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Abstract: Lubricant markets are becoming even more competitive and therefore companies are relentlessly striving to reduce the inventory running 
costs to lessen the company expenses at a reasonable level in order to remain competitive in this highly volatile environment. It helps the companies 
becoming profitable and thus business grow. In this study our main goal was to focus on imported commodities from other branches of the company. The 
goods imported, due to the Company Policy, are not manufactured in the country. We try to improve existing model and to adopt above mentioned goods 
for calculating the safety stock levels that the company, especially during high seasons, experiencing stock outs resulting inevitable business losses. We 
presented a cost model approximation. It is  shown  that the proposed model not only reduce substantial cost of inventory, but also help to meet the 
customer expectations  without employing highly expensive  sophisticated software tools and therefore, it substantially aims to increase customer service 
level too. 
 
Index Terms: Lubricants, inventory, safety stock, imported commodities, modeling, competitive edge.   

———————————————————— 

 

1 SCOPE AND CONTENT 
The main purpose of this work is to reduce the stock holding 
cost at a minimum level. Because, total cost is simply defined 
as the sum of stock holding cost and ordering expenses. In 
order to manage stock inventory successfully, it is needed to 
find a balance between the costs and benefits of keeping 
stock. The costs of keeping stock include the expenses that 
have been spent for purchasing stocks as well as storage and 
insurance. The benefits include having enough stock in hand 
to meet the demand of customers at any time that is required. 
 

2 INTRODUCTION   
Inventory management is an important aspect in any 
successful business. It is the process of overseeing and 
controlling the flow of inventory units a business uses in the 
production or manufacture of goods for sale or distribution. 
Inventories are usually made up of a combination of goods, 
raw materials and finished products, and effective 
management of these items is essential to ensure optimum 
stock levels and to maximize the earning potential of the 
company. It also allows a business to prevent or mitigate any 
inventory-associated losses. Effective inventory management 
is important as not only is inventory one of the most valuable 
assets to a business; there is a direct link between inventory 
levels and company profits. Inventory represents an 
investment that is tied up until either the item is sold, or it is 
used in the production of another item that is sold. Businesses 
are reliant on having items in stock; otherwise customers will 
simply go to a competitor who can provide what they want. 
However, holding inventory in stock is not without costs – 
storage, insurance and maintenance all must be considered. 
When it comes to replenishing stock levels, most management 
plans seek to strike a balance between having enough units 
when required, and ensuring supplies are not overstocked.  
 
 
 
 
 
 
 
 
 
 
 

This is why having an inventory management system can be 
advantageous. There exist several Inventory Management 
software systems in the market. In this study, we decided to 
focus on the imported goods inventory optimization of a 
private company. 
 

3 LITERATURE SURVEY 

Some Work in connection with Inventory Management for the 
last ten years has been found interesting follows. One of the 
leading works in Inventory Management has been done by 
Heck V. Guido [1] in performance measurement thereof. It 
made a first attempt to see what influence the use of ERP 
software has on inventory activities. This is follow by Kim 
Young [2] in Health Care System which investigated how to 
optimize the inventory in a service sector environment. 
Recently, Optimizing the Safety Inventory Cost under Target 
Service Level Constraints was done by Shivshoron, T. Cheton 
[3]. In 2013, a very interesting study in Optimization of Safety 
Stock Level in a Manufacturing Company which is a good work 
similar to our work by Çelik Özge [4]. More recently, a study 
was done by  G. Land [5]  conducted a research  at Body &  Fit  
in  the field of  forecasting and inventory management within a 
warehouse. A similar study made by L.F. Tratar [6]  on 
minimizing inventory cost using safety stock concept. Also,  
H.A. Akkermans,  Bogerd,P., Yucesan., van Wassenhove, 
L.N., [7] ,and Gupta  and Kohli [8] , T. Wild [9]  , R. Herrin [10] 
did studies on inventory management. 
 

4 THE DEFINITION OF THE STUDY 

As explained earlier a private company blending products are 
lubricants consisting of engine oil lubricants, industrial 
lubricants, marine lubricants, and some special highly 
technological lubricants. Some of lubricants that are not 
blended in company owned blending plant that they have a big 
market share in the Lubricant sector. It is therefore, to meet 
the customer demands those unblended products are 
imported from the other plants in Abroad. It is for this particular 
reason that the goods imported need to be kept in stock in 
order to answer the customer requirement on timely manner. 
The stock holding cost as in any other business branches is 
an creating a huge additional burden for the company which is 
a fact. Currently employed material management module, SAP 
is not well-fit in order to handle company operations. Often 
company lived problems in keeping reliable and dependable 
stock inventories especially during seasonal peak times. 
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Because of severely competition the company could not 
tolerate such stock outs.  Therefore, our main task was to 
develop a new method that brings to company some 
improvements and not to live existing operational problems 
and to attain its highest performance level. Thus, sales data 
carefully analyzed and better and appropriate demand 
forecasting means should be made finally to determine 
sustainable the safety stock levels throughout.  
 

