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Abstract 

The paper presents an approach to the assessment of the location of facilities in the warehouse logistics network 
with the efficiency of its operations. Determination of efficiency of complex systems of this type should take into 
account wide range of issues. The system efficiency results on the one hand from the efficiency of its action and on the 
other hand from the ability to use available system elements to achieve the objectives. Efficiency is a main criterion to 
the evaluation of the activity both at the level of the whole system, as well as in its subsystems or components. Most 
often, it refers to the principle of rational management formulated in two variants: performance (maximization effect) 
and economical (minimizing effort). The article poses the thesis that based on studies of speed and reliability of 
execution of tasks it is possible to assess the potential locations of warehouse facilities in the studied logistics network. 
Were also presented factors affecting the efficiency of the functioning of individual cells of the logistics network. Was 
pointed to the technical, economic, organizational and reliability aspects affecting the efficiency and reliability of the 
logistics network in terms of both supply and distribution. It was also presented a modular block diagram of an 
assessment method for localizing logistics facilities in the logistics network. 
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1. Introduction

Economic activity at every level of management (micro, meso, macro) and in every sector of 
the economy (private, public) is most commonly assessed in terms of efficiency. Wherein 
efficiency is defined differently. Very often, the efficiency is identified with the effectiveness in 
terms of achieving the goal or productivity without reference to the effective operation or focus the 
efficiency on resource allocation in the sense of Pareto optimum [21]. 

In contrast, in the theory of system efficiency is defined as the adaptation of the system to 
perform tasks [6]. Typically during systems analysis are taken into account: 
− the potential efficiency of the system, expressing the rated capacity of the system, allowing the 

achievement of the objectives of functioning, 
− realized efficiency, expressing a degree of capacity utilization of the system in the process of 

implementing specific purposes and under certain conditions, 
− obtained efficiency, expressing the value of the results obtained in the process of 

implementation of specific objectives, as a result of realization of a particular system function. 
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Speaking about the operational efficiency of the logistics network, we mean both characteristic 
a total logistics system and process of its operation, expressing the assessment of the impact of the 
functioning of the system. Efficiency of the technical system which is the logistics network, in 
terms of normative is however the degree of implementation of tasks given to system, taking place 
in certain operating conditions and for a specific period [6]. As it is known, the location of 
logistics network elements, which are warehouse facilities, affects both the costs and the quality of 
action of the whole logistics network. For this reason, it appears advisable to take into account the 
level of efficiency of the completely logistic network during the location of new warehouse 
facilities. 

In the literature can be found the following division of efficiency [25] (Fig. 1): 
a) organizational concerning the functioning of the system – is defined as the adaptability of the 

system to changes in the environment and productive use of its resources to set objectives, 
b) technical associated with maximizing the volume of production using given expenditures to its 

leading. Wherein on the choice of technology affects two components: to maximize production 
volume and minimize manufacturing costs., 

c) economic (allocative) concerns rational management, its measures are relationships between 
increments effects and inputs, or a total effects to partial expenditures: 

− productive (in production sphere),  
− allocative (in production and structure sphere).  

 
Fig. 1. The relationship between technical, productive and allocative efficiency 

 
In assessing the operation of the logistics network should therefore take into account both 

economic efficiency, which expresses the relationship between expenditures and results achieved, 
and is also its evaluation, as well as technical, which is determined by the difference between the 
results obtained (or expenditure) and the result of such a relationship for the “best model” (which 
may be determined theoretically or empirically) [21]. Technical efficiency can be expressed as the 
potential to reduce inputs used to generate a given amount of results or the potential to increase the 
number of results at a given amount of expenditures.  

To sum up, the system efficiency results on the one hand from the efficiency of its action, 
namely the achievement degree of the objectives of system operation, on the other hand from the 
ability to use available system elements to achieve the objectives. Whereby the degree of 
realization of set goals can be defined as the system effects, while expenditures correspond to the 
size of the resources involved in achieving the objectives [3]. Thus, the system efficiency also 
expresses the assessment of its operations.  
 

