.  

Eén van de vereisten is dat de voorspellingsmodellen toegankelijk zijn en makkelijk te 

implementeren zijn. We hebben bepaald dat exponentieel smoothing modellen de beste optie 

zijn om toe te passen voor Body & Fit omdat deze modellen snel te implementeren zijn, 

makkelijk te begrijpen zijn en robuuste resultaten geven. Vanuit de literatuur weten we dat de 

verkoop data constant, een trend, seizoen of zowel trend als seizoen kan vertonen. Daarom 

ontwikkelen we een systeem dat de beste methode kiest om toe te passen per product op 

voorraad. Dit resulteert in een automatisch voorspellingssysteem dat opgebouwd is door 

gebruik te maken van verschillende statistische methodes om te identificeren welke methode 

het beste is om toe te passen per product op voorraad.  

Vanuit de literatuur hebben we gekozen voor het (s, S)-beleid om de voorraad te beheersen. 

We hebben deze keuze gemaakt omdat een (s, S)-beleid het beste is om te gebruiken in een 

service omgeving. We stellen voor om dit nieuwe beleid toe te passen met het toepassen van 

service level P1, de waarschijnlijkheid dat er geen voorraad beschikbaar is.  

Resultaten en conclusies 

We vergelijken het huidige toegepaste systeem met ons voorgestelde systeem en concluderen 

dat ons voorgestelde systeem 98 %, of 255 van de 260 keer (260 SKUs zijn gebruikt voor de 

test), geeft een betere voorspelling vergeleken met de naïeve methode. Gemiddeld gezien is de 

betrouwbaarheid van het voorgestelde systeem 39,40 % hoger vergeleken met the naïeve 

methode.  

We passen verschillende levertijden toe en verschillende service levels toe om aan te tonen wat 

er gebeurt met de voorraden. In de praktijk is de levertijd vijf dagen en hebben we de service 
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level vastgezet op 99,5 % maar is het mogelijk om de service level van sommige producten te 

verlagen naar 95,0 %.  

We vergelijken 176 producten die op voorraad liggen en passen het huidige systeem en ons 

voorgestelde systeem toe. Dit resulteert in een besparing van het aantal items op voorraad in 

het magazijn: 

<<CONFIDENTIAL>> 

Dit resulteert in besparingen uitgedrukt in werk kapitaal: 

<<CONFIDENTIAL>> 

Als we de voorraadkosten r van 19,7& meenemen komen we op een jaarlijkse besparing uit 

van: 

<<CONFIDENTIAL>> 

De besparingen kunnen meer worden als we de service level aanpassen per SKU. De 

berekende besparingen geldt voor maar 176 producten. Het is mogelijk dat er nog meer 

bespaard wordt door het voorgestelde systeem toe te passen op het gehele assortiment.  

Aanbevelingen 

We bevelen Body & Fit aan om het voorspellingssysteem te implementeren met daarbij de 

veiligheidsvoorraden en het voorgestelde (s, S)-beleid om de voorraad te beheersen. Daarnaast 

bevelen we aan om verder onderzoek te doen naar de mogelijkheden om het 

voorspellingssysteem zodanig uit te breiden dat er ook seizoen modellen toegepast kunnen 

worden. We bevelen aan om een link te creëren met ons voorgestelde systeem en het data 

warehouse systeem en we bevelen aan om het inkoop proces aan te passen. Onze volgende 

aanbeveling is om een voorraad/ inkoop beheerder aan te nemen die verantwoordelijk is voor 

het voorraad- en inkoop proces. Als laatste bevelen we aan om rond de <<CONFIDENTIAL>> 

producten af te stoten die maar <<CONFIDENTIAL>> van de omzet creëren.  

We bevelen aan om de volgende onderwerpen in de toekomst te onderzoeken: 

 Onderzoek doen naar voorraadbeheer in combinatie met de houdbaarheidsdatums. 

 Onderzoek doen naar het ontwerpen van de pick route door het magazijn. 

 Onderzoek doen naar het herontwerpen van het inpakstation om het aantal pakketten 

per uur te verhogen.  

 Onderzoek doen om te bepalen of het wel of niet winstgevend is om de huidige 

productie faciliteit van de superfoods uit te besteden.  

 Onderzoek doen naar tijdvensters voor het afleveren van de goederen. Dit om de 

werkdruk te verdelen over de dag voor goederen ontvangst.  
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“The goal of forecasting is not to predict the future but to tell 

you what you need to know to take meaningful action in the 

present.” 

(Saffo, 2007) 

 

 

 

“If at first you don’t succeed, try, try again.  

Then quit. There’s no use in being a damn fool about it.” 

(W.C. Fields, 1880-1946) 
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1. Introduction 

To complete my Master study Industrial Engineering and Management at the University of 

Twente, research is conducted at Body & Fit. This e-commerce company is fast growing in 

the nutrition- and supplement market and experienced 100 % growth per year in the past five 

years. The warehouse is therefore too small to hold inventory for new products. In 

contradiction to this problem the current stock levels of the products offered are too high. The 

policy of the company is to always offer the own brand to the consumer, no matter what. 

Therefore high inventory levels are held and this causes a lot of stress in the warehouse to 

stock the products in the reserve storage. Secondly, Body & Fit forecasts their future sales 

by using the sales of the last month and wants to have more accurate sales forecasts. To 

solve these problems, the aim of this thesis is to create an automatic forecasting system that 

creates input for an inventory control policy in order to support the management of Body & Fit 

and realize financial savings and reduction of number of items in stock.  

This research project is commissioned by the Logistics manager of B&F. The Logistics 

manager is responsible for all activities in the warehouse. 

This chapter elaborates on the research design of this thesis. Section 1.1 gives a short 

introduction of B&F followed by the description of this research in Section 1.2. We define the 

research questions and thesis outline in Section 1.3 and Section 1.4 defines the scope of this 

research. Finally, in Section 1.5, we discuss the deliverables of this project. 

1.1. Body & Fit  

Body & Fit (B&F) is a Dutch company offering sports nutrition, nutrition supplements, diet 

products, and super foods to the consumer market and acts as a wholesaler. The company 

started in 1995 and has become the market leader in the Benelux. B&F offers more than 270 

top brands and more than 4600 products. Examples of top brands are Body & Fit, Dedicated 

Nutrition, MusclePharm, Optimum Nutrition, and Bio-Engineered Supplements and Nutrition. 

From their warehouse situated in Heerenveen, B&F provides the products for the Dutch and 

Belgium market. At this moment the company employs approximately 100 FTE.  

Throughout the years B&F expanded and was forced to change their warehouse location in 

order to expand storage capacity several times. The current warehouse has an area of 

approximately 3500 m2. In two years this area will be expanded to approximately 8500 m2.  

Next, we discuss in Section 1.1.1 the lines of business and in Section 1.1.2 we discuss in the 

growth of the company in the past two years.  

1.1.1. Lines of business 

The main activity of B&F is to sell their products directly to customers in Belgium and the 

Netherlands. We identify the following activities: Business to Consumer sales via warehouse, 

Business to Business sales (wholesale) via warehouse, Business to Consumer sales via 

store.  

Business to Consumer sales via warehouse 

Via the web shop of B&F the customer can order products. The orders are gathered in 

batches and picked by an order picker. One batch contains twenty orders. When the twenty 

orders are picked, the order picker brings the twenty orders to the packing station and picks 

the next batch. The orders are shipped by an external company. 
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Business to Business sales via warehouse (wholesale) 

B&F acts also as a wholesaler. Partially the order is gathered the same way as for a single 

customer. The main difference is that the product does not go to the packing station, but is 

stored on a pallet.  

Business to Consumer sales via stores 

There are two franchise stores in The Netherlands who work under the label of B&F. The 

stores are situated in Amersfoort and Zwolle and can buy their products via the warehouse in 

Heerenveen at a discount price. The stores are independent and are free to determine what 

they want to do with their products and with the store.  

1.1.2. Growth of the company 

As mentioned earlier the company has grown in the past years. B&F was forced to change 

their location several times in order to handle the amount of orders. Unfortunately the amount 

of orders was not tracked until March 2013. But the management confirms the growth of the 

amount of orders is around 100% per year. Expectation is that this growth does not go 

further in 2015 until B&F also starts to sell in the German market. The plans are to start to 

sell in the German market around June 2015. Table 1-1 presents the number of orders 

fulfilled since March 2013. The sudden growth in January 2014 can be explained by the 

increased marketing activities of B&F and the introduction of new products. An example of 

new products is the introduction of superfoods.  

Table 1-1: Amount of orders sent (Source: Sherpa, 16-1-2014 – 31-12-2014, N= <<CONFIDENTIAL>>) 

Month/ 
year 

2013 2014 

January N/A <<CONFIDENTIAL>> 

February N/A <<CONFIDENTIAL>> 

March <<CONFIDENTIAL>> <<CONFIDENTIAL>> 

April <<CONFIDENTIAL>> <<CONFIDENTIAL>> 

May <<CONFIDENTIAL>> <<CONFIDENTIAL>> 

June <<CONFIDENTIAL>> <<CONFIDENTIAL>> 

July <<CONFIDENTIAL>> <<CONFIDENTIAL>> 

August <<CONFIDENTIAL>> <<CONFIDENTIAL>> 

September <<CONFIDENTIAL>> <<CONFIDENTIAL>> 

October <<CONFIDENTIAL>> <<CONFIDENTIAL>> 

November <<CONFIDENTIAL>> <<CONFIDENTIAL>> 

December <<CONFIDENTIAL>> <<CONFIDENTIAL>> 

1.2. Research description 

At this moment B&F uses a back office system for the sales called Sherpa, which was 

introduced in January 2014. The possibilities of this system are too limited to support the 

warehouse, for example to control the inventories, correct registration of the amount of 

products at the pick location, and to control the goods receipt. A good warehouse 

management system (WMS) is missing to support the logistical functions in the warehouse.  

The management of Body & Fit suggests that there are problems related to the storage of 

the bulk that arrives at the warehouse. The problem is that the current warehouse is too 

small to store enough products and there is not enough room to store the arrived products 

from the suppliers. As a consequence half of the time arrived goods are stored in the aisles 

of the warehouse. 
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In the near future B&F wants to expand their market to Germany from the current 

warehouse. This expansion will increase the pressure on the logistical activities and limited 

space available for storage. A new WMS system will not be operational within two years. The 

management of B&F is therefore in need of a system which is able to forecast the demand, 

determines the optimum levels of inventory, and determines the right amount of products to 

order. This system should be used as an interim solution until there is a new WMS system. 

The goal of this master thesis is: 

“Provide a forecasting system that supports the management of B&F to control the inventory 

and order-up-to-levels” 

1.3. Scope and limitations 

The time frame of this research is five months and we therefore limit the scope of this 

research:  

 We analyse the sales data given by the software system Sherpa. We use the data to 

provide information about the demand of the products. We research if this data is 

valid and adjust the data where needed. 

 We research the planning decisions of purchasing on the tactical level, e.g. how 

forecasting procedures are used and what inventory control methods are applied.  

 We focus on operations management factors within the scope of inventory 

management and forecasting. We explain the behaviour of the inventory based on 

the decisions made by purchasing.  

 We exclude the processes of the production facility within the warehouse of B&F.   

 For the data analysis we use a representative sample of the SKUs. We limit this 

research to the main supplier of B&F who delivers 351 SKUs. These SKUs are either 

A or B products. The calculations performed are exclusively for the own brand of 

B&F. 

1.4. Thesis outline and research questions 

In order to achieve the goal of this thesis, we define some research questions per chapter. 

The purpose of the research questions is to use the questions as a theme for the different 

chapters in this thesis. Figure 1-1 illustrates the outline of this thesis. In the next sections we 

discuss the various questions per chapter. 

 

Figure 1-1: Thesis outline 
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1.4.1. Current situation – Chapter 2 

1. What does the current situation look like? (RQ1)  

a. What products does B&F offer? 

b. How are the different warehouse processes organized? What logistical 

processes take place in the warehouse?  

c. How is the forecasting done to determine the future sales?  

d. What does the inventory control policy look like? How are the different 

parameters determined?  

e. How does the market look like at this moment?  

f. What are the current problems and the core problem? 

g. How does the current system perform?  

We gather the information of RQ1 by interviewing different stakeholders in the warehouse. 

We participate in the different processes of the warehouse to experience how the different 

functions are carried out and to better understand where any discrepancies are. For 

performance measures we focus on the data available from the back office system Sherpa.  

1.4.2. Literature review – Chapter 3 

2. What literature is available? We split this question in two questions. (RQ2) 

a. What literature is available on short- to medium-term forecasting?  

b. What models does literature provide on safety stock and inventory control? 

As the header of this subsection already suggests, we gather information from the literature 

that we can apply in Chapter 4 to redesign the forecasting and inventory control.  

1.4.3. Decision model formulation – Chapter 4 

3. How can we organize a new forecasting system and inventory control policy? (RQ3) 

a. What information can we identify from the data of the SKUs to develop the 

forecasting system? 

b. What models must be available to forecast the sales of the different SKUs? 

c. How can we structure a forecast procedure? 

d. What changes should be made in the inventory policy? 

We combine the literature and the situation of B&F into a model than can be applied. We 

describe the adjustments we make in the situation of B&F. The literature often discusses the 

use of methods separately. The problem is that one method is often not applicable for all the 

SKUs. We therefore create an algorithm using statistics to pick a forecasting method per 

SKU. Once the method is picked the outcomes of the forecasts are used as input for the 

inventory control policy.  

1.4.4. Comparison: What are the savings? – Chapter 5 

4. What is the performance of the proposed system compared to the current system? 

(RQ4) 

a. What are the savings expressed in reduction of number of items on stock?  

b. What are the financial savings in working capital? 

c. What are the yearly savings when we take into account the carrying costs?  

In this chapter we compare the proposed system with the current system and the individual 

methods that we apply in the proposed system. We express the comparison in number of 

items in stock and in financial savings.  
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1.4.5. Implementation – Chapter 6 

5. How should the forecasting and inventory control system be implemented at B&F? 

(RQ5) 

a. What are the pitfalls present when implementing the system? 

b. What information is needed to make the tool work? 

c. What processes should be reorganized to make the system work?  

d. What are the requirements and expectations of the management for the 

proposed system?  

The research should result in a forecasting and inventory control tool that delivers 

management information. Chapter 6 describes the implementation of the proposed system. 

1.4.6 Conclusions and recommendations – Chapter 7 

6. What conclusions and recommendations do we have for B&F? (RQ6) 

In the last chapter we give conclusions, recommendations and discuss the limitations of the 

proposed system.  

1.5. Deliverables 

As agreed with the management of B&F the final deliverables of this research are: 

 Description of the current situation 

 Description of the forecasting system 

 How to implement a forecasting system 

 How to determine the reorder points and order-up-to-levels 

 What the performance is compared to the current way of working 

 A system that supports the purchasing department by forecasting the demand and 

control the inventory levels.  
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2.  Current situation 
 

 

 

 

 

 

 

 

“Sometimes it is useful to repeat yourself, to give you new ideas.” 

(Gyorgy Konrad, 1933) 
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2. Current situation 

In this chapter we provide information about B&F. We describe the different processes and 

activities. Section 2.1 discusses the products offered by B&F and Section 2.2 gives 

information about the logistical system and the processes within the system. In Section 2.3 

we provide information about the organization, the control, and we make a stakeholder 

analysis. Section 2.4 discusses in short the markets and Section 2.5 discusses the main 

problems and identifies the core problem. Section 2.6 analyses the current performance of 

B&F and Section 2.7 summarizes the findings of this chapter.  

2.1. The products 

B&F is a company that sells nutrition for athletes, food supplements, vitamins, and diet 

products. B&F offers their product in the following categories:  

 Slimming and proteins 

 Creatine 

 Pre workout 

 Vitamins and herbs 

 Amino acids 

 Bodybuilding 

 Carbs 

 Superfoods 

 Food 

Categories are often adjusted to follow the trends and stay ahead of the market. Some 

products are trend sensitive and do not stay long at the market. Levitt (1965) distinguishes 

four phases of a product life cycle. The trend sensitive products have a short introduction 

phase that transforms quickly into a growth phase. The maturity phase for a lot of trend 

products is very short and the decline phase moves fairly quickly.  

Characteristics of the aforementioned categories is that the products should be healthy or 

give better performance during practice sport. All these products have the characteristic that 

they are perishable. This limits the time to keep the products in stock. We now give a short 

description of the products. 

Slimming and proteins 

The slimming products offered by B&F are all based on the same principle, namely low carb- 

and protein diet, Figure 2-1 shows some examples of slimming products. Low carb- and 

protein diet products protect the muscles during exercise and support in losing weight. Of 

course the products must be used in combination with exercising (source: 

fitsociety.nl(2014)). 

 

Figure 2-1: Examples of slimming products (Source: www.bodyandfit.com) 
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Creatine 

Creatine is a product that supports the muscles to be able to train and work longer. Figure 

2-2 shows some examples of creatine products. Creatine is a substance that is naturally 

already in the body. It has the following pros (source: fitsociety.nl, 2014):  

 Increasing lean muscle mass 

 Increasing power 

 Increasing muscle condition 

 Increasing anaerobic power and performance 

 

Figure 2-2: Examples of Creatine products (source: www.bodyandfit.com) 

Pre workout 

Pre workout supplements, Figure 2-3 shows some examples, are engineered to give the 

body more energy, focus, and the intensity to train harder and longer. It gives the feeling that 

you want to train really hard. The most pre workout supplements give more energy to the 

muscles, improve the blood circulation, and prevents muscle breakdown (source: 

fitsociety.nl, 2014).  

