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PREFACE 

Conducting this degree project while simultaneously increasing acquaintance about the 
challenges of logistics and inventory management have been a joyful and exciting experience. 
This journey has been tremendously rewarding, not just by newly acquired knowledge in 
logistics but the additional opportunity to gaze inside a company and its employees daily 
working life. Both ABB Capacitors and we were brought together through a shared interest in 
optimizing inventory flow which leads up to this degree project and ABB Capacitors as the 
case study itself.  

This study’s progression has sparked quite a few interesting discussions, discoveries and 
conclusions within this research area and we are positive that this new procurement policy 
can help ABB Capacitors to achieve their long-term goals. 

We would like to send our gratitude’s to every participant in this study, co-workers and other 
contributors who have made this work possible. An especially appreciation to our supervisors 
at Mälardalen University Tommy Kovala and Robert Malmquist at ABB Capacitors.  
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1 INTRODUCTION 

Logistic management is a major part of a company’s ability to be productive and is of no 
small concern for the companies in the world. It is one of the first steps, and among the 
crucial ones of the supply chain and no industry are immune to its challenges. Prajogo, Oke, 
and Olhager (2016) express that external processes such as logistics have a direct effect on 
operational performance. A company who, intentionally or unintentionally, neglects its 
inventory management could deteriorate a company’s performance and consequently reject 
opportunities for profit (Eroglu & Hofer, 2011). This matter is consequently of interest to all 
businesses regardless of size (Capkun, Hameri, & Weiss, 2009). 

Capkun, Hameri, and Weiss (2009) research indicates that a corporation which has 
implemented a well-designed inventory routine and procurement processes can reap the 
rewards with reduced inventory costs, improved lead times, et cetera. An organization who 
operate effective logistic management increases their customer satisfaction and chance to 
gain a competitive advantage over those overlooks this focus.  

1.1 Background 
Large corporations with a high flow of material require a well-designed supply chain for 
storing material, maintaining productivity, on time deliveries and less production shortage. A 
well-structured logistic system can make the company more efficient and productive. 
Inventories for a company can be expensive, with a significant amount of the current assets 
as raw material. If the stock balance numbers are not up to date regarding actual inventory 
levels, it causes multiple conflicts with a loss of production and late deliveries with possible 
losses of customers and added costs as a result. Poor inventory management has an impact 
on the company’s working capital, output and customer service. (Rajeev, 2008) 

Throughout the 20th and 21st century, there is a substantial amount of research covering the 
optimal order quantity, order point, and overall inventory management with the purpose to 
minimize inventory costs. Ford W. Harris gives one of the first published papers regarding 
the most optimal order quantity in 1913 (Erlenkotter, 1989). Harris (1990) research showed 
the importance of understanding the economic size of lots and its value to a company. His 
formula had the objective to solve a common issue among manufacturer, the most 
economical quantity to order. He emphasized that a qualified judgment is a significant factor 
and difficult to replace with mathematical formulas. Hence no company should unilaterally 
rely on formulas to determine order quantities. With the knowledge of how much to order, 
the next step is to decide when to order. An order must be placed at a certain time to fulfill 
the demands of the production and at the same time not yield overstocks. The early models 
for optimal order quantity and order point were often combined and followed in a sequence 
(Patel, 1986).  



11 

Available inventory research has not only focused on the purchasing procedure but other 
areas as well. Rossetti and Achlerkar (2011) discussed whether it is feasible to determine 
stock levels and parameters for individual articles or if it is more advantageous to determine 
by grouping instead. The research is limited on this topic, and what is considered large-scale 
inventory is yet undefined. For instance, Moore and Cox (1992) have conducted research on 
forecast models for large-scale inventory, but then the stock keeping units have an enormous 
range from 250-80,000. With a large inventory, it may be difficult for employees to keep 
track of all articles and a procedure for determining the important items may be in place. A 
classification of articles has the purpose of analyzing the inventory and offering decisions 
support on stock control, invested time and ideal service levels for individual articles; it 
narrows down the available options. (Teunter, Babai, & Syntetos, 2010) 

Dion, Hasey, Dorin, and Lundin (1991) shows that absence of specific and standardized 
routines for the employees can lead to difficulties regarding inventory level. It is a 
complicated procedure to overview stocks, and poor performance leads to stockout or 
overstock instead. Stockouts or poor material flow delays production which in return hinders 
deliveries to customers, a loss of income due to delay fees and prevents billing. An 
interruption in output reduces productivity when the employees are at their working stations 
and do not produce any value for the company. 

1.1.1 Problem Statement 

ABB Capacitors are looking to develop the procurement policy, and there has been some 
internal work done on this topic. Insufficient inventory policies lead to unnecessary 
administrative costs and strain on company resources as exemplified by Dion et al. (1991) 
article. These costs can be cut with a policy including a calculation model and inventory 
analysis that optimize the inventory procedures based on the local prerequisites. This 
problem is not limited to ABB Capacitors alone nor their interest for a high-performance 
inventory policy. As Capkun, Hameri, and Weiss (2009) have shown in their research, there 
is a strong correlation between the inventory performance and the company’s financial 
results, and it is distributed through manufacturing industries. 

With more than 4000 articles is ABB Capacitors considered, according to Moore and Cox 
(1992), a manufacturer with a large-scale inventory. A question is raised along the expression 
large-scale, with this range of articles it is bound that some are consistently required in 
production, and some are less frequent. The procurement policy would not provide any 
improvements if it only hinders stockouts at the expense of overstocking and vice versa, and 
if the available data is too deficient for an accurate outcome. Therefore, a method with 
stochastic demand by Axsäter (2006) and Joon-Seok and Jung (2009) may be more suitable 
for these types of circumstances rather than Harris (1990) method. These methods share 
several similarities, and the goal is the same. Find the optimal quantity of items in stock in 
regards to the production demand and delivery lead time to minimize inventory costs (Moon 
& Choi, 1994; Wilson, 1991). 

ABB Capacitors current procurement routines do not consider physical restrictions and 
limitations that exist on the production site. Neither is there any procedures in place which 
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instructs employees dealing with material flow consisting of a high variety of different 
articles. The production demand necessitates an increase of the inventory’s fill rate which is 
problematic due to the objective to decrease the tied-up capital. One underlying reason for 
the low fill rate is the lack of a systematic approach to purchasing articles to stock.  

ABB Capacitors requires a new policy framework that contains these parameters and setting 
up the process of order intervals, order quantities, the size of the safety stock and a plan to 
evaluate whether it is financially beneficial to keep articles in stock. Available research 
focuses primarily if a company should manufacture-to-order or to stock (Beemsterboer, 
Land, & Teunter, 2016; Chen, Tai, & Yang, 2014). This research focuses mainly on production 
optimization and less on the actual purchasing of material. Should manufacturing companies 
control the inventory levels by forecasts based on the production (order-to-stock) or when an 
order is placed (order-to-order), and how are these alternatives chosen? The research on this 
matter is not extensive which provides an opportunity to apply existing research about make-
to-stock and make-to-order on a new territory. ABB Capacitors will work as the case study 
upon which the procurement policy is tested on to verify and validate the result. 

1.2 Purpose of the Study 

The purpose of this degree project is to design a procurement policy which helps to 
minimize capital tied up in inventory. 

As earlier described in this chapter, the focus of this degree project is to optimize a 
procurement policy to minimize the inventory costs. The problem is dealt with a technical 
and financial perspective. The issue at hand is not solved by considering managerial 
objectives or its influence within logistic flows. The ambition is to design a new inventory 
policy that is easy to understand and with little means reduce inventory cost and 
subsequently improve a company’s competitiveness. This inventory policy framework could 
be useful for businesses that are at the very start of the process to implement a systematic 
framework to the logistical department and desires guidance in their work progress. It could 
in addition help explaining the similar difficulties dealing with stochastic demands and 
variable lead times when designing realistic procurement policy to adjust inventory levels. 

1.2.1 Study Question 

How can the process for article classification and procurement be improved in a new 
implementable inventory policy with the objective to reduce inventory costs. 
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1.3 Scope and Limitations 
The currently applied purchasing procedures and working routines of the case study will be 
taken to account when creating the model for applicability but not affect the design itself. The 
used mathematical formulas and methodologies’ is chosen independently. Possible 
limitations of the case study and its effect on the model’s generalizability are elaborated in 
the conclusion. The conducted model will be suitable for current items in use where data is 
present. 

• The model should be based on critical inventory factors such as expenditure, holding 
cost, annual and daily demand from production and lead time for deliveries. 

• The classification system requires being displayed in a simple and structured manner. 
• To receive an adequate representation of the complexity of production fluctuations, 

the concept model will include variations in demand and lead times. 
• Only look at other ABB companies and close connected suppliers with a similar 

organization. 
• Staggered pricing is not considered. 

It is estimated that an arbitrary result can be achieved with these general restrictions based 
on the presented information in the problem statement. Thus, any other restrictions which 
affect the procurement policy and working procedures are ignored for simplification reasons. 
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2 INVENTORY CONTROL 

This chapter describes acknowledged inventory replenishment methods from early 20th 
century in the previous stage of mass-production. Up to recent research with quick 
response methods in a global competition were time and flexibility is of the essence, along 
with an overall approach to inventory management. 

2.1 Methods to Calculate the Optimal Order Quantity 
Several methods are presented for calculating the optimal order quantity in the following 
section. 

2.1.1 Economic Order Quantity 

The Economic Order Quantity model was developed in 1913 by Ford W. Harris, and it is one 
of the oldest methods (Y. Zhu, Wang, Li, & Cai, 2016). The model determines the most 
optimal order quantity based on the cost of the order and the cost of holding inventory (Zinn 
& Charnes, 2005). To calculate the order quantity with EOQ one need to know the annual 
demand quantity, the cost of ordering, item unit cost and holding cost per monetary unit per 
year (Heizer & Render, 2014; Vasconcelos & Marques, 2000; Y. Zhu et al., 2016). The 
formula is often called the Wilson Model (Yang & Fu, 2016). 

Q𝑊𝑊 = �2 × D × S
h × c

 

Formula 1 

The model is based on several assumptions. The demand and lead time are known and 
relatively constant, orders are delivered in one batch, the model does not consider staggered 
pricing and is designed to avoid stockouts (Yang & Fu, 2016). The EOQ formula is considered 
robust. Changes in demand, holding and order cost and quantity makes somewhat small 
differences in total cost (Heizer & Render, 2014). 

Maddah and Noueihed (2017) finds that EOQ, by itself, can confidently be used when the 
delivery lead time is short, about one day. However, when the lead time increases, stochastic 
inventory models are preferred. 

2.1.2 Continuous Review (R, Q) Model Gamma Distributed 

The (R, Q) inventory model is a continuous review model. The goal of the model is to 
minimize the cost with respect to order quantity 𝑄𝑄 and reorder point 𝑅𝑅 (Moon & Choi, 1994; 
Vasconcelos & Marques, 2000). It is possible to do this with an iterative method, but for 
simplicity and applicability, has it been research regarding finding the optimal values for 𝑄𝑄 
and 𝑅𝑅 numerically (Das, 1976; Vasconcelos & Marques, 2000). 
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The procedure in this degree project is focused on the work by Vasconcelos & Marques 
(2000), but theories from others as well. 

The objective function includes the ordering cost, shortage cost per physical unit, expected 
shortage per cycle, annual average demand, order quantity, carrying cost, item cost, reorder 
point and mean demand per unit of time and is described as: 

min𝐶𝐶𝑄𝑄,𝑅𝑅 = (𝑆𝑆 + 𝑠𝑠 ×  𝑍𝑍) ×
𝐷𝐷
𝑄𝑄

+ ℎ ×  𝑐𝑐 �
𝑄𝑄
2

+ 𝑅𝑅 − 𝑑𝑑�  

Formula 2 

There is a certain procedure to solve the equation and to find the optimal values for 𝑄𝑄 and 𝑅𝑅. 
The first step is to calculate EOQ provided by Wilson and described in an earlier chapter 
(2.1.1 Economic Order Quantity). The second step is to calculate 𝑍𝑍/(𝑑𝑑 ×  𝑃𝑃𝑟𝑟) by an 
approximation which Vasconcelos & Marques (2000) made from Johnston (1980) which 
contain the variables expected shortage per cycle, mean demand per unit of time and 
probability of stockout. The approximations include constants and the variable 𝑔𝑔 which is the 
mean demand per unit of time divided by the standard deviation of lead time demand, the 
quota is raised to the power of two. 

𝑔𝑔 = �
𝑑𝑑
𝜎𝜎′
�
2

 

Formula 3 

 

𝑍𝑍
𝑑𝑑 × 𝑃𝑃𝑟𝑟

= 0.11518267 +
1.0230964

𝑔𝑔
−

0.12294566
𝑔𝑔2

 

Formula 4 

With that number known, the third step is to calculate 𝑄𝑄/𝑑𝑑 by 

If 𝑔𝑔 ≠ 1 and 0.5 < 𝑔𝑔 < 12. 

𝑄𝑄
𝑑𝑑

=
𝑍𝑍

𝑑𝑑 ×  𝑃𝑃𝑟𝑟
+ ��

𝑍𝑍
𝑑𝑑 × 𝑃𝑃𝑟𝑟

�
2

+ �
𝑄𝑄𝑊𝑊
𝑑𝑑
�
2
 

Formula 5 
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If 𝑔𝑔 = 1 

𝑄𝑄
𝑑𝑑

= 1 + �1 + �
𝑄𝑄𝑊𝑊
𝑑𝑑
�
2
 

Formula 6 

The first variable 𝑄𝑄 is now determined, and 𝑅𝑅 is the remaining one. 𝑅𝑅 can be calculated in 
several ways. With a tool like Matlab, 𝑅𝑅 can be computed by solving for 𝑅𝑅 in the formula 
below because everything else is known. 

𝑃𝑃𝑟𝑟 = � 𝑓𝑓(𝑥𝑥)𝑑𝑑𝑥𝑥
∞

𝑅𝑅
 

Formula 7 

Where 𝑓𝑓(𝑥𝑥) is the gamma density distribution which can be calculated by Formula 8 to 
Formula 10 provided by (Axsäter, 2015). 

𝑓𝑓(𝑥𝑥) =
𝜆𝜆(𝜆𝜆𝑥𝑥)𝑔𝑔−1𝑒𝑒−𝜆𝜆𝜆𝜆

Γ(𝑔𝑔) , 𝑥𝑥 ≥ 0 

Formula 8 

Γ(𝑔𝑔) = � 𝑥𝑥𝑟𝑟−1𝑒𝑒−𝜆𝜆𝑑𝑑𝑥𝑥
∞

0

 

Formula 9 

𝜆𝜆 =
𝑑𝑑
𝜎𝜎′2

 

Formula 10 

Since 𝑅𝑅 is unknown and it is hard for a company to estimate the probability of stockout 𝑃𝑃𝑟𝑟, it 
can be set as a fixed value, e.g. five or ten percent (Vasconcelos & Marques, 2000). Instead of 
calculating the gamma density distribution, a numerical approximation is given below. 