2. Logistics network  
 

According to [3, 5, 8, 23] logistics network is cooperating in various functional areas of 
mining, production, trade and service companies and their clients, between which flow streams of 
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products, information, and financial resources (Fig. 2). 
Modern logistics networks are becoming increasingly complex, thereby increases their 

exposure to noise and danger. As a result, decreases the efficiency of given logistics network.  

 
 

Fig. 2. Logistics network 
 

Changes of functioning, resulting e.g. from the increase in moving cargo or a new network 
configuration, of existing logistics networks cause that it is justified to assess their efficiency and 
their comparison to ideal solutions in given market conditions. At the same time, in the case of 
new warehouse facilities location, it is necessary to identify the cost of reconfiguration of existing 
logistics networks to their more efficient form.  

 
3. Efficiency as location assessment measure  

 
Efficiency studies can be made depending on the time horizon in which the analysis is made, 

and by this different understanding of business objectives. The long-term prospect of defining the 
ability to grow and develop is called dynamic whereas static efficiency (in short-term horizon), 
focuses on avoiding wastage of owned (currently) resources and their best allocation. 

The static economic efficiency of the logistics network activity is analysed in two aspects: 
productive and consumption. Productive efficiency is an economical expression of technical 
efficiency, does not guarantee, however, that maximize customer satisfaction of logistics services. 
Achieving this state requires allocative efficiency in the sphere of consumption and in the sphere 
of the production structure. Full allocative efficiency therefore means that of all the solutions of 
effective warehouse location were selected only those provide the greatest satisfaction for 
recipients of services. That full allocative efficiency is identified with the total economic 
efficiency, which means that from given resources has been, achieved the highest possible level of 
satisfaction. In addition, because satisfaction comes from the consumption of services, then 
economic efficiency requires the greatest possible level of production, i.e. technical efficiency. 

Efficiency is a main criterion to the evaluation of the activity both at the level of the whole 
system, as well as in its subsystems or components. Most often it refers to the principle of rational 
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management formulated in two variants: performance (maximization effect) and economical 
(minimizing effort) [24]. Efficiency is understood as the relationship between expenditures and 
effects can be defined as:  
1) the difference between effects and expenditures (Present Value, PV). The desired result should 

be greater than zero, which means that the results achieved are greater than the expenditures, 
2) dividing effects to expenditures (Benefit-Cost Ratio, B/C ratio). The desired result should be 

greater than one, which means that expenditures are lower than achieved effects, 
3) expressed as a percentage quotient of the difference between effects and expenditures to 

expenditures (return on investment ROI). [25] 
Measures of efficiency can be divided into: 

− indicators. Indicators analysis comes down to constructing the relationship between various 
magnitudes. The choice of indicators depends on the purpose of research. Can be used single or 
set of indicators or develop synthetic measures, 

− parametric. Parametric methods are based on appropriate solving of optimization problem. 
Parametric methods are used for models with well-defined structure. From the form of the 
structure depends an adequate number of estimated parameters. For parametric efficiency 
measurement are used both deterministic and stochastic models, 

− nonparametric. These methods do not require knowledge of the functional relationship 
between expenditures and outcomes. They are characterized by greater flexibility, because the 
structure of models is not fixed, but is adjusted according to data. The non-parametric approach 
uses linear programming procedure, however is not taken into account the effect of the random 
factor on the efficiency of facilities and potential errors of measurement.  
Methodical concepts concerning research of the logistics system efficiency are characterized 

by different ranges, levels of detail and the split criteria. Especially important is the mechanism of 
indicators construction. 

Fairly wide range of indicators and measures of logistics systems assessment can be found in 
[2, 7, 18, 20, 24, 25]. As a quantitative assessment indicators of transport subsystem authors 
suggest tonne-kilometres performed, the number of consignments, the actual working time of 
means of transport, the amount of goods carried, transport costs per tonne-kilometre and per 
consignment, degree of utilization of working time and transport possibilities of available transport 
resources.  