 

Figure 2-3: Examples of Pre workout (source: www.bodyandfit.com) 

Vitamins and herbs 

Vitamins and supplements are offered to support bodybuilders with their diet and it is also 

possible to order vitamins and herbs for normal support. Some examples are illustrated by 

Figure 2-4 that are offered by B&F (source: fitsociety.nl, 2014). 

 

Figure 2-4: Examples of vitamins and herbs (source: www.bodyandfit.com) 
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Amino acids 

Amino acids, Figure 2-5 illustrates some examples, are building blocks of protein and muscle 

tissue. The physiological processes that are linked with sport, energy, recovery, muscle and 

strength gains, fat loss, brain function, are closely related with amino acids. Amino acids are 

present in the food we take in daily, but for serious sportsmen and people who travel a lot, 

pure supplements is an effective way as a substitute for daily food (source: fitsociety.nl, 

2014).  

 

Figure 2-5: Examples of amino acids (source: www.bodyandfit.com) 

Bodybuilding 

All aforementioned categories are applicable for bodybuilders. Of course there are some 

products that are exclusively used by bodybuilders. Examples, illustrated in Figure 2-6, are 

testosterone enhancers, hormonal stimulants, and energy boosters.  

 

Figure 2-6: Examples of bodybuilding products (source: www.bodyandfit.com) 

Carbs 

Carbohydrates, or carbs, illustrated in Figure 2-7, are sugars or saccharides and provides 

energy. Carbohydrates are converted into glucose in our body. Glucose is responsible for 

transportation of energy to the different parts in our body. There are different kinds of carbs, 

and have different functions, examples are available energy for activity, production and 

breakdown of muscles, and production and breakdown of fat (source: fitsociety.nl, 2014).  

 

Figure 2-7: Examples of Carbs products (source: www.bodyandfit.com) 
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Superfoods 

Superfoods is a collective name for eatable plants, fruits, and essential nutrients containing 

fibers. They have a positive effect on health and can prevent health problems. Figure 2-8 

illustrates some of the superfoods provided by B&F (source: fitsociety.nl, 2014).  

 

Figure 2-8: Examples of superfoods (source: www.bodyandfit.com) 

Food 

In the coming years, B&F wants to be a provider of healthy food, with as little as possible 

artificial substances added. This means providing a complete assortment of food. This 

product category is in development.  

2.2. The system 

With more than 4,600 unique SKUs in the warehouse, on average 24,000 orders/ 110,000 

SKUs per week, and on average 4.6 SKUs per order, there is a lot of movement in the 

warehouse of B&F. In this section we discuss the system and the different processes in the 

system.  

2.2.1. Characteristics of the warehouse 

B&F is a business to customer (B2C) company and sales is done via electronic commerce 

(EC). The different marketing channels used are Twitter, Facebook, Instagram, Google +, 

mailing lists, internet forums, and Google AdWords.  

The warehouse can be categorized as a break bulk consolidation centre and as an assembly 

facility as described by Higginson and Bookbinder (2005), respectively Flow 3 and Flow 5 

from Figure 2-9. The bulk arrives at B&F and customers can order the products piece by 

piece. In the warehouse there is also a small facility that repacks bulk into smaller quantities. 

We see this facility as an assembly facility as illustrated in Figure 2-9. 

Reserve

Forward

Assembly

Flow 1

Flow 2

Flow 4

Flow 3

Flow 5

Receiving Shipping

 

Figure 2-9: Different product flows in a warehouse (Based on Heragu et al. (2005), and adjusted to 
Higginson and Bookbinder (2005)) 
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2.2.2. Receiving process 

The function of receiving is to process the arrival of goods into the warehouse. Figure 2-10 

illustrates the receiving process. When a truck arrives the logistics employee unloads the 

truck and brings the bill of lading (BoL) to the Logistics manager.  

Receiving

Logistics managerLogistics employee

Put freight in 

Sherpa as goods 

received 

(quarantaine)

Sort goods/ create 

mix pallets

Bring Bill of Lading 

(BoL) to logistics 

manager

Change location of 

goods

Unload truck

Put goods in 

forward area or 

reserve area

BoL

 

Figure 2-10: Functional flow chart of the receiving process 

The Logistics manager processes the BoL in Sherpa and puts the purchase order (P.O.) 

status on received. The logistics employee is now able to process the received goods. 

Dependent on the different types of products, pallets are created with the same type of 

products or with different type of products, so called mix pallets. When these pallets are 

created, the logistics employee stores the product at the pick location in the forward area, or 

places the product in the reserve area. After this is done, the logistics employee changes the 

location of the products processed in the handheld system.  

2.2.3. Storage policy, reserve and forward storage 

Figure 2-11 illustrates the warehouse of B&F. The warehouse is divided into two separate 

parts. There is a reserve storage and a combination of forward storage and reserve storage. 

From the forward storage the order pickers pick the products needed.  

When products in the forward storage run out of stock, the forward storage is re-supplied by 

the forklift drivers with the inventory placed in the reserve storage. B&F uses the following 

storage policies: 

 Dedicated storage: Every SKU has a number of storage locations, exclusively 

allocated to the SKU. The storage capacity per SKU is determined through inventory 

activity profiling 

 Randomized storage: Each SKU can be stored in any available location 
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Up

Receiving dock

Reserve storage

Office

Start picking 

route

Forward storage and reserve storage

End picking 

route

 

Figure 2-11: Layout current Warehouse B&F 

The policy for the reserve storage area is mainly based on randomized storage. Only for the 

production unit within the warehouse dedicated storage is applied. 

The policy for the forward storage area is based on dedicated storage. This means that every 

SKU has its own pick location and this is fixed. Once per month several SKUs are moved to 

a smaller or larger pick location. 

2.2.4. Replenishment process – reserve storage to forward storage 

Replenishment is crucial in the warehouse of B&F. If products are not replenished on time, 

order pickers cannot pick the products and are forced to continue their walk with an 

incomplete batch. Later on in the packing process the problem is signalised. Figure 2-12 

illustrates the replenishment process.  

The forklift driver first creates a refill list with all the priorities for that moment. This list is 

refreshed every two hours. Based on the refill list the forklift driver begins by refilling the pick 

locations. The forklift driver scans the product to be replenished and drives to the backup 

location. The forklift driver retrieves the pallet with the product from the backup location and 

refills the stock at the location. Next he/she uses the handheld to administrate the transfer of 

the stock from the reserve storage to the forward storage location. Then the forklift driver 

puts the remaining stock back at the reserve location.  



 

13 
 

Process of replenishment

System (Sherpa)Forklift driver

Transfer stock 

from back-up 

location to pick 

location 

(handheld)

Get pallet on 

back-up location

Move remaining 

stock to back-up 

location

Fill pick location

Replenishment list

Find location 

backup via 

itemcode 

(handheld)

Stock in all 

warehouses
Create refill list

(computer) every 

two hours

 

Figure 2-12: Functional flowchart of the replenishment process 

2.2.5. Order picking 

The order picking process within B&F is a simple process, Fout! Verwijzingsbron niet 

gevonden. illustrates the picking process and the picking cart for picking 20 orders. The 

order picker gets a batch list created by the team leader. The order picker picks the orders 

listed on the batch list and starts picking the products from the starting point, illustrated in 

Figure 2-11. If a product is not available, the order picker continues with his route through the 

warehouse. When the order picker has finished the picking list, the cart is placed in the buffer 

zone ready to be packed. The picker makes notion to the team leader of the products that 

are not available. 

Process of order picking

Team leaderOrder picker

Picklist

Create batchlist

Pick SKUs from 

picklist

Place cart with 

orders in buffer 

zone

  
Figure 2-13: Functional flowchart of the picking process and picking cart (20 per batch) 
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2.2.6. Packing  

Figure 2-14 illustrates the packing process. The packing process begins by taking a cart from 

the buffer zone. The packer first scans the batch list and takes the first order out of the cart. 

The packer scans the packing slip and takes a cardboard box to put the products in. The 

packer scans one by one the products and puts one by one the products in the cardboard 

box. When the order is complete, the packer seals the order, puts the sticker with the 

shipping address on the cardboard box, and puts the package on the conveyer. If this is not 

the case, the packer puts the order aside in a cardboard box with the packing slip. This 

process is repeated until the batch is completely processed.  

The packages that are moved aside are picked up by the team leader. The team leader 

takes care to make the orders complete. When a product is not at the pick location, the team 

leader notifies one of the members of the replenishment team to refill the product.  

From the point that a package is placed on the conveyer the conveyer worker is responsible 

for placing the packages on the correct trolley. The packages have different demographic 

destinations and are pre-sorted for the carrier company.  

Process of packing

Team leaderPackerConveyer worker

No

Yes

Yes

No

No

Yes

Put package on 

conveyer

Product 

available?

Packing slip

Scan packing slip 

+ all products

Take order from 

cart

Scan batch list

All orders 

packed?

Take batch list

Inform 

replenishment 

team to refill 

product

Order 

complete?
Packing slip

Take cart with 

orders from buffer

Packing slip

Put order aside to 

process later on

Pack order

Pick product

Put package on 

the correct trolley 

(dependent which 

demographic 

market)
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Figure 2-14: Functional flowchart of the packing process 

2.2.7. IT system - warehouse without warehouse management system 

The current IT system, Sherpa, is focussed on the selling side and linked to the website. 

Sherpa offers the following functions: 

 Inventory control 

 Order management 

 Finances 

 Reports 

Although Sherpa offers the previous functions, in reality this is too limited for the warehouse 

of B&F. There is a need for a WMS to control the inventory and good support of purchasing. 

Sherpa is not capable of controlling the current stream of products through the warehouse. It 

is too easy to change the stock manually which results that the registered inventory regularly 

does not match with the psychical inventory. 

There is a need for the management to have separate accounts in the IT system to monitor 

and control who can change stock levels manually and who has changed the stock levels. 

2.2.8. The supply chain  

Figure 2-15 illustrates that the supply chain of B&F is characterized by a convergent 

structure. The wholesalers/factory warehouses deliver two type of products to B&F, bulk 

which is packaged in smaller quantities and sold, and finished products which are sold 

directly to the customer. The bulk packaged in smaller quantities is partly done in-house and 

partly done by an external company.   

The customer order decoupling point (CODP), according to Sharman (1984) the last point 

where inventory is held, is all the way downstream in the supply chain of B&F. B&F delivers 

the products directly to the customer and is the last point in the supply chain where inventory 

is held. B&F is downstream in the supply chain, is order driven, and delivers from local stock. 

The customers are mainly private and order their products via the web shop of B&F.  

B&F

Wholesalers/ 

Factory 

warehouses

Retailer

Final 

customers

 

Figure 2-15: Supply chain of B&F 
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B&F currently counts 119 suppliers/ wholesalers who supply more than 4600 products. There 

are 12 suppliers who deliver products with the own label of B&F and 6 suppliers who deliver 

bulk products.   

There is a special relation with one supplier, namely X. This is one of the main suppliers of 

B&F who supplies the own brand of B&F. Of the 615 SKUs of the B&F brand, 351 SKUs are 

delivered by X. Figure 2-16 illustrates this supply chain. The uniqueness of this supply chain 

is, in theorem, the safety stock of 60 days in the factory warehouse of X. This safety stock is 

paid upfront by B&F. This gives extra pressure on the cash flow of B&F due to the high 

growth of the past year. We recognize that this safety stock is not calculated by B&F but 

based on a gut feeling.  

Lead time 5 days

B&F warehouseFactory warehouse X

Safety stock level of 60 days
On hand stock level of 35 

days

Final customers

 

Figure 2-16: Supply chain of B&F with the supplier B&F 

2.2.9. Purchasing process 

The purchasing process is controlled by one employee. The ordering employee is 

responsible for ordering goods from the suppliers. When we look at this process the following 

steps are taken: 

 The inventory status is checked of SKUs and a collection of SKUs is made for one 

supplier 

 The order is placed via WhatsApp, e-mail, or by calling the supplier 

 When the supplier sends the order confirmation the employee places the purchase 

order in Sherpa. 

The purchase order status is put on received by the Logistics manager when the goods 

arrive, see Section 2.2.2. 

2.3. Control/management 

The system, as described in Section 2.2, should be controlled by policies. We describe in this 

section the current control of B&F. In the next subsections we discuss the organization, the 

stakeholders and the inventory-, forecasting-, and ordering control methods.  
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2.3.1. Organization 

Figure 2-17 gives the organizational chart of B&F. B&F has a lot of supporting functions that 

operate separately from each other. The main part where we are interested in is the Logistics 

department and the different functions within Logistics.  

Board of directors

 

Human resourcesFinance/ Facilities

E-Commerce & 

marketing

Logistics

Customer services

ICT
Nutrition and 

regulations

Purchasing

WarehouseProduction Pick and Pack

Business 

intelligence

Goods receipt

 
 

Figure 2-17: Organizational chart of B&F  

When we zoom in at the Logistics department we get the functional chart that is illustrated in 

Figure 2-18. The Logistics manager is responsible for all warehouse activities. The 

warehouse activities are split in two parts and are controlled by two warehouse supervisors 

who report to the Logistics manager. The business intelligence employee is responsible for 

supporting the warehouse supervisors, the Logistics manager, and the ordering employee. 

The ordering employee reports to one of the co-owners of B&F and to the Logistics manager.  

Logistics manager

 

Warehouse 

supervisor

 

Warehouse 

supervisor

 

Order pickers
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Teamleaders

 Forklift drivers

 

Production

 employees

Ordering 

employee

Co-owner B&F

Business 
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Figure 2-18: Functional chart Logistics 
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2.3.2. Stakeholder analysis 

The problem as described in Section 1.2 should have at least one problem owner and has in 

general multiple stakeholders. The problem owner in this research is the Logistics manager 

and partially the Co-owner of B&F. The Logistics manager wants a forecasting system for the 

SKUs in order to control the inventory. Although the Logistics manager is the problem owner, 

there is no management available who monitors and controls the forecasting and inventory at 

this moment. The ordering employee is doing this for a portion but is not capable to control 

and monitor the inventory. In order to identify all the stakeholders and problem owners in this 

research we use the method of Mendelow (1981). Figure 2-19 illustrates the involvement, 

divided in level of interest and power, of the different stakeholders.  

There are several stakeholders who are part of the problem. We identify the following 

stakeholders: 

 Logistics manager (problem owner)  

 Co-owner of B&F (CoB&F) (problem owner) 

 Ordering employee 

 Financial manager 

 Business intelligence employee (BIE) 

 Warehouse supervisors 

 Team goods receipt (TGR) 

 E-commerce and marketing 

 Customer services 

As earlier mentioned the Logistics manager is the problem owner and manager of most of 

the stakeholders. The Logistics manager is responsible for all the different activities within 

the warehouse. The CoB&F, also one of the problem owners, is responsible for purchasing 

and introducing new products. Both have high interest in this research. The interest of the 

Logistics manager is to control the inventory and have enough space available to for goods 

received, and the CoB&F wants a customer service level as high as possible.  

The ordering employee is stakeholder and is responsible for ordering SKUs when necessary. 

He carries out what is asked from him by the CoB&F. The ordering employee‟s level of 

interest is high, because it will affect his way of working in the future. The power of the 

ordering employee is low.  

 

Figure 2-19: The power versus level of interest grid as stakeholder analysis tool (Source: Mendelow 
(1981)) 



 

19 
 

The FM, also responsible for Human Resources, is actively involved in the whole company. 

The FM is responsible for the financial basis, the cash flow available for purchasing and 

investment plans. The FM is also actively involved in the management of the company by 

structuring functions, delimiting functions, and project management and has medium power 

and level of interest in the project because of his functions within the company. 

The BIE is responsible for data entry and supporting management decisions. The BIE has 

know-how of the different processes within the warehouse and supports where needed. The 

level of interest is medium, because this research overlaps with his field of work. The power 

of the BIE is low.  

TGR is responsible for storing the received goods and the interest is to have enough space 

available. TGR has low interest and no power to control the decisions made for this research. 

The warehouse supervisors are responsible for the daily management of the warehouse. 

Their tasks are to manage the employees in the workplace and ensures that the tasks are 

well performed every day. The level of interest is low, and the power of the warehouse 

supervisors are medium to low.  

Customer service is supporting all the activities of B&F. Their tasks are to provide the 

customer product information, information about payments, take orders by phone, and 

handling complaints. The level of interest is low and power is also low.  

The last stakeholder is the e-commerce and marketing department.  They are responsible for 

the sales of the products and promotion of the products. The level of interest and power is 

low. This department can have a lot of influence on the sales and workload in the 

warehouse. When marketing does not communicate when discounts are offered to the 

customer this causes unexpected workload in the warehouse.  

