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Abstract: Analysing of material flows within the boundaries of the production system it is possible to conclude that the sources and sinks 

of those material flows are storages. In those storages in the function of the kind and the type numerous processes are implemented. These 

storage processes along with the material handling processes are responsible for quantitative and dynamic balancing of material flows and 

as such have a significant impact on the total cost and productivity of the production system. Due to the above reasons, the design of storage 

is an important task which needs to be adequately accessed. Regardless of the kind and the type and the associated processes within storage 

one of the main activities in the design phase of storage is to define its location, with special emphasis on interaction with other elements of 

the production system (production and processing equipment, material handling equipment and devices, etc.). Namely, selection of the right 

location, among other things ensuring the necessary conditions which will make the process of storage to meet the technical and 

technological, economic, organizational, IT and other requirements upon it. 
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1. Introduction 

Material flows within the production systems are the basis 

for realisation of manufacturing processes and they incorporates 

processes of movement of materials between/within the production 

units, and the processes associated with the "inaction" of the 

transportation units within the limitations of the considered 

production system. Regardless of the type of activities that are 

realized in particular case, costs associated with material flows 

represent additional costs which, if not adequately observed and 

treated, result in an increasing of total production costs and a 

reduction in the competitiveness of the production system. 

Activities associated with the "inaction" of transportation units 

within the production systems are in most cases recognized as 

storage processes and include all the activities for which the 

transportation units for a longer or shorter period of time, 

temporarily or occasionally are bring in to idle status in the order to 

dynamically balance - synchronize (time, space, and quantity) of 

production processes within which they exist. In this case, 

transportation units are recognized as storage units. By realizing the 

storage activities, the flow of material within the production 

systems is interrupted or stopped, thus increasing the cost of the 

production process. Regardless of the reasons why the 

transportation units within production system is brought to a 

standstill – they stored, the appropriate storage space itself can be 

defined as a well-equipped and well-organised place within the 

production system that provides all the necessary conditions for 

disposal, storing, preparing and issuing of warehouse units before, 

during and after their usage within in the production process [1].  

Depending on the purpose and location within the production 

system, it is possible to identify several types of storages: input, 

reception, interphase, auxiliary and exit storages. Auxiliary and 

interphase storages facilities are inherent to the immediate 

production ie they are located inside or directly alongside 

production capacities and from the point of view of storage 

processes those are short-term storages. Additionally, interphase  

storages has a task to realize activities related to short-term time 

synchronization of flows of material between different production 

operations, while auxiliary storages depending on the type of 

production are used as the: 

- “issuer” of working tasks, and in accordance to the norms, 

standards and requirements serves for storage of handy tools, 

work and safety equipment, common equipment and supplies 

for workplaces in the individual and in small-series production; 

- “feeders” of tools, materials and means for the production, 

documentation, spare parts, lubricants, etc. for the production 

lines in serial and mass production. 

Given the type of tasks that are being carried out within the 

auxiliary and interphase storages, it is necessary to adequately 

consider all the tasks needs to be perform within those types of 

storages and in accordance with the set up requirements, respecting 

the minimum cost criteria, design those types of storages. One of 

starting steps in designing of these types of storages is the choice of 

storages locations within the certain production facility.   

2. Methods for determining of auxiliary storage 

site location in production facilities 

Regardless to the type and purpose of the storage space within 

the industrial enterprise, the choice of its location is conditioned by 

minimum costs and providing an adequate service to the users, for 

example production working places. Above mentioned is based on 

the balance of materials determined by the internal flow of materials 

and the layout of the users that requires storage services. Generally, 

the procedure of selection of storage site location is a systemic 

activity that is accomplished by applying the appropriate methods 

and includes [2, 3]: 

- defining of a set of influential factors relevant to the choice of 

storage site location; 

- prediction and assessment of the intensity, direction and course 

of the action of identified influential factors in the given time 

and environmental conditions in terms of deciding on the 

location of storage; 

- evaluation of variants of possible solutions and the selection of 

optimal storage site location. 

Table 1: Determining of the storage site location by the method of 
assessment of indicators [4] 

Num. Indicators 
Potential location  
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i. Pi xi yi … zi 

TOTAL: ∑xi ∑yi … ∑zi  

SOLUTION: 

max  
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During the realization of the above mentioned activities, it starts from 
the generally defined objectives of the production system from the point of 

view of the realization of the storaging activities and the definition of the 

site location, taking into account the external and internal factors, gradually 

limiting the choice of the storage site location in accordance to the specific 

objectives and tasks set forth above. Depending on the criteria and 

approaches to the determining of the storage site location, several groups of 
methods have been developed such as: methods based on assessment of 

specific indicators, methods based on calculation of transportation cost, 

methods based on value analysis, methods based on calculation of account 
investment costs, etc. 