Interesting approach taking into account proecological aspect when constructing measures can 
be found in positions [1, 15, 18, 19]. 

Given the above, it can be concluded that to the assessment of adaptation different structures of 
the logistics system, including the logistics network is necessary systematized arrangement of 
values. Included together parameters, measures and quantified measurable factors, subordinated to 
the assessment criteria and their weights and hierarchy, form a layout of values to evaluate the 
system. The layout of values should contain: 
− technical and economic parameters, and methods for their identification, 
− measures of assessment and assignment of particular parameters, 
− factors difficult to measure (not measurable), 
− criteria for evaluation and selection of variants.  

As criteria for assessing, the efficiency of logistics processes can be used: the criterion of time 
of flow of materials and information, the criterion of level of service quality and service, the 
criterion of minimizing costs and the criterion of operability of operation. With regard to assessing 
the efficiency of supply, chains can be distinguished:  
1) technical indicators, including among others: 

− number of means of transport, 
− number of means of transport working hours, 
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− number of driven km, 
− number of km per means of transport, 
− number of failures of means of transport. 

2) economic indicators, including among others:
a) absolute measures:

− transport costs,
− value of the means of transport,
− depreciation cost of mean of transport,
− personnel costs of transport department.

b) relative:
− the share of transportation costs in total costs.
− transport costs per unit of value of transported goods and products,
− maintenance costs of means of transport per month, a year,
− costs per tonne kilometre.

Efficiency measurement can have many uses. Among them can be distinguished among others: 
selection of means of transport to tasks, the choice of applied technologies, increasing productivity 
of logistics processes, reducing the execution time of tasks, reducing the cost of e.g. reduction in 
fuel consumption, etc. To compare the efficiency of the functioning of the variants of location 
choice of warehouse facilities is necessary to define and determine the implementation effects of 
processes for each of the variants. The result is a gain (or loss) arising from the used variant 
location of warehouse facilities in logistics network. This can also be a difference between the 
values of measures obtained for different variants. Therefore for a single warehouse object v, 
v∈V  efficiency can be determined as the quotient of difference of the values of measures 
(criteria) for a potential object and the value of measure of variant set as standard (e.g. existing), 
i.e..:

( ) ( ) ( )
( )

, ,
, , 100%

,
b

b

k v k v
k v k v

k v
Ξ −Ξ

∀ ∈ ∀ ∈ ∆Ξ = ⋅
Ξ

Κ V , (1) 

where: 
– the efficiency of operation of v-th object due to the k-th criterion, ,k v∈ ∈Κ V
– value of k-th operating efficiency measure of v-th object,

( ), bk vΞ  – standard value of k-th operating efficiency measure of v-th object due to the k-th 
criterion. 

Calculation of the value of efficiency ( ),k v∆Ξ  allows answering the question how much a 
percentage due to the k-th measure the value of efficiency of potential location differs from the 
standard value . 

In Fig. 3, was presented a modular block diagram of an assessment method for localizing 
logistics facilities in the logistics network. 

As mentioned earlier in assessing the efficiency usually must take into account more than one 
measure therefore in assessing the choice of location should be taken into account other criteria, 
and as a result we get vector of efficiency assessments, i.e.:  

( ) ( ) ( ) ( )( )1, ,..., , ,..., ,v v v k v K v v ∀ ∈ ∆Ξ = ∆Ξ ∆Ξ ∆Ξ V (2) 

where: 
K(v)  – number of measures used to measure the efficiency of operation of v-th object, v∈V . 

At the same time should not be forgotten that the warehouse facility location also affect the 
efficiency of other elements of the logistics network and thus the efficiency of the entire logistics 
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network. Therefore, when deciding on the choice of location, you have to select an object that 
meets the criteria of efficiency due to its location (e.g. the position due to the access to the road or 
the low cost of rental) and in the next step, to analyse the chosen variant due to the efficiency of 
the whole network.  