2.3.3. Forecasting methods 

Petropoulos et al. (2014)  advocate: “Forecasts are important for all decision-making tasks, 

from inventory management and scheduling to planning and strategic management”. Axsäter 

(2006) gives two main reasons why forecasting is needed to control the inventory. The first 

reason is the lead time that is present. The lead time can vary per supplier, and to meet the 

customer demand during lead time it is important to have inventory. Secondly it is necessary 

to order in batches instead unit for unit due to ordering costs. Until recently B&F supposed 

that a forecasting was not needed. According to the CoB&F a forecast of a SKU is based on 

his own experience and the experience of the ordering employee. The choices made are 

based on what has been sold last month and based on these numbers the products are 

ordered. We define the method applied as the naïve method. No calculated predictions or 

what so ever are made to support the decisions based on how to control the inventory.  

Although there is currently no forecasting process, the employee business intelligence is 

developing an Excel tool to support the ordering employee. This tool is up and running, but 

the ordering employee makes the decision to purchase the amount of items or to postpone. 

Figure 2-20 illustrates the forecasting process. The historical data is not registered in such a 

way that it can be analysed. The data is gathered from Sherpa by creating a report but not 

stored to identify patterns. According to Axsäter (2006) a forecast is not only based on the 

average demand but we also need to determine how uncertain the forecast is. The more a 

forecasting model is uncertain the larger safety stock is needed.  
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Figure 2-20: Current situation of forecasting 

CoB&F states that B&F is in need for a forecasting tool to support the warehouse and 

inventory activities. According to CoB&F it was possible to estimate the order size needed 

with a turnover till twenty million euros. This is not possible anymore with the current range of 

SKUs and turnover of approximately fifty million euros.  

2.3.4. Inventory control/ordering methods 

Forecasting and inventory control are connected to each other. Just like the forecasting 

process there is not really an inventory control system. This means that what has been 

ordered should fit in the warehouse, and if it does not fit external storage is used. 

B&F categorizes products in A, B, C, D, and E products and the policy to categorize the 

SKUs is based on the sales as shown in Table 2-1.  

Table 2-1: Categories for the SKUs.  

Product category Categorized by historical sales of last 
month 

A 500> # of sales 

B 100> # of sales 

C 30> # of sales 

D 10> # of sales 

E 10 <= # of sales 

As a rule of thumb a safety stock is kept for at least three months. In the past it was not a 

problem to keep a safety stock of 3 months of every SKU. By hard working and dedication of 

the employees this system worked. But this has changed because of the number of 

shipments that arrive nowadays, the size of the assortment,  limited space to keep the 

inventory, and the amount of orders per day.  

Therefore the management changed the policy slightly. A safety stock is still kept and at the 

insight of the CoB&F and ordering employee the safety stock is kept around three months. 

The ordering employee states that overruling is needed because the unpredictability of the 

SKUs. Table 2-2 shows the policy used. This policy is based on an (s,Q) policy.  

Table 2-2: Reorder policy for inventory control 

Lead time Reorder level s Order quantity Q 

0 – 11  days of stock < 21 days (Lead time + 14) days of stock 

>11 Days of stock < Lead time + 10 
days of stock  

(Lead time + 14) days of stock 
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In practice the policy for the inventory control is often overruled because there is fear of 

having no stock. As mentioned earlier in Section 2.2.8 we use the example of the main 

supplier of B&F. This supplier keeps a stock of 60 days based on the historical demand of 

B&F. We use a numerical example based on historical data to show how B&F calculates the 

local stock level. The product in this example is the <<CONFIDENTIAL>>, the data is listed in 

Table 2-3. 

Table 2-3: Numerical example of the inventory held for the own brand 

<<CONFIDENTIAL>> 

Week number # sold 

Week n 389 

Week n + 1 477 

Week n + 2 497 

Week n + 3 452 

Weekn n + 4 429 

Sum 2244 

Average 448.8 

The sales in this month is higher than 500 products and therefore this products is labelled as 

an A-product. On average 449 products per week are sold, this equals to 72 products per 

day. The lead time of the supplier is 5 days so B&F calculates the local stock level in the 

following way:  

Reorder level: 72 products per day * 21 days of stock = 1,512 products 

Stock level(safety stock) just before replenishment: 1512 (reorder level) – (72 * 5) = 1,152 

products 

Stock level when supplied: 1,152 + ((14 days + 5 days lead time) * 72) = 2,520 products 

The maximum stock level at B&F is 2520 products. Next we calculate the safety stock 

present at the supplier: 

72 products per day * 60 days of stock = 4,320 products 

Next we calculate the amount of cash needed to keep this product in stock:  

Cost price: € 24.75, and 19.7 % for carrying costs r 

Annual holding costs: 

(            
    

 
)                          

In this example working capital needed is € 152,361,- and the costs of keeping this product 

on stock is € 30,015.12. If we look at the space needed in the warehouse, the product has a 

pick location space for 1 pallet consisting 168 products and needs 15 locations in total.  

2.4. The markets 

In this section we discuss in short the current situation of the market and the plans in the 

near future. We discuss the geographic segmentation, the market size now and in the near 

future, and market trends and marketing strategy. 



 

22 
 

2.4.1 Geographic segmentation 

At this moment B&F only concentrates its marketing activities at the Dutch and Belgium 

market. The acquisition of customers is done via e-commerce. This means B&F is not 

dependent on stores and does the distribution via parcel. Figure 2-21 (A) illustrates the 

current situation of B&F. In the near future B&F <<CONFIDENTIAL>> as illustrated in Figure 

2-21 (B).  

<<CONFIDENTIAL>> 

Figure 2-21: Geographic segmentation, current situation (A); Near future plans (B) 

2.4.2. Market size – now and in the future 

The current geographic segmentation spans 28,000,000 people and the range of B&F is 

300,000 unique customers. B&F is one of the strongest players in the e-commerce market 

for nutrition and superfoods, and has five main competitors. B&F is unique in its kind by 

product differentiation and unique by their own brand. B&F serves the following markets: 

 Sport nutrition 

 Super foods 

 Vitamin supplements 

 Sporting goods 

There is currently no competitor who is as diversified in offering product to the e-commerce 

market as B&F.  

2.4.3. Market trends and marketing strategy 

The market on which B&F concentrates is subject to trend sensitive changes. Life style is a 

big factor in these trends and this changes quickly. According to the CoB&F the market is 

changing fast and it is important to stay on top of these developments. B&F discovers the 

latest trends by going to food exhibitions and by following the latest trends that are set in the 

Unites States.  

A lot of products are also re-introduced or have follow ups. In practice most products have 

the same functions but are adjusted in taste or quality. This makes it difficult to have one kind 

of marketing strategy. The Ansoff-model, based on Ansoff (1957), shows different growth 

strategies: market penetration, product development, market development, and 

diversification.  

More or less B&F cannot avoid to apply three strategies, namely market penetration, product 

development, and diversification. <<CONFIDENTIAL>>. 

2.5. Current problems 

This section discusses the current problems. B&F is a fast growing company and has 

difficulties to cope with this growth. Main problems identified by the management are: 

 Inexperienced managers in the company 

 Too little knowhow in the company, expertise missing in several areas 

 Processes are not well defined 

 No clear strategy 

 No tactical plans 
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These main problems are solved by bringing in people with experience and knowhow to 

manage the different processes within the warehouse. The management team, existing of 

the warehouse supervisors, FM, Logistics manager, and the CoB&F, signalize a major 

problem in the warehouse. The management feels that the inventory level is too high and this 

results a in diverse set of problems.  

As mentioned in Chapter 1, the management has several problems, and some of these 

problems return in the problem bundle illustrated in Figure 2-22. After interviewing all the 

stakeholders we conclude they share all the same problem two main problems, namely high 

inventory levels and limited cash available.  

The red squares in Figure 2-22 are the beginning of the problem bundle. We split the high 

inventory level in two separate impacts, the financial impact and warehouse impact. The 

financial impact is mainly caused by the high inventory levels. We cannot proof this because 

financial data is not available for this thesis, but we take this from the financial manager. The 

limited cash available is a problem that can be partially solved by going to a lender and 

request for a larger loan in order to have more cash available. We split the warehouse impact 

into policy impact, IT impact, and personnel impact.  
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Purchasing policy 

is too limited
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insufficient
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through research
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but not interesting 

for this research

The core problem

 

Figure 2-22: Problem bundle 

If we dig into the cause and effects of our problem and look at the end of each branch of the 

problem bundle, we identify four main problems: 

 Not properly educated personnel (Personnel impact, tactical decision) 

 Time limitations for processing the goods received (Policy impact, operational 

decision) 

 Human errors in corrections of the inventory (Policy impact, operational decision) 

 No decision support system available (Policy impact and IT impact, tactical decision) 
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We discuss the four main problems separately in order to identify the core problem.  

Not properly educated personnel 

The current employees have no training/ experience in for example purchasing, purchasing 

management, and inventory control. This problem is “easy to solve” by the management and 

is not in the scope of our research. This main problem is not the core problem of this thesis.  

We give a short recommendation of a job description in Chapter 7.  

Time limitations for processing the goods received 

This problem is a policy problem: how to fill in the process of goods received? The Logistics 

manager is aware of this problem but does not prioritize this as the most important problem. 

It does not solve the internal problem of the high inventory levels. This main problem can be 

left out of our scope. We give a short recommendation in Chapter 7 to do further research 

how to control the workload of goods received.  

Human errors in corrections of the inventory 

The forklift drivers who replenish the pick locations have a lot of freedom to change the stock 

levels in the current system. This leads to a lot of errors and corrections that are not 

necessary. The system is limited in correcting the inventory on time. When a forklift driver 

replenishes the stock and arrives at the pick location, he sees that the physical stock does 

not correspond with the stock in the system. This discrepancy occurs when orders are 

already printed and in circulation in the warehouse. Corrections are then applied to change 

the physical stock which is not necessary. This problem can be solved easily by the 

management by restricting the possibilities of correcting the stock.  

No decision support system available for forecasting and inventory control 

The last problem we encounter in the problem tree is the lack of support in forecasting and 

inventory control and this is the core problem. The current IT system, Sherpa, does not 

support this and this is a problem that is not solved within short time.  

The remainder and focus of this report is on forecasting and inventory control of the 

warehouse. Chapter 3 discusses the literature available on forecasting and inventory control 

and what alternatives are available.  

2.6. Data analysis 

In this section we discuss the current performance of the warehouse. We define the service 

level of the warehouse, the costs of the warehouse, and the current inventory level of the 

warehouse. The information is retrieved from the suppliers, Sherpa, and the information 

gathered by the management. The information is limited, due to the fact that the 

management of B&F is action driven and did not focus on measuring performances of the 

company and Sherpa is not correctly adapted to perform measures.  

According to Van Der Heijden and Diks (1999) five factors influence the stock norms of a 

supply chain:  

 Customer service level 

 Demand 

 Lead time 

 Order frequency/ lot size 

 Inventory control policy 
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We already discussed the factors lead time and inventory control policies subsequently in 

Section 2.2.8 and Section 2.3.4. In this section we discuss the customer service level in 

Section 2.6.1 the demand in Section 2.6.2, the inventory level of the warehouse in Section 

2.6.3 and last the cost of holding stock in Section 2.6.4. 

2.6.1. Customer service level 

According to Silver et al. (1998) the customer service level can be divided in three different 

definitions: 

 P1 – measure: (No) stock out probability, probability that stock out occurs in 

replenishment cycle. 

 P2 – measure: Fill rate, fraction of demand that is satisfied directly from stock on hand. 

 P3 – measure: Ready rate, fraction of the time that the stock is available. 

 Mean # of backorders: Average number of backorders from final customers. 

B&F uses a service level P2 but adjusted to a fill rate based on orders processed on time. 

The difference is that the fill rate is not based on backorders. Backorders are products that 

are not delivered on time or products that cannot be delivered anymore. These numbers are 

not available because they are not registered by the management of B&F. All backorders are 

handled by customer services and when this is finished the status is restored to normal 

handling of an order. The status is not traceable in Sherpa.   

B&F strives to meet demand all times. In practice this is not feasible because this would 

mean that B&F needs infinite inventory. B&F wants to prevent as much as possible that a 

stock out occurs. Delivery is done within one day to meet customer demand, this means 

orders placed by the customer before 22:00 must be delivered the next day. B&F makes use 

of certain key performance indicators (KPI) to control their warehouse. B&F defines the 

following KPI: 

                                         
                            

                        
      

Equation 2-1: Service level used by B&F, Percentage orders not processed on time 

We redefine this KPI as follows: 

                             
                            

                        
       

Equation 2-2: Service level redefined, Percentage orders on time 

We use the data that is registered by the management in the file KPI‟s.xlsx. The data used is 

from week 6 2014 till week 40 2014. When we fill in the equation we get the following service 

level:   
      

       
                       

2.6.2. Demand 

B&F sells more than 4600 SKUs, with 615 SKUs of their own brand. We gathered the 

historical demand from Sherpa by creating the daily reports from 1-2-2014 till 12-8-2014. 

This data consists the item code, description, quantity of items sold, and turnover per item 

sold. When a product is not sold on day X, there is no registration in Sherpa. We therefore 

change the data such that when there is no registration, we register 0 sales on that date.  
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Figure 2-23: Pareto analysis – Total (orders picked) usage (Source: Sherpa, 1-2-2014 – 13-8-2014, N= 4774) 

Figure 2-23 and Figure 2-24 illustrate respectively the Pareto analysis based on orders 

picked usage and based on turnover usage of the whole assortment. This shows that 16 % 

of the products of B&F result in almost 90 % of the movement in the warehouse and 20% of 

the products create almost 90 % of the turnover. Because we limit this research to the own 

brand of B&F and limit to one supplier, namely X, we use 351 products for this thesis. If we 

look at the A-products, in total 126 products of the 351 SKUs are A-products in movement 

and turnover. The rest of the other products delivered by X are B-products in movement and 

in turnover A- or B products. 

 

Figure 2-24: Pareto analysis – Total (€) usage (Source: Sherpa, 1-2-2014 – 13-8-2014, N= 5270) 

Figure 2-25 illustrates the demand data from 1-2-2014 till 1-11-2014 of one SKU. The data 

shows some peaks which can be identified as outliers. In general every SKU has outliers. 

The main reason of outliers are product discount or assortment discount, introduction of a 

new SKU, holidays (company is closed), and occurrence of a stock out. 
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Figure 2-25: Time series plot of the demand weekly 1-2-2014 and 1-11-2014. (Source: 
<<CONFIDENTIAL>>.xlsm (Sherpa), n=273) 

2.6.3. Inventory level of the warehouse 

One of the problems that occur is the high inventory level. The performance of the policy 

used at this moment is not measureable, because lost sales and backorders are not 

registered. The problem of high inventory level is also difficult to measure via Sherpa, 

because historical stock levels are not registered.  

It is also difficult to measure the performance in costs because the financial system of B&F is 

based on an overdrafts system. This means that B&F can have a negative balance on their 

account where the wages, property, inventory, overhead, etc. is being paid. There are no 

budgets determined for the different activities and therefore difficult to measure what the 

performance is. Theoretical it could be measured when the amount of overdraft is known and 

what the fixed overhead is, but this data is not available for this thesis. The FM states there is 

not enough cash available due to the high inventory and every penny that can be saved by 

reducing the inventory levels is desired.  

Table 2-4: Number of empty locations in the warehouse for placing the received goods 

Date of measurement # Pallet locations # Empty locations Percentage empty 

14-10-2014 1533 92 6.00 % 

16-10-2014 1491
1
 77 5.16 % 

17-10-2014 1491 17 1.17 % 

22-10-2014 1491 33 2.27 % 

In order to measure the inventory control we measure the empty pallet locations of the 

warehouse for a certain period of time, this shows there is almost no space available in the 

warehouse.  

 shows the empty pallet locations in the warehouse. This measurement is biased because 

pallets can be stacked, goods received are not taken into account, and the pallets that are 

not on their reserve location at the moment of counting are not taken into account. Although 

the measurement is positively biased, it gives a good indication that the space of the 

warehouse in the current situation is fully used.  

                                                 
1
 From 15-10-2014 some pallet racks are removed down due to expanding the packing station. 
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2.6.4. Costs of holding stock in the warehouse 

B&F has no definition of holding stock in the warehouse. It is very difficult to calculate the 

price of holding costs of all the products in the warehouse because this is not registered in 

Sherpa or in any document. Because we limit our research to the suppliers of the own brand 

we only take into account the holding costs of these products.  

B&F has different costs to transport stock and to keep stock in the warehouse. We discuss 

the following costs briefly: 

 Cost price per product 

 Ordering costs  

 Transportation costs 

 Handling costs 

Cost price per product  

The cost price per product is split into price for the product and the price for the label. These 

two costs are split because B&F owns the labels and adjusts them constantly to the 

regulations imposed by the Dutch Food and Consumer Product Safety Authority 

(Nederlandse Voedsel- en Warenautoriteit (NVWA)).   

Ordering costs 

The suppliers of B&F do not charge any ordering costs. We calculate the ordering costs by 

using the number of placed order per year divided by the salary of the ordering employee 

resulting in € 28.50 per order. The FM states that the ordering costs should be around € 25,- 

but this amount was used several years ago for calculation purposes. We therefore use € 

28.50 for ordering costs.  

Transportation costs 

We gather the transportation costs via the suppliers of B&F. Most suppliers have their own 

transporter but in case of the own brand, B&F has a contract with one specific transporter. 

This transporter delivers for a fixed price of € 425,- per truck. We allocate the transportation 

costs over the average number of items per truck and we therefore have an average of € 

0.06 transportation costs per SKU. 