𝑍𝑍
𝑑𝑑 ×  𝑃𝑃𝑟𝑟

= 𝐴𝐴1 + 𝐴𝐴2𝑃𝑃𝑟𝑟 

Formula 11 

𝐴𝐴1 = 0.094608205 + 1.0130969 ×
1
𝑔𝑔
− 0.095595537 ×  �

1
𝑔𝑔
�
2
 

𝐴𝐴2 = 0.20574471 + 0.099995001 ×
1
𝑔𝑔
− 0.27350124 ×  �

1
𝑔𝑔
�
2
 



17 

𝑅𝑅
𝜎𝜎′

= 𝐴𝐴3 + 𝐴𝐴4  × ln(𝑃𝑃𝑟𝑟) + 𝐴𝐴5𝑃𝑃𝑟𝑟2 + 𝐴𝐴6𝑃𝑃𝑟𝑟  × ln(𝑔𝑔) 

Formula 12 

𝐴𝐴3 = 0.0106179− 0.0156841 ×  𝑔𝑔2 + 1.66011 × ln(𝑔𝑔) − 0.365992 × (ln(𝑔𝑔))2 + 0.145241 
×  𝑔𝑔 × ln(𝑔𝑔) 

𝐴𝐴4 = −0.998223 − 0.00231704 × 𝑔𝑔2 + 0.357741 × ln(𝑔𝑔) − 0.106577 ×  (ln(𝑔𝑔))2

+ 0.0201662 ×  𝑔𝑔 × ln(𝑔𝑔) 

𝐴𝐴5 = −1.48338− 0.000741918 ×  𝑔𝑔2 +
1.46426

𝑔𝑔
− 0.206282 × ln(𝑔𝑔) 

𝐴𝐴6 = 2.76031− 2.72033 ×  𝑔𝑔 − 0.0544844 ×  𝑔𝑔2 + 3.13504 × ln(𝑔𝑔) + 1.04581 ×  𝑔𝑔 × ln(𝑔𝑔) 

With the constants calculated, 𝑅𝑅/𝜎𝜎′ can be calculated with Formula 12 and thereafter 𝑅𝑅. 

2.1.3 Continuous Review (R, Q) Normally Distributed 

Axsäter (2006) presents a numerical method for determining the most optimal order 
quantity and reorder point when the lead time demand is normally distributed. The objective 
function is to minimize the total overall cost with a fill rate constraint. 
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To simplify Formula 13 and Formula 14, four parameters are created and substituted into the 
formulas. 

𝑎𝑎 = 𝑘𝑘
ℎ𝜎𝜎′

    Formula 15 

𝑞𝑞 = 𝑄𝑄
𝜎𝜎′

    Formula 16 

𝑟𝑟 = 𝑅𝑅−𝜇𝜇′

𝜎𝜎′
    Formula 17 

𝐸𝐸 = 𝑆𝑆𝑆𝑆

ℎ𝜎𝜎′2
    Formula 18 

This results in a new objective function, Formula 19, with the constraint, Formula 20. 



18 

𝑎𝑎 = 𝑟𝑟 +
𝑞𝑞
2

+ [𝐻𝐻(𝑟𝑟) −𝐻𝐻(𝑟𝑟 + 𝑞𝑞)] +
𝐸𝐸
𝑞𝑞

 

Formula 19 

𝐹𝐹 =
1
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[𝐺𝐺(𝑟𝑟) − 𝐺𝐺(𝑟𝑟 + 𝑞𝑞)] 
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Axsäter (2006) then provides a step-by-step solution method where the optimal order 
quantity is determined first and thereafter the reorder point. 

The first step is to calculate 𝐸𝐸 and 𝑒𝑒 = ln(𝐸𝐸) to obtain 𝑞𝑞∗. Using the table provided in the 
journal or the more detailed table provided on Sven Axsäters profile page (Lund University, 
2017). The fill rate is chosen, and 𝑒𝑒 is calculated to obtain 𝑞𝑞∗ from the table. Interpolating in 
the full table is possible. 

Below is a smaller version of the table as an example. The table can be created by solving 
Formula 19 and Formula 20 for every value of E and fill rate (Axsäter, 2006). This example 
table should not be used for the calculations. 

Table 1 Example table of fill rates depending on the variable e. 

e S 
60% 

 
70% 

 
80% 

 
90% 

 
95% 

 
99% 

-15.0 0.0190 0.0173 0.0157 0.0140 0.0130 0.0116 
0.0 2.9462 2.6421 2.3964 2.1675 2.0373 1.8756 
1.0 4.3138 3.8249 3.4659 3.1593 2.9967 2.8070 
1.5 5.3105 4.6685 4.2223 3.8634 3.6817 3.4772 
2.0 6.6362 5.7740 5.1995 4.7680 4.5614 4.3384 
15.0 4261.60 3651.80 3196.20 2841.06 2691.54 2582.79 

 

As can be seen in the smaller version of the table, values of 𝑞𝑞∗ is only available for values of 𝑒𝑒 
in the interval −15.0 ≤ 𝑒𝑒 < 15.0. When the values are outside of the table, 𝑞𝑞∗ is determined 
by another method. In case two where the values are within the given range, 𝑒𝑒 is the largest 
table value that is closest to the actual 𝑒𝑒 and 𝑒𝑒 is the lower table value that is the closest to the 
actual 𝑒𝑒. 

Table 2 There are different equations for q* depending on the interval of e. 

𝒆𝒆 < −𝟏𝟏𝟏𝟏.𝟎𝟎 𝒒𝒒∗ = 𝒒𝒒(−𝟏𝟏𝟏𝟏.𝟎𝟎)  ×
𝑬𝑬

𝐞𝐞𝐞𝐞𝐞𝐞(−𝟏𝟏𝟏𝟏.𝟎𝟎) 

−𝟏𝟏𝟏𝟏.𝟎𝟎 ≤ 𝒆𝒆 < 𝟏𝟏𝟏𝟏.𝟎𝟎 
𝑞𝑞∗ =

�𝑞𝑞�𝑒𝑒�(𝑒𝑒 − 𝑒𝑒) + 𝑞𝑞(𝑒𝑒)�𝑒𝑒 − 𝑒𝑒��
0.1

 

𝒆𝒆 ≥ 𝟏𝟏𝟏𝟏.𝟎𝟎 
𝑞𝑞∗ =

√2𝐸𝐸 + 1
𝑆𝑆

 

 The value of 𝑞𝑞∗ is obtained, the next step is to calculate the value of 𝑟𝑟∗. To do that Formula 
20 is used since every value is known except for 𝑟𝑟. As can be seen 𝑟𝑟 is the function variable of 
𝐺𝐺. The variables 𝑟𝑟∗ and 𝑞𝑞∗ replaces 𝑟𝑟 and 𝑞𝑞 in the formulas. 
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Where 𝜑𝜑(𝑟𝑟) and 𝜙𝜙(𝑟𝑟) can be obtained from Formula 22 and Formula 23 (Axsäter, 2015). 𝜑𝜑(𝑟𝑟) 
is the density function and, 𝜙𝜙(𝑟𝑟) is the distribution function. 
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It is possible to not do the integration and obtain 𝜙𝜙(𝑟𝑟). A simpler way is to use the Excel 
formula 𝑁𝑁𝑁𝑁𝑅𝑅𝑁𝑁. 𝑆𝑆.𝐷𝐷𝐷𝐷𝑆𝑆𝑇𝑇(𝑟𝑟;𝑇𝑇𝑅𝑅𝑇𝑇𝐸𝐸). With a calculation software, solve for 𝑟𝑟 to get the 
appropriate fill rate. Repeat the procedure to find 𝐺𝐺(𝑟𝑟 + 𝑞𝑞) then the optimal 𝑄𝑄 and 𝑅𝑅 can be 
calculated with Formula 24 and Formula 25. 

𝑄𝑄 = 𝑞𝑞∗𝜎𝜎′ 

Formula 24 

𝑅𝑅 = 𝑟𝑟∗𝜎𝜎′ + 𝜇𝜇′ 

Formula 25 

2.1.4 Other Available Models 

There are plentiful types of models for calculating the optimal order quantity, two common 
methods are Quick Response and (s, S) policy which receive a brief explanation.  

2.1.4.1. Quick Response 

The Quick Response (QR) is one of the most known methods to use in inventory 
management. The QR method determines an order quantity that is needed until the next 
delivery, nothing more. The formula for order quantity then becomes: 

𝑄𝑄𝑅𝑅 𝑁𝑁𝑟𝑟𝑑𝑑𝑒𝑒𝑟𝑟 𝑄𝑄𝑢𝑢𝑎𝑎𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 = 𝐷𝐷𝑎𝑎𝑄𝑄𝐷𝐷𝑄𝑄 𝐷𝐷𝑒𝑒𝐷𝐷𝑎𝑎𝑄𝑄𝑑𝑑 ×  𝑇𝑇𝑄𝑄𝐷𝐷𝑒𝑒 𝑇𝑇𝑄𝑄𝑄𝑄𝑄𝑄𝐷𝐷 𝑁𝑁𝑒𝑒𝑥𝑥𝑄𝑄 𝐷𝐷𝑒𝑒𝐷𝐷𝑄𝑄𝑣𝑣𝑒𝑒𝑟𝑟𝑄𝑄 
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As can be noted, it is a simple method that does not consider other relevant variables as 
mentioned in previous sections. Zinn & Charnes (2005) says that more businesses are going 
the usage of QR. The reason is that companies want to minimize their inventory as much as 
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possible, which the QR method is good at. There is also a risk that companies have an 
extensive inventory of products that is never going to be used and the holding cost of that. 

The QR method is most often used when the time between deliveries is short. Because of that, 
the company needs to be cautious with which items they use it for. If the ordering cost is 
high, it might be better to use an alternative method, since the benefits of QR may be 
neglected. If the demand is high for an item or the unit is of high value, there is more 
advantage in using QR. (Zinn & Charnes, 2005) 

2.1.4.2. (s, S) Policy 

The continuous review (s, S)-policy is a similar policy to the continuous review (R, Q) policy. 
When the inventory level drops below a level 𝑠𝑠, an order quantity 𝑆𝑆 is ordered. The order 
quantity 𝑆𝑆 is the maximum level. In comparison to the (R, Q)-policy, 𝑠𝑠 is the same as 𝑅𝑅, and 𝑄𝑄 
is equivalent to 𝑆𝑆 − 𝑠𝑠. (Axsäter, 2015) 

2.2 Determining the Reorder Point 
There are two main questions when discussing ordering, how much to order and when to 
order. Reorder point (ROP) is about the latter when to order. An order is placed when the 
level of inventory reaches a specific level, and together this is often called a QR Policy 
(Kurbel, 2013). When the production is constant with minimal disturbances, the reorder 
point it is relatively easy to set a fixed, optimal and continuous ordering point. Difficulties 
arise when demand is uncertain and lead time is unfixed (Tamura, Morizawa, & Nagasawa, 
2010). The more basic models assume that companies let the inventory level reach zero 
before ordering and that orders are received at the same time as the order is placed (Heizer & 
Render, 2014). 

The mathematic formula for ROP is: 

𝑅𝑅𝑁𝑁𝑃𝑃 = 𝐷𝐷𝑒𝑒𝐷𝐷𝑎𝑎𝑄𝑄𝑑𝑑 𝑝𝑝𝑒𝑒𝑟𝑟 𝑑𝑑𝑎𝑎𝑄𝑄 ×  𝐿𝐿𝑒𝑒𝑎𝑎𝑑𝑑 𝑄𝑄𝑄𝑄𝐷𝐷𝑒𝑒 𝑓𝑓𝑓𝑓𝑟𝑟 𝑎𝑎 𝑓𝑓𝑟𝑟𝑑𝑑𝑒𝑒𝑟𝑟 𝑄𝑄𝑄𝑄 𝑑𝑑𝑎𝑎𝑄𝑄𝑠𝑠 
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The demand per day is a set value and does not vary over time and the lead time for an order 
is a set value. Heizer and Render (2014) mentions that when the values are not set, a slight 
change to the formula is to add safety stock as well. The formula then changes to: 

𝑅𝑅𝑁𝑁𝑃𝑃 = 𝐷𝐷𝑒𝑒𝐷𝐷𝑎𝑎𝑄𝑄𝑑𝑑 𝑝𝑝𝑒𝑒𝑟𝑟 𝑑𝑑𝑎𝑎𝑄𝑄 ×  𝐿𝐿𝑒𝑒𝑎𝑎𝑑𝑑 𝑄𝑄𝑄𝑄𝐷𝐷𝑒𝑒 𝑓𝑓𝑓𝑓𝑟𝑟 𝑎𝑎 𝑓𝑓𝑟𝑟𝑑𝑑𝑒𝑒𝑟𝑟 𝑄𝑄𝑄𝑄 𝑑𝑑𝑎𝑎𝑄𝑄𝑠𝑠 + 𝑆𝑆𝑎𝑎𝑓𝑓𝑒𝑒𝑄𝑄𝑄𝑄 𝑆𝑆𝑄𝑄𝑓𝑓𝑐𝑐𝑘𝑘 

Formula 28 
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2.3 Safety Stock 
The definition of safety stock (ss) according to Heizer and Render (2014) is: 

“Extra stock to allow for uneven demand; a buffer.” (p. 524). 

The need for safety stock arises when there are variabilities in customer demand, lead times, 
production and any other source that can affect the product itself. The ambition of the 
company should be to minimize the safety stock as much as possible since inventories can be 
costly for the company. (Heizer & Render, 2014) 

Many companies want to adapt to smaller lot sizes because it allows the company to be more 
flexible, defects will be easier to spot, easier handling of material and reduction in lead time. 
The risks are that the company is more vulnerable for stockouts, hence the need for a safety 
stock (Natarajan & Goyal, 1994). 

The commonly used MRP strategy exposes companies for stockouts since the aim for it is to 
minimize or completely avoid safety stocks at every stage in the manufacturing. The dilemma 
is that a high service level ultimately requires some safety stock (Dellaert & Jeunet, 2005). 
The challenges with upholding a high service level and the necessary safety stock are where to 
store these items and what the most optimal quantity is (De Bodt, Van Wassenhove, & 
Gelders, 1982). 

The formula for calculating the quantity of the safety stock level is:  

𝑆𝑆𝑆𝑆 = 𝑆𝑆𝐹𝐹(𝑆𝑆𝐿𝐿) ×  𝜎𝜎𝐷𝐷 

Formula 29 

The formula is often considered as the standard method for calculating the safety stock level, 
where SL is the service level which can be determined from a table of standard scores and 𝜎𝜎𝐷𝐷 
is the standard deviation of demand (Schmidt, Hartmann, & Nyhuis, 2012). The same 
formula is described by both Schmidt et al. (2012) and Heizer and Render (2014), and it is 
assumed that the demand is normally distributed. The calculation is often extended to 
consider other variables as lead time, lot size, reorder point, the risk of stockouts, forecasts 
(Heizer & Render, 2014; Natarajan & Goyal, 1994; Schmidt et al., 2012). 