 

 
Fig. 3. A schematic flow diagram of an algorithm for the method for assessing the location of warehouse facilities 

 
Conclusions 
 

Assessment of efficiency of the logistics network action may relate to the degree of use of its 
components and the entire network. For this reason, proposed in the article indicators and criteria 

Module I – 
Defining an existing logistics network 

(network structure, parameters, types of cargo handled etc.)  
Determination of existing efficiency of logistics network 

 

Module III– Subcriteria 
The choice of sub-criteria of evaluation of warehouse location and determi-

nation of their significance  
 ease of labor recruitment  
 labor costs in the regions of facilities location 
 the cost of construction of additional warehouses or office buildings 
 transportation and storage costs 
 the cost of supply of new objects in media 
 existing transport infrastructure 
 the cost of area treatment 
 distance from supply markets and customers  
 local taxes and incentives for regional development 
 other 
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Moduł V – comparison 
 

Determination of the efficiency of the logistics network, including new ware-
house facilities 

Comparison of the results of the efficiency of the new logistics network config-
uration in relation to the current state 

Module VI 
Recommendations for configuration / reconfiguration of the logistics net-

 

Module II – 
Defining the type of localization problem  

(number of localized warehouses, the types of cargo handled etc.) 
 

Module IV – Calculations (multi-criteria method) 
 

Determination of the optimal location according to the sub-criteria 

The location fulfills the criterion of 
efficiency 
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can be used both to evaluate the entire system, and after minor modifications for evaluation of its 
subsystems or components. The proposed criteria for assessment of proecological transport 
systems enable an assessment of the efficiency of action of transport system taking into account 
various limits on the ecology. The inclusion of environmental aspects in the assessment of the 
transport system, including variants of its shape, it is necessary, among others, in the analysis of 
innovative technologies and legal instruments enforcing proecological activities. 
 
Acknowledgements 
 

The scientific research is carried out partly under the project PBS3 „System for modelling and 
visualization of warehouse facilities in 3D (SIMMAG3D)” funded by the National Centre for 
Research and Development and partly by a grant for young scientists. 
 
References 
 
[1] Ambroziak, T., Gołębiowski, P., Pyza, D., Jacyna-Gołda, I., Merkisz-Guranowska, A., 

Identification and analysis of parameters for the areas of the highest harmful exhaust 
emissions in the model EMITRANSYS, Journal of KONES, Vol. 20, No. 3, 2013. 

[2] Ball, M. O., Computing Network Reliability, Operations Research, 27, pp. 823-838, 1979. 
[3] Blaik, P., Logistyka, Polskie Wydawnictwo Ekonomiczne, Warszawa 2001. 
[4] Box, G. E. P., Tiao, G. C., Bayesian Inference in Statistical Analysis, Addison-Wesley, 

London 1973. 
[5] Bramel, J., Simchi-Levi, D., The Logic of Logistics: Theory, Algorithms and Applications for 

Logistics Management, Springer-Verlag, New York 1997. 
[6] Buslenko, H. P., Kałasznikow, W. W., Kowalenko, I. U., Teoria systemów złożonych, PWN, 

Warszawa 1979. 
[7] Chen, A., Yang, H., Lo, H., Tang, W. H., A Capacity Related Reliability for Transportation 

Networks, Journal of Advanced Transportation, 33(2), 183-200, 1999. 
[8] Daganzo, C. F., Logisitcs Systems Analysis, Springer Verlag, New York 1996. 
[9] Daley, D. J., Vere-Jones, D., Introduction to the Theory of Point Processes, Springer, New 

York 1988. 
[10] Dandamudi, S., Lu, J.-C., Competition Driving Logistics Design with Continuous 

Approximation Methods, Technical Report of the School of Industrial and Systems 
Engineering, Georgia Tech, http://www.isye.gatech.edu/apps/research-papers/, 2004. 

[11] Diggle, P. J., A point process modelling approach to raised incidence of a rare phenomenon 
in the vicinity of a pre-specified point” Journal of the Royal Statistical Society, Series A, 153, 
349-362, 1990. 