Handling costs 

We estimate the handling costs by using the data how much SKUs handled per day for the 

received goods, replenishment, and pick and pack. We use the data registered by the 

management. We use the data hours worked per day and the amount of SKUs handled per 

day. Data about wages of the employees in the warehouse is given by the FM. The costs per 

SKU processed by Receive goods are on average € 0.03.  
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2.7. Conclusion on current situation 

We gathered a lot of information in this chapter in order to answer RQ1. Most answers are 

gathered by analysing the data and by participating in the process. We summarise the 

questions asked: 

 What products does B&F offer? 

We gave an overview of the different products offered by B&F.  

 

 How are the different warehouse process organized? What logistical processes are in the 

warehouse?  

We analysed the different processes within the warehouse and created flowcharts that 

were not available. The management is now able to use the flowchart for further analyses 

and process optimization.  

 

 How are the forecasts created to determine the future sales?  

At this moment the forecasts are created by the use of the naïve method. In short, this 

means the demand of the previous month is used to predict the demand of the next 

month. 

 

 What does the inventory control policy look like? How are the different parameters 

determined?  

Currently the inventory control is based on a (s, Q) policy. The safety stocks are very high 

and this is currently one of the problems within B&F. The different parameters are 

determined by using a minimal safety stock based on three weeks of demand and an 

order-up-to-level of the lead time + 14 days of stock.  

 

 What does the market look like at this moment?  

At this moment the market exists of the Dutch and Belgium market and this will be 

expanded to the German market in the near future. The market is sensible to trends so it 

is important to stay ahead of the trends.  

 

 What are the current problems. In other words, what is the core problem? 

The current core problems are the lack of a “good” forecast and the inventory policy is not 

appropriate for a service environment.  

 

 How does the current system perform?  

It is difficult to describe the current performance of the system as the data is not 

available, but we can conclude that the current warehouse is fully used and that the 

inventory levels are kept high, especially for the own brand delivered by X. 
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“Attendre d'en savoir assez pour agir en tout lumière, c'est se condamner à 

l'inaction.“ 

(Jean Rostand, 1897 – 1977) 
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3. Literature review 

In this chapter we provide a review of the literature available in the field of this research. 

Section 3.1 gives a literature review of forecasting models and Section 3.2 gives a literature 

review of inventory management and control. Section 3.3 summarizes this chapter and gives 

an answer to RQ2 A and RQ2 B.  

3.1. Forecasting management 

RQ2 A is about a forecasting issue. B&F starts from zero and has no knowledge about 

forecasting. The opinion of the management is that the model should be simple to apply. 

There are a lot of different forecasting models available. Given the management‟s remarks 

we first filter in this section on the applicability and knowledge needed to apply the models.  

According to Petropoulos et al. (2014) forecasts are important for decision-making tasks. 

These tasks vary from introduction of new products, warehouse design, reallocation of SKUs, 

scheduling, inventory management, and purchasing activities. Forecasting supports mainly 

the decision on strategic and tactical levels in a company. In this section we review the 

literature that can be applied in the B&F situation. Specifically we perform a literature 

research for forecasting methods that can be used in relation with inventory control. 

Inventory control is mostly based on short- to medium-term, we therefore narrow our 

research to short-to medium-term forecasting methods. 

3.1.1. Forecasting Framework 

Figure 3-1 illustrates the forecasting framework proposed by Silver et al. (1998). The different 

components of the framework are a mathematical model, human input, and corrections of the 

forecast. This mathematical model is driven by historical data. 

Historical data

Mathematical 

model

Forecast of 

demand
Human input

Calculation of 

forecast error and 

updating of 

statistics of errors

Actual demand

Selection and initiation of 

model

Possible modification of 
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Statistical 

forecast

Feedback regarding current performance

Judgemental input

 

Figure 3-1: Forecasting framework (Source: Silver et al. (1998)) 

3.1.2. Historical data: Demand ≠ Sales 

The historical data, mentioned in Figure 3-1, should be based on actual demand. This actual 

demand is difficult to measure in real life. Axsäter (2006) states that the difficulty is that sales 

data is actually not the actual demand. The bias of the sales data is the lost sales and is 

often not accounted in forecasting models. In Section 2.6.2 we already identified these 
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systematic errors in the demand. Axsäter (2006) states: “If we keep a high service level there 

are very few lost sales and the error can more or less be disregarded”.  

In case of B&F we use historical sales data. B&F strives to have a high service level as much 

as possible, although stock out occurs sometimes and there are lost sales. The main cause 

of a stock out occurs when the supplier has delivery problems. In the remainder of this thesis 

the expression demand is used for historical sales.  

3.1.3. Human input 

Human involvement in forecasting demand is inevitable. It is not possible to solely rely on a 

mathematical model. According to Silver et al. (1998) and Axsäter (2006) proactive human 

involvement is needed. In the following situations human involvement is needed:  

 External causes: 

o Economic situation 

o Changing governmental regulations 

o Competitor actions 

o Conflicts that affect demand 

 Internal causes:  

o Price changes 

o Promotions 

o New products and no historical data is available 

o New product introductions substituting other products 

Human involvement can cause systematic errors because of optimistic or pessimistic 

attitudes. This can be solved partly by using an expert panel with employees from relevant 

disciplines.  

The performance of human input should be measured according to Silver et al. (1998). This 

measurement can be done by registering the forecast created by the human input and the 

mathematical model and later on compare the performances of the mathematical model and 

human input.  

B&F determines its forecast on the sales of the previous month and make a judgmental 

adjustment. Fildes et al. (2009) discuss these judgemental adjustment and conclude that the 

judgemental adjustments increase the accuracy. Although relatively larger adjustments tend 

to increase the accuracy, smaller adjustments tend the decrease the accuracy. Positive 

adjustments, adjusting the forecasts upwards, improve the accuracy of the forecasts less 

than negative adjustments.  In their research there was a general bias towards optimistic 

corrections of the forecasts. Fildes et al. (2009) design strategies to enhance the 

effectiveness of judgemental adjustments. Also Franses and Legerstee (2009) conclude in 

their research that forecast experts tend to adjust the forecast more upward than downward. 

Recommendations of Franses and Legerstee (2009) are to register the adjustments made by 

the forecasters to make it clear why the forecasts are made and whether they are justified or 

not.   

3.1.4. Different demand models 

According to Axsäter (2006) and Silver et al. (1998) we can distinguish different demand 

models. When demand is relatively stable, and has small deviations we can speak of a 

constant model: 
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Equation 3-1: Constant model. (N-N) 

When we speak of a trend model the demand over a certain period of time repeatedly 

increases or decreases. The model also can be identified as increasing or decreasing 

linearly: 

           

Equation 3-2: Trend model. (A-N, DA-N) 

When we speak of a seasonal demand there is repeating pattern in the periods in demand. 

We can express the constant, trend, and seasonal model as: 

               

Equation 3-3: Trend-seasonal model. (A-A) 

With: 

xt= demand in period t (Equation 3-2), avg. demand in period 0 (Equation 3-2 and Equation 

3-3) 

a= average demand per period 

є= independent random deviation with mean zero 

b= trend, systematic increase or decrease per period (In Equation 3-3 set b = 0 to have a 

constant seasonal model) 

Ft= seasonal index in period t 

3.1.5. Background mathematical models 

Recently proposed forecasting methods are artificial neural networks (ANN), and extreme 

learning machines. As stated by Jaipuria and Mahapatra (2014),  ANN are seen as an 

efficient non-linear mapping between input and output data. ANN do not need statistical 

information, and the data set does not need to be stationary. ANN is data driven and 

approximates a function to solve complex problems. The models look promising but have 

major implementation problems. Since B&F has no knowledge on forecasting techniques and 

the request of the management is focussed on a simple to apply technique we do not 

research this topic further.  

In the 1950s the first exponential smoothing models were introduced in order to support the 

forecasting process. According to Gardner (1985) exponential smoothing methods are 

relatively simple and still robust approaches to forecasting, and widely used in business for 

forecasting demand for inventories. These time-series models are often applied because of 

their simplicity and easy implementation of the models. In the time-series models demand 

can be split in fast moving products, slow moving products, and intermittent products. The 

SKUs in this research are not intermittent products/ spare parts, but strictly fast moving 

products and sometimes slow moving products. The literature of forecasting intermittent 

products is extensive but not relevant for this research and therefore kept out of scope.  

The paper of Fildes (1988) presents an overview of the majority of time series forecasting 

procedures that are widely used in business. Fildes (1988) defines the methods as fixed 

parameter models and varying parameter models and tries to compare the methods in 

different ways. Fildes (1988) states that a greater generality of the model doesn‟t necessarily 
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improve the accuracy of the forecast. This problem is caused by the fact that estimating more 

parameters based on a limited dataset increases the chance of poor parameter estimates 

and thereby permits the possibility of model identification error. According to Fildes (1988) 

the judgement of when using which forecasting method is the biggest problem of rejecting 

methods and techniques.  

Snyder et al. (2004) create formulas that can be used for calculating variances of the lead-

time demand (LTD) for inventory control. The different formulas can be used for different 

exponential smoothing models. The properties of the formulas are the variances and means 

that depend on trends and seasonal effects in the data series. The formulas should ensure 

that the safety stocks adjust to changes in trend and season. Snyder et al. (2004) use an 

example of weekly sales that show how safety stocks can be seriously underestimated 

during peak sales periods.  

De Gooijer et al. (2006) give an extensive review of time series models that have been 

published since 1985 till 2005. In this review the authors discuss the rise of exponential 

smoothing models, ARIMA models, seasonality, nonlinear models, long memory models, 

ARCH/ GARCH models, and count data forecasting. They discuss the different ways of 

evaluation of forecasting and accuracy measures, combining models, and the determination 

of prediction intervals and densities. They summarize and conclude that more research is 

needed in multivariate models, nonlinear models, combining forecasting, the use of “robust” 

statistical methods in time series forecasting, and the development of model selection 

procedures. 

Gardner (2006) reviews the exponential smoothing models since 1985 and updates the 

publication of Gardner (1985). In this journal Gardner (2006) discusses the formulation, 

properties, method selection, model fitting, forecasting for inventory control, and empirical 

studies of exponential smoothing.  

Axsäter (2006) gives an extensive overview of exponential smoothing models, but also points 

out the use of the moving average (MA). The moving average can be applied when demand 

is constant and does not show any fluctuations or trends. When the data would be 

completely constant, the average of all the observations could be taken.  

Boylan et al. (2008) discuss the development of demand categorization schemes in order to 

categorize the SKUs and apply the most appropriate forecasting and stock control methods. 

They categorize the SKUs in erratic, lumpy, smooth, and intermittent demand. The empirical 

investigation was performed on data that is categorized as intermittent data and therefore not 

relevant for this research.  

Forecast adjustments are made when the statistical forecast should be adjusted to factors 

that are not included into the statistical forecast. Hyndman (2006) identifies four different 

types of forecasting-error metrics: Scale-dependent metrics, percentage-error metrics, 

relative-error metrics, and scale-free error metrics. According to Davydenko et al. (2013) 

many well-known error measures are not appropriate to the demand data. 

Petropoulos et al. (2014) give a short review of the scientific literature of demand forecasting 

and describe the main determinants of forecasting accuracy. By using simulation on various 

types of data, they try to measure the extent to which each of seven time series features 

(seasonality, trend, cycle, randomness, number of observations, inter-demand interval and 
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coefficient of variation) and one strategic decision (the forecasting horizon) affect the 

forecasting accuracy. The main conclusions of Petropoulos et al. (2014) are: 

 For fast moving data, cycle and randomness have the biggest (negative) effect. 

 The longer the forecasting horizon, the more accuracy decreases.  

 Intermittent data, inter-demand interval has bigger (negative) impact than the 

coefficient of variation.  

 For all types of data, increasing the length of a series has a small positive effect. 

Pegels (1969) proposed a classification for exponential smoothing models. The classification 

depending on linear or non-linear and trend or seasonal patterns. The taxonomy has been 

extended by Gardner & McKenzie (1985), modified by Hyndman et al. (2002) and extended 

by Taylor (2003). Table 3-1 shows the extended classification of Taylor (2003).  

Table 3-1: Classification of exponential smoothing methods (Adapted from Taylor (2003)) 

Trend component 

Seasonal component 

None (N) Additive (A) Multiplicative (M) 

None (N) N-N N-A N-M 

Additive (A) A-N A-A A-M 

Damped additive (DA) DA-N DA-A DA-M 

Multiplicative (M) M-N M-A M-M 

Damped multiplicative (DM) DM-N DM-A DM-M 

When we use Table 3-1 we can classify the most well-known time series models as follows: 

 Brown (1956) and Brown (1959) (N-N) 

 Holt (1957) (A-N) 

 Gardner & McKenzie (1985) (DA-N) 

 Pegels (1969) and Hyndman et al. (2002) (M-N) 

 Taylor (2003) (DM-N) (Damped Pegels) 

 Winters (1960) (A-A) and (A-M) 

Tashman and Leach (1991) make a distinction between automatic parameter optimization 

(APO) and automatic method selection (AMS). APO stands for an algorithm which searches 

for the optimal values of the parameters used for the different applied methods. When all 

parameters are selected the next phase is AMS. Tashman and Leach (1991) state that  AMS 

is not entirely possible, because the end user must have the ability to change the forecast 

model when graphs, time plots, and correlograms state something else. There are flaws in 

APO and AMS, but the benefit is that the end users do not have to estimate parameters and 

do not have to select the proper model. Hyndman et al. (2002) propose and provide a state 

space framework in order to create AMS by using the different exponential smoothing 

models. Bilah et al. (2006) study approaches for selecting the appropriate forecasting 

method and they compare them in a simulation study and in real time series from the M3 

forecasting competition. According to Bilah, the information criterion approach, originally 

proposed by Akaike (1973), provide the best basis for AMS.  

3.1.6. Conclusions on Forecasting management 
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Table 3-2 summarizes the forecasting models found in literature. We need a model that is 

capable of forecasting on short- to medium term, the complexity of the model must be low,  

and implementation must be easy. Our preference based on the five criteria is to apply the 

exponential smoothing models. Exponential smoothing models have been proven in the last 

25 years to be robust and often outperform the “newer” forecasting models. In Chapter 4 we 

apply different exponential smoothing models and the (moving) average to cope with 

different data sets. 

Table 3-2: Comparison of forecasting models 

Methodology Robustness Implementation Knowledge 
needed 

Complexity Horizon 

(Moving) average - ++ ++ ++ Short 

Exponential 
smoothing models 

+/- ++ +/- + Short to 
medium 

ARIMA + - +/- +/- Short to 
long 

State space models +/- +/- - +/- Medium 
to long 

ANN +/- - - - Short 

Long memory 
models 

+ - +/- +/- Short to 
Medium 

3.2. Inventory control 

According to Bartholdi and Hackman (2011) warehouses have the following purposes: 

 Match supply with customer demand 

 To consolidate products in order to reduce transportation costs, and to provide 

customer service 

According to Axsäter (2006) the purpose of an inventory control system is to determine when 

and how much to order. The inventory system should be based on the stock situation, the 

expected demand, what is forecasted, and cost factors. There are several reasons to keep 

inventories:  

 Economies of scale 

 Buffer against uncertainties, both demand as supply  

 Finite supply capacity 

 Customer service 

In Section 3.2.1 we explain the different stock types and the stock types that are applicable in 

the situation of B&F. Next, we discuss the common stock policies from literature in Section 

3.2.2 and in Section 3.2.3  we discuss the (s, S) stock policy that we apply in the forecasting 

and inventory system.  

3.2.1. Stock types 

Silver et al. (1998) distinguish the following functional inventory types: 

 Cycle stock (ordering/ producing batch) 

 Safety stock (variability in demand or variability in lead time) 

 Anticipation stock (buffer against uncertainty in supply or expect a peak in demand 

due to seasonal effects or due to promotions/ on sale) 

 Pipeline or work-in-process (WIP) inventories 



 

37 
 

If we look at the previous function types of inventories, uncertainty/ variability of the demand 

is often a reason to have inventories. Forecasting management is therefore closely related to 

inventory control in order to determine the uncertainty in demand. In the case of B&F the 

inventories have the following functions: Cycle stock, safety stock, and anticipation stock.  

The cycle stock depends on the size of the replenishment order to meet customers demand. 

There are several techniques to determine the size of the replenishment order. Safety stock 

is held during uncertainty of the demand during the lead time and is applied within B&F. The 

last function, anticipation stock, is the stock applied when B&F needs additional stock due to 

promotions or when a SKU is on sale and should prevent any stock out.  

3.2.2. Stock policies 

According to Winston (1994) the following costs can be incurred in inventory models: 

 Ordering and setup costs 

 Unit purchasing costs 

 Holding or carrying costs 

 Stock out or shortage costs 

Axsäter (2006) states that the order size should not solely be based on the stock level, but 

also on the previous mentioned costs. The ordering decision should be based on the stock 

on hand, the orders which have not arrived yet in the warehouse, and the backorders. In the 

case of backorders, demand that has not been delivered yet. According to Axsäter (2006) the 

stock situation is: 

                                                               

Equation 3-4: The inventory position  

The inventory position cannot be used because the purchasing process of B&F is not 

designed to use the inventory position. The data is available in Sherpa, but the purchasing 

process should be redesigned such that the purchasing orders are put in Sherpa and 

subsequently can give an inventory position. A recommendation for this "problem” is made in 

Section 7.2. 