2.3.1 Uncertainties with Safety Stock 

Schmidt et al. (2012) made a comparison of several different methods for calculating the 
most optimal safety stock level. They found that none of the tested methods were superior 
but rather dependable on the circumstances. If the variance of replenishment time is low and 
the variance of demand could be either low, medium or high, the standard formula, Formula 
29, could be used. If the variance of replenishment time is medium or high and variance of 
demand is high, Formula 30 provided below is a suitable method. (Schmidt et al., 2012) 
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When there are deviations in lead time but not in demand, Formula 30 becomes: 

𝑆𝑆𝑆𝑆 = 𝑆𝑆𝐹𝐹(𝑆𝑆𝐿𝐿)  ×  𝐴𝐴𝑣𝑣𝑒𝑒𝑟𝑟𝑎𝑎𝑔𝑔𝑒𝑒 𝑑𝑑𝑎𝑎𝑄𝑄𝐷𝐷𝑄𝑄 𝑑𝑑𝑒𝑒𝐷𝐷𝑎𝑎𝑄𝑄𝑑𝑑 × 𝜎𝜎𝐿𝐿𝐿𝐿 
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When there are deviations in demand but not in lead time, Formula 30 becomes: 

𝑆𝑆𝑆𝑆 = 𝑆𝑆𝐹𝐹(𝑆𝑆𝐿𝐿) ×  𝜎𝜎𝐷𝐷  ×  �𝐴𝐴𝑣𝑣𝑒𝑒𝑟𝑟𝑎𝑎𝑔𝑔𝑒𝑒 𝐷𝐷𝑒𝑒𝑎𝑎𝑑𝑑 𝑄𝑄𝑄𝑄𝐷𝐷𝑒𝑒 
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Presented below is a table of suggested method based on a level of variance in replenishment 
time and level of variance in demand. 

Table 3 Table of proposed Safety Stock calculation methods. (own) 

Variance of replenishment time / 
Variance of demand 

No variance Variance 

Variance Formula 31 Formula 30 
No variance Expected usage during lead time Formula 32 

2.3.2 Service Levels 

There are two widely known methods for calculating the service level for the inventory 
(Axsäter, 2015). SERV1 which is the probability of no stockout per order cycle and SERV2 is 
the amount of demand that can be satisfied immediately from stock (Axsäter, 2015). The 
service level methods are used for decreasing or increasing the safety stock level by a certain 
factor. It can be seen in the example table, Table 6, what the effect is of the both service levels 
and if none at all would be used. There are different advantages and disadvantages with both 
methods. An advantage is that SERV1 can easily be calculated in Excel with the formula 
𝑁𝑁𝑁𝑁𝑅𝑅𝑁𝑁. 𝑆𝑆. 𝐷𝐷𝑁𝑁𝐼𝐼(𝑃𝑃𝑟𝑟𝑓𝑓𝑃𝑃𝑎𝑎𝑃𝑃𝑄𝑄𝐷𝐷𝑄𝑄𝑄𝑄𝑄𝑄) which is the inverse of the cumulative standard normal 
distribution with mean zero and standard deviation of one (Microsoft, 2017). 

Table 4 Example of how different service levels affect the safety factor. 

Service Level 80% 85% 90% 95% 97% 98% 99% 
Safety Factor 0.842 1.036 1.282 1.645 1.881 2.054 2.326 

A disadvantage with SERV1 is that it has nothing to do with the order quantity. If the demand 
per year is 1000 units and the optimal order quantity is calculated to 900. It is not necessary 
then to have an oversized safety stock. If the order quantity is determined small compared to 
the total demand, SERV1 can be insufficient. (Axsäter, 2015). 

Before one can calculate SERV2, 𝑆𝑆𝐿𝐿(𝑘𝑘) needs to be computed, thereafter a safety factor can 
be found in a table or calculated (Mattsson, 2010b). 
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The result of Formula 33 can then be found in a table (Mattsson, 2010a) with the 
corresponding safety factor. The safety factor, 𝑘𝑘, can also be calculated with several steps: 

𝑧𝑧 = �ln�
25

�𝑆𝑆𝐿𝐿(𝑘𝑘)�2
� 
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𝑘𝑘 =
𝑎𝑎0 + 𝑎𝑎1  ×  𝑧𝑧 + 𝑎𝑎2 ×  𝑧𝑧2 + 𝑎𝑎3  ×  𝑧𝑧3

𝑃𝑃0 + 𝑃𝑃1  ×  𝑧𝑧 + 𝑃𝑃2  ×  𝑧𝑧2 + 𝑃𝑃3  ×  𝑧𝑧3 + 𝑃𝑃4  ×  𝑧𝑧4
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Where the constants 𝑎𝑎0−3 and 𝑃𝑃0−4 are: 

𝑎𝑎0 = −5.3925569 𝑃𝑃0 = 1 
𝑎𝑎1 = 5.6211054 𝑃𝑃1 = −0.72496485 
𝑎𝑎2 = −3.8836830 𝑃𝑃2 = 0.507326622 
𝑎𝑎3 = 1.0897299 𝑃𝑃3 = 0.0669136868 
 𝑃𝑃4 = 0.00329129114 

 

2.3.3 Numerical Example 

To showcase the different results SERV1 and SERV2 gives, a numerical based on article 
1HSN000003-317, the example is presented below. 

Table 5 Safety Stock example values. 

Variable Value 
Average lead time 30 days 
Standard deviation of lead time 1.60 days 
Average daily demand 1835.58 units 
Standard deviation of demand 1153.87 units 
Order quantity 125 142 units 
Standard deviation of lead time demand 6967.23 units 
Annual demand 669 987 units 

 

From Table 4, different levels of safety stock are calculated depending on the requested 
service level with SERV1. 
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Table 6 Safety Stock results with SERV 1, SERV2 and no safety factor. (own) 

SERV1 

Service 
Level 

80% 85% 90% 95% 97% 98% 99% 

Safety 
Stock 

5864 7221 8929 11460 13104 14309 16208 

SERV2 

Service 
Level 

80% 85% 90% 95% 97% 98% 99% 

Safety 
Stock 

-26011 -20397 -14295 -6487 -2184 717 4957 

No Safety Factor 

6967 

 

2.4 Kanban System 
Kanban system is a part of the Lean Production Concept, that manage the supply of material 
to an assembly line and it has close a relationship to Just-In-Time (Lolli, Gamberini, Giberti, 
Rimini, & Bondi, 2016). The key principle of Kanban can be defined as a material flow control 
system with a focus on regulating the quantity of material and time of the production, 
preferable as nimble as possible, necessary of the product. It is commonly used with cards as 
a signal to manage the replenishment of the inventory regarding quantity during time periods 
and start of production (Lage Junior & Godinho Filho, 2010). 

Hence Kanban utilizes the pull system. When a depletion of certain material is detected in the 
manufacture, the operators uses a card to signal the purchasers and logistical workers to 
replenish the inventory. It means that the production dictates the frequency and level of 
replenishment and do so after a real demand and not a forecast. (Ebrahimpour & Modarress 
Fathi, 1985). Level and choice of implementation vary depending on the situation and desired 
goals of the users. It exists two major systems, and these are called production Kanban and 
withdraw Kanban. (Hemamalini & Rajendran, 2000) 

During the literature research, a pattern was evidently discovered quite early, and that is that 
the previously research mainly focus on optimizing Kanban inventory for a single-product 
supply chain and the production system. It is confirmed by Widyadana, Wee and Chang 
(2010).  

An important part of the Kanban approach is the elements of utilizing a simple and visual 
system that is easy to understand for affected employees. The inventory is dynamic and self-
regulatory with the usage of signals and that it is controlled by real detected demands from 
the production. Since the overall work process is simple to understand and follow, potential 
mishaps and risks that someone fails to alert the buyers are relatively low compared to a 
statistical method based on a forecast. 
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2.5 Inventory Classification Models 
An ABC-analysis is an inventory classification system which utilizes the Pareto principle. The 
fundamental idea of the analysis, thus Pareto principle, is that there are a few critical 
products that associates too much of the expenses. The remaining substantial quantity of the 
inventory is less expensive, both per article and as a total amount. (Ng, 2007). Ng (2007) 
describes that the Pareto principles derives from an Italian professor who discovered that 80 
percent of the cities wealth was owned by 20 percent of the population, hence the suitable 
phrase. 

“critical few and trivial many.” (Heizer & Render, 2014. p 513). 

One of the main purposes to why a manufacturer wants to applicate the ABC analysis is to 
optimize its managing of the inventories to increase profitability. Besides optimization of the 
material flow itself, it is also an issue regarding the best way of distributing limited 
administrative resources correlating to inventory management since it is inefficient to 
monitor inexpensive articles at the same level as expensive ones. (Rezaei & Salimi, 2013). 

The traditional classes are ABC, where A represents articles with the highest expenditure and 
importance for the company. Follow alphabetical order and C is at the bottom of the scale. 

Table 7 How the accumulated expenditure correlates with articles in inventory. (own) 

Class Expenditure (%) Quantity (%) 
A 60-80 10-20 

B 25-35 30 

C 5-15 50-60 
 

The XYZ-analysis categorize the articles of the inventory from another point of view. It 
distinguishes the items from each other via the variations in their consumption. For this case, 
the variations in demand for the production. It is calculated with two variables, the standard 
deviation of demand and its mean value (Geraghty & Heavey, 2010). 

𝑐𝑐𝑣𝑣 =
𝜎𝜎𝐷𝐷
µ

 

Formula 36 

The analysis is properly used when the operator considers a period and the material 
consumption within that specific frame. The analysis renders a number which is the 
coefficient of variation and represents the range of the consumption levels of that particular 
item. (Scholz-Reiter, Heger, Meinecke, & Bergmann, 2012) 

Table 8 Classes connected to values of CV.(own) 

Class Coefficient of variation (CV) 
X CV<0,5 

Y 0,5<CV<1 

Z CV>1 
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With these two factors, it is possible to analyze the inventory and receive a proper 
understanding with little effort. Some things are still left in the blue though, a screw has a low 
individual value and probably a small 𝐶𝐶𝑉𝑉 too. It is then easy to have a false sense of security 
and step into the trap that an article classified as C, Z is not important for the production. It 
could be worth the additional effort for a company analyze the number of transactions, 
stockouts, revenue per article and so forth.  

2.6 Make-to-Stock and Make-to-Order 
Make-to-stock is one of two ways a company can choose to run its production. Make-to-stock 
is a strategy when there is a forecast of demand. The quality of the forecast makes the 
strategy more or less useful (Kaminsky & Kaya, 2009). Make-to-stock is used when the 
customer is unknown, and the forecasted demand that aims the production is often called 
anonymous demand (Kurbel, 2013). Make-to-order is the second strategy in manufacturing. 
The difference from make-to-stock is that make-to-order have a known buyer and the 
product can often be customized to the buyers’ requirements (Kurbel, 2013). 

The aim for a make-to-order production is to have a high customer satisfaction. That 
increases the chance for a good reputation and recurring customers. The inventory policy 
regarding make-to-order is harder to define since the orders are more specified and there is 
no sufficient method to predict the demand of the articles used in the manufacturing since 
the orders can be very diverse. These difficulties cause problems with safety stock levels, lead 
time, higher inventory and holding costs. The sales team also have a challenge regarding 
what they can promise the customer regarding delivery date and price. (Kurbel, 2013) 

Make-to-stock items are manufactured with a forecasted demand, and make-to-order 
production does not begin until an order is received. Shorter delivery lead times should be 
the focus point to gain an advantage over competitors in make-to-order system. In a make-
to-stock system, accurate predictions of demand and ability to satisfy customer demand for 
finished goods is the competitive priority. (Shao & Dong, 2012) 

Shao and Dong (2012) shows that a strategy for a company should be to manufacture 
products that have high component cost and little value added in the final assembly in a 
make-to-stock system. If the individual component holding cost is low compared to the end 
product and high value is added in the final assembly, a make-to-order system is preferable. 
Make-to-stock was previously the most common strategy in manufacturing, but nowadays 
many companies have moved to a make-to-order system (Kaminsky & Kaya, 2009). 
Implementing only one of the strategies is unlikely to meet all customers’ demands which are 
why more manufacturers are utilizing a hybrid system with both strategies (Chen et al., 
2014). 
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2.7 Business IT System 
Enterprise Resource Planning (ERP) is an IT system that allows companies to manage the 
entire spectrum of business operations, from manufacturing focuses such as logistic 
planning, production, and distribution of goods to communication and customer service (Yen 
& Sheu, 2004). Companies face numerous challenges in the global competition and need to 
respond rapidly to sustain its flexibility, development, and competitiveness throughout the 
supply chain. ERP is a useful tool to streamline the organization and work like a well-oiled 
machinery (Tsai, Hwang, Chang, Lai, & Yang, 2011; Yen & Sheu, 2004).  

The goal of any implementation is that the new changes generates increased operational 
profits. The groundwork to realize this objective is to apply certain modifications in the 
business process to improve critical steps as lead time, productivity, communications, 
logistical flow, et cetera. (Magnusson & Olsson, 2008) 

There are however several drawbacks that each operation manager or corporate leader must 
consider before a final decision. These systems are often complex, which leads the company 
down a path with large installment fees, maintenance costs, high expenditure on 
administration and employees. Companies are financially exposed with increasing threats 
from daily production, competitors, and expensive projects during these times. (Magnusson 
& Olsson, 2008) 

Even if these costs might be manageable for companies, other circumstances need to be 
considered. For instance, how large is the advantage with ERP if a competitor also uses a 
similar system? Would that not reduce the potential advantage? Perhaps it is more of 
necessity rather than a potential mean to gain an advantage? The ERP system is used in this 
degree project to obtain relevant data, i.e. variables needed by the calculations. All variables 
presented in the formulas is possible to extract hence there is no need to create own data to 
test or simulate with.  

2.8 Suitable Theory for Testing 
EOQ, Formula 1, and ROP, Formula 27, are two well-known and used formulas to minimize 
inventory costs, it is logical to test those in this environment. A model consisting of those is 
relatively simple and does not provide immense challenges to program them together in one 
model. A potential weakness is its assumptions, and it is not adequate to determine order-to-
stock or order-to-order.  

A continuous review provides other opportunities to calculate same variables (2.1.2 
Continuous Review (R, Q) Model). It has the same fulfillments as the first model but with 
additional safety measures by using gamma distribution. This one will always have a higher 
order quantity. Another interesting aspect which is desired to explore is the interval of 𝑔𝑔. 
Could that interval be used to help determine order-to-stock or order-to-order? 

Axsäter (2006) constructed a continuous review model which follow a normal distribution 
pattern. It is rather different from the previously one, for instance, it does not include EOQ at 
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all. This one is interesting because it is recently developed, from a recognized scientist, and 
might work as an intermediate between the other two. Whether it can enlighten order-to-
stock or order-to-order is at this stage unclear. 

Each model should include a calculation for the safety stock, most likely the same since the 
data will contain both standard deviations and mean numbers. It will not be hard to come by 
with necessary data for Formula 30. 

• Model 1, consisting of 2.1.1 Economic Order Quantity and 2.2 Determining the Reorder Point 
• Model 2, 2.1.2 Continuous Review (R, Q) Model 
• Model 3, 2.1.3 Continuous Review (R, Q) Normally Distributed 
• Same formulas for calculation of safety stock, 2.3 Safety Stock 
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3 METHODOLOGY 

The following chapter describes the academic approach and methods used in this degree 
project. The method helps to answer the hypothesis that the model will lower the inventory 
cost and increase the overall service level.  

3.1 Approach 
There are several different approaches to reasoning throughout research, deductive, 
inductive, and abductive. The deductive approach is a method were the researcher starts out 
with a hypothesis and testing it empirically with the help of relevant theory. The theory is a 
big part of deductive approach and contributes to develop the hypothesis, regarding variables 
and how to evaluate the results. The usefulness is that previous research can be utilized by 
the researcher. (Blomkvist & Hallin, 2015; Hyde, 2000) 

An inductive research approach starts out with observing the problem and finding a theory 
that explains the results. The empirical material affects the research and used theory 
(Blomkvist & Hallin, 2015). The third approach, abductive, which is a combination of 
deductive and inductive. It is a back and forth kind of approach where the researchers let the 
empirical material affect the theory and vice versa (Blomkvist & Hallin, 2015). 