[12] Jacyna, M., Merkisz, J., Proecological approach to modelling traffic organization in national 
transport system, The Archives of Transport, Vol. 30, Iss. 2, 2014. 

[13] Jacyna, M., Wasiak, M., Jacyna-Gołda, I., Pyza, D., Merkisz-Guranowska, A., Merkisz, J., 
Lewczuk, K. Żak, J., Pielecha, J., A holistic approach to modelling of the ecological domestic 
transport system, Materiały konferencyjne XVIII Congreso Panamericano de Ingeniería de 
Tránsito, Transporte y Logística (PANAM 2014), Santander, 06-2014. 

[14] Jacyna, M., Wasiak, M., Lewczuk, K., Kłodawski, M., Simulation model of transport system 
of Poland as a tool for developing sustainable transport, The Archives of Transport, Vol. 31, 
Iss. 3, pp. 23-35, 2014. 

[15] Jacyna, M., Żak, J., Jacyna-Gołda, I., Merkisz, J., Merkisz-Guranowska, A., Pielecha, J., 
Selected aspects of the model of proecological transport system, Journal of KONES, Vol. 20, 
No. 4, 2013. 

[16] Jacyna, M., Żak, J., Jacyna-Gołda, I., Merkisz, J., Merkisz-Guranowska, A., Pielecha, J., 
Selected aspects of the model of proecological transport system, Journal of KONES 

65



I. Jacyna-Gołda, J. Żak, M. Wasiak 

Powertrain and Transport, Vol. 20, No. 3, pp. 193-202, 2013. 
[17] Jacyna, M., Lewczuk, K., Szczepański, E., Gołębiowski, P., Jachimowski, R., Kłodawski, M., 

Pyza, D., Sivets, O., Wasiak, M., Żak, J., Jacyna-Gołda, I., Effectiveness of national transport 
system according to costs of emission of pollutants, Safety and Reliability: Methodology and 
Applications, CRC Balkema, pp. 559-567, ISBN 978-1-138-02681-0, 2014. 

[18] Jacyna-Gołda, I., Merkisz-Guranowska, A, Żak, J., Some aspects of risk assessment in the 
logistics chain, Journal of KONES Powertrain and Transport, Vol. 21, No. 4, Warszawa 2014. 

[19] Jacyna-Gołda, I., Gołębiowski, P., Jachimowski, R., Kłodawski, M., Lewczuk, K., 
Szczepański, E., Sivets, O., Merkisz-Guranowska, A., Pielecha, J., Traffic distribution into 
transport network for defined scenarios of transport system development in aspect of 
environmental protection, Journal of KONES Powertrain and Transport, Vol. 21, No. 4, 
pp. 183-192, 2014. 

[20] Jacyna-Gołda, I., Evaluation of operational reliability of the supply chain in terms of the 
control and management of logistics processes, Safety and Reliability: Methodology and 
Applications, CRC Balkema, pp. 549-558, ISBN 978-1-138-02681-0, 2014. 

[21] Kozuń-Cieślak G., Efektywność-rozważania nad istotą i typologią, Kwartalnik Kolegium 
Ekonomiczno-Społecznego, Studia i Prace, Szkoła Główna Handlowa, 2013. 

[22] Langevin, A., Mbaraga, P., Campbell, J., Continuous Approximation Models in Freight 
Distribution: An Overview, Transportation Research B, 30, pp. 163-188, 1996. 

[23] Magnanti, T. L., Wong, R. T., Network Design and Transportation Planning: Model and 
Algorithm Transportation Science, 18, 1984. 

[24] Matwiejczuk, R., Efektywność – próba interpretacji, Przegląd Organizacji, Nr 11, 2000.  
[25] Rutkowska, A., Teoretyczne aspekty efektywności – pojęcie i metody pomiaru, The Journal of 

Management and Finance, 1/4, Gdansk 2013. 

66