As previously mentioned, the inventory control depends on the inventory position. The 

holding- and shortage costs depend on the inventory level:  

                                         

Equation 3-5: Inventory level 

Table 3-3 shows the different policies to control the inventory. We explain the taxonomy in 

short. The review period can be periodically or continuous, and the amount to order, the lot 

size, can be a fixed amount per order or a variable amount per order. The R  is the length of 

the review period, s is the point when the decision should be made to order a new amount. 

The Q is a fixed amount that has to be ordered and the S is the order up to level.  

Table 3-3: Classification of inventory models 

Lot size Periodically Continuous 

Fixed (R,s,Q) (s,Q) 

Variable (R,s,S) or (R,S) (s,S) 
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3.2.3. (s, S) policy 

The (s, S) system has an order point s, and an order-up-to-level S. When the inventory 

position, drops below the order point s, the replenishment order is placed. The difference 

with a (s, Q) policy is that the amount to replenish can be variable. The following relation 

holds: S = s + Q. In this situation we have to determine s, so we have to determine the safety 

stock. We assume a normal distribution of the demand during the lead time.  

We use the following formulas to calculate the reorder point and reorder quantity: 

                   

Equation 3-6: Safety stock 

   √     

Equation 3-7: The standard deviation during lead time 

           

Equation 3-8: Safety factor k  

 ̂   ̂        

Equation 3-9: Demand during lead time 

   ̂               

Equation 3-10: Reorder point s 

 

      

Equation 3-11: Order-up-to-level 

Where:  

  = standard deviation during lead time 

k = safety factor, assuming demand with normal distribution 

 ̂ = demand during lead time as forecasted 

 ̂     = forecasted demand 

L = lead time 

P1 = Probability of no stock out in replenishment cycle (one of the three measures of 

customer service, see Section 2.6.1) 

The order-up-to-level can vary over time because s can be adjusted due to changes in 

forecasting. According to Axsäter (2006) the best way to find S is simply make an 

approximation by determining s, as described by Equation 3-10, and Q by using the classical 

economic order quantity (EOQ), as described by Equation 3-12,  and apply S – s = Q.  

   √
     ̂     

   
 

Equation 3-12: Economic order Quantity adjusted to forecasting 
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Where:  

A = ordering costs  

 ̂     = forecasted demand  

r = Capital costs  

v = cost of holding a unit in stock.  

To be able to calculate the annual holding costs we use the following equation: 

                     (
  

 

 
              )         

  

  
  

Equation 3-13: Total annual holding costs in case of safety stock 

We recommend to apply the (s, S) policy because B&F can work with a min-max inventory. 

When the inventory position drops below s, there will be a replenishment. The benefit of 

using min-max inventory is that the demand during lead time and the variability during the 

lead time is taken as a measure for the point when the inventory should be replenished.  

3.3. Conclusion on literature research 
We split RQ2 in two separate questions, the first question is: What models does literature 

provide to make short- to medium-term forecasting to predict demand? There are a lot of 

forecasting models available to apply. The most common and simple to apply models are the 

exponential smoothing models. In Section 4.2 we explain the different exponential smoothing 

models that we want to apply in order to make proper forecasts.  

The second part of RQ2 we wanted to answer was: What models does literature provide on 

safety stock and inventory control? Because we not only want to forecast but also want to 

apply the forecast in order to lower the inventories, we therefore studied literature provided 

by Silver et al. (1998) and Axsäter (2006). Both authors apply the forecasting methods in 

order to determine the parameters used to control inventory levels. We apply the (s, S) 

policy, so we redesign the current policy to get more control over the inventory levels 

because the lead time demand and safety stock are the trigger point to replenish the stock.  
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4.  Model selection and analysis 
 

 

 

 

 

 

 

 

“The best thing about the future is that it comes one day at a time.” 

(Abraham Lincoln, 1809-1865) 
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4. Decision model formulation 

In this chapter we formulate the algorithm to be able to forecast (semi) automatic. Section 4.1 

gives an answer which demand models are needed in the situation of B&F. Next, we 

introduce in Section 4.2 the algorithm to make a prediction of the demand per SKU. Section 

4.3 discusses the different models applied in the algorithm that can be used to predict 

demand according to the data decomposition in Section 4.1. Section 4.4 discusses the 

different error measurements applied in order to measure the quality of the different 

forecasting methods. Next, we translate the forecasted outcomes in parameters that can be 

used to define the parameters for the inventory control model. Finally, in Section 4.6 we draw 

conclusions to answer RQ3.  

4.1. Data decomposition 
The data available is very limited and can give unreliable forecasts. We gathered historical 

demand on SKU level from 1-2-2014 till 1-11-2014. We can identify patterns in the sales data 

and thereby make assumptions whether the data is constant, trend, seasonal, or a 

combination of the previous mentioned components. For this research we use 260 SKUs 

supplied by AL. We excluded 91 SKUs of AL because the SKUs do not meet the following 

criteria: 

 The SKU must have a sales history from 1-2-2014. 

 The SKU must have no long intermittence due to stock out. 

 The SKU must have no stock out at the end of the horizon. 

To be able to process the data, we developed a tool to make sales graphs, see Figure 4-1, 

and inventory graphs, see Figure 4-2. We used Access 2013 to develop this tool and made it 

possible to import data from Sherpa on a daily base. At the moment of writing this thesis, this 

is done manually, but there is a possibility to import the data via a standard connection 

between Sherpa and this Access database. The choice of using Access 2013 instead of 

Excel 2013 is based on the benefits of using queries to sort and filter data, to store more 

lines of data, the possibilities to use Sharepoint, to make the database available for more 

users via a web browser, and to easily import the daily sales and stock history. 

 

Figure 4-1: Print screen of the developed tool in Access 2013 showing the sales history 
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Figure 4-2: Print screen of the developed tool in Access 2013 showing the inventory 

The experience of the B&F managers is that there is an upward seasonal effect in the sales 

in January, May, and August, and a downward seasonal effect in the months June, July, 

November, and December. Figure 4-3 illustrates the orders processed of 2013 and 2014 on 

a weekly basis. If we look at the processed orders we cannot identify any seasonal patterns 

on a weekly basis.  

 

 

<<CONFIDENTIAL>> 

Figure 4-3: # of orders on weekly basis 2013-2014. (Source: KPI’s met Dashboard.xls (N=1,780,980) 

Therefore we zoom out and create a graph based on monthly sales as illustrated in Figure 

4-4. We notice that the average amount of orders per month increased with 74 % from 2013 

to 2014. Although the data available is limited, we calculate the seasonal indices, as 

illustrated in Table 4-1. The seasonal indices support the feeling of the managers of B&F. 

The upward- and downward effects can be explained. First the upward effects, people want 

to do something about their health and therefore buy healthy food. In January people have 

good intentions, in May people want to lose some pounds before the summer starts and after 

the holidays people want to pick up where they left with their slimming plan.  

 

 

<<CONFIDENTIAL>> 

Figure 4-4: # of orders on monthly basis 2013-2014. (Source: KPI’s met Dashboard.xls (N=1,780,980) 

If we zoom in and take a closer look to a random selection of the SKUs, see Appendix I, we 

cannot identify seasonal effects yet. The main cause that we cannot identify seasonal effects 

is due to the limited data available. It is not possible to compare the sales of several years. 

When more historical data is available it is possible to identify any seasonal effects in the 

sales data of the SKUs. Preferable is to have sales data available for four years or more. 

Although B&F has several products that are sold in certain seasons and are only on stock in 

that particular season. Examples are ice cream and clothing, such as gloves and hats.  



 

43 
 

Table 4-1: Seasonal indices 

Month    

January (1) <<CONFIDENTIAL>> 

February (2) <<CONFIDENTIAL>> 

March (3) <<CONFIDENTIAL>> 

April (4) <<CONFIDENTIAL>> 

May (5) <<CONFIDENTIAL>> 

June (6) <<CONFIDENTIAL>> 

July (7) <<CONFIDENTIAL>> 

August (8) <<CONFIDENTIAL>> 

September (9) <<CONFIDENTIAL>> 

October (10) <<CONFIDENTIAL>> 

November (11) <<CONFIDENTIAL>> 

December (12) <<CONFIDENTIAL>> 

Another interesting aspect is the promotion of a product or a product that is on sale. 

Appendix I shows the weekly sales and the monthly sales in graphical from of 25 random 

selected SKUs from the 263 selected SKUs. We can identify some peaks (upwards) in the 

sales that can indicate a promotion. Unfortunately promotion/ on sale products are not 

registered and we therefore cannot prove that the (upward) peaks are caused by promotions. 

When we look at the downward peaks, these peaks are created due to a lack of inventory or 

delivery problems by the suppliers of B&F. We cannot prove that the stock level was zero 

because this data was not available until now. In Chapter 6 we recommend to save historical 

data of the inventory and sales to understand why there are downward and upward peaks. 

We can conclude with the limited data available that: 

 Seasonal effects cannot be identified in the SKUs itself, but there is an overall 

seasonal effect which occurs in the months <<CONFIDENTIAL>>. 

 Certain SKUs show constant demands and other SKUs show trends if we look at the 

monthly data. 

4.2. Algorithm for selecting the best model 
We start by a remark that selecting a model automatically, has some risks. The management 

of B&F wants to have automatic forecasting of their SKUs, and the end user makes the 

decision to use the forecasts or not. We split the algorithm in two parts. The first part is 

automatic parameter optimization (APO), we discuss this in short in Section 4.2.1 In Section 

4.2.2 we discuss the automatic method selection (AMS). The combination of APO and AMS 

results in the algorithm we use to make the forecasts.  

4.2.1. Automatic parameter optimization 

First we need to determine what parameters are needed per forecasting method. APO can 

be time saving and as earlier mentioned, the user is not concerned with rules for the 

selection of appropriate constants for the parameters.  

Section 4.3 explains several methods with different parameters. We summarize the 

estimators and criteria in Table 4-2. If α is larger than 0.30 it is questionable whether the right 

model was selected or not. We select α  a little bit higher because this value can be higher in 
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the trend model. This is also the case when   is smaller than 0.05 and larger than 0.20 and 

the question is whether there is a trend or not. For ∅ we reject if larger than 1 because the 

model could be exponential and therefore not applicable. When all these criteria are met, we 

have different models that can be compared with each other.  

Table 4-2: Parameter estimation and criteria involved 

Parameter Estimator Criteria Goal 

α Apply grid search  0.05=<α <=0.50 Minimize RSME 

  Apply grid search  0.05=< <=0.2 Minimize RSME 

∅ Apply grid search 0.05=<∅<1 Minimize RSME 

 ̂  Equation 4-9 - - 

 ̂  Equation 4-10 - - 

4.2.2. Automatic method selection 

Tashman and Leach (1991) classify the variants of AMS in five categories: rule-based logic 

(expert system), automatic specification tests, a unified framework, a forecasting contest, 

and „all possible specifications‟. We use a combination of different sets of statistical rules and 

try to fit this in a model selection. We therefore propose an algorithm to select the most 

appropriate model. 

Different authors discuss AMS. Vokura et al. (1996) research automatic identification and 

graphical support in rule-based expert systems. Some features used are:  

 Automatic detection and adjustment of outlier and irrelevant early data. 

 Automated detection of the functional form and presence of various statistical 

characteristics of a time series. 

 Automated forecasting method selection based on the characteristics of the time 

series. 

 Automated forecasting method parameter estimation and generation of forecasts for 

each series. 

Vokura et al. (1996) created an automatic system using the aforementioned features. 

Considering the criteria we use for the mentioned estimators, discussed in Section 4.2.1, the 

appropriate model is selected. Figure 4-5 represents our proposed model and we explain the 

steps in short.  

First we want to determine the forecasting horizon. This depends on the SKU and the 

amount of data available. We recommend not to forecast too far ahead, the further the 

forecast is made the more biased the forecast is. In principle the management wants to be 

able to forecast one- to three months ahead. This range depends on the production time of 

AL. Therefore the forecasting horizon can be determined by the user itself and can be 

adjusted. 

The second step in Figure 4-5 is “outlier analysis and smooth data”. We first want to filter 

outliers from the data and use the generalized procedure as proposed in Section 4.4.2. We 

apply additional rules to prevent as much as possible to change the data in the wrong way. 

The user is notified when outliers are suspicious and need extra attention of the user whether 

to adjust or not. We discuss this further in Section 4.4.2. 
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Next step in the algorithm is to initialize all the parameters of the different methods. We 

introduce the different methods in Section 4.3. We calculate for each method the standard 

deviation (RMSE) and minimize the RMSE per method by using Grid Search in order to 

determine the parameters. We discuss the statistical measurement RMSE in Section 4.4.1. 

Once the parameters are determined, the algorithm excludes the different forecasting 

methods in case the parameters do not fit the predefined criteria as mentioned by Table 4-2. 

Next, the best model selected is based on mean absolute scaled error (MASE). If the picked 

method is linear we want to test via the R-squared method whether the linear method fits or 

not. In case the linear method does not fit, the algorithm picks the second best model, and so 

forth. We discuss the statistical measurement MASE in Section 4.4.1 and R-squared in 

Section 4.4.4. 

Because we use MASE we select the naïve method always as last in line when there are no 

models left to choose from. In such a case the naïve method outperforms the other models.  

The user is able to adjust the forecasts, for example because of promotions or other 

circumstances. Last but not least, the forecast results, if adjusted by human interaction, is 

stored for later evaluation.  

The procedure as discussed in Figure 4-5 should be repeated until all the SKUs where the 

inventory level < s, are forecasted. For all these SKUs s is recalculated and there is a 

prediction made for several months ahead.  
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Figure 4-5: Algorithm procedure for selecting the most suitable forecasting model 

4.3. Forecasting short- to medium-term 

As discussed in Section 3.1.4 we consider three exponential smoothing models to make 

short- to medium-term forecasts. The models are easy to understand, fast to implement, and 

in most cases sufficient to give a reasonable forecasts. In Section 4.1 we concluded that the 

limited available data shows that certain SKUs have constant patterns and others have trend 

patterns. We therefore not only apply exponential smoothing models but also straightforward 

models. We select the following methods to  apply and to compare with each other: 

 Naïve method (NM) 

 Average of the demand 

 Moving average (MA) 

 Simple exponential smoothing (N-N) 

 Holt‟s method (A-N) 

 Gardner and McKenzie method (DA-N) 

We discuss each method in brief.  
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4.3.1. Naïve Method 

The NM is the most straight forward method that can be applied. According to Petropoulos et 

al. (2014) the NM is a random walk method which means that the demand in period N is the 

forecast of N + 1. We use a simple example to illustrate the method: We have a demand of 

1500 in period 10 then the forecast for period 11 is 1500.  

We select this method to use as a forecast because currently B&F uses this technique to 

forecast the demand in period N + 1. According to the management this technique is suitable 

for a lot of SKUs. Therefore we want to use the NM as a benchmark for the other methods in 

the selection procedure.  

4.3.2. Average of the demand 

The average of the demand is also a straightforward method. The procedure is simple, take 

the average over the historical demand and this is the prediction of N + 1. When the data is 

quite stable over the months, this simple method can be very accurate.  

4.3.3. Moving average (MA) 

The moving average works as follows: 

 ̂     ̂  
                        

 
 

Equation 4-1: Moving average 

According to Axsäter (2006) the N is dependent  of how slowly a is varying and what the size 

is of the stochastic deviations of є. The MA method can be applied when the demand is 

constant.  

4.3.4. Simple exponential smoothing (N-N) 

Simple exponential smoothing is a statistical method used for short- to medium-term 

forecasting. The method makes use of weights that decrease exponentially as we go further 

backwards in time. Exponential smoothing follows the path of Equation 3-1 and is therefore 

not suitable for data that contains a trend. Updating the exponential procedure can be 

expressed as: 

 ̂       ̂        ̂        

Equation 4-2: Simple exponential smoothing (N-N) 

α = smoothing constant 0 < α < 1 

ât = estimate of demand, where ât-1 is the estimate of the demand in the previous period 

τ = forecasting period τ >= 1 

According to Silver et al. (1998) value of α between 0.01 and 0.30 is reasonable. When α > 

0.30 simple exponential smoothing is probably not the right method to apply for the data. In 

general the larger the smoothing weights, the more impact recent measured data has and 

the less important the previous predictions are. If we reason vice versa, the smaller the 

smoothing weights, the less weight is given to the recent data and the more important the 

predictions are. The N-N method can be applied when the demand is constant.  