In this study, it was known that it existed a large proportion of relevant theory to the problem 
statement and developed hypotheses. The theory outlines the recommended variables that 
are required for minimizing the overall cost of the inventory. The interviews are not supposed 
to influence the variables but to highlight certain occurrences surrounding the procurement 
process. The findings are supposed to complementary conditions to the procurement policy 
and be a recommendation for further improvement by the company where the case study is 
carried out. The work process consisted mostly of applying already existing theory on a given 
problem and conducting interviews. The research approach was deductive since, as mention 
before, the interviews are not supposed to change the alignment of the work thus the theory 
is the fundament of this degree project. Instead, the idea with interviews was to have an 
outside factor which could confirm and strengthen decisions that have been executed as the 
degree project progressed.  
The deductive work process made by Ali and Birley (1999) were chosen, and they outline the 
basic stages in a deductive research approach which inspired the work process. 

• Develop a theoretical framework 

• Variables identified for relevant constructs 

• Instrument development 

• Respondents give answers to specific questions 

• Answers analyzed in regarding prior theoretical framework 

• Outcome: Theory tested according to whether hypotheses are accepted or rejected 
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Figure 1 Work procedure of the Degree Project. (own) 

Another reason for choosing a deductive approach and why it was suitable is the vast amount 
of available theory that aims to answer to the hypothesis. Given the theory, relevant variables 
were identified for data gathering. When the variables were identified, an appropriate model 
could be designed, and empiric data could be obtained. The data could after that be 
compared to the theory to find out what the study object seemed to be missing and input to 
the variables could be considered. Finally, the outcome from the model could be tested to see 
if it were working as intended.  

3.2 Qualitative and Quantitative Data 
Ali and Birley (1999) is describing qualitative research as research that is heavily based on 
the participant’s point of view and opinions, and it should act as guidance for the research. 
Hyde (2000) says that qualitative data is based on text rather than numbers. Qualitative 
methods include observations or interviews (Blomkvist & Hallin, 2015). The interviews in 
this work are considered qualitative because the respondents’ opinions affected the work to 
increase the applicability to the organization, and valuable knowledge was given. 

The most common description of quantitative research is that it regards data as numbers. 
Examples of quantitative methods are surveys and statistical methods. The theory about the 
proposed model indicates that it are numbers intensive with the need of yearly based 
statistics (Das, 1976). The study’s scope is moreover to classify the articles based on ABC and 
XYZ which is a quantitative calculation. The study is foremost a quantitative research with 
qualitative influences. 
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3.2.1 Gathering of Data 

Two types of data have been collected in this study, primary and secondary data. Primary 
data are the data that is collected by the researchers for the specific problem with methods 
that fits the best. Secondary data is the data that has been collected by someone else than the 
researchers; it already exists, e.g. statistics. (Hox & Boeije, 2005). The primary data in this 
research consists of interviews while the secondary data consists of statistics and other data 
from the business software at the organization of the study and information by academic 
journals and books. 

The bulk of the gathered information is made of quantitative data which was gathered with 
the help of the logistics developer from ERP and QlikView. The collected data includes article 
name, article number, annual and daily demand, lead time from the supplier, and item cost 
for all available articles. The data has then been used to calculate new levels of safety stock, 
order quantity and reorder point. Without that necessary data, the statistical formulas and 
the models would not function properly or produce a useful result. The secondary data have 
singlehandedly the highest significance for this research. 

3.3 Development of the Procurement Policy 
This section describes the development of designing the three models, the inventory analysis 
and the choice of an implemented concept model, which forms the procurement policy. The 
development of the calculation model can be described as a two-stage. Firstly, three models 
are developed which consider both shared and separate variables for the calculations. The 
results are then compared and evaluated based on their contributed affect to an overlapping 
procurement policy. The evaluation relies on the approach of the research and general 
applicability. 

The best overall performing model was selected for the second stage to become the 
purchasing model and the basis of the procurement policy. The second stage exposes the 
model to multiple theoretical and empirical tests. The theoretical test is a comparison of 
current parameters, and the empirical test is to see how the production and inventory of the 
case study perform under these new parameters.  

Concept models 

• Model 1, consisting of 2.1.1 Economic Order Quantity and 2.2 Determining the Reorder Point 
• Model 2, 2.1.2 Continuous Review (R, Q) Model 
• Model 3, 2.1.3 Continuous Review (R, Q) Normally Distributed 
• Same formulas for calculation of safety stock, 2.3 Safety Stock 

The first constructed model was model 1. It has a primitive but robust design which provides 
reasonable values for the optimal order quantity and reorder point. The necessary 
information for the calculations was easily obtained through ABB’s ERP system (2.7  
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Business IT System). The model is reliable since the degree of variation of the inputs has a 
smaller effect on the output.  

Discrete variables, constant values, and simplified assumptions indicate that model 1 is 
suitable for a general implementation for procurement, regardless of business sector. As one 
of the first mathematical formulas in this area of expertise and developed in a time when 
limited computing power existed, one must raise a small warning whether the scientific area 
of research on this matter has progressed or if it is still relevant today. Although Wilson’s 
formula impact in the latest century is unquestionable (H. Zhu, Liu, & Chen, 2015).  

Model 1 could potentially have a noteworthy flaw because one assumption of the calculations 
is constant production demand. It is not an ideal representation of realistic conditions, and 
though it might be adequate for a general implementation, it is desired that the concept 
model can produce a good result in a company’s daily operations by the established 
parameters. A visual investigation of the articles in the ERP database showed that almost 
every single one had variations in lead times, demand or both.  

There were two underlying reasons if an item had a variation of zero, for lead times or 
demand. The first one is that there were few deliveries or production orders. Thus, the result 
is correctly calculated, but the sample size is questionable and might not be statistically 
reliable. The second case is when the relevant data is missing, for simplification the 
variations are set to zero but with the operator’s knowledge that the final calculated values 
are not completely accurate. This problem is shared with the other two models, but since they 
include more variables, they should still produce a better overall accuracy. Another issue with 
model 1, which is known beforehand, is that it does not answer the question or helps to 
decide when an article should be order-to-stock or order-to-order.  

The other two models include a stochastic demand, preferably by more complex calculations 
to subsequently avoid constant variables. By including complicated calculations via integrals 
and numerical approximations, the result could improve but to a more demanding 
computation. The literature review showed that these calculations were more exhausting and 
time-consuming than by hand, but their purpose is to be solved by using the calculation of 
computers. Since computers are more common now than when most previous works were 
performed, this would not be a hinder for using the models.  

With the basic models developed the first staged was completed. It was possible to test and 
compare these three models via theoretical calculations and proceed with the final 
evaluation. The results of optimal order quantity, reorder points and its ability to determine 
order-to-order or order-to-stock was the main features’ and of highest importance for the 
decision. Practicality and applicability at the case company were also discussed but not 
allowed to act as the keystone in this verdict. 
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3.3.1 Tools 

When the models were narrowed down to three the next step were to choose which software 
was the most suitable for the calculations. The approach of this issue is the degree of 
applicability. Multiple software could solve these equations, and the issue is which one was 
going to be used. For instance, if the number of code lines in Matlab is quite small, compared 
to Excel, then it would be a huge time-saver. If Matlab would have been used it would require 
some formatting through Excel anyway. The database is obtained through the QlikView tool 
and extracted to an Excel file which sometimes requires preparation depending on the data 
the operator desires, regardless of end-user program. It is not decisive though. Another 
aspect weighs heavier, hence more crucial is the knowledge among the potential users, whose 
computer knowledge is limited to ERP and Excel. Out of all employees at the procurement 
department, only one had knowledge of Matlab, and as will be confirmed by the empirical 
results, usage of Matlab is extremely limited compared to Excel in these issues. To achieve a 
higher level of general applicability, it deemed best to conduct a model with Excel instead of 
Matlab.  

Because ERP is the IT-system which all prognoses and historical data are retrieved from, 
there is no need to create own data to simulate with. In addition to the available database, 
this multiple-tool is of considerable interest for its capabilities to simulate and conduct 
experiments in a realistic staging environment. It provides an opportunity to test the concept 
model with live-data and compare its accuracy to historical results, therefore, validate and 
verify the model empirically rather than conducting complex mathematical proof. 

The conceptual model will be designed independently from the programming capabilities 
that ERP possess and will not be able to interact either. The settings in ERP will be manually 
calibrated after the correct variables and values have been computed via the concept model. 

3.3.2 Inventory Analysis 

At the early stage of investigating and learning ERP, it was discovered that the IT-department 
conducts ABC-analysis for each ABB business unit upon request. It was decided after a 
discussion with a logistical developer at the case study, that the first stage of the ABC analysis 
should be conducted by themselves because of applicability and comparability.  

If an own analysis had been conducted with own theoretical intervals that differ from the IT-
departments own, it would not be possible to compare articles over time with previous 
analyses, and it would be a waste of time to conduct something someone else already knew. 
The article analysis could, therefore, be extended by investigating other relevant variables, for 
instance, the number of transactions.  

The number of transactions variable (123) is significant and should not be neglected, articles 
which have a low value can still carry high administrative costs because of a vast number of 
transactions. Hence, they are possibly critical for the production process, but with their low 
value, this is not shown. With this extend ABC-XYZ and transaction analysis there is a base 
for identifying the article flow, corresponding expenditure and spent administrative 
resources. The analysis was done with the same Pareto principle as an ABC, but with the 
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number of article transactions from the inventory to production instead of consumption 
value (Rezaei & Salimi, 2013; Scholz-Reiter et al., 2012). 

With this method, it is possible to find articles that are critical for the production, i.e. how 
many productions orders that are linked to an article. The classes were called 1, 2 and 3. Class 
1 contained articles which were linked to 80 percent of the production orders. Class 2 
contained articles which were linked to 15 percent and class 3 contained articles linked to 
remaining five percent. 

Table 9 1-2-3 Classification System. (own) 

Class Total numbers of 
production orders (%) 

Total numbers of articles 
(%) 

1 80 1-20 

2 15 1-30 

3 5 50-98 

3.3.3 Safety Stocks 

The matrix is shown in the theoretical framework (Table 3) on safety stock was the 
fundamental way of determining the safety stocks. The articles were analyzed by the matrix 
after the available data, and then the value was calculated with the corresponding formula. 
The reason for doing this instead of just using one formula was to simplify and not 
overcomplicate the process when it is not necessary. 

3.3.4 Literature 

Primo and Google Scholar are the main sources of scientific material; it is search engines for 
finding academic journals and articles. Some books that have been acquired during the 
education about logistics and scientific methodology is also used as sources in this degree 
project. 

Searched Keyword: Enterprise resource planning, Inventory, Inventory management, 
lagerhantering, lageroptimering, lagerstyrning logistics, Make-to-order, Make-to-stock, make 
to stock make to order comparison, MTO, MTS, optimize inventory flow, supply chain 
management, to order, to stock. 

3.3.5 Interviews 

As a part of this degree project work, eight interviews have been conducted, including one 
interview with the IT department to get a better understanding of the system and its 
capabilities. The individuals were chosen as an interview object because of their position in 
the company as purchasers and production planners. Their daily responsibilities concern 
logistic issues, which is what this degree project work aim to research. The purpose of the 
interviews is to discover how businesses work with relatable topics and how it concerns and 
affect their daily working routines. The topics are presented the result in 4 Empirical 
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Investigation. All interviews were done face-to-face at their respective offices as a discussion 
and lasted approximately one hour each. The format of the interviews was semi-structured 
which means that there are a predetermined topic and open questions which act as guidance 
in the conversation (Blomkvist & Hallin, 2015). All questions do not need to be known before 
the interview because it often pops up during the interview (Blomkvist & Hallin, 2015). 

Whiting (2008) argues for a checklist of practical issues that will be presented to the chosen 
respondents. The checklist includes presenting the purpose of the interview, the topic, 
format, length, confidentiality, the purpose of a potential recorder, inform that the 
participant can ask questions and clarification of questions, and the possibility to declining to 
answer a question. These practical issues were presented during the first contact to assure 
that the participant would be comfortable. Digital recording of the interview was used in 
every conducted interview because of the reasons mentioned in the article by Whiting 
(2008). It allows the interview to be more relaxed and booth participant and interviewers are 
not distracted by note taking. It allows later in the work process to listen to the interview 
again if something was unclear. All participants have been given the opportunity to receive 
and correct the transcripts of the interview, in the case of a misunderstanding or sensitive 
information that they do not want to share. 

3.3.5.1. Respondents 

The respondents were chosen as a convenience sample. The criteria for that kind of sample 
are only the convenience for the researchers (Farrokhi & Mahmoudi-Hamidabad, 2012). 
Some criticism of the method is that the data may be of lower quality than other methods 
(Marshall, 1996). The reasons for the convenience sampling as a selection of respondents’ 
choice is the same as provided by Marshall (1996), it consumes the least time, effort and 
money. All respondents except one were conducted with an ABB company. It is a part of the 
convenience sample since the availability and willingness of the interviewees’ increase when 
the work is carried out within the same company. 

• A Production Planner at AQ Welded Structures AB, from now on referred to as AQ, was 
chosen because the company is a close and critical supplier to ABB Capacitors and both 
companies actions therefore strongly affect one another. AQ is a supplier of components to 
ABB Capacitors. The production planner at AQ was the most suitable person to interview since 
logistics was one of the persons focus areas. They were previously a part of ABB which might 
indicate that their working routines are similar to those of ABB Capacitors. Hence, they are 
interesting to compare with ABB Capacitors. 

•  A Purchaser at ABB Instrument Transformers was chosen because of their comparable 
organization. They operate in the same building with the same terminal for incoming goods 
and share other similarities as business-system, limited space, and the same division. The 
similarities to Capacitors and the same company should mean that they work in a similar way. 
That is why Instrument transformers are an interesting object, and if they work differently, it 
could bring valuable information that has not been shared yet. The purchaser was interviewed 
because of work task concerns logistics. 

• A Purchaser at ABB Capacitors was interviewed as a part of a current situation analysis at 
study object, which the developed model is going to be applied to. The purchaser was 
interviewed because of work task concerning logistics. 
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• A ERP specialist at ABB:s IT department in Ludvika was interviewed to get a better 
understanding of the business software, what it is capable of regarding extracting data, 
available variables (e.g. order quantity, safety stock level) and simulating the developed model. 
The division delivers the ABC and XYZ analysis and different IT-solutions to each unit. 

• A Purchaser at ABB Control was interviewed because of their work with logistics. An 
opportunity to find out the similarities, differences, tools and methods. 

• A Purchaser at ABB Robotics was interview with the same reason as Control. 
• A Purchaser at ABB Control Technologies was interview with the same reason as Control. 
• A Purchaser at ABB Components was interview with the same reason as Control. 

Table 10 Interviewed Companies 

COMPANIES RESPONDENT  
AQ 1 
ABB INSTRUMENT TRANSFORMERS 2 
ABB COMPONENTS 3 
ABB CAPACITORS 4 
ABB ROBOTICS 5 
ABB CONTROL 6 
ABB IT DEPARTMENT IN LUDVIKA 7 
ABB CONTROL TECHNOLOGIES 8 

 

3.4 Analysis 
The results have been analyzed in multiple ways. One method was to compare it to previously 
set limits and values at the case company. With the inventory cost function, Formula 2, it is 
possible to calculate and compare if these new conditions provide theoretical earnings, such 
as inventory cost savings, increased turnover rate, et cetera. Some articles are selected and 
procured after the model’s recommendation. It is the strongest quality check and shows if the 
policy works, how it performs and if it is realistic from the case study perspective. It is 
empirical evidence. A theoretical test was also executed with the inventory cost function by 
inserting quantities of both higher and lower values than the optimum to observe if the 
calculated optimal order quantity provided the minimum cost or not. 