5. SALES DATA ANALYSIS 

Analyzing sales results is used to understand and improve of 
sales performance. Two statistical test namely   "parametric 
test” and "non -parametric test " used . A normality test should 
be performed on a given data set to determine which of these 
tests is best fit.  In this work search made for the data which 
produced  a normal distribution. Fort this purpose, two test 
were made "Kolmogorov-Smirnov" and "Shapiro-Wilk". 
"Shapiro-Wilk" test is used when data is too large .Otherwise 
Kolmogorov-Smirnow  case is used. Always a 95% confidence 
limit is used as required for normal distribution.   
 

5.1 Kolmogorov Smirnov Test significant  
The Kolmogorov-Smirnov (K-S) Test is used to test whether a 
random sample of data matches a given distribution (uniform, 
normal or Poisson). In principle, the (K-S) test samples are 
based on the comparison of the cumulative distribution 
function to the cumulative distribution function of the preset 
version. With this test it is possible to examine whether the 
data collected from a sample exhibits a normal distribution. 

5.2 Shapiro-Wilk Test significant 
The Shapiro-Wilk test uses   continuous variable for normality 
distribution. The null hypothesis for this test is that the data are 
normally distributed. The Probability < w value listed in the 
output is the p-value. If alpha level is 0.05 and the p-value is 
less than 0.05, the data are normally distributed is rejected. If 
otherwise, the p-value is greater than 0.05, then it is not 
rejected. 
 
5.3 Statistical Package for The Social Science (SPSS) 
IBM-SPSS Software package 2015 version is used for logical 
batched and non-batched statistical analysis.   Companion 
products in the same family are used for survey authoring and 
deployment (IBM SPSS Data Collection), data mining, text 
analytics, collaboration and deployment (batch and automated 
scoring services).  
 

6 FORECASTING APPROACH 
Qualitative Method used when situation is vague and little data 
exist. It generally uses new products and new technology. This 
method involves intuition and experience. Whereas, 
quantitative method used when situation is ‘stable’ and 
historical data exist. This generally uses existing products and 
current technology. Time Series Forecasting was also applied 
based only on past values. We assumed that factors 
influencing past and present will also continue influence in the 
future. Therefore, in order to see the distribution behaviors 
naive approach forecasting, moving averages forecasting, 
weighted moving average forecasting, and exponential 
smoothing forecasting. Forecasting accuracy was checked.

 
Typical outcomes shown below:    
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Among these forecasting methods, the method with the least 
percentage of errors was selected for each different product.  
For example for product 146374, we were selected Moving 
Average Forecasting method. 
 

 
 

7 CALCULATION OF SAFETY STOCK LEVEL 
There is variable demand or lead time, safety stocks are 
required against stock-outs. Safety Stock level was calculated 
for each product. Standardize value of standard deviation was 
also calculated as the 95% confidence interval, while the 
safety stock was determined. 
 
The Safety Stock Level formula given below was used. 
Safety stock = z ∙  dLT   
For example for product 146374, 
 

 
 

The safety stock is calculated as follows on MS excel sheet. In 
addition, the re-order point formula is given. 

 
 

8 CALCULATION OF RE-ORDER POINT 

The minimum stock level we hold. Re-order Point was 
calculated for all products. The Re -Order formula given. 
 
Below was used. 
R = α.L + Safety stock                                                                                        
 
For illustration for product 146374, re-order point is calculated 
on MS excel sheet. Also the re- order point formula is given. 

 

 
 

9 CALCULATION OF ECONOMIC ORDER QUANTITY – 

CURRENT METHOD 

Using below formula, the order amount is determined as it 
level with the re-order point, the EOQ requirement. 
 
 
EOQ =                                                       
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For  illustration  for product coded  146374, 
 

  
 
We calculated  the EOQ requirement  on Microsoft Exel Sheet 
as indicated in below. 
 

  
 

10 MATHEMATICAL MODELING – A NEW DESIGN 

A mathematical model is an abstract model that uses 
mathematical language to describe the behavior of a system. 
A mathematical model was created for a product. The model is 
given below. 
 