Methods based on assessment of specific indicatorsare mainly used in 

the pre-selection stages of the storage site location where, based on a certain 
number of indicators and an adequate point evaluation of each of them on 

the basis of the resulting sums, an storage site location is determinate, table 
1.  

 

 

, where are:    

Ctr,I - overall transportation costs for specific location, [nj] 

mij - amount of transport between supplier/user j and location i, [t], 

sij - distance between supplier/user j and location i, [m] 
cij - transportation costs between supplier/user j and location i, [nj/t·m] 

[nj] - money units 

Fig. 1 Determining of storage site location by model of calculation of 
transportation costs [5] 

 

Methods that take into account transportation costs, as their name 
suggests, are mostly used in cases where relatively large transportation costs 

are expected, i.e. when the transportation path is long. A number of methods 

have been developed in this group, and some of them are: Launhardt 
graphical method, Rockstroh method, method of „northwest angle“, etc. For 

the application of these methods it is necessary to know the quantity of 

transported material, the types of transportation equipment, the distance 
between the locations, etc. Based on the above data, the calculation of the 

transportation costs between each of the potential storage sites location and 

the subject that indicate the storage requirement is made. The criterion of 
minimum transportation costs is crucial for the selection of storage site 

locations, figure 1.  

Table 2: Determining of the storage site location by value site analysis [4] 

Num. Indicators Weight coefficient w 
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Methods based on value analysis allows determination the storage site 
location, i.e. finding a set of alternative solutions based on relevant factors 

whereby alternative solutions can be ranked according to certain criteria, 

table 2. Ranking is possible when the defined values of some alternative 
solutions which are calculated on the basis of objective and subjective 

perceptions for each individual criterion. Given the fact that during the 

comparison of individual criteria is possible take into account 
simultaneously various factors and units, the value of the solution is 

therefore expressed dimensionless. This fact and the possibility of taking 

into account a large number of different criteria for selecting storage site 

locations is one of the basic advantages of applying these methods. There 

are numerous literary examples of usage of methods based on value analysis 

such as:  [4] the steps of realization of the value analysis are specified, [6] 
the application of value analysis is presented in selecting the optimal storage 

site location at the design stage, [7] the criteria and the choice of factors to 

determine the storage site location are presented, etc.  

The methods of selecting a storage site location on the basis of 

investment costs are based on the fact that the best storage site location in 

the production facility is the one that provides the largest profit for the 
invested capital. Based on the costs of production, income and production 

capital, the profitability of a certain storage site location is determined 
according to the form [8]:  

 
, where are:    

RVK – profitability of own capital, [%] 
UP – total incomes, [nj] 

CUK - total costs, [nj] 

VK – the own capital, [nj] 
nVK - the rate of own capital. 

 

a) 

 

b) 

Fig. 2 a) GUI with production facility layout used to determining of the 

storage site location, b) Overview of the defined positions of the supplier/ 

users of storage service within the observed production facility 

The application of this method also has certain deficiencies such as: the 

necessity of a long-term and extensive preparation of cost and revenue data 

that needs to be updated and detailed, additionally for determining of storage 
site location only the criteria that can be quantified are taken into account , 
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while others criteria are neglected. 

In addition to the aforementioned methods, other methods, such as 

multicriterial analysis, may be used to determine the storage site location with 

more or less success. 

3. Practical example of determining of auxiliary 

storage site location by developed software solution 

Depending on specific implementation conditions, afore presented 

methods, give some results that in the function of their specificity vary in a 
certain range. Regardless of this fact, all methods require a significant 

engagement in the collection, analysis and analytical processing of a number 

of parameters that may vary in a fairly wide spectrum. Commonly used 
approach in order to accelerate and improve such procedures is based on 

development of user software solutions. In this way, the user is relieved of 

the demands of mathematical processing of a large number of data, enabling 
him to be focus on qualitative aspects and multicriterial analysis of a 

particular problem. In accordance with the foregoing, a user application for 

the determining of storage site locations in the production facilities in the 
software package Matlab has been developed. 