By discussing with a purchaser and logistical developer at the company and ask if their 
experienced says these recommendations are reasonable or not. For instance, if an article is 
frequent to stockout and this model recommends a higher level of safety stock, even if the 
calculated value would not be optimum it can at least indicate to the correct direction. The 
logistics developer’s help was needed because the person had the experience with the 
individual articles and their characteristics that were accumulated over years of work. 

Analysis of the interview results was performed with the help of thematic analysis. Blomkvist 
and Hallin (2015) describes the method as to divide the material into different categories and 
thereafter comparing and presenting the information in each category to see if and how it 
answers the problem statement. The transcripts from the various interviews were thoroughly 
read to find out different themes as article classification, order quantity, safety stock, 
reordering point, procurement strategy, miscellaneous. The text section that was 
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representing a theme was colored, and the same color was used in all parts of the other 
transcript documents that had the same theme. The themes that were the same in different 
transcripts were compared to each other to find out any similarities and differences. 

3.5 Reliability 
Reliability focuses on if the data can be reproduced with the same method at another time 
(Björklund & Paulsson, 2012). Swinburn, Porter and Howard (2004) presents some methods 
for increasing the reliability of the research. In the case of an interview, they propose to write 
several types of questions that aim to answer to the same matter and then to determine the 
correlation between the answer. Another method is to include non-responding interview 
candidates to review the questions for possible misunderstandings. The third proposed 
method is to test the participant several times to see if the answers have changed. 

In this degree project, the interview questions were the same for all participants, and only 
one interview per person was performed. Since the interview topic is facts about the 
procedure on the company that the person represents, it did not seem necessary to repeat the 
interview. The questions were not reviewed by someone else before the interview. They are 
open, and a thorough literature review helped with the wordings. Relatively, there were not 
many participants in the interviews, but with the uniformity in answer despite different 
companies to contributes to the reliability. The interviews are not the key part of this degree 
project; therefore, it does not seem necessary to spend a huge amount of time on since there 
are no doubts or oddities. The thematic analysis method of the interviews is a known method. 

A quality problem that could have arisen regarding the interviews is that all but one is 
performed within the same organization. The major reasons the interviews are not carried 
out at several different companies are that it is much easier to arrange an interview and the 
employees are more willing to share details. If it would be another company, the risk is that 
they might even be competitors or a supplier and would not be willing to disclose everything. 
The downside is that the information might not be very general. It is a consequence of the 
convenience sample. 

Since the major approach in this degree project is quantitative, the reliability is primarily 
focused on the data collection, and the reliability of the quantitative part is both the data 
gathering and analysis of the data (The School of Business, Society and Engineering, 2012). 
To ensure reliability regarding the quantitative data, it is extracted from the business 
software (ERP) with no manual corrections. With the same period, the data is the same all 
the time. However, if the data were extracted for a different period as input, the data will 
differ since the production and procurement produce new input values every day. In the 
business software, there is a possibility to extract the same data from different parts of the 
system. The data has been compared to assure that it is the same, with the purpose of 
increasing the reliability. A potential problem could be if the data in the software is 
displaying different units when extracted from various sections of the software. A barrel of oil 
can be measured in either barrels, liters, kg et cetera, but as long as the units are consistent, 
there is no problem. The units need to be consistent with other variables, if the unit cost is in 
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crowns per liter, the consumption or demand need to be in liters. It could easily be checked in 
the business software. 

3.5.1 Model reliability 

The reliability of the models is first tested by solving the example calculation in the three 
different models provided by Vasconcelos and Marques (2000), Axsäter (2006) and Heizer 
and Render (2014). If the example calculations are correct, one can be certain that the 
calculation is correct and there has been no misunderstanding in the calculation sequence, 
how to interpret tables or another possible false step. The number of variables is low, and 
they are relatively easy to obtain for the majority of companies (Chang & Lin, 2011). 

How much statistics one chooses to include in the calculations can affect the reliability of the 
models. If only one month of production demand is used, it is difficult to be certain that it 
represents the whole year or the next coming months. A conclusion from the interviews (4.5 
Safety Stock) is that one year is suitable and it fits with investment calculation. One year 
hopefully includes both abnormalities with higher than usual demand and lower than usual 
demand. One year is used in all statistical data, annual demand, standard deviation of 
demand of one year, standard deviation of lead time of one year and so forth. 

3.6 Validity 
Validity can be explained as if you actually measure what you aim to (Björklund & Paulsson, 
2012). There are several different types of validity, content, face, criterion, construct and 
internal validity (Swinburn et al., 2004). Face validity represents that the researchers 
measure relevant data regarding the objective. Criterion validity compares if the measured 
data is resembling other researchers’ data or measurement points. Construct validity is about 
if the research objective is measured at all. Internal validity checks whether the study 
objective does what it states. (Swinburn et al., 2004) 

Because the interview respondents are operating in the same field of this study, it should help 
with the validity. The questions (Appendix 1: Interview Questions) was the same for all 
respondents and within the field of logistics. The empirical data could not be compared to 
other researchers’ data with the purpose of increasing the criterion validity since no other 
research was found which conducted interviews with individuals operating in the logistics 
field. 
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4 EMPIRICAL INVESTIGATION 

In this chapter, the results of the empirical investigation are presented. The information 
originates from the semi-structured interviews. The empirical data regards knowledge 
about procurement methods and practiced guidelines for inventory control. 

4.1 Inventory Classification 
The respondents primarily use the ABC-classification of the articles to differentiate the 
stocktaking. In some cases, it seems to be the only use of it. None of the respondents 
mentions any guidelines provided by the organization on how to use the classification system. 
Respondent 2 says that the personnel already know the classification by experience before 
the calculated value was implemented in the system. Respondent 2 mention that the 
employees did not agree with the classification of some items. 

Respondent 3 and 5 updates their ABC-analysis more often compared to the other 
respondents, every third month respectively every month. Respondents 3 uses an inventory 
optimization software called Optimity and use the inbuilt capability to perform an inventory 
classification. Respondent 3 has changed some aspects in the calculation. They are using the 
frequency of the consumption and the number of weeks an article has been consumed during 
the last year, rather than the annual demand to categorize articles in X, Y and Z. 

Respondent 3 and 5 have apart from stocktaking differentiation also used the ABC and XYZ 
classification to work differently with some items. Respondent 3 use different service levels 
for different categories when calculating the safety stock level and respondent 5 collaborates 
with the suppliers to have a Vendor Managed Inventory (VMI) with A articles. 

4.2 Optimal Quantity 
The interviews have shown that the practice of scientific methods varies a great deal and that 
experience and gut-feeling have a strong influence when the respondents decide the quantity 
to purchase. Respondent 1 is trying to implement existing academic method, EOQ, on a small 
scale. The calculated order quantity acts more of a guidance than followed to the fullest 
extent. Respondent 8 says that if the suggested order quantity is lower than the minimum 
order quantity they chose the minimum order quantity as the ordering quantity since they do 
not want to ship half full pallets. Suppliers offer staggered prices that sometimes provide 
significant discount by buying a higher amount. Faced with this scenario, respondent 1 says 
they must choose between acquire the correct amount to a higher price per unit or reduce it 
with larger batches. Respondent 2 states that the order quantity is calculated by a self-made 
Excel-file with average production demand and the required level in safety stock. Respondent 
2 share the situation with staggered pricing, and the clear majority of the articles are bought 
after a forecast with the ambition to buy to the lowest price per unit, within the maximal 
limits as the storage allows. 
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Respondent 3 currently use the software Optimity for calculating the safety stock levels and 
order quantity. Previously the purchaser used an Excel-file that they developed by themselves 
and everyone could do what they thought was the best way. Optimity can be set after the 
user’s requirements. The purchaser explained that they used the standard deviation of lead 
time and standard deviation of demand. Respondent 3 calculates the value of the articles with 
Moving Average Unit Cost (MAUC) and it is a parameter in Optimity, were it uses all 
historical purchase and price data. This is not done by any other respondents. Staggered 
pricing is not considered by respondent 3 because it disrupts their calculations and 
complicates the purchasing procedure because it requires more manual monitoring of the 
ERP. 

Respondent 5 strives for a higher flow of material in their warehouse than specific order 
quantities. Articles are ordered in multiples of pallet size, and staggered prices are not 
considered at all. Respondent 4 says staggered prices increase the risk of ordering too much 
and getting a large inventory. 

All respondents mention that they do not consider quality problems when ordering since the 
articles are expected to be fully functional. A scrap factor is set on items that provide left-
overs, e.g. stamping of sheet metal as in respondent 6 case. 

4.3 Time of Replenishing 
It has been noticed that each company has its own way of deciding its reorder point. Some 
articles were bought by a statistical demand and other to a placed order from the customer. 
Respondent 1 uses the lead time and the start of production to determine the order point. The 
software MPS Monitor creates a purchase proposal based on a forecast for the items to arrive 
in time. 

All respondents utilize Kanban to some degree on specific articles like fasteners. The 
respondents mention that it is rarely any trouble with stockouts with that system. It is self-
regulating, and the only problem is the inventory can occasionally reach to high levels 
according to respondent 3. Respondent 3 and 4 uses a service provided by a supplier of 
fasteners which means that the supplier is responsible for replenishment of the items. To 
prevent a conflict of interest regarding the quantity, a maximum refill level is set. 

Respondent 2 say that they cannot order some articles from China when the system notifies 
because it will not arrive in time. Respondent 3 chose to order so that the items arrive six 
days before the start of production for safety reasons. Respondent 5 has negotiated with their 
suppliers to have a warehouse in Sweden to shorten lead times. Respondent 6 has also 
worked with their suppliers to shorten the lead time, but not with the same approach as 
respondent 5. 

All respondents except 1 and 5 uses forecast based on historical data and future predicted and 
known demand to calculate the demand from production. The software determines if the 
current inventory levels are enough to meet the demand and if not a purchase proposal is 
created.  
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4.4 Procurement strategy 
If an article is to be bought by a real or estimated demand depends on the customer or 
production needs. Most parts of the products of respondent 1 range are customer driven, 
purely because of an uncertain forecast and customized products. The forecast from 
customers are given very varyingly, some customer gives every other week, and some once a 
month. With shaky forecast and long lead times, are items therefore not procured by order-
to-stock but via order-to-order. If problems in the manufacturing occur like, defective 
products, a solution would be to manually increase the order quantity to make up for 
problems according to respondent 1. More expensive products are usually bought by order-
to-order, and frequent standard articles can be purchased in large quantities. 

All respondents buy most of their articles via order-to-stock. Buying order-to-stock enables 
respondent 2 to use staggered prices which allow them to reduce the price per unit. Not all 
respondents work with staggered prices like respondent 6. All respondents procure articles 
both as order-to-stock and order-to-order that the distribution between those two varies. 

All respondents have some items that are procured through a Kanban system. Their 
individual value is low, but they are critical for the completion of the product e.g. screws and 
nuts. The downside with Kanban, which several respondents experienced, is that it creates 
some manual work that is time-consuming, but the benefits are that stockouts never occur 
according to respondent 2 and 4. Other problems respondents felt with a Kanban system is if 
someone in the production personnel forgets to put up the Kanban card (the signal). It rarely 
happens, but it would not cause much trouble since the suppliers that are tied to the Kanban 
articles are geographically close says respondent 2. 

One challenge in procurement strategy in the future according to respondent 2 is when more 
suppliers are located far away. Longer lead times can be difficult when lead time to a 
customer are shorter than supplier lead time. Purchasing from suppliers too early can cause 
huge stocks, material that occupies limited space in the warehouse and placing an order too 
late will prolong the start of production and inevitably the delivery time to the customer. 

All respondents have the same difficulties regarding determining the order quantities for new 
articles. If the new article is replacing or is a substitute for an old one, it is much easier to 
determine the quantity. However, if the article is entirely new, there can be estimations from 
the sales and design departments. The guesstimate that is considered the best is the one that 
will be used in the beginning until they know the market demand. 

4.5 Safety Stock 
Respondent 1 currently uses a safety stock for articles with long lead times or short delivery 
times to customers. The level of items in the safety stock depends on the customer and the 
existing agreement. Some customers’ demands a higher quantity e.g. one customer demands 
three standard order sizes as the safety stock level. The more important a customer is, the 
more can they affect their level of safety stock. Late deliveries have also been a guideline for 
articles to keep in stock. 
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Respondent 2 has developed a simple formula for calculating the level of safety stock since it 
would not have been possible to use a scientific safety stock formula because of space limits; 
however, there is a possibility for them to use an external company for storing material. 
When calculating the safety stock level, all respondents use one-year historical data. Data 
older than one year is often outdated and does not represent the current situation, 
respondent 5 mention that one year fits well with investment calculations. 

Respondent 2 says that articles with very long lead times need to be ordered before the 
system gives a buy suggestion to be certain that it arrives on location in time. Adjustment in 
the safety stock level does not frequently happen, only when there has been a lasting change. 

Respondent 3 and 5 differs from the other in not using a self-made Excel-file. They use the 
software Optimity respectively the business software SAP. Both respondent 3 and 5 chose to 
not use variable lead-times. Respondent 5 uses a dynamic safety stock based on the forecast, 
which means that the safety stock level will increase when the forecast expects a large order 
quantity and decrease if it expects a lower order quantity. The increase or decrease slowly 
begins some weeks before the manufacturing with respect to the supplier, and the possibility 
to abort if the forecast is too high or low. 

All respondents except for 3 and 5 use a self-made Excel-file when calculating the optimal 
safety stock level. Apart from respondent 3 and 8, the use of a scientific calculation method is 
non-existing. Not all articles need to have a safety stock. The articles that are rarely used with 
short lead times does often not have any safety stock level. The ones that are part of the 
Kanban system already have an existing safety stock as expressed by all respondents. Despite 
the use of a safety stock, stockouts occur for all respondents. 

4.6 Stocktaking 
The respondents in the interviews mention that stocktaking is an important part of logistics. 
When the actual stock balance differs from the amount available in the business software, 
there is a risk for problems. In resolving the problem, all respondents perform several 
stocktakings during the year based on the item classification ABC. The most common 
procedure is to do stocktaking four times per year for A items, including the mandatory 
stocktaking for the financial statement at the end of the year. For B items, there is one 
additional stocktaking, in total two times per year. C items are only counted one time per 
year. Respondent 5 differs from the other respondents with stocktaking eleven times per year 
for A items, four times per year for B items and one time per year for C items. Respondent 5 
does eleven stocktakings per year for A items because they have a smaller buffer and higher 
consumption. Respondent 1 has a similar procedure as respondent 5, with ongoing stock 
takings but does not mention any number. 

Respondent 2 and 4 specifically mention the possibility of reserving material for certain 
orders which can cause some problems with stocktaking as the material still can be in the 
warehouse. The risk is that items can be counted twice, e.g. there are ten available units from 
the beginning. Two of them are reserved for a project, and the remaining eight are available 
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for other projects. If one does not know that two is reserved and does its stocktaking, there 
will be ten available units, but there are actually eight. 