Decision Variables; 
xi: amount of order at month ith 
yi:          1 if ordered at month ith 
              0 otherwise 
It: amount of stock at time t 
 
Parameters; 
ht: holding cost 

si: setup cost 
Dt: Demand at period t  
L: Lead time of the product 
Objective Function; 
Z= ∑ xi ∙ si + ∑ ht ∙ It    (Minimizing total cost) 
 
Constraints: 
1.Constraint of associating order quantity with order 
variable. 
yi <= M1 ∙ xi 
xi <= M2 ∙ yi 
 
2.Constraint of determine the amount of inventory on 
hand. 
I0 – D0 = I1 
I1 + x0 – D1 = I2 
I2 + x1 – D2 = I3 
 
3.Constraint of minimum inventory amount. 
I1 <= Safety Stock 
I2 <= Safety Stock 
I3 <= Reorder Point 
 
4.Constraint of minimum order size. 
xi <= L ∙ yi 

 
Excel Solver of the Model: 
 

 
 

11 COMPARISONS OF EOQ AND NEW MATHEMATICAL 

MODELING 
Two methods were compared for the selected product. The 
cost saving of the first method was approximately 45 % and 
the cost saving of the second method was approximately 60 
%. And therefore the second method was even more 
economical by 15 %. EOQ Method: We assumed that the 
demands are linearly decreasing in this method. Easier and 
more practical to implement by companies. However it needs 
to be checked month by month. Mathematical Model: This 
method can be used in situations where the demand is both 
linearly and non-linearly decreasing. Longer periods of 
forecasting are preferable. This model should be adapted for 
each product. It is somewhat difficult for the companies to 
implement. If so, this method is more profitable and more 
preferable. Because parameters can be changed in 
connection with the conditions. 
 

12 CONCLUSION 

As a result, our new inventory approach can be used by all 
concerns. Having the right stock in the right time leads to 
many advantages for companies. These advantages are 
annual increased sales, meeting the customer demands, 

creating new customers, increased and boost customer 
confidence, improved cash flow, and new investments. There 
are also different software programs for inventory calculation. 
But, these software’s add additional cost to the companies. As 
the purposed new design uses Microsoft Office tools, it does 
not add additional cost as much as other software programs to 
the user. Therefore, this new design can be preferred by the 
companies. In addition, this new approach can reduce a 
substantial cost saving in inventories which is around 45% to 
60% respectively. 
 

13 NOMENCLATURE 

Ft: Forecast at time t 
Dt: Demand at time t 
C: Total annual cycle-inventory cost 
Q: Lot size 
H: Holding cost per unit per year 
D: Annual demand 
S: Ordering or costs per unit 
z: Standardize value of standard deviation to achieve the 
cycle-service level 
dLT : Stand deviation of demand during lead time Average 
weekly (or daily or monthly) demand 
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σLT : Standard deviation of the lead time 
σd : Standard deviation of weekly (or daily or monthly) demand 
L : Average lead time 
df : Data frequency 
 

ACKNOWLEDGEMENT 

We would like to thank sincerely to the Turkish Private 
Company (name confidential) Management for their support 
and encouragement that they showed us, without their support 
this study would not have been available.   
 

REFERENCES 

[1] Benefits of having the right stock, 
https://www.business.qld.gov.au/business/starting/supplier-
stock-management/stock-control-basics/stock-costs-benefits 
[01.11.2016] 
 

[2] Test of Normality, http://volkaniset.blogspot.co.uk/p/spsstest-of-
normality-normallik-testi.html [10.11.2016] 
 

[3] Kolmogrov-Smirnov Test, www.istatikanaliz.com [16.11.2016] 
 

[4] Shapiro-Wilk Test, 
http://www.jmp.com/support/notes/35/406.html  [16.11.2016] 
 

[5] SPSS,https://en.wikipedia.org/wiki/SPSS [18.11.2016] 
 

[6] Inventory Management 
https://www.unleashedsoftware.com/blog/back-to-basics-an-
introduction-to-inventory-management [23.12.2016] 
 

[7] Reorder Point, https://en.wikipedia.org/wiki/Reorder_point 
[28.12.2016] 
 

[8] Minitab Express, https://www.minitab.com/en-us/company/ 
[30.12.2016] 
 

[9] FREDERICK, S. HILLIER & GERALD, J. LIEBERMAN., 
Introduction to Operations Research 7th ed., McGraw-Hill 
Higher Education, New York in USA., 0072321695, 2001.  
 

[10] HEIZER, JAY & RENDER, BARRY., Operations Management 
10th ed., Pearson, New Jersey in USA., 0-13-511143-9, 2011. 
 

[11] ÇELİK, ÖZGE., Optimızatıon Of Safety Stock Level In A 
Manufacturıng Company , Final Project, 2013. 
 

[12] Akkermans, H. A., Bogerd, P., Yücesan, E., van Wassenhove, L. 
N. The impact of ERP on supply chain management: 
Expoloration findings from a European Delphi Study, European 
Journal of Operational Research 146(2), 284-301, 2003. 
 

[13] Gupta, M., Kohli, A., Enterprise resource planning systems and 
its implications for operations function, Technovation 26,687-
696, 2006. 
 

[14] Wild, T., Best practice in inventory management, USA, 
Woodhead Publishing Ltd., 1997. 
 

[15] Herrin, R. How to calculate safety stocks for highly seasonal 
products, The journal of Business Forecasting 24 (2), 6-10, 
2005. 
 

[16] Tratar, L. Minimizing inventory cost by properly choosing the 
level of safety stock, Economic and Business review Vol 11, No 
2,2009. 


