
RFID practices as a prerequisite for smart warehousing 
 

Nikolay Dragomirov 

University of National and World Economy, Sofia, Bulgaria 
ndragmirov@unwe.bg 

 

Abstract: The emergence of Industry 4.0 has led to the development of high-tech solutions that influence a number of related activities. In the 

field of warehousing management, as an important element of logistics systems, there is also an impact that follows a certain  model. 

Warehousing 4.0 and related developments have to be supported by a number of basic technologies for automatic identification, and 
technologies that represent intelligent connections to the real world. One of these is the Internet of Things (IoT), which is essentially based 

on many other solutions, including radiofrequency identification (RFID). The report presents some aspects of the application of RFID in the 
management of warehousing processes, and also reveals some basic practices of trade and manufacturing enterprises in that field. The study 

represents the results of a survey focused on warehousing management practices in Bulgaria. The results reveal some fundamental aspects 

of radiofrequency identification practices as a prerequisite for smart warehousing. The general findings are related to the relatively low and 
insufficient level of RFID technology usage in the field of warehousing. 
 
Keywords: WAREHOUSING 4.0, RFID, IoT 

 

1. Introduction 

Warehousing is an important part of any logistics system. 
Related activities ensure the efficient movement of material flows 

in the supply chain. In modern views and under the pressure of 

strong competition, warehouses seen as an important managerial 
aspect, and not only as a carrier of costs. An integral element of 

their successful management is the use of modern information 
systems and technologies, especially in the context of Industry 4.0, 

which is associated with a number of technologies based on 
autonomy, robotics, the Internet of Things (IoT) and cloud 

technologies [1], and forces for that change are general social, 

economic, and political changes and technology-push [2]. The 
technological solutions here are highly connected and they are 

intelligent to the real world [3]. The development of this topic also 
reflects and leads to the emergence of the term Logistics 4.0 [4,5] 

and the same views are inherent. Some aspects of the definition of 
Logistics 4.0 indicate that it is focused on customer satisfaction 

with using digital technologies [6].  

According to [7], recently terms have appeared such as ‘Digital 

Supply chain’, ‘Supply Chain 4.0’, ‘Digital logistics’, ‘Smart 
logistics’ in theory and practice. Logistics is a dynamic system and 

consists of many subsystems. Warehouses are one of them [8] and 
in the context of Logistics 4.0 they are a potential research area [9]. 

In accordance with the requirements of Industry 4.0, logistics 
processes are reorganized [10]. This problem has a significant 

impact on the science and there is growing appearance of research 
papers for the last several years in scientific research databases. 

Because of the interrelation between Industry 4.0, Logistics 4.0 and 

the appearance of Warehousing 4.0 it is possible to confirm the 
findings of [11] that smart warehousing is related to automated 

vehicles, augmented reality, and IoT for performing different 
warehousing processes. Now there is also the appearance of terms 

focused on single warehousing processes such as Order picking 4.0 
[12]. The importance of IoT technology for modern logistics 

management and supply chain management is pointed out by 
authors like [11,13–15] as can be seen by reviewing their article 

reviews. IoT technology encompasses many other technologies and 

in the literature is presented in different ways. Nevertheless, it is 
important to note that RFID as automated identification technology 

is very basic. RFID tags for facilitating routing, inventory 
management and loss prevention represent an important element of 

the technology roadmap of IoT [16]. RFID is in the perception layer 
of the architecture of IoT applications [17]. RFID is also defined as 

an important part of the intelligent warehouse management system 

(i-WMS) [18] and also could be used in several energy efficient 
warehousing practices that are classified by [19], human resources 

management [20] and omnichannel specifics [21]. 

2. RFID technology in warehousing  

RFID technology has a future in a variety of specific 
applications. It is hardly possible to list them all because the 

technology and practice is so vast that its application depends solely 

on the creativity of its users. It is applicable wherever there are 
separate material units that may be marked with tags - in 

procurement, operations and distribution.  

Tracking units passing through and their movement [22] is the 
most well-known and widespread application of the technology. 