4.7 Key Points from the Interviews 

• A guideline for how to utilize the ABC and XYZ classification would be appropriate. 
• Excel is widely used. 
• One-year historical data is the most common. 
• Limited use of scientific methods. It indicates that experience is highly relevant and 

dependable. 
• Stocktaking is important for the ability to do correct calculations since the stock imbalances 

occurs. 
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5 RESULT & ANALYSIS 

The results are analyzed by comparing the course of action of the theoretical framework 
with the views expressed from the empirical gatherings and explain possible reasons for a 
diversion between these two. The relevant sections of the methodology chapter are design 
strategy, analysis, reliability, model reliability, and validity. The first-stage result consists 
of a theoretical comparison between the three models and an analyze together with the 
method concludes the first-stage.  

The chosen concept model undergoes additional testing besides the theoretical comparison 
by a minor implementation in production. The performance is displayed in the second-
stage result. 

In these figures and tables has parts of the data been left out in the illustrations because of 
confidentially agreement. The variables are included in the computations but cannot be 
specified.  

Figure or Table Hidden data 
Figure 3 Article value, holding cost, ordering cost 
Figure 8 Quantity 
Figure 9 Quantity 
Table 11 Article value 

 

5.1 Result from First-Stage 
Table 11 Necessary data for calculations to the first theoretical comparison. (own) 
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Table 12 Values for optimal order quantity (Q), reorder point (R) and tot total inventory costs (TC). 
(own) 

 

All three models can be used in comparable situations and choosing between them comes 
down to the knowledge and circumstances at the moment of choice. It can be summed up in a 
short question. Is the additional effort worth the slightly improved result? If not, the first 
model would suffice. In this degree project, the answer is yes. The extra effort consists mainly 
at the beginning of constructing the model and choosing between different software. Once 
the formulas are in place, it is only a matter of updating the inserted data which depending 
on the available tools, varies in tediousness. The calculation requires no interaction 
furthermore. The available data on the important variables was one of the various factors 
considered in the choice of between the models. The data of demand is mostly gamma 
distributed (5.3 Demand Distribution) which means that model 2 is more suitable in this case 

The first and second models came close to each other for the values of optimal quantity as 
presented in Table 12. Model 2 provide the largest order quantity, and there is a reason for 
that. Wilson EOQ is included the second model and the utilization of probability of stockout 
to compensate for additional insecurities thus increases its recommended order quantity. 
With a probability of stockout at five percent, meaning that a company receives one stockout 

out of twenty orders, the order quantity is barely adjusted. The product 𝑍𝑍
ℎ × 𝑃𝑃𝑟𝑟

 is usually 

minuscule and therefore have a small impact on the result (Formula 4). Together with the 
choice of SERV1, it means that the service level is the opposite of the probability of stockout. 

All models produce similar values for the reorder point, and it is concluded that all the ROP-
values from the three models are acceptable (Table 12). The second model does provide a 
potential error if the used coefficient 𝑔𝑔 is higher than twelve it indicates that the demand is 
evenly distributed and that the calculations over complicate things and provides a much 
higher value for ROP than necessary (Vasconcelos & Marques, 2000). Formula 27 will satisfy 
because there is no need for the numerical approximation of 𝑅𝑅. 

Knowing that the continuous review models have an advantage over the first model this last 
evaluation was more to see how much better the gamma distributed model is compared to 
the normal distributed and the results could not be misinterpreted. The third model 
produced very low values for the order quantities which would cause an excessive amount of 
placed orders which leads to higher strain on administrative resources and higher inventory 
cost. The accumulated value of ordering cost for each order is higher than the savings of 

Q* R TC Q* R* TC Q* R* TC
7 274 7 974 11 638,14 7 289 10 769 11 638,17 811 7 671 52 862,89
9 709 13 459 11 323,98 9 748 13 644 11 324,08 1 593 11 648 35 427,91

3 779 315 6 749 498 22 597,06 3 851 700 6 886 421 22 601,13 765 007 5 148 032 58 104,47
3 889 226 5 595 447 21 958,46 3 927 967 5 688 535 21 959,54 673 790 4 698 198 65 276,03

196 90 9 565,74 197 92 9 565,91 24 78 38 906,63
6 205 5 746 13 612,02 6 219 15 553 13 612,06 595 5 596 71 620,95
7 618 10 118 16 202,41 7 649 10 208 16 202,54 1 123 9 186 56 138,21
18 817 40 850 47 122,11 19 302 41 608 47 137,40 3 842 32 609 120 193,55
2 980 2 576 12 469,11 2 989 2 608 12 469,16 361 2 406 52 216,32
988 236 16 282,82 1 007 240 16 285,78 107 199 76 063,84
488 1 114 14 551,31 491 1 130 14 551,54 96 730 38 439,91

Model 1 (Wilson EOQ) Model 2 Model 3
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holding costs, which indicates that the third model is less effective and more expensive even 
without the additional administrative cost from employees. Some articles like the A classified 
are recommended to have a low stock level, but the resulting number of orders felt too 
extreme and not realistic for a practical implementation. It requires too much manual 
monitoring from employees. Model 2, gamma distributed continuous review was chosen for 
stage two. 
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5.2 Result from Second-Stage 

 

Figure 2 The complete model with real data for ERP. (own) 
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Figure 3 Additional information that does not interact with ERP but still of interest for strategic 
decisions. (own) 
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Figure 2 and Figure 3 displays a screenshot of the model in Excel, where the first row in the 
first picture is the same article as the first row in the second picture and so on. There are 
many more articles available, but it would not fit to display, but the principle is the same for 
all articles. Figure 2 shows the most important values of the model, and it is the first thing 
that is shown when the Excel file is opened. Information connected to the changeable 
parameters in ERP such as order quantity is prioritized, and the additional information 
which helps to support decisions, if needed, is marked as additional information. 
Consequently, the model is outlined by two tabs, information that interacts with ERP and 
additional. The secondary picture, Figure 3, displays additional information that is not 
necessary for the purchasers but could be interesting to look at for getting a better 
understanding of why. 

5.3 Demand Distribution 
In the figures below, and in Appendix 2: Demand Distribution, is a graphical 
representation of the demand for eight different articles. All figures do only have a non-
negative demand. That is a first sign that the demand is gamma distributed since a gamma 
distribution is non-negative. However, it can still follow another type of distribution. In 
Figure 5, Figure 12 and Figure 13 it is harder to tell. They can be normally distributed since a 
normal distribution is symmetrical around the mean value. Figure 4, Figure 10, Figure 11, 
Figure 14 and Figure 15 does more closely represent pure gamma distribution. 

 

Figure 4 DK5502841-B (own) 
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Figure 5 1HSN000003-441 (own) 

A way to reduce the inventory cost is to make sure that only the articles needed are in stock. 
Items holding cost will else accumulate and put additional strain on the inventory, material 
flow et cetera if they are not consumed. That is why this model includes a recommendation, 
based on the statistical pattern of demand, whether an article is suitable to be order-to-stock 
or lot-for-lot. By comparing the model’s verdict of an article is suitable for order-to-order or 
order-to-stock-to an employees’ opinion and the ABC-XYZ-123 analyze it appears that the 
model is acceptable. This recommendation is based on the variation coefficient 𝑔𝑔 
(Vasconcelos & Marques, 2000). If the value is below 0.5, the model recommends 
procurement via order-to-order (or Lot-for-Lot as it is called in the system) since the 
frequency of demand is inconsistent. 

As can be seen in Figure 6 and Figure 7 the consumption has both considerable variation and 
inconsistency. A company would suffer from overstocking for almost the entire year if one 
would procure the mean demand in the case of Figure 7. Since it is difficult to determine the 
correct amount that should be available at hand, there is a potential risk that an eventual 
order cannot be fulfilled. Resulting in inventory that accumulates cost during most of the 
year and when an order finally is placed will not cover the need, resulting in a stockout which 
means additional procurement orders. It could be more economical to wait until the order 
from the customers’ is placed and then place one purchase of the exact amount instead of 
several.  

An article recommended to order-to-stock would have a more consistent demand, both 
regarding quantity and time. An article with close to constant demand over time is 
recommended to order-to-stock, such article would be classified as ABC-X-1. 
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Figure 6 Distributed demand over a year of article DK5901318-010 (own) 

 

Figure 7 Distributed demand over a year of article DK5901351-015 (own) 
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5.4 Cost Savings 
Table 13 Example of the savings of certain articles. (own) 

 

The table above displays an extract of six articles from the theoretical evaluation, where the 
total inventory costs are calculated with Formula 2. The total cost is first calculated with the 
average delivered quantities of ABB Capacitors (before) and then compared with the model’s 
theoretical optimal quantities (after). The remaining variables are the same for both cases. 
Some of the articles have a more frequent consumption in the production and deliveries than 
others, and this was a choice to detect if the model favors certain conditions. It is impossible 
to tell if the frequency of deliveries has led to a better understanding of ordering quantity 
from observing this extract. It is a coincidence that both settings for the quantities come close 
to each other for the article DK5101111-002. From the analyzing, this extract can be seen that 
the model saves money for each article. 

5.5 Order Quantity 
To achieve a high inventory turnover rate, it is better to use a low inventory level for 
expensive articles as they have a stronger impact. Some C classed articles have a high order 
quantity, almost as high as the annual demand but this is not definite bad. If an individual 
article value is low which result in a small holding cost, then the ordering cost for an order is 
substantially higher than a large quantity of that articles. Thus, it is more economical to 
purchase one large batch instead of several smaller because the ordering cost for additional 
orders is larger than the savings from splitting the holdings cost of the inventory. 

Articles with high values and ordering costs are more expensive to keep in the inventory, 
hence from an economic perspective a company wants to minimize its inventory cost by 
purchasing smaller batches. The savings from holding cost outweighs the additional ordering 
costs. This is also an agreement with the theoretical recommendations of ABC. Class A 
articles are expensive, and therefore is it recommended to avoid large quantities in the 
inventory since it increases the amount of tied-up capital (Teunter et al., 2010). 

Unforeseen events are nearly impossible to adjust for. A company will eventually run out of 
stock or overstock. With this knowledge, it is up to companies to prioritize and choose. A 
standstill in the production is not cheap, so is it better if the production comes to an abrupt 
halt because of lack of inexpensive material like nuts and bolts or because of an expensive 
article? If the delay initiates from an absence of an expensive article, a greater proportion of 
the sunk costs are recoverable once the article is in production and adds value to the 
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production chain. Less value is recouped with an inexpensive article. The easiest way to 
reduce stockouts is to manually increase the order quantity, raise the reorder point and safety 
stock level. While obtaining this security, a company at the same time increases its chances of 
overstocking on that item and departing from standardized working methods. However, if 
any articles are going to be overstocked, it is preferably the cheaper ones since tied-up capital 
is smaller then. Some respondents mention that when they place an order that they adjust 
the quantity for potential scrapping and quality checks. It is not considered in the model’s 
calculations. There is always a demand for an article that is procured as order-to-stock and 
therefore there is a safety stock to balance out unforeseen events. Defective articles should 
not provide any difficulties in theory since they are procured via a pull system. An order is 
placed once the stocks reach a certain level, that level is just reached faster with defect 
products and resulting in more frequently placed orders than intended. 

The respondents had own procedures and diverged from the model (2.1.2 Continuous Review 
(R, Q) Model Gamma Distributed) and each other. It is hard to provide a definite answer and 
arguments that strengthen the model from the empirical results when only some used EOQ 
and those who did calculate with different variables. Some articles receive an order quantity 
which is almost greater or greater than the annual demand. An order quantity which is higher 
than the annual demand could lead to overstocks and have happened for several respondents 
with variating seriousness and consequences. Since some respondents’ desire to purchase at 
the lowest price per unit, there is a substantial risk of overstocking if the inventory capacity is 
larger than annual demand. 

5.6 Reorder Point 
The model provides a reorder point in a quantity that represent a certain number of days 
before the inventory, excluding safety stock, is empty. There are safety measures in this 
model by the variation of demand and lead time. The way the theory and model use reorder 
point differ from the approach at ABB Capacitors and the other respondents. The main 
difference between this degree project and the respondents is the way the result is 
interpreted and used. As stated in chapter 4, Empirical Investigation, the respondents share 
few similarities for the reorder point where the respondents utilize days before the 
production needs the material instead of quantity. 

They use MRP which apply forecast and planned orders to create purchase proposals when to 
order to receive the goods in time, which have obstructed the possibility to test the calculated 
ROP-values in production. With the usage of an MRP-system the basic principle is the same, 
place an order before the inventory is depleted thus the reorder point is bypassed to a small 
extent in the case study company. There is still a usefulness with the variable as is together 
with the optimal order quantity determines a theoretical maximum inventory level.  

A brief conclusion is that a pull system such as ROP is used by the industry which 
strengthens this degree projects choice. Since ROP is a product of average demand and lead 
times it is possible to present the reorder point as a number of articles or days (2.2 



54 

Determining the Reorder Point). Not every article is procured after the same pull principle as 
ROP. Others follow a Kanban system which every respondent utilize to some extent 

5.7 ABC-XYZ-123 
The result of the ABC-XYZ-123 analysis is straightforward and difficult to question. All three 
analyses are either a sum of values or coefficient of variation. The interesting aspect is 
whether the result aligned with the theoretical knowledge and if the empirical views of 
specific articles are shared with the analysis. 

A challenge is determining what these number tells us and how it is useful to us. The primary 
motive for using three analyses rather than the classical two was the hope of finding articles 
that might not show their signification to an organization based on an ABC-XYZ analysis. By 
broadening to three analyses, the chance to discover hidden articles increases. It is not 
possible to tell by observation if there is a causation between the different classes. Almost 
every possible combination is presented in Figure 2. It could indicate that the additional class 
of 123 have been useful and provided new information and perspective. It would not be 
possible to detect these hidden articles if A and 1 only showed up together, so the purpose of 
a broader analysis is fulfilled. Another issue is how often this ABC-XYZ-123 analysis should 
be executed. A number that is often mentioned in the interviews is that it is performed once a 
year. How consistently are the results on an annual basis? Scholz-Reiter, Heger, Meinecke, 
and Bergmann (2012) concluded that only 60 percent of the items remained within the same 
classification the next year, a clear indication of the volatility of an inventory and the need of 
a continuous maintenance. Some responder re-worked their ABC analysis every third month 
which leads to some degree of protection against too large changes. 

The result raises a question about if it is reasonable to use the same service level throughout 
the inventory. Is it not more economical to prioritize the article and alter a service level, is it 
not the ambition of all companies to keep inventory levels to a minimum and improve the 
cash flow liquidity? Teunter et al. (2010) show that it is more economical to differentiate the 
inventory based on different classes. Respondent 3 and 5 differentiates articles service level, 
and therefore safety stock, depending on an articles classification. This critical thinking has 
also deepened the relationship with suppliers e.g. resulted in implemented Kanban- and 
Vendor Management Inventory systems. 

5.7.1 ABC  

A possible more of a misleading figure rather than a miscalculation is where is the line drawn 
between these classes. The article who finish last in the last of class A is not necessarily too 
different from the article who start at class B since the calculations are of an accumulative 
nature. The regions close to the boundary form a gray area where the results are somewhat 
harder to read. Because it is accumulated consumption value, the classification includes the 
quantity of each article, so ABC does not relate exactly to unit prices. Articles with low item 
unit cost can be classified as A at the same time an article with higher unit price is classified 
as B. 
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Figure 8 How articles in the inventory is distributed by consumption value. (own) 

The actual intervals of the case study are quite close to those mentioned in theory and reveals 
no unpleasant surprises.  