4.3.5. Holt’s method (A-N) 

The method of Holt is based on Equation 3-2. When data fits a (negative) trend, the model is 

applicable. In order to know whether the data has a trend or not,  
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In Equation 3-2 we have to predict two parameters, namely a and b. Parameter a is again the 

constant and b is the parameter that estimates the trend in the data. We use the following 

updating procedures for Holt‟s method: 

 ̂       ( ̂     ̂   )      

Equation 4-3: Holt’s method, updating constant a  

 ̂        ̂       ̂   ̂     

Equation 4-4: Holt’s method, updating trend b  

The forecast for a future period, t + k is done by: 

 ̂       ̂  (   ̂ ) 

Equation 4-5: Holt’s method, forecast for future period t + k (A-N) 

4.3.6. Gardner and McKenzie method (DA-N) 

Next we use the model proposed by Gardner and McKenzie (1985). This model is an 

extension of Holt‟s method and according to Silver et al. (1998) this model is used when the 

trend is erratic or the data is noisy. This model has a damped trend that works well with the 

aforementioned reasons. Again the model is based on Equation 3-2 and can be formulated 

as follows: 

 ̂         ( ̂    ∅ ̂   )        

Equation 4-6: Gardner and McKenzie method, updating constant a  

 ̂         ∅ ̂         ̂   ̂     

Equation 4-7: Gardner and McKenzie method, updating trend b 

The forecast for a future period, t + k is done by: 

 ̂       ̂  ∑∅  ̂ 

 

   

 

Equation 4-8: Gardner and McKenzie method, forecast for future period t + k (DA-N) 

Where: 

∅ = the dampening parameter, 0 < ∅ < 1 

When the dampening parameter equals 1 the trend is linear, and identical to the Holt‟s 

method. When the dampening parameter is greater than 1 the trend is exponential. 

According to Gardner and McKenzie (1985) this is a risk when the forecasting system is 

automated and ∅ is not bounded. Because we want to (semi) automate the choice of model, 

we need to take this into account and limit the dampening factor.  

We use the following formulas as presented by Silver et al. (1998) in order to estimate the 

initial values for applying A-N and DA-N, named  ̂   and  ̂ : 

 ̂  
 

      
∑   

 

 
       

      
∑  

 

 

Equation 4-9: Initialization of constant value a0 
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 ̂  
  

       
∑   

 

 
 

      
∑  

 

 

Equation 4-10: Initialization of trend value b0 

In Section 4.4 we discuss several statistical measurements that we use to select the best 

method to apply per individual SKU. 

4.4.  Forecasting quality 
In Section 4.4.1 we explain the error measurements we want to apply in our algorithm for 

selecting the “best” model and for defining the right values for the parameters. We apply an 

algorithm to search for outliers in the data in Section 4.4.2 and in Section 4.4.3 we apply a 

statistical measurement to identify whether the applied linear methods fit the data or not.  

4.4.1. Measures of variability 

As earlier mentioned, forecasting is all about reducing the error of the forecasting model. In 

this section we discuss several measures of variability we want to use for our method 

selection procedure.  

We discuss some of the error measures that are also discussed by Hyndman and Koehler 

(2006). We apply two different error measures, the first is the root mean square error 

(RMSE) and the second is the mean absolute scaled error (MASE).  

(R)MSE 

According to Silver et al. (1998) the mean square error (MSE) is often used in fitting of 

squared errors of a straight line to historical data. The benefit of the MSE is that it can be 

calculated easily and can be applied to compare different forecasting methods that are used 

to the same set of data. According to Hyndman and Koehler (2006) MSE is a scale-

dependent measure. The MSE is formulated as follows: 

    
 

 
∑(    ̂      )

 
 

   

 

Equation 4-11: Mean square error 

Where: 

N = number of time periods 

xt = actual value in period t 

 ̂      = forecasted value for period t in period t – k 

We can extend the MSE to the root mean square error (RMSE), also known as the standard 

deviation: 

     √
 

 
∑(    ̂      )

 
 

   

 

Equation 4-12: Root mean square error 

The use of MSE or RMSE is easy, but they are not meaningful as a measurement when the 

method is compared with other series applied with different scales.  
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MASE 

Hyndman and Koehler (2006) propose a scale-independent error measurement. They 

propose that the mean absolute scaled error (MASE) should become the standard approach 

in comparing forecasting accuracy across series on different scales. We express MASE as 

follows: 

     
 

 
∑(|

    ̂      

 
   

∑ |       |
 
   

|)

 

   

 

Equation 4-13: Mean absolute scaled error 

The MASE is scaled on the in-sample mean absolute error (MAE), where is     
 

 
 ∑ |    ̂      |

 
   , from the naïve method (random walk) forecast method. When MASE < 

1, the applied method gives smaller errors compared to the naïve method. When MASE > 1, 

the applied method gives larger errors compared to the naïve method.  

There are different kinds of error measurements and in literature they are applied widely. In 

the past mean absolute deviation (MAD) was common to apply but nowadays computations 

are made much easier and other measures are applied as well. We apply the MASE and 

RMSE for comparing the different forecasts as a selection criteria in the algorithm as 

proposed in Section 4.2.  

4.4.2. Detection of outliers 

Outliers in the data can bias the forecast errors of the methods applied. As earlier discussed 

in Section 4.1 we know what can cause outliers in the data. We want to be able to exclude 

the outliers and we therefore use the generalized extreme Studentized deviate, or 

generalized ESD, proposed by Rosner (1983).  

This test for outliers is usable for univariate data sets with an approximately normal 

distribution. The advantage of this test is that it only needs an upper bound for the expected 

number of outliers. The test can be expressed as follows: 

We have the upper bound ru, the number of ru outliers. For each r we calculate the Ri, where i 

is the observation of all n observations that deviates the most from the average: 

   
    |    ̅|

 
 

Equation 4-14: Test statistic for the generalized ESD procedure 

Where: 

Ri = test statistic 

xi = value on time t 

  ̅= sample mean 

 = standard deviation 

The procedure is as follows: 

 Remove the observation that was the maximized value 

 Recalculate the statistic with n-1 observations 

o Recalculate mean 

o Recalculate standard deviation 

o Recalculate Ri 
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 Repeat the procedure until all r expected outliers are calculated 

When all Ri are calculated the critical value λi can be calculated: 

   
             

√(              
 )       

                 

Equation 4-15: Calculation of the critical value for the generalized ESD procedure 

Where:  

tp, v = The t-distribution with v degrees of freedom and percentage point:     
 

        
 

We get the number of outliers by finding the largest i such that Ri > λi. 

The hypothesis of the generalized ESD is:  

H0 = There are no outliers in the data set 

Ha = There are up to r outliers in the data set 

When we identify the outliers we want to smooth the outliers. We smooth the outlier by using 

the average of the n-i observations. We use an example to show how the procedure works. 

Table 4-3 shows the real monthly sales data of one of the SKU‟s we use for this research. 

Table 4-3: Sales data used to identify outliers with generalized ESD, an example 

Sales data monthly basis 

67 49 0 91 

82 92 92 99 

87 134 99 - 

 

We suspect that there are three outliers and therefore we set r = 3. We have the following 

hypothesis: 

H0 = There are no outliers in the data 

Ha = There are up to 3 outliers in the data 

We use the significance level of  : 0.05. 

Critical region: Reject H0 if Ri > λi 

Table 4-4: Results applying generalized ESD, an example 

Number of outliers i Statistical value Ri Comparison 
value λi 

Mean 

1 2.379 2.355 81 

2 5.072 2.290 89 

3 2.147 2.215 84 

Table 4-4 shows the results of applying generalized ESD. We reject H0 and accept that there 

are 2 outliers in the data. We replace the outliers found with the calculated means.   

In addition we discussed with the management the possibilities of correcting the data in the 

wrong way. We discussed with the management when an outlier  is in the first 25 % of the 
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data, the user should be able to correct manually. In order to prevent correcting the data in 

the wrong way as much as possible we apply the following rules: 

 Is the detected outlier within the 25 % of the most recent data? 

o Yes: Is the outlier equal to zero? 

 Yes: Adjust the outlier to the mean 

 No: Keep the outlier, notify the user of the exceptional outlier and let 

the user decide to adjust the data 

o No: Adjust the outlier to the mean 

4.4.3. Does the linear model fit the dataset 

According to Nau (2014) the applied trend model can be compared to the actual data via the 

Coefficient of determination R2. R2 adds useful information regarding how well the selected 

forecasting model fits the demand data. The closer a R2 value approaches 1 the better the 

trend model fits the original data. According to Nau (2014) a 90 % R2 indicates that 68 % of 

the standard deviation is explained by the forecasting model. The equation for R2 is as 

follows: 

     
     

     
 

Equation 4-16: Coefficient of determination (R
2
) 

Where variability explained by forecast        ∑      ̂  
 

  

Where total variability:       ∑      ̅    

And where x  the observed mean:  ̅  
 

 
∑   

 
    

4.5. Inventory control policy 

In the previous sections we defined the algorithm, methods, and statistical measurements in 

order to select the best forecasting model. The next step is to use the outcomes from the 

forecast to create the inventory policy for each SKU. Section 4.5.1 explains how the safety 

stocks can be determined, Section 4.5.2 explains how to establish the reorder points and 

Section 4.5.3 provides the order-up-to-level with the use of optimal order quantity.  

4.5.1. Safety stock  

A forecast on itself is not a goal. The goal is to use the forecasted measures for inventory 

control and purchasing activities. The first step is to determine the safety stock of the SKU as 

shown in Section 3.2.1. B&F requires a buffer against uncertainties in supply and demand. 

We recall the formulas proposed in Chapter 3: Equation 3-6, Equation 3-7, and Equation 3-8: 

                     √               

The safety stock is calculated by multiplying the standard deviation of the lead time with the 

safety factor assuming that the data has a normal distribution. The P1 is set to 99.5%, which 

means that 99.5 % of the demand is supplied from stock. 

First we calculate the safety factor: k=                 (Excel formula: NORM.S.INV(P1)) 

Next step is to calculate the standard deviation during the lead time. We set the lead time L 

on 5 days. Next, we derive    from Equation 4-12, the RMSE. RMSE is gathered from the 

statistical comparison of the best fit model and is also used to calculate   . 
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We recall the example used in Section 2.3.4 for calculating the safety stock. Based on the 

selection procedure as explained in Section 4.4 the A-N method is applied. We predict the 

sales of November 2014: the forecasted demand is 2418 with RMSE = 236.45. Because the 

example in Section 2.3.4 was of a different month we adjust calculations. Table 4-5 

compares the results of the current policy and the proposed policy.  We have a lead time L of 

5/30 month,    √ 
  ⁄              . Subsequently we can calculate the safety stock:  

                               

We round up the safety stock because we use the P1 measure. A safety stock of 249 

compared to 1279 is a difference of 1030 products. In Section 4.5.2 we determine how to 

calculate the lead time demand. 

4.5.2. Demand during lead time 

Next we determine the expected demand during lead time. We gather the demand during 

lead time also via the delivered forecast. We recall the proposed formula‟s from Chapter 3, 

Equation 3-9:  ̂   ̂        

We already know L = 5/30 month and we know  ̂     , which is the forecast of the next 

month. We continue the example as mentioned in Section 4.5.1. We now determine  ̂ . 

 ̂        
 

  
     

The estimated demand during lead time thus equals to 403 products.  

4.5.3. Reorder point (s) 

In Section 4.5.1 we derived the safety stock and in Section 4.5.2 we derived the demand 

during lead time. Next we derive the reorder point and we recall the formula from Chapter 3, 

Equation 3-10: 

   ̂               

It is now possible to calculate the reorder point s. We continue with the example from 4.5.1 

and 4.5.2 and derive the reorder point by inserting the safety stock and the lead time demand 

in the formula:  

              

The reorder point thus equals to 652 SKUs. 

The management of B&F finds it interesting to apply the seasonal index mentioned earlier in 

Section 4.1. We do not have a model applied for seasonal effects because the SKUs 

individually do not show seasonality. We therefore make a recommendation in Chapter 7. 

For implementation purposes a straightforward approach to implement the seasonal index is 

proposed. When the user chooses to apply the seasonal index, the original forecast is used 

plus and adjusted with the seasonal index. In this approach the demand is adjusted to the 

seasonal index and the RMSE is kept the same. This leads to the following equation: 

 ̂    (      ̂     )    

Equation 4-17: Adjusted demand during lead time with a seasonal index 

Applying Equation 4-17 for the example used, we get the following calculation: 
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 ̂                 
 

  
       ; ;               

The reorder point thus equals to 608 SKUs. This means that the point of ordering products is 

lowered with 44 products. In the next section we calculate the order-up-to-level by using the 

EOQ model.  

4.5.4. Order up to Level (S) 

The last point in inventory control is to calculate S. We use the EOQ and apply S – s = Q. We 

recall Equation 3-12:    √
     ̂     

   
 

We continue with our example and apply the EOQ. We have the following data: 

A = ordering costs = € 28.50 +        ⁄  = € 28.56 

 ̂     = forecasted demand = 2418 

r = Carrying costs = capital costs + storage costs + risk costs =  0.097 + 0.07 + 0.03 = 0.197 

(We discuss r in Section 4.6.3) 

v = cost of holding a unit in stock = € 24.75 + € 0.07 = € 24.82 

A consists of the costs to place an order increased with the transportation costs. We used 

the data of 2014 to calculate the average truckload and excluded the sachets of the different 

products in the calculations.  

We apply the EOQ as calculated on a monthly basis instead of yearly basis. We calculate 

based on the previous example:   √
            

      
     

  

        

We round up Q* to 583 because we use a P1 measure. Given the size of one pallet (168); 

583 products equals 3.47 pallets. We round this up and conclude that the sub optimal Q* is 

equal to 672 units (4 pallets). Next we can approximately calculate S. By using Equation 3-11 

with s =652 and Q = 583 the order-up-to-level is: 

               

We make a comparison of the current policy with the proposed policy. Table 4-5 shows the 

comparison of the current example and the adjusted example from Section 2.3.4. 

Table 4-5: Comparison of results in current policy and proposed policy. Example from Section 2.3.4. 

Parameter Current policy Proposed policy 
(no season) 

Proposed policy 
(with season2) 

Safety stock 1,156 249 249 

 ̂  405 403 359 

s 1,561 652 608 

Q
*
 1,539 583 -> 672 583 -> 672 

S  3,100 1235 1,191 

Working 
capital 

€ 47,790.91 € 18,416.44             

Costs € 9,414.81 € 3,628.04 € 3,520.47 
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4.6. Conclusion on decision model formulation 
In this chapter we gave an answer to RQ3: “How can we organize a new forecasting system 

and inventory control policy?” 

In this chapter we identified that SKUs can have either a trend or have a reasonable constant 

demand. We formulated in Section 4.2 an algorithm that makes use of automatic parameter 

optimization (APO) and automatic method selection (AMS). We use the following statistical 

measurements: 

 generalized ESD to determine whether there are outliers or not in the data 

 RMSE to initialize the parameters 

 MASE to determine which method can be applied best 

 R2 to determine whether the trend models are applicable 

The methods applied in the algorithm are: 

 Naïve method (NM) 

 Average of the demand 

 Moving average (MA) 

 Simple exponential smoothing (N-N) 

 Holt‟s method (A-N) 

 Gardner and McKenzie method (DA-N) 

The outcomes of the algorithm are used as an input for the proposed (s, S) inventory policy. 

The forecasted demand and standard deviation is used to determine the safety stocks, the 

reorder points and order-up-to-level. The order-up-to-level is determined by applying the 

economic order quantity. Next, we compare in Chapter 5 the current system with the 

proposed algorithm in Section 4.2 and the proposed inventory control policy in Section 4.5. 
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5.  Comparison: What are the savings? 
 

 

 

 

 

 

 

 

“Any intelligent fool can make things bigger and more complex. It takes a touch of 

genius –and a lot of courage – to move in the opposite direction.” 

(Albert Einstein, 1879-1955)  
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5. Comparison: What are the savings? 

In Section 4.5.4 we already summarized the comparison of one product. In this chapter we 

compare the current system vs. the proposed system. In Section 5.1 we compare the 

forecasting accuracy of the proposed system with the current system. Section 5.2 compares 

the current inventory policy with the proposed policy. Section 5.3 analyses the financial 

consequences and Section 5.4 proves that applying the system is better than applying an 

individual method. Section 5.5 discusses in short the differences between risk-averse- and 

risk taking inventory control and Section 5.6 summarizes the findings of this chapter.  

5.1. Forecasting accuracy  

In this section we compare the forecasting system with the naïve method. To be able to 

compare the forecast methods with the naïve method we apply Equation 4-13. The MASE 

uses the naïve method as a benchmark to know whether the method performs better in 

forecast error or worse in forecast error. When MASE < 1 the proposed method has less 

forecast error than the naïve method. When MASE = 1 the proposed method has the same 

forecast error as the naïve method and when MASE > 1 the proposed method has more 

forecast error compared to the naïve method. Since the naïve method is applied by B&F we 

want to evaluate the proposed method by comparing the naïve method.  

When comparing the algorithm with the MASE we conclude that the proposed system gives 

on average 39.40 % more reliable outcomes than the naïve method. On average the RMSE 

of the proposed system is 73.29 compared to the current system with a RMSE of 103.95. We 

can conclude that the proposed system gives more accurate forecasts and that only applying 

the naïve method gives more bias in the forecast.  

When the proposed algorithm is applied, the algorithm gives 98 % of the time a more reliable 

forecast compared to forecast with the naïve method. This means that 255 out of 260 (total 

number of SKUs) times the proposed system gives a better forecast compared to the naïve 

method.  

The forecasting system gives more information to the user compared to the naïve method. 

The lead time demand and standard deviation are calculated with no specific outliers in the 

data. When a stock out occurs, this noise in the data is removed. In general this gives the 

user a better understanding of the sales history. 