When a unit is tagged, its movement can be tracked. For example, if 
a pallet has an RFID tag and it is moved from one warehouse area 

to another, the readers located between the two zones reflect the 

movement and submit information about it to the information 
system. The variations of this application are endless - identifying 

exactly which goods are unloaded from a vehicle to a warehouse, 
how many and what goods have left the warehouse, at which dock 

in the warehouse they is located, etc. 

In the previous applications the identifications system/reader 
was stationary, and only the tagged unit was moved. In practice, 

there are other solutions that use moving identification systems, 

such as warehousing material handling machines. They have also a 
real-time data connection with the main server, and this is an 

opportunity for a more advanced application. Through fast research 
on the internet for practical solutions it is possible to conclude that 

the market is growing. The summarized vision for the main 
elements of an RFID-enabled warehouse are shown in Fig. 1.  

 

Fig. 1 Fundamental RFID technology components in warehousing 

Material handling machines are equipped with different RFID 

readers. Pallets and handling units are tagged, as well as the 

warehouse locations. There are some solutions on the market where 
the machines are tagged also. When the operator is receiving a task 

for moving a certain unit from one place to another he is controlled 
by the system. The system automatically identifies the loaded units 

and sends the data to the information system. At this point, if there 
is a mistake the system takes action and warns the operator to stop, 
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but if the right unit is taken, the operator receives confirmation to 
move on. When machine reaches the appropriate rack and unloads 

the unit, the system identifies the place where the unit was unloaded 
and if there is an error, sends a warning signal. Using this 

technology, many mistakes can be avoided. 

Stock-taking and asset tracking - This is another application of 

RFID technology that with a single scan allows the physical 
location of units in a selected area to be detected. When the 

electronic tag of a unit in the area of the respective antenna is read, 
it means that the marked unit is also physically located there. When 

units have to be located – tags that are in the warehouse area are 
located that they are within the range of every antenna. The 

information system then knows the area in which the searched tag is 
located. This application can also have many variations according to 

specific warehousing needs. One of the most common is asset 

tracking. Now these ideas are more developed and there are 
solutions for RFID inventory control that use drones (unmanned 

aerial vehicles - UAVs) and their usage is much faster than human 
operators [23]. 

3. Some warehousing RFID usage practices in 

Bulgarian enterprises 

The presented research data is a selection from a research 
project focused on the warehousing practices in Bulgaria. In the 

current article, only a few aspects of the usage of RFID are 
included. The research scope is Bulgarian trade and manufacturing 

enterprises. Data was collected with an electronic questionnaire in 

2020. Over 130 responses were received - 58.2% trade and 41.8% 
manufacturing enterprises that were managing warehousing 

systems. 28.4% of the respondents were executives in company 
management/including logistics, 7.5% were in manufacturing 

departments, 15.7% in marketing-related departments and 23% in 
logistics. A prerequisite for inclusion in the research sample is that 

the company should have and manage a warehouse. Outsourcing of 
warehousing activities to logistics service providers is not covered. 

Answering all questions in the questionnaire sections was 

mandatory. 

Generally, the usage of information systems and technologies in 
warehousing was relatively low, and that was expected. Several 

previous research projects that focused on logistics and supply 
chain management in Bulgaria revealed that the level of usage of 

information systems and technologies was low and not adequate for 
the modern trends and forms of competition. The overall usage of 

RFID (means 1-5 from Likert scales) – statements related to 

warehouse employees use RFID scanners, warehouse locations are 
marked with RFID tags, pallets are marked with RFID tags, 

warehousing machines are equipped with RFID scanners are 
presented in Fig. 2. 

 

Fig. 2 Mean scores for statement for usage of RFID in warehousing 

The average results were very low and this means that the usage 
of RFID in the field of warehousing is unsatisfactory. There is no 

adequate warehousing infrastructure, and this reflects the low usage 
of automatic identification alternatives. Maybe the traditional 

approaches like using barcodes will continue in the coming years 
until a trigger for innovation appears. 