5.7.2 XYZ 

The factors which will affect the calculations and therefore the judgment of an article is how 
one estimate the average demand, the standard deviation of demand and the period. The 
deviation is calculated from the mean values of each month; therefore, it is the standard 
deviation of demand per month which can differ greatly from per day compared to the 
monthly or daily mean. In other words, an article can follow a relatively stable pattern of 
consumption if one looks over the course of a year, but it can look entirely different if it is 
broken down and uses deviations and mean values for each day instead of each month during 
that year. Luckily there is a small chance for it, but it is something that a company needs to 
be aware of, the input data requires constant revising to maintain a proper understanding. In 
this degree project, the variation coefficient is calculated on monthly demand unlike 
respondent 3 who differs from the remaining respondents. Respondent 3 consider the 
number of weeks an article has been consumed rather than the annual demand for XYZ. 
Thus, their frequency is different and goes through another period. 

5.7.3 123 

Analyzing critical articles based on production orders is challenging. Firstly, one need to 
know and locate the best representative variables which allow a correct interpretation of 
critical steps for the operation. In this case, the articles were linked to their correlated 
numbers of production orders. There is though, a possibility to execute the same principle 
but view the correlation between articles and the number of sales order. The reason why 
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production orders were chosen depended on the way production was organized. A production 
order only includes one article but is still bound to a sales order. Sales order in this instance 
could include several different production orders, hence multiple articles. A sales order will 
not be completed unless all production orders are finished. Therefore, production orders are 
relevant to grasp a potential hold up if there is a stockout and locate critical articles. 

 

Figure 9 How articles in the inventory is correlated to number of production orders. (own) 

The production at the case study follows a manufacturing scheme via production order where 
the production applies a make-to-order system. If the analysis would have been done on a 
make-to-stock system, a single produced article could lead to a misinterpretation, since 
articles can be large in numbers but limited to a few production orders hence customers. The 
result is interpreted that a single article, though few in numbers, can be linked to several 
customers and is, therefore, more critical in the added value process, than an article linked to 
few or one customer. A stockout for a critical article inferred a delay of deliveries to several 
customers and as a potential result, loss of revenue. As clearly visible in Figure 9, few articles 
are extremely critical for the production. 

5.8 Safety Stock 
To achieve validity and verify the calculations of safety stock, the result of this degree project 
has been compared to the currently set parameters of the case company. As shown in the 
results, Figure 2, the case study has previously set the safety levels both too high and too low 
in relation to their demand. This has had an adverse impact on the cash flow in the inventory 
and the potential of overstocking and stockouts (4.5 Safety Stock). 

A virtue of the formulas and which could result in future problems is the sensitivity of the 
calculations. When several variables and variations within those are considered, small 
changes of standard deviation can have a strong effect on the result. As shown in Table 12, 
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articles with a similar demand and lead times but different standard deviation can produce 
completely unlike answers. Temporary disruption at the suppliers or production demand, 
therefore, have a strong impact and lead to an unnecessary high safety stock. It comes down 
to the frequency of calculating safety stock levels and how one approach abnormalities in the 
data. 

Most respondents do not include variable lead times in their calculations of safety stock, nor 
do they consistently use it for every article. Instead, some prioritize after a few variables, e.g. 
long lead times, short delivery times to customers, unreliable demand forecast et cetera. 
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6 DISCUSSION  

The calculation model and analysis are discussed with a perspective that considers validity 
and reliability to ensure a high generalizability of this research. The methodology choices 
and their impact on the degree project’s progression are presented together with reasons 
for and consequences of the theoretical and practical weaknesses of the model. 

6.1 Calculation Model 
The model performs at its best in conditions with stable demand over time. A statistical 
model is only as good as the data itself, and even effective, robust models cannot handle every 
disruption. Predictions lose accuracy and relevance in unreliable conditions, resulting in an 
inferior performance. The calculated quantity is the variable that suffers the most in these 
circumstances and probably has a larger impact on the company than changes in safety stock. 
Safety stock would not be necessary if everything regarding demand, sales, and forecasts in a 
manufacturing company were easily predicted. It would only be a matter of when the order is 
placed for it to be delivered in the hour of need. 

There are two types of variation in the demand that could cause trouble, but one is worse 
than the other. A change of the demand concerning peaks and lows is less problematic than 
inconsistently. The calculation of order quantity relies on the annual demand which can lead 
to large batches, but even if most of the consumptions occurs in certain months, it does not 
necessary leads to overstocking. The problem occurs when the demand is inconsistent with 
periods of zero usage, then even with small batches a company is left with an unmoving 
material in the inventory. Not only does the holding cost accumulate during that time, but the 
articles itself will cause congesting in the supply chain. It can happen with large variations, 
but it is possible to reduce the stock levels and avoid severe overstocking if the demand is 
consistent over time. 

The calculation model does not only utilize safety measures in the form of safety stock but 
others as well. The formulas for the calculation model explicitly express that the order 
quantity depends on the variable probability of stockout, 𝑃𝑃𝑟𝑟, and therefore improved 𝑃𝑃𝑟𝑟 
enhances the accuracy of order quantity. To simplify, a probability of stockout of five percent 
were used in the calculations, but it is possible to use the variable cost of stockout to calculate 
an effective probability of stockout and thereafter receive the actual order quantity. The cost 
of a stockout is unfortunately rather difficult and sometimes even impossible to calculate 
therefore a chosen value is used. It indicates that the order quantity from the calculation 
model is in some cases less or higher than the optimal economic order quantity. This is of 
interest due to practicality and prioritizing of limited resources a company often must do. 
Procuring too large batches exposes the inventory to overstocking or too low, and the safety 
stock is exposed the risk of a stockout. Besides troubles concerning logistic flow, financial 
issues correlate too. The seriousness differs depending on the cost of stockout compared to 
overstock for an article. The financial cost connected to purchasing a smaller or larger 
quantity is minor (Heizer & Render, 2014; Maddah & Noueihed, 2017).  
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The calculation model is not without weaknesses, both theoretical and practical. Since the 
calculations do not consider physical sizes of each article there is a potential practical 
problem considering layout and inventory capacity. As the interview stated, and what have 
been seen in the data is that many suppliers have a minimum order quantity requirement 
and incremental quantity steps. These limits can sometimes alter the optimal order quantity 
to a large extent and affect the calculation model by creating bottom restrictions for the 
economic order quantity but no upper, internal or external. 

The model does not consider staggered pricing and could be seen as a weakness since several 
of the respondents utilize it. It would be difficult to make a model that considered staggered 
pricing and also not include the risk of ordering too large quantities or having an unnecessary 
large safety stock. Staggered pricing was also something that one respondent did not 
recommend at all, and the case study company said it was an increased risk for overstocking. 
Therefore, was it chosen not to use staggered pricing. 

It is hard to replicate actual conditions in a simulator, and there exist a built-in error in the 
models reorder point computation due to the utilization of the pull principle. Stock on hand 
is often less than the determined reorder point when the MRP responds and creates a 
purchasing proposal. The MRP software determines order point based on the safety stock 
level and future planned productions orders; it does not want to expose the safety stock. If 
the stock on hand is 20 units, the reorder point is 15, and the production requires ten units 
that day the purchasing proposal is initiated at ten instead of 15 units since the production 
reports when the whole order is done. Depending on the crudeness of the updating of the 
inventory levels via production, the service level could be severely reduced. If the production 
instead only draws one unit a time and immediately report it, the reorder point will function 
without reduced inventory service level. A consequence of it is that the effective service level 
is smaller than the chosen one, the one which the model use. The safety stocks are exposed to 
unnecessary and unplanned risks. The higher number of supply deliveries the more times it 
happens that the stock levels are too low and exposing the safety stocks to tension. It is 
possible to consider this phenomenon and alter both the order quantity and reorder point 
with a surplus. Formulas for this exist but have not been accounted for in this degree project 
but could be something to investigate further if the current levels do not fully work as 
intended. 

6.1.1 Safety Stock & Service Level 

The problem with SERV1 is that it does not consider order quantities which can both set the 
safety stock level either too high or too low. If the recommended order quantity is almost as 
large as the annual demand, the need for a large safety stock is unnecessary. However, if the 
order quantity is small, and it is a critical article it could be wiser to have a higher safety stock 
level. SERV2 addresses the problem and consider order quantity, but is harder to calculate. 
The formula requires interpolation in a table and because of applicability SERV1 is easier to 
implement for the case study company. The company can start out with the usage of SERV1 
and review the performance to see if the safety stock levels are too high or too low and 
thereafter try SERV2 instead. 
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A comparison of the two methods has been made in the theory chapter, and as can be seen in 
Table 6, there is a noticeable difference. The SERV2 method does not recommend any safety 
stock until 98 percent, but SERV1 provides a safety stock even at 80 percent which is larger 
than SERV2’s at 99 percent service level. The reason SERV2 was dismissed as a method is 
because of the very low values. There is, however, an explanation why since it considers order 
quantity as well. The order quantity in the example is 125000 units and a total annual 
demand of almost 670000 units. That gives around 5-6 orders per year. With that few orders 
per year, there is a possibility to lower the safety stock from the recommended 11460 to 98 
percent service level of SERV2, i.e. 717 units. The case study company also felt it was risky to 
lower or even remove the safety stock on some articles, therefore are SERV1 the chosen 
method. 

A sensible advice is to further investigate a switch in the future to SERV2 instead of SERV1 
since the former takes order quantity into consideration which can decrease the safety stock 
level and tied-up capital even more. The choice of using SERV1 entails that it is the same type 
of service level in both the order quantity calculation, in the form of probability of stockout, 
and in the safety stock calculations. If SERV2 had been in use instead, it would have been two 
different kinds of service levels in the calculation model. If the results would have been better 
or worse in unknown since it has not been tested. 

6.1.2 Demand Distribution 

With an inventory of roughly 4000 articles, it is likely that some follow the gamma 
distributed pattern and others do not, a recurring reality of statistics. The numerical 
approximation performs well under its given interval, and it also produces acceptable values 
when 𝑔𝑔 is above its upper limit to an extent. The approximations fall short when 𝑔𝑔 equals for 
instance 200; then the reorder point is negative which is meaningless. It indicates that the 
variations are small, the forecast is stable and the demand is normal distributed. Hence an 
ROP formula (2.2 Determining the Reorder Point) is satisfactory. It is an easy and quick fix in 
Excel, but it shows that the numerical approximations will not cover all possible scenarios, 
but with the stated interval it is not new information. The interesting part is knowing during 
which circumstances the approximations of ROP falls short since the concept models assume 
gamma distributed demand.  

The evaluation of an article’s demand, whether it is suitable for order-to-order or order-to-
stock, is because of this unaffected. As described by earlier research (2.5 Inventory 
Classification Models) category Z articles do not have a consistent demand and high 
variations, possible unsuitable with order-to-stock. It is under these circumstances that the 
models need to address and place the recommendation lot-for-lot or order-to-stock. This was 
evaluated by comparing how articles previously procured, whether the purchaser was 
reluctant to place articles in stock et cetera. 
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6.1.3 Kanban Articles 

In this degree project, it is considered that cheap consumables are suitable for Kanban. It is 
not worth the additional effort to calculate and manually oversee purchases of these cheap 
articles. The possible savings are smaller than the additional administrative cost. Articles 
with a high and consistent usage are preferred, but it is not a requirement as long there is a 
small consumption. It is just a question to regulate the Kanban levels accordingly to the 
demand. 

6.1.4 Input Data & Tools 

There is no easy predetermined pattern in ABB Capacitors sales orders. Therefore, the 
reliance on historical data is a challenge. There can be a sudden spike in a certain product 
and then cease to exist. If that is the case, the company would not want to have an extensive 
inventory of products that they have no further use of. In using the statistic for the previous 
twelve months, the intention is to dismiss old data so items that are not currently in use will 
not be bought and items that have a current peak will not be bought to a too large extent. A 
whole year of data will also ensure to some degree that abnormalities do not have too strong 
impact on the results. The more often the statistics for the model is updated, the easier it will 
be to spot for example if the standard deviation of lead time is high and investigate to see why 
the supplier does not deliver on time. 

Historical data from the previous year was used this time. It is possible to use a forecast of 
demand rather than actual usage, and it is possible to combine these two. A combination of 
six months of historical data and six months with forecast might be more favorably than 
twelve months of one alternative. There can be many combinations of historical and forecast 
data, but historical data felt more suitable to establish a model by and adding more 
insecurities through statistical predicaments before one knows that the computation itself is 
adequate was not desired. 

A potential drawback of using Excel and the software restrictions is, in this case, that model 2 
is harder to compute for the intended users. Since Matlab was not an option to use it would 
not be possible to solve the equations analytically, and it required numerical approximations. 
The approximations work well for the correct interval of 𝑔𝑔 (Formula 3) and can be used in 
general application, and it has been proved by Vasconcelos and Marques (2000). The 
numerical approximations for model two were additionally verified by solved predetermined 
examples with Matlab and then compared to the results from Excel to assess that Excel was 
satisfying.  

6.1.5 Experience 

It has been clearly noted that experience and knowledge about the articles is an important 
part that can never be replaced. The model will provide the most optimal quantity for 
minimizing the total annual inventory cost. However, there will still be emergency orders that 
change the forecast and the demand which there is no way for the model to predict. The 
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employees have knowledge and experience with the production, they know if there are any 
difficulties with a certain item, for instance, fragile items that easily shatter and therefore a 
larger quantity needs to be ordered. That experience comes in handy for cases because the 
calculation model neglects capacity. A purchaser knows the size of the article and what 
quantity is realistic from the inventory and the suppliers' point of view. It may be impossible 
to order the optimal quantity since there is not enough space for that amount. Many more 
examples can be provided about where experience plays an important part. 

6.2 Methodology 
The chosen approach, in this case, was to optimize each article separately in the inventory, 
minimizing the inventory cost for each article and therefore independently from each other. 
There is a second possible way, and that is to optimize the entire article flow, optimizing the 
quantities of articles regarding each other. Since that procedure has not been carried out, it 
cannot be expressed which method is better than the other. The only conclusion is that the 
total cost decreases with the chosen method, but there is a possibility that it is not to an 
optimum. 

An opportunity that has not been discussed earlier, but could be included in the theoretical 
evolution, is that the variables could be changed in a testing environment in MRP to find out 
what would happen but it was not performed because of one noticeable reason. MRP 
considers planned productions orders and places purchase orders in due time to avoid 
stockout, or more specific, not to let the inventory deplete below a certain level. It was not 
possible to trick the MRP by creating additional or inaccurate consumption, and therefore 
the MRP could always plan and place purchasing orders to fulfill the production demand. The 
simulation would only bring theoretical information of how the stock levels in the inventory 
change over the course but it would never be able to test the parameters and show if 
quantities or safety stocks were incorrect. 

The degree project utilizes both a quantitative and qualitative method which gives this work 
some benefits. The quantitative approach has been complemented with quantitative parts 
which hopefully increased the applicability and generalizability of this work. Some brief 
lessons from the interviews are presented in 4.7, Key Points from the Interviews. If the 
interviews had not been carried out, there is the likelihood that some aspects could have been 
neglected, another timespan for the statistics could have been used or another software for 
example. 