5.2. Inventory control – quantity savings 

We made some assumptions to create more safety in the stock levels by applying a longer 

lead time L of 7 days and applying a high service level P1. In practice the inventory control is 

different and this larger L is not needed because rush deliveries are possible. In general for 

our example and for the other products delivered by X, an L of 5 days is kept. But in practice 

when the ordering employee places an order on Monday, the product will be delivered on 

Wednesday. This is an L of 3 days. There are two delivery moments, namely Wednesday 

and Friday. For the freight of Friday, this must be ordered before Tuesday, so an L of 4 days. 

We change ordering times and delivery moments to the following: 

o Place orders on Monday and Tuesday, deliver on Friday 

o Place orders on Wednesday till Friday , deliver on Wednesday 

For our examples we change L in 7 and 5 days and we change P1 in 0.995, and 0.95. Figure 

5-1 till Figure 5-6 illustrate six different products by applying the proposed inventory control 
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system. We take into account the size of one pallet or box but do not take into account the 

minimal production batch of X. We denote the current policy as CP and the proposed policy 

as PP. 

When we look at Figure 5-1 we see a big difference between the CP and PP. The CP has a 

high safety stock and the reorder point of the CP lies much higher. The amount ordered lies 

around 7803 units compared to PP with 7056 units ordered. In this situation a lead time of 5 

days with a service level of 99.5 % is sufficient to have no stock out.  

 

Figure 5-1: Stock control CP vs. PP for <<CONFIDENTIAL>> 

When we look at Figure 5-2 there is some difference between the CP and PP. The CP has a 

stock out and has three replenishment moments compared to two replenishments in the PP. 

The total amount ordered lies around 422 units compared to PP with 336 units ordered. In 

this situation a lead time of 5 days with a service level of 95.0 % is sufficient to have no stock 

out. The service level can be lowered to 90.0% and still there are no stock outs for this 

product. 

 

Figure 5-2: Stock control CP vs. PP for SKU <<CONFIDENTIAL>> 

Figure 5-3 shows that our policy does not always have a lower reorder level and order-up-to-

level.  In the PP there is a one-time replenishment with 88 units and in the CP there are two 
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replenishments each with 44 units each. This is caused due to the fact it is cheaper to order 

larger amounts instead replenish more often. 

 

Figure 5-3: Stock control CP vs. PP for SKU <<CONFIDENTIAL>> 

 

Figure 5-4: Stock control CP vs. PP for SKU <<CONFIDENTIAL>> 

When we look at Figure 5-4 the CP looks rather messy and has a high safety stock. The PP 

has six replenishment moments compared to 5 of the CP. The total amount ordered lies 

around 1320 units compared to CP with 1259 units ordered. In this situation a lead time of 5 

days with a service level of 99.5 % is sufficient to have no stock out. 
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Figure 5-5: Stock control CP vs. PP for SKU <<CONFIDENTIAL>> 

Figure 5-5 presents the second-to-last SKU we want to discuss in short. This SKU shows no 

strange pattern, except for the large safety stock that is held compared to the PP. In this 

situation it is possible to lower the service level P1 to 95 % and still there is enough safety 

stock.  

 

Figure 5-6: Stock control CP vs. PP for SKU <<CONFIDENTIAL>> 
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The last SKU in Figure 5-6 shows us that the CP of this SKU is based on buy in for three 

months and order when almost one month of stock is left. Also, in this case it is possible to 

have a 95 % service level and still demand is met.  

In general the PP needs less space if we look from Figure 5-1 to Figure 5-6. Table 5-1 shows 

the savings in number of items on stock when we apply the PP compared to the CP. If we 

keep a lead time of 5 days we can generate a reduction in number of items between 30.75 % 

and 40.62 %.  

Table 5-1: Average on stock of X, current policy vs. proposed policy 

L P1 Average # on stock 
CP 

Average # on stock 
PP 

% reduction 

7 0.995 <<CONFIDENTIAL>> <<CONFIDENTIAL>> 25.75 % 

7 0.99 <<CONFIDENTIAL>> <<CONFIDENTIAL>> 28.88 % 

7 0.975 <<CONFIDENTIAL>> <<CONFIDENTIAL>> 33.47 % 

7 0.95 <<CONFIDENTIAL>> <<CONFIDENTIAL>> 37.43 % 

5 0.995 <<CONFIDENTIAL>> <<CONFIDENTIAL>> 30.75 % 

5 0.99 <<CONFIDENTIAL>> <<CONFIDENTIAL>> 33.40 % 

5 0.975 <<CONFIDENTIAL>> <<CONFIDENTIAL>> 37.28 % 

5 0.95 <<CONFIDENTIAL>> <<CONFIDENTIAL>> 40.62 % 

5.3. Financial benefits 

This section shows the financial benefits when implementing the proposed forecasting and 

inventory control system. The most important saving that we can measure is the working 

capital invested in the stock of products. We only calculate the financial benefits of one 

supplier. We first discuss the carrying costs r.  

Carrying costs r is difficult to measure because there are several ways to conduct r and the 

study to a value r can be very extensive. The r has the following components: 

 Capital costs 

 Storage costs 

 Risk costs 

There currently are difficulties in calculating the stock because the purchasing prices are not 

registered in Sherpa. It is therefore not possible to calculate the capital costs and we 

therefore use the capital costs published by Damodaran (2015). We use the retail capital 

costs of 9.7 %. This is of course an estimation and according to the manager finance the 

capital costs will be much higher. For storage costs we also make an estimation. Durlinger 

(2005) discusses that the storage costs ranges between the 3% and 6%. We estimate this 

value on 7 % by estimating what the average value is of one cardboard box and what the 

percentage of costs is of one cardboard box. Last are the risk costs. B&F has some risks, 

examples are perished products, products with supplements that are taken out of the market 

due to health risks, etcetera. The risk costs are also difficult to estimate, but the risks are 

relatively low. According to Durlinger (2005), the risks vary in the range from 2% till 30%. We 

take 3 % as risk costs because we know approximately what the turnover was in 2014 and 

we know approximately what the costs were that was amortized by B&F in 2014. We 

therefore estimate the carrying cost rate r to be 19.7%. 
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Table 5-2: Working capital of X products on stock, current policy vs. proposed policy 

L P1 Working capital CP Working capital PP Savings on working capital 

7 0.995 <<CONFIDENTIAL>> <<CONFIDENTIAL>> € 215,027.34 

7 0.99 <<CONFIDENTIAL>> <<CONFIDENTIAL>> € 262,117.11 

7 0.975 <<CONFIDENTIAL>> <<CONFIDENTIAL>> € 311,060.13 

7 0.95 <<CONFIDENTIAL>> <<CONFIDENTIAL>> € 390,282.44 

5 0.995 <<CONFIDENTIAL>> <<CONFIDENTIAL>> € 280,393.61 

5 0.99 <<CONFIDENTIAL>> <<CONFIDENTIAL>> € 320,142.77 

5 0.975 <<CONFIDENTIAL>> <<CONFIDENTIAL>> € 378,532.49 

5 0.95 <<CONFIDENTIAL>> <<CONFIDENTIAL>> € 428,595.60 

Table 5-2 shows the working capital when we apply different scenarios by varying L and P1. 

Because each product can have a different service level and we know that we can work with  

a lead time of 5 days, the working capital of the products on stock can be reduced to 

approximately between <<CONFIDENTIAL>>. This is a saving between 27.8 % (€ 280,393.61) 

and 42.5 % (€ 428,595.60) on working capital. When we assume the estimated r of 19.7 %, a 

saving between <<CONFIDENTIAL>> on a yearly basis can be realized for 176 products. There 

are approximately 4600 SKUs and on average 5.7 million items in stock, so there could be 

much more to save.  

It is not possible to calculate the savings on the whole warehouse because we need 

information about the lead times of all the SKUs, we need to calculate the estimated lead 

time demand and the estimated standard deviations. But when we make a rough estimation 

we can realize annual savings between the <<CONFIDENTIAL>> and reduce the amount of 

stock between <<CONFIDENTIAL>> on average when we apply our proposed system. This is a 

rough approximation and because this research focussed on A and B products and of both 

categories the most stock is stored.  

Unfortunately we are not able to calculate what the costs are when there are backorders. 

The website of B&F allows having backorders. We discuss in short how this works. The 

website has product X, and X  has the status that it is sellable. There are three items on 

stock, but this information is not known by the system behind the website. When a customer 

orders five items, this automatically creates two backorders and the product is put on out of 

stock on the website. This causes two interesting notions: 

 The system creates 2 backorders while there is a stock out 

 The system does not register if there is more demand for XY 

The first notion is solved by offering the customer another comparable product Y that can 

replace XY. If Y costs € 44,- and XY costs € 38,-, then B&F takes the € 6,- loss.  When the 

customer does not want a comparable product the customer gets a coupon for later use.  

The second notion is that B&F does not know how much lost sales they have for XY. What 

was the real demand when XY would have been in stock? Since every now and then there 

are stock outs for certain products, this can have a lot of influence on the sales of the 

products in the future because of the high service level offered by B&F.  
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5.4. Applying one method vs. proposed system 

In this section we show that it is less attractive to apply one of the methods of the proposed 

system then applying the proposed system. Table 5-3 shows the working capital needed of 

the seven methods we use in the PP and the working capital of the proposed system. The 

PP is more beneficial compared to the use of a single method. In financial savings we 

therefore recommend to apply the PP instead of the use of a single method system.  

Table 5-3: Working capital of X products on stock, single method vs. proposed policy, L = 5, P1=0.95 

Method Working capital 
single method 

Working capital PP Difference 

Avg. <<CONFIDENTIAL>> <<CONFIDENTIAL>> € -138,007.56 

MA-2 <<CONFIDENTIAL>> <<CONFIDENTIAL>> € -147,298.74 

MA-3 <<CONFIDENTIAL>> <<CONFIDENTIAL>> € -118,657.62 

MA-4 <<CONFIDENTIAL>> <<CONFIDENTIAL>> € -103,751.37 

N-N <<CONFIDENTIAL>> <<CONFIDENTIAL>> € -78,304.20 

A-N <<CONFIDENTIAL>> <<CONFIDENTIAL>> € -51,080.36 

DA-N <<CONFIDENTIAL>> <<CONFIDENTIAL>> € -195,367.80 

5.5. High safety stocks vs. low safety stocks 

There are several benefits and drawbacks when we apply our proposed system and when 

the current system is held. The current system ensures that the ordering employee takes no 

risks at all. On the contrary we already showed that stock outs occur while this should not be 

the case. When the PP is applied, more risk is taken when there is no control on the 

inventory. We discuss in brief the benefits and drawbacks of a risk-taking policy. 

Benefits: 

 Less space needed: there is less space needed in the local warehouse of B&F. As a 

consequence more space comes available for other SKUs. 

 Less risk when product is not sellable anymore: By having a smaller stock we reduce 

the risk when a product is not sellable anymore due to production errors, scandals, 

claims from the market or when the product is out of date.  

 Less cash needed to hold the stock: Because we reduce the amount of stock we also 

reduce the cash needed to finance the stock.  

Drawbacks: 

 Risk of having stock out increases slightly: When taking risks, the chance of having a 

stock out increases. But in reality with the risk-averse policy there also occur stock 

outs.  

 More control needed: There is more control needed when having a risk-taking policy. 

What does this mean for B&F? There is more coordination needed to decide when 

there are sales or promotions and more control needed how the stock behaves. 

Frequently adjustments have to be made to the reorder points and order-up-to-levels. 
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5.6. Conclusion on comparison 

In this chapter we compared the proposed system with the current system in order to answer 

RQ4 namely, “What is the performance of the proposed system compared to the current 

system?”. We measured the performance in three different ways and summarize these: 

 Performance expressed in reduction of number of items on stock. 

o It is possible for B&F to reduce the stock between 26 per cent and 31 per cent 

when the proposed system is applied. This reduction of the stock is 

dependent of the service level and the lead time of the supplier.  

 Performance expressed in financial savings in working capital. 

o It is possible for B&F to reduce the working capital between 28 per cent and 

43 per cent. This reduction of the working capital is dependent of the service 

level and the lead time of the supplier.  

 Performance expressed in financial savings in carrying costs. 

o The savings expressed in carrying costs lies between <<CONFIDENTIAL>>and 

<<CONFIDENTIAL>> on yearly basis. This means for only 176 SKUs where we 

were able to apply the proposed system. When taking into account the 

complete assortment of B&F the savings can be much higher.  

We made a comparison as an extra test to prove that our proposed algorithm is more 

efficient than applying a single method. The proposed system outperforms all other methods 

when applied separately.  
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6.  Implementation  
 

 

 

 

 

 

 

 

“A lie gets halfway around the world before the truth has a chance to get its pants on.” 

(Winston Churchill, 1874-1965) 
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6. Implementation 

In this chapter we make a description of the implementation trajectory. We answer RQ 5 as 

formulated in Section 1.3.4: „How should the forecasting and inventory control system be 

implemented at B&F?’ . Section 6.1 describes the pitfalls of the implementation plan, Section 

6.2 gives the steps to implement the system, what input is needed from Sherpa and what the 

information provision is from the proposed system. Section 6.3 provides the implementation 

approach. In Section 6.4 we discuss the developed database and the forecasting module. 

6.1. Pitfalls when implementing the system 

As earlier mentioned in Chapter 2, we conclude in our stakeholders analysis that there 

currently is no real owner of forecasting the demand and controlling the inventory. This is an 

implementation risk because no one feels the urge to use the new methods within the 

company. The inventories can be lowered but no one dares to make the decisions because 

of past demand peaks. To let the new inventory system work, current employees need to let 

go past experiences and old habits and have to be entrepreneurs in lowering the inventories 

and must have the courage to take risks. To be able to implement the new forecasting and 

inventory tool B&F needs to take the following steps: 

 Create a problem owner who controls the inventory and purchasing process 

 Educate people how to use forecasting and how to translate this into inventory 

management 

 Monitor, save, and control the inventory daily, so historical data becomes 

available. In this case this means that the data has to be stored for future 

evaluation 

 Monitor, and save the daily sales, so historical data becomes available. In this 

case this means that the data has to be stored for future evaluation 

 Redefine different process steps in the purchasing process 

6.2. Implementation of the system 

To be able to create and implement the system, some data has to be stored on a daily basis. 

We discuss the information needed as input, and how to output should look like.  

6.2.1. Information needed as input 

To be able to implement the system we need information from the current sales system 

Sherpa. The following data works as an input for the proposed system: 

 Stock levels: When the daily stock levels go below the reorder point, the system 

must give a warning that the SKU must be ordered.  

o This information is needed on a daily basis. 

 Sales history: The sales history is used for the input to make the forecasts, in 

order to apply the right parameters that have to be used for the (s, S)-policy. 

o This information is needed on a daily basis. 

 Size of ordering one unit: It is of importance to know what the size of ordering one 

case or pallet is to calculate the “right” amount to order. 

o This information is needed when a new SKU is introduced. 

 Cost prices: The costs prices have to be registered in order to apply the EOQ 

formula to calculate the order-up-to-level. 

o This information is needed when a new SKU is introduced or the cost price 

changes. 
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 Carrying costs: the carrying costs must be updated yearly.  

 Inventory position: the inventory position can only be determined when the ordering 

employee places the order directly in Sherpa and does not postpone this until there is 

a confirmation of the supplier.  

Most of the previous information is exported from Sherpa and imported in the Access 2013 

database we created. In the future there must be a link with Sherpa so that the user does not 

have to do this manually.  

6.2.2. Information provision by the proposed system 

The proposed system must give the following information: 

 Show sales history in graph 

 Show stock history in graph 

 Show products in a table that are under the reorder point 

o Give an advice about the reorder quantity 

 Create forecasts with the proposed system 

o Give the forecasted demand 

o Give the forecasted demand during lead time 

o Give the forecasted variability 

o Save the forecasts 

o Change the reorder point  

o Change the order-up-to-level 

o Change the safety stocks 

 Create possibility to overrule the proposed forecast by the user 

6.3. Implementation approach 

First step in our implementation approach, see Figure 6-1,  is to convince the executive 

board what the benefits and recommendations are when we implement our proposed 

system. Next step is to present the process steps of the system to the Logistics manager, 

BIE, and ordering employee. Next step is to implement the proposed system and determine 

the new reorder points and order-up-to-levels. When this is done some test runs should be 

made, and after the test runs the system should be evaluated. When the system is 

implemented a work instruction should be made so new employees can be easily 

incorporated. The last step in the implementation process is to evaluate the performance and 

make adjustments where needed.  

 

Evaluate performance 
make adjustments where needed 

Provide training 
Document with work instructions 

Make test runs  
make adjustments where needed and evaluate 

Implement the proposed system 
Reorder points and order-up-to-levels 

Presentation for logistics manager, BIE, and ordering employee 
Process steps 

Presentation for the Executive board 
Benefits and recommendations 
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Figure 6-1: Implementation approach 

6.4. The developed system 

We developed a system that supports the purchasing- and inventory management. The 

system is build up in two parts. The first part is the database with all the SKUs made in 

Access 2013. The second part is the forecasting module and this is made in Excel 2013. We 

discuss the database in Section 6.4.1 and the forecasting module in Section 6.4.2. In Section 

6.4.3 we discuss the limitations of the two separate modules.  