 

a) 

 

b) 

Fig. 3 Display of potential storage site location according to the entered 

data: a) Rockstroh’s method ( - existing working places;  - potential 

storage site location), b) MINSUM location model - raster representation of 
storage site location (optimum position - blue area) 

Determining of storage site locations in the production facility, in the 

concrete software application, is based on two simple methods that provide 
satisfactory solutions, taking into account two important indicators for the 

storage site location: spatial coordinates and transport intensity. Those 

methods are: Launhardt´s graphical method (based on determining of 
storage site location by calculations analogous to calculation of the centre of 

gravity) and Rockstroh´s method (storage site location is determinate by 

calculation of coordinates of peak radius of centre of gravity vector, where 
radius vectors represent the product of transport intensity and distance 

coordinates).The developed user application is based on the Graphics User 

Interface (GUI), Figure 2.a, which is used to enter input data: a graphical 

representation of a Layout of production facility in which the storage site 

location is to be established; the drop down menu for selection of method for 

calculating of the storage site location; and defining the transport intensity 
between the potential storage and the supplier/user of storage services. The 

spatial coordinates of the delivery/user of storage services are defined 

interactively i.e. directly by simply clicking on the corresponding position 
(Figure 2.b) on the loaded Layout of production facility (* .jpg format), 

whereby the spatial coordinates of the elements in the observed production 

facility are automatically determined consistent with the developed software 
algorithm. 

As an example of application of the developed software solution, 
determination of the location of the central storage of basic and auxiliary 

materials, the semi-finished and the finished parts in the production facility 

in the metal processing company for processing of sheet metal (cutting, 
folding, punching), electrostatic painting and assembling of the 

manufactured subparts. The layout of the production equipment is defined in 

accordance with the current technological course of the processing of the 

sheet position, while the transport intensity between the supplier/user of 

storage services and the potential storage site location has been determined 

by direct measurement at the production facility. The limiting factors in 
defining of the storage site location in the considered production facility are: 

the existing locations of production equipment and construction 

infrastructure, power grids, and existing transportation flows. For these 
reasons, the proposal of the storage site location in the observed facility is 

precisely defined in accordance with the chosen method for determining of 

the storage site location, and additionally is presented by raster 
representation (MINSUM location model option) with varying color 

intensity from the optimal location (blue areas) to extremely unfavorable 

locations (red areas) according to the set criteria, Figure 3. With this 
approach, it is possible to look at alternative storage site locations, taking 

into account the realistic constraints present in the given production facility.  

4. Conclusion 

Improving the competitiveness of the production system represents the 

basic postulate of modern business, and for this activity it is necessary to 
take advantage of all available opportunities. One of the key aspects that can 

contribute to this goal is to reduce the total cost of material handling 

processes within the production facilities. Given the fact that each 
production plant has a larger or smaller storage directly related to other 

elements of the production system and that the intensity of material flows 

between them is large, the choice of adequate storage site location within the 
production facility is an essential aspect which can potentially reduce the 

total cost of material handling and thereby improve the competitiveness of 

the production system. In accordance with the aforementioned, and based on 
already developed analytical models, in this paper is presented developed 

software solutions which enables determination of the storage site location 

in production facility. 

Presented software solution enables to the user to quickly obtain a series 

of information about the potential storage site locations within the 

production facility. Those obtained information adequately viewed and 

interpreted enables to the user the selection of the appropriate suboptimal 

storage site location taking into account the established criteria and existing 

constraints e.g.: supporting walls, constructive obstacles, location of existing 
equipment, etc. within presented layout of production facility. However, 

despite to the developed GUI, visualization of data entry, presentation of the 

obtained solutions, and the fact that the users are released of mathematical 
processing, the presented approach nevertheless requires manual input and 

in-situ measurement of transportation intensity between storage and 

suppliers/users of storage services, which is one of the potential 
improvements aimed to automate the process of selecting a storage site 

location in the production facility. 

The way for determination of distance between existing working places 
and definition of potential storage site location within observed production 

facility is another issue which need to be considered and taken in to account. 

Namely, all listed and presented approaches for determination of the 
potential location of storage site within a production facility plant are based 

on a rectangular coordinate system with a defined starting point as the basis 

for calculating of mutual spacing by using of: 

-  x and y coordinates, or 

- Euclidean spacing  

, for defining of appropriate positions of points of interest. This facts are 

ones of the reasons why here is used term the suboptimal solution for 
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determinated location of the storage site within the production facility. In a 
real production environment, the transportation routes within the production 

facilities are complex paths whose lengths are not uniquely determined by 

either the coordinate points or the Euclidean spacing, and that fact is 

necessary to take account during the interpretation of the presented 

solutions. 

Notwithstanding the above, it is important to emphasize that the 
solution presented in this paper, despite some drawbacks and additional 

opportunities for its improvement, however represents a universal IT tool 

applicable to the solution of concrete problem of determining the storage site 
location in any layout of production facility presented and entered in an 

appropriate form -* .jpg format. 
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