Attempts to increase the quality of the work is the usage of defined research methods such as 
deductive and thematic analysis. A specified and detailed description of the methods and how 
it was done in the methodology chapter aims to increase the reliability of the work. The 
available statistical data is from the case study company and with the same period, the values 
are the same. The formulas are also widely known and tested by several different researchers 
as can be seen in the theory chapter. As mentioned in the methodology chapter, some articles 
were selected, and the variables were changed in ABB Capacitors real production 
environment, i.e. order quantity and safety stock. The values have only been changed for 



63 

approximately 1,5 months which has not been enough time to notice any results. The real 
testing was supposed to be used to increase the validity of the degree project but could not be 
used. The validity of the other parts mentioned in the methodology chapter is unaffected. The 
variables are defined, and the data exist, there is no room for interpretations. 
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7 CONCLUSIONS 

The purpose of this degree project is to minimize the annual tied up capital in inventory, i.e. 
minimizing the total inventory cost by a procurement policy. So far, the model has shown 
progress in the right direction. The stated research gap and what tells this research apart 
from other within this area is that this policy combines the answer for quantity, reorder 
point, safety stock, and if an article should be order-to-order or order-to-stock along with an 
overall inventory recommendation. Several models provide numbers for the order quantity, 
reorder point and safety stocks and the used formulas in this study have been previously used 
and confirmed by earlier research (2 Inventory Control). Through the arguments presented 
in the analysis and discussion it has been deemed that the calculations for the order quantity 
and reorder point produces beneficial and realistic results (Table 13). 

What tells this degree project apart from earlier and the research gap is that they do not 
consider the risk of overstocking because a certain article is only consumed in the autumn. 
This policy attempt to show guidelines whether an article is convenient to place on the shelf 
i.e. is it worth to keep a stock-at-hand for future profits or is it better to procure once the 
order from our customer is received. When this procurement policy states, purchase order-
to-order it indicates that the frequency of the demand is irregular and too poor to create a 
represented statistical demand to procure by. Therefore, placing those articles in the stock 
could lead to an inventory with a slow flow or a temporary standstill. An article that is only 
required once, maybe twice a year or so, it could be less profitable than just order that article 
when the demand is known from a customer.  

Hitherto, the procurement policy, consisting of a calculation model and an inventory 
analysis, seems to be on route to successfully fulfill its purpose and research question. 
Though with limited results from the production runs, the primary evidence consists of 
theoretical comparisons. 

7.1 Conclusion of the Model 
When using the recommended order quantity by the model, the total annual inventory cost is 
minimized. There are several safety measures in the model which aims to make sure that the 
possibility of a stockout is as small as possible. With some articles, the model can say to 
purchase more than the annual demand, and the reason is simple. The individual cost of the 
article is low therefore the holding cost is also low. It would then be more expensive to 
procure less since more orders need to be made and the ordering cost is high in comparison 
with the article value. With expensive articles, the model will order less but more often. It is 
natural since the article value and holding cost is higher than the ordering cost. There is 
though, a risk of ordering large quantities of items at few occasions. If the demand would 
decrease, then a large part of the company’s assets is tied up in the inventory. In discussion 
with the purchasers, they confirmed with several articles that the newly calculated value was 
reasonable since they had experienced stockouts or overstocks. This empirical result 
confirms that the majority of the proposed safety stock level is realistic. 
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There were some articles where the value was not realistic, and the reason was of limitations 
of physical space. When reviewing the proposed safety stock level, a peak at the classification 
can help to tell if the value is reasonable or not. There is a reason to ponder if there is a need 
for safety stock at all with a Z-article which have an irregular demand. Further investigation 
of the usage of production pattern of the articles as the item in Figure 6 showed inconsistent 
and varied demand. Some articles were only put in production in three months per year with 
a minor annual demand. Procuring these articles to stock could lead to a potential overstock 
and more certainty, an additional holding cost for nine months per year as they just remain 
in stocks. For these instances, it is better to follow the recommendation of order-to-order. 
These results indicate that the model seems to perform satisfactory, though it is not 
appropriate to claim certainty with a limited number of articles reviewed. A person with 
experience with the articles are not required to determine the levels of quantity, reorder point 
or safety stocks based on the proposal of this procurement policy, but would be able to bring 
additional information concerning external factors for a more adjusted decision.  

The recommendation from this study is that articles that are low in individual value but 
critical in term of production order should be on a Kanban system. Kanban makes sure that it 
is a slim chance to run out of stock and as previously mentioned in this degree project if one 
must choose, a company should run out of stock on articles that increase the value 
significantly rather than a small increase. Therefore, are screws, nuts, and bolts fit for 
Kanban. Based on the classifications e.g. a C-1 article should be Kanban.  

The model can easily be implemented in Excel, Matlab or any other calculation software. 
Even works well with free software such as LibreOffice Calc and FreeMat which indicates that 
the formulas are replicable. It is recommended to update the in-data at least once a quarter 
like one respondent did (4.1 Inventory Classification), which will ensure to avoid the 
problems with a changing inventory mentioned by Scholz-Reiter et al. (2012), but as often as 
possible is even better. One or two times per month is optimal. 

A manufacturing company that chooses to implement the article classification system ABC, 
XYZ, 123 receives an understanding of several important aspects of the inventory. This 
analysis provides a quick overview over which articles that are the most expensive, which 
articles have the highest consumption frequency, and which articles that are important for 
the production or manufacturing process. The table below, Table 14, displays how it is 
recommended to work with each article based on the classification. Besides these three 
classifications, other external and internal factors such as OTD, flexibility, quality issues are 
of interest when deciding the replenishment method. 

Table 14 Inventory analysis 
How to work with each article depending on classification. (own)  

Classification Replenishment Method Comments 
A-X-1 Model These articles are vital for 

the company. Stockouts 
have a huge effect since 
these articles are the one 



66 

A-X-2 Model that adds value to the 
product. The articles are 
very consistent in demand 
and are used in many 
orders. With a high demand 
and high value, a lot of the 
inventory’s tied capital are 
on these items. 
Replenishment by the 
model, so the items arrive 
Just-in-Time are 
recommended. Safety stock 
is highly recommended a 
high service level likewise. 

A-X-3 Model 

A-Y-1 Model 

A-Y-2 Model These articles are 
recommended to procure by 
the model and have a safety 
stock with a high service 
level. 

A-Y-3 Model 

A-Z-1 Order-to-order These articles are expensive 
in total value but irregular in 
demand. Because of that, 
there is a risk for tied-up 
capital in the inventory. 
Therefore, are order-to-
order recommended. 

A-Z-2 Order-to-order 

A-Z-3 Order-to-order 

B-X-1 Model These articles are 
recommended to procure by 
the model and have a safety 
stock. For economic reason, 
it could be favorable to 
differentiate the service 
level. 

B-X-2 Model 

B-X-3 Model 

B-Y-1 Model 

B-Y-2 Model 

B-Y-3 Model/Order-to-order There is a risk of having low 
material flow in the 
inventory due to irregular 
demand, but these articles 
are necessary for several 
production orders. Hence it 
could be favorable to reduce 
the risk of production 
standstill. These articles 
require understanding and 
experience from the 
purchaser. Safety stock is 
required depending on the 
choice. 

B-Z-1 Model/Order-to-order 

B-Z-2 Order-to-order The irregularity in demand 
of the class Z and the lower 
demand from the 
production of 2 and 3 
articles makes these suitable 
for order-to-order. 

B-Z-3 Order-to-order 

C-X-1 Kanban The articles are classified as 
C and X which indicates that 
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C-X-2 Kanban they are low in total value 
but with a consistent usage 
in production. Because they 
do not have a high added 
value in the assembly 
process, they should never 
be the cause of a standstill, 
therefore are Kanban 
recommended. 

C-X-3 Kanban 

C-Y-1 Kanban 

C-Y-2 Model The value is low, indicating 
relative small holding costs. 
Thus, it is more favorable to 
purchase as much as 
possible. A lower service 
level is recommended for 
the safety stock. 

C-Y-3 Model/Order-to-order Articles in this class require 
an understanding and 
experience by a purchaser if 
they should be procured by 
the model or Order-to-
order. 

C-Z-1 Order-to-order The article is classified as C, 
which means that it is low in 
total value. The article is 
also classified as Z which 
means high variations in 
demand and inconsistency 
over time. There is a high 
risk that the articles are not 
used during a long time, 
therefore are no safety stock 
to recommend. 

C-Z-2 Order-to-order 

C-Z-3 Order-to-order 

 

7.2 Managerial Implication 
It is deemed that this model is useful for manufacturing companies based on the result and 
performance during its testing. Another credibility for usage for many companies, apart from 
the result, is that the data is interchangeable. During this project, it was retrieved from used 
databases, but article consumption and flow could have been manually counted. A manual 
observation was not realistic for the short period which this degree project was executed for, 
but it would be possible if time were not a hinder. Possible implication concerning the data is 
the required types itself, such as average lead time and standard deviation, those are not 
interchangeable, only the collecting method. There are certain kinds of businesses that this 
model is not recommended for. Businesses that operates in the fashion industry or 
wholesalers of food, for example. The common denominator for these industries is that the 
items have a limited shelf life which the used formulas do not consider. It would be unwise to 
purchase vast quantities of tomatoes since they expire and become uneatable. The same with 
fashion; there are several seasons in a year and what is popular changes relatively fast. 
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Therefore, is it not recommended for these types of industries. The model is recommended 
for manufacturing industries. 

A part of this degree project is also the overlapping inventory analysis since mathematical 
formulas alone are not sufficient for one to rely upon solely. To interpret information, the 
receiver requires some knowledge on this issue, or else the chances of misunderstanding 
increases and hence the policy’s goal and purpose are lost. That is why it was decided to 
present as much information as possible so that an operator of the model gets a chance to 
review a certain article in detail. Not just hardware values as quantities and safety stock 
levels, but likewise material flows, expenses et cetera. An experienced judgment is important 
in cases when the data is of poor quality or is exposed to sudden disruptions. For instance, 
when a supplier has a sudden stop in production and fails to deliver. It is impossible to 
predict these occurrences, and when newly registered data is inserted there is a chance for 
fluctuations in result e.g. quantities and safety stock compared to a previous period. The new 
suggested levels for safety stock could be considerably higher since the lead times have 
completely changed. This moment could be the start of overstocking if the current 
parameters are increased for temporary misshapen and are not review for a substantial time 
afterward, perhaps a year. It is much easier to detect stockouts compared to overstocking 
since a production stop have a stronger impact on the daily operation than overstocking. 
However, to understand that each unusual occurrence requires a right course of action, an 
operator not only needs knowledge of the procurement policy methodology but also of the 
complicated external circumstances such as this supplier.  

7.3 Limitations with study result 
Theoretically, the model function as intended. It is hard to assess with certainty when it 
comes to the implementations of the model in practice. The calculated values that have been 
changed at ABB Capacitors has only been changed for a short period which has not had a full 
effect yet, and only 25 have been selected for real testing in the production. On the other 
hand, there have been no noticeable adverse effects, and the personnel has not complained. 
They have observed that some order quantities have changed and that the safety stock level 
has increased or decreased for specific items. Therefore, it was difficult to tell how the model 
performs.  

A limitation of the model is that it overlooks inventory capacity. There is a maximal inventory 
level, but it is theoretical. The size of nuts and bolts are the same size in the formulas as an 
entire transformer; the model does not consider any physical properties. The model offers the 
most economical quantity, but that is not a guarantee that it is realistic considering the layout 
options. Luckily the robustness of the formulas indicates that a change in order quantity has 
a small effect on the financial cost, sometimes even neglectable but it is still a weakness. As 
can be seen in Table 13, major changes in quantity do not affect the total cost too much. It 
does consider minimum quantity requirements from suppliers and adapts its order quantity 
correspondingly; hence the models have a bottom level for the order quantity but no upper 
restriction. Another limitation of the pull system and one that can make the correct values for 
the reorder point inaccurate is the applied procedures to report transactions from the 
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inventory. This has been conferred in the previous chapter, but it is an important external 
factor with possible severe complications.  

It is problematic to claim that this procurement policy is evidently implementable for each 
company in the world because there was only one case study in this degree project. There is a 
risk that ABB Capacitors have, instinctively or not, influenced and adapted the model to their 
specific conditions. It would have strengthened the arguments for a widespread 
generalizability if the policy and model would have tested on other companies, but it has not 
been done because of limits in time and prioritizing. The model’s variables or formulas is not 
modified in any way and are not exclusive to any business. Therefore, are there no obstacles 
for other companies to utilize the model, but may not be appropriate. 
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8 PROPOSAL FOR FUTURE WORK 

In this chapter ideas for further academic work is provided and some ideas that ABB 
Capacitors could explore further to ease implementation and increase the usefulness of this 
degree project. The ideas for ABB Capacitors originate from observations and interviews. 
Some of these proposals lie outside the scope of this research but are highly relevant and 
connected to the area of logistics. Improvements in these areas will improve the result of the 
model. 

8.1 Future Academic Work 
Continued work regarding procurement policy with limited physical space and shape of the 
item would benefit the model and research gap. If the item is of larger size, it might occupy a 
lot of space which other articles could use. The level could be weighted with factors such as 
classification, area, volume, value, et cetera. These restrictions could form an upper and 
lower barrier which within this interval allows the model to calculate the most economical 
quantities to minimize inventory costs. This development should be applicable for a large 
proportion of companies. This weighting could, in addition, present more information to help 
with procurement recommendations. 

8.2 Future Business Work 

• Use transportation by train more often than shipping over long distance to reduce delivery 
lead times and reduce tied-up capital. 

• The goal of a specific turnover rate is sometimes a risk and an unnecessary cost, depart from 
the goal at specific articles. 

• Perform stocktaking several times a year to be certain that the system corresponds with the 
stock at hand and abnormalities are detected as soon as possible.  

• The production needs to follow the plan as much as possible so that MRP work and can 
perform accurate forecasts. 

• Improve inventory transaction procedures so that the data system displays the same numbers 
that are on hand in stock. 
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APPENDIX 1: INTERVIEW QUESTIONS 

• Do you use any statistical instruments for determining purchasing volumes, number of orders, 
and safety stock level? 

o Which instruments, tool, or methods? 
o How often do you review the process? 
o How often do you update the data? 
o How do you determine when to order? 
o How much statistical data do you use? One year, two years? 

If no, why do you not use it? 
• Does the quality of the items, manufacturing scrap or other factors affect the purchasing 

volumes? 
o Which factors and why? 

• Have you divided your inventory in different classes? 
o Which classes? 
o How often do you repeat the process? 
o What does that mean practically for you? 

If no, why have you not done it? 
• How much of your procurement occur against a real demand and statistical demand? 

o Which factors determines when it is order-to-order and order-to-stock? 
• Which type of methods to you use? Kanban, JIT, Push-Pull, MRP, ERP? 

o What are the advantages and disadvantages? 
o Does the method react or act against the manufacturing demand? 

• What are the challenges in your current working methods? 
• How do you ensure that the routines are followed? 
• How do you handle new articles? 
• Do you perform any stocktakings? 
• Is there something that you believe we should consider or anything else that would improve 

the quality of this work? 
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APPENDIX 2: DEMAND DISTRIBUTION 

 

Figure 10 1HSN000003-342 (own) 

 

Figure 11 DK5101111-002 (own) 
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Figure 12 1HSN000003-317 (own) 

 

Figure 13 DK5101123-016 (own) 
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Figure 14 1HSN000102-892 (own) 

 

Figure 15 1HSN000324-160 (own) 
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