6.4.1. The database 

The database stores all the daily information of the number of sales and the most recent 

stock levels of all SKUs. Figure 6-2 shows the relational database that we built in Access 

2013. The information for the database is updated via reports from Sherpa.  

 

Figure 6-2: Table structure of the inventory database 

The database gives the following information about the SKUs: 

 Sales data history - Appendix II Figure 9-1 

 Inventory history - Appendix II Figure 9-2 

 Replenishment of SKUs - Appendix II Figure 9-3 

The main task of the database is to signal whether SKUs should be replenished or not. There 

are two possible scenario‟s in the database possible. The first scenario is that the 

parameters for replenishment are chosen by the old naïve method. This is also the 

initialization of the database. When an SKU is forecasted by the management, the outcomes 

of the forecast are used as input for the inventory policy.  
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In the next section we discuss in short the forecasting module that is based on the algorithm 

as described in Section 4.2. 

6.4.2. The forecasting module 

The forecasting module has a connection with the database. When an SKU needs to be 

forecasted, the user can open the forecasting module via the sales screen in the database 

and the SKU is loaded into the module. The forecasting module exists of two parts. The first 

part, illustrated by Figure 6-3, is the detection of outliers. The user first must define if there 

are any outliers in the data and has the possibility to correct the outliers or not.  

 

Figure 6-3: Part 1 of the forecasting module: Search for outliers 

Figure 6-4 illustrates the second part of the forecast. In this second part the user has the 

possibility to select the following properties: 

 Use corrected data 

 Use Seasonal indices 

 Overrule method of Brown 

 Select service level 

 

Figure 6-4: Part 2 of the forecasting module: Forecast the sales of the SKU. 

The forecast can be carried out when the user has defined the previous mentioned 

properties. We used a Pentium Intel Core i5-2410M, 64 bit, 4.00 GB RAM, and the run time 
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of the code is around 4 seconds. When the module is ready, the user has the forecasted 

outcomes and can choose to import the values as an input for the stock policy. The user can 

also make the choice to overrule the forecast and define the values at the own insight.  

6.4.3 Limitations of the database and forecasting module 

There are some limitations when working with the current modules. We discuss the 

limitations in short.  

The first limitation is that is it not possible to work with multiple users at the same time in the 

forecasting module. The reason why this is not possible is that the forecasting module is built 

in Excel and does not allow multiple users at the same time to work in the same document. 

Due to time limitations we could not create a forecasting module within the Access 2013 

database .We recommend to build the Excel module in the Access database to overcome 

this problem. 

The second limitation is the single item approach of the forecasting module. Due to time 

limitations we were not able to make to module in such a way that it could make predictions 

for the whole set of SKUs that are below the reorder point s. The forecasting module is in this 

way labour intensive. We therefore recommend to build a sequence that can forecast and 

recalculate the inventory policy parameters all at once for the SKUs that are below the 

reorder point s in order to save time for the purchasers and inventory controllers.  
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7.  Conclusions and recommendations 
 

 

 

 

 

 

 

 

“A business that makes nothing but money is a poor business.” 

(Henry Ford, 1863-1947) 

 

 

 

“Don’t let your ego get too close to your position, 

 so that if your position gets shot down, 

your ego doesn’t go with it.” 

(Colin Powell, 1937)  
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7. Conclusions and recommendations 

This research originated from several problems that were signalised by the management of 

B&F: 

 There is limited cash available due to high purchasing payments 

 The inventory is too high, there is too little space left for arriving bulk 

We analysed the problems of B&F and identified the following core problem: 

There is no decision support system available to forecast the future demand and to 

control the inventory. 

We translated this in the following research goal: 

“Provide a forecasting system that supports the management of B&F to control the inventory 

and order-up-to-levels” 

Section 7.1 concludes the most important findings of this thesis. Section 7.2 follows with the 

recommendations for B&F and Section 7.3 discusses where this thesis ends and what is 

needed in future research and In Section 7.4 we end with a short discussion of several points 

we did not take into account in this research.  

7.1. Conclusions 
In the following sections we present our conclusions from the previous chapters.  

7.1.1. Current situation 

In Chapter 2 we answered RQ 1 to understand how the processes are currently organized 

and where the bottlenecks are at this moment. We analysed the current processes and made 

flowcharts that can be used for further analysis by the management of B&F. We discussed 

the system of B&F and how the system is controlled. In short there is few control to organize 

the inventory, to keep the stock low and to keep the costs within certain boundaries. The 

current inventory policy is based on a (s, Q)-policy. Reorder point s is determined by keeping 

a minimum of 21 days on stock and the order-up-to-level Q is determined by the lead time + 

14 days of stock. The predicted demand is based on the naïve method. B&F wants to 

provide a high service level and does not want to have lost sales or have stock out, 

especially for their own label. The safety stock for the own label is extremely high which 

causes no space left in the warehouse to keep new products in stock. Besides the high stock 

levels, the next problem is the low cash flow and no cash for new product investments. We 

therefore conclude that B&F misses a system to control the inventory and predict the future 

demand. We limit this research to the stock of the own brand of B&F delivered by X.  

7.1.2. Solution space (literature research) 

The solution of our research begins to create a program in Access 2013 to be able to know 

what happens with the sales history and the stock history. Next we try to identify constant 

demand, trend demand, and seasonal (trend) demand in the data of B&F. We were able to 

identify constant demand and trend demand in the data. Seasonality is more difficult because 

of the limited data available. We propose to apply seasonal indices to the data once the SKU 

is forecasted. The solution we propose is to make use of relatively easy to implement 

forecasting techniques such like moving averages, simple exponential smoothing, 

exponential smoothing with trend and exponential smoothing with damped trend. In order to 
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pick the right forecasting model we developed an algorithm procedure for selecting the most 

suitable model.  

The forecasting model delivers the forecasted demand for one period ahead and delivers the 

lead time demand and the standard deviation during the lead time. The delivered data is 

used as an input for the (s, S)-policy. We keep the (s, S)-policy because in general this policy 

works best in a service level environment. The service level used is set on 99.5 % with a lead 

time of 5 days.  

7.1.3. Decision model formulation 

We formulate a forecasting system with the following methods: 

 Naïve method 

 Average over historical data 

 Moving average (MA-2, MA-3, MA-4) 

 Simple exponential smoothing 

 Holt´s method, trend model 

 Gardner and McKenzie method, damped trend model 

When applying the proposed system first the outliers are detected and the data is smoothed. 

When the data is smoothed each model is initialized using RMSE. We set some boundaries 

for the parameters and remove the models that do not meet the parameter boundaries. Next, 

the best model is selected based on MASE. If the selected model is a linear model, it is 

tested for linearity by using the R-squared method. When there is no appropriate model, the 

user has to make own judgement. When there is a usable forecasting model the forecast is 

shown to the user. Next the EOQ formula is used to determine the parameters of the (s, S)-

policy.   

7.1.4. Financial savings and space reduction 

When implementing the forecasting and inventory control system we propose, B&F can 

achieve savings by reducing the working capital that is captured in the current inventories 

and  additional space can be created for new products. The savings are: 

 176 products delivered by X with a service level between 99.5 % and 95.0 %, with a 

lead time of 5 days, we have yearly savings on working capital between: 

<<CONFIDENTIAL>> 

 176 products delivered by X with a service level between 99.5 % and 95.0 %, with a 

lead time of 5 days, we have on average less stock in a range between: 

<<CONFIDENTIAL>>. 

 When we take into account the capital cost r of 19.7 % we have a yearly savings in a 

range between: 

<<CONFIDENTIAL>>. 

B&F can reduce their working capital and the amount of items on stock. We identify several 

benefits for B&F to reduce the stock levels: 

 Less space needed 

 Less risk when a product is not sellable anymore 

 Less cash needed to hold the stock 
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7.1.5. Implementation 

We describe the information we need and the information that should be provided by the 

proposed system.  

We gather support by presenting the results of the savings to the executive board of B&F. 

Next we present the findings and the process steps of the proposed system to the Logistics 

manager, BIE, and ordering employee.  

7.2. Recommendations 

In this section we present our recommendations for B&F. Section 7.2.1 gives the 

recommendations from this research and the next subsection gives recommendations of 

areas we were involved in during this research.  

7.2.1. Recommendations from research 

Based on our research we recommend the following:  

 Implement the proposed forecasting system 

 Implement the safety stocks  

 Implement the proposed (s, S)-policy 

These recommendations are rather straightforward. We proved that we can have more 

accurate forecasts compared to the naïve method and we proved that the (s,S)-policy 

performs better compared to the current (s, Q)-policy with the new safety stocks applied.  

The proposed system uses a lot of information from the data warehouse as discussed by 

Section 6.2.1. These data are all historical data and are put manually in the proposed 

system. We recommend to link the proposed system with the data warehouse. The input can 

be adapted daily without doing any manual operations.  

Next recommendation is to create a problem owner who controls the inventory and 

purchasing process. Currently there is no inventory/ purchasing controller but only 

stakeholders in the company. We therefore recommend to look for an inventory controller 

with the following description: 

 Execute inventory control measures to ensure the company minimizes stock holding 

and maximizes stock system and paperwork accuracy 

 Role caries responsibility for working with purchasing, goods inwards and dispatch to 

ensure necessary functions are carried out correctly 

 Role caries responsibility for working with the department finance in order to balance 

the cash control  

 Manage goods receipt, use the resources available, and control these goods receipt 

Our next recommendation is to further improve the forecasting system. We already identified 

a seasonal component in the amount of orders per month, so this can also be identified in 

the future in the data of the individual SKUs. The models that can be applied are for example 

Winters Holt method or ARIMA models.  

In order to let the proposed system work, the purchasing process has to be redesigned 

slightly. The proposed system needs the inventory position as an input and therefore needs 

data of what is already ordered by the ordering employee. Currently when the order is placed 

the ordering employee waits until he gets a confirmation of the supplier and then he puts the 
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purchase order in Sherpa. The redesign is that the ordering employee places the purchase 

order in Sherpa when the order is send to the supplier.  

Our last recommendation from this research is to repel products that hardly sell. We 

identified <<CONFIDENTIAL>> SKUs that on average sold 2 SKUs or less and responsible for a 

turnover of approximately <<CONFIDENTIAL>>.. The total turnover was approximately 

<<CONFIDENTIAL>>.. These <<CONFIDENTIAL>> SKUs are responsible for almost 

<<CONFIDENTIAL>> of the turnover. These <<CONFIDENTIAL>> SKUs all have their own pick 

location and have to be processed by the employees which causes extra stress on the 

logistical processes. We therefore recommend to repel these products.  

7.2.2. Other recommendations 

As mentioned earlier the current system Sherpa has some flaws compared to the size of 

B&F. B&F therefore wants to implement a new WMS in the future. B&F had difficulties with 

implementing Sherpa, time of implementation was not picked right, and the actual 

specification was not made right. We therefore recommend to apply the tactical purchasing 

steps first in order to have as much as possible influence on the costs at the beginning of the 

project instead of dealing with high costs that have to be paid for the redesign and 

customization to the own preferences.  

Next we recommend to make a notification to  customer service of products that are about to 

run out of stock. The benefit of this is that customer service can timely respond to the 

backorders and therefore have more time to decide how to solve these backorders.  

We recommend to carefully choose the moments when advertisements are published or 

when discounts are given. These decisions can cause a lot of stress on various logistic levels 

and the advertisement moments should be communicated with the Logistics manager and 

the BIE in order to be able to adjust the logistic process. We therefore recommend to make a 

tactical plan when to advertise and when to give discounts for periods of three months 

ahead.  

When new products are introduced we recommend not to purchase an amount on a gut 

feeling, but to check the following points: 

 Is there a comparable product? 

o Yes: Purchase amount of products based on the sales figures of this product. 

o No: Place a small stock as a test. On the basis of the dwell time of this small 

“test” stock create a new forecast and determine the new quantity to order. 

 Is there a minimum quantity to order?  

o Yes: 

 Is the minimum quantity to order larger than the quantity calculated to 

order? 

 Yes: Negotiate to pay a larger part of the costs of production to 

get the quantity calculated.  

 No: order the calculated quantity 

o No: order the calculated quantity 

Because B&F is growing and in the future it will become more important to create a strategy, 

vision, and tactical plans to create continuity in the company. It is important that the 

Executive Board should not be overburden by the daily operations, but can focus on how the 

future should look like. Therefore we recommend to employ a product manager and a 
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general project manager in future. The product manager should be responsible for controlling 

the products on correctness, content, specifications, makes sure laboratory tests are carried 

out, and the correct information is published on the website and on the labels. The general 

project manager should be responsible for monitoring all projects, intervenes on time, 

controls the test phases, controls the strategic goals, and is responsible for making tactical 

decisions to continue with projects, to stop the projects or to search for alternatives.  

7.3. Further research 

We recommend to do further research in inventory control in combination with expiration 

dates. B&F can benefit from a system that takes into account how much demand there is of a 

SKU, what the stock levels and safety stocks should be in combination with the expiration 

date.  

De Gooijer et al. (2006) discuss the application of forecasting over the past 25 years and 

also discuss combining forecasts. We recommend to research this topic to extend the 

proposed system. According to Gooijer et al. (2006) sometimes combining methods can be 

fruitfully compared to individual forecasts and therefore an interesting research topic as an 

extension of this research.  

In the future the warehouse will be expanded, we therefore recommend to research how to 

determine the optimal route in the new warehouse. Because the new warehouse is not build 

yet, this is the perfect moment to determine how and what the optimal design looks like.  

The next topic for future research is the redesign of the packing station. The packing process 

is last in line before the packages are shipped to the consumer and is a bottleneck due to the 

time restrictions. It is therefore an interesting topic to redesign the packing station and find 

out how the amount of packages per hour packed can be increased. 

Next we recommend to research whether or not it is profitable to outsource the current 

production facilities of the super foods. At this moment the super foods of B&F are packed 

from bulk to small consumer packages by production workers of B&F. This is not the core 

business of B&F and in future the warehousing activities of B&F will only grow when they 

enter the German market.  

Goods receipt is a busy part of the company and trucks sometimes have to wait in line up to 

five trucks. This gives extra stress and the transportation companies have to wait till they can 

be unloaded. We therefore recommend to research the possibilities to educate the 

transportation companies and create time windows in such a way that the work load of goods 

receipt is evenly divided.  

7.4. Discussion 
With the proposed system from this research B&F is able to lower their inventory levels and 

control their inventory levels. It provides tactical information on how to control the inventories 

and operational offline information what quantities should be ordered.  

The methods we apply in the proposed system are not new, but the way we apply statistics 

to automatically select a forecast model is in our point of view a new way. There are 

examples of decision models for automatic forecasting for example a state space model 

proposed by Hyndman et al. (2002). In our opinion it is still important that the user knows 

what she or he sees and can interpret the data in a correct way. Human judgement in 



 

78 
 

forecasting is inseparable and we therefore warn the user not to overestimate the use of the 

automatic forecasting system.  

We only performed the research for the A- and B products of the own brand of B&F. This 

limited the number of models applied and the proposed model does not take into account C-

products or products that are intermittent. We recommend to research how to deal with C 

products, or intermittent products. There is a lot of literature written about intermittent 

products and how to deal with these products. As a start we recommend reading Croston 

(1972), Syntetos and Boylan (2005), and Teunter et al. (2011) to develop a policy for 

forecasting and controlling inventory of intermittent products.  

The seasonal component in the data was difficult to find because sales data over a longer 

period of time is not available. Yet this is an important aspect in the data and we want to 

raise that we are aware of the seasonality but were not able to find this in the product data. 

The proposed models can therefore bias in future and we know that the proposed method 

must be improved in the future to take seasonality into account, although we already 

mentioned a simple solution to take seasonality into account.  

Another discussion point is the service level of the different products. We set the service 

level  P1 fixed on 99.5 % while in practice the service level per product can be different. We 

made the decision to use the fixed number for calculation purposes but in the future the 

service level per product should be evaluated.  

Axsäter (2006) discusses the situations when manual forecasting is needed. We discussed 

this many times with the management that manual forecasting is sometimes needed. Factors 

that influence the demand should be taken into account. According to Axsäter (2006) the 

following situations manual forecasting should be considered: 

 Price changes 

 Sales campaigns 

 Conflicts that affect demand 

 New products without historical data 

 New competitive products on the market 

 New regulations 

In practise we experienced  the previous mentioned situations and indeed manual 

forecasting is then needed. We made it possible for the management of B&F to filter the 

historical data with the possibility to retrieve SKUs with sales campaigns. This makes it 

already much easier to make manual forecasts when SKUs are on sale. We also made a 

recommendation to cope with products that have no historical data.  

The last discussion point we make is when a product is out of stock, what are the lost sales 

of B&F? We already discussed in Section 5.3 that we cannot measure the lost sales. So the 

influence of a product that is out of stock for one or two days is not known. This raises the 

question, is the customer prepared to wait until the product is in stock again, or does the 

customer choose a substitute product on the website of B&F or does the customer leave the 

website of B&F and orders the product via a competitor of B&F. If a customer is sometimes 

prepared to wait on the product it can be beneficial for B&F to lower the safety stocks even 

more.  
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“Forecasting is difficult: Especially the future.” 

Wiet van Broeckhoven 
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Appendix I: Graphs of a selection of SKUs (Sales per week/ month) 
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Appendix II: Print screens of the developed database 

 

 

Figure 9-1: Print screen of the database with sales history 

 

Figure 9-2 Print screen of the database with inventory history 

 

Figure 9-3 Print screen of the database SKUs to replenish 
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