Another overall descriptive indicator is the average self-
assessment for RFID usage in warehousing. Answers to the 

question on the level of implementation of different information 
systems and technologies such as RFID in the warehouse reveal that 

at present their average usage is 2.10. The future results for the next 
three years are more positive and the average results are only 2.84 

but the standard deviation in the answers is more than 1.40. When 
respondents’ answers are analyzed by type of business – trade or 

manufacturing – it is revealed that the trade organizations are more 

proactive now as regards warehousing innovations, and this is likely 
to continue in the future. This could be explained by the specifics of 

their businesses and the intensity of the competition. 

Each warehousing process and related activities have significant 
roles in the efficiency of the whole warehousing system and they 

are associated with certain costs. The relative importance of each of 
the processes depends on the specific case, as well as on the specific 

functions of the warehousing systems in the whole logistics system. 

The processes for order preparation including unit collection from 
the warehouse can vary significantly and depend on the specific 

warehouse needs. The importance of these types of activities is 
great because they are time-consuming, generate many costs and 

directly affect the competitiveness of the warehousing system. 
Depending on the specific warehousing functions, variations in the 

management of the warehousing processes are observed. However, 
it is possible to conclude that organization of the warehousing 

processes follows the movement of material flows, from their entry 

into the warehouse to their departure. This includes receiving and 
incoming control; preparation for storage, putting away and storage; 

preparation of orders; packaging and labeling; departure. 

From the logistics management point of view it is more 
important to focus on the potential processes that can lead to 

improvement of warehousing systems. In most cases these are the 
processes related to the preparation of orders, process often called 

"picking" in English or “kommissionieren" from German. In 

essence, these are activities related to the collection of products and 
the preparation of orders, which generate significant part of the total 

warehousing costs according to [24]. That is why they are an 
important research and practice topic. They are also a complex of 

managing process for which there is no defined universal solution. 
These activities are a consolidating result of other solutions in 

warehousing and [24] define some of them, like information 
systems and technologies, the layout design of the warehouse, and 

storage equipment etc. The organization of these processes is 

associated with the definition of concepts such as "picking 
strategies" and "picking methods". Picking strategies define the 

process in general principles and rules, and the methods are related 
to the specific methods solution used for picking – paper picking, 

using labels, barcode scanners, RFID scanners, voice picking, 
picking guided by light and etc. [24] 

That is the reason the picking process is focused on the usage of 

RFID systems. Research data for the used order picking methods in 

the warehouses reveals that only 6.2% of all methods are RFID-
based and they are usually combined with other solutions. This is a 

serious difference to global trends. Positive side of the problem is 
the right focus of the respondents for their future plans for the next 

3 years for development for faster order picking the warehouse. 
More than 27% of them have plans for greater usage of 

technologies for automatic identification - barcodes or RFID. In 

more than 50% of cases they have plans for greater usage of 
material handling machines, software systems upgrade, human 

resource motivation, and higher wages. In 40.2% of the cases there 
are plans for partial automation of warehousing processes. 
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There is no difference between the types of organization (trade 
or manufacturing) for their answer for the current time. For future 

plans, there is a difference. Most significant are the more ambitious 
plans of the trade organizations for process automation, more 

human resource and a higher level of usage of RFID. For the last 
the technology share of the trade organizations is 29.5% and only 

24.1% for the manufacturing organizations. 

3. Conclusions  

In conclusion, it can be confirmed that there is insufficient use 

of information technologies in the field of warehousing in Bulgarian 
enterprises, especially of the technologies such as RFID that will be 

so important in the future for logistics. With the appearance of 
Logistics 4.0 and Warehousing 4.0 concepts, it is clear the future 

will see modern and highly technological competition. That is why 

it is necessary for Bulgarian companies to look for fast development 
in that field and to follow the global practices – a high level of use 

of information systems and technologies leading to automation of 
warehousing processes. The initial focus should be on the IoT 

concept and the related components, especially on RFID systems as 
a prerequisite for the successful future of smart warehousing. 

Acknowledgments: The text was developed within the 

university project for scientific research, funded by the Research 

Fund of the University of National and World Economy - Bulgaria, 
number NI-3-2019 - "Warehousing systems in logistics - 

management practices and trends". 

4. References 

[1]  Marr, B. What is Industry 4.0? Here’s A Super Easy 
Explanation For Anyone 

https://www.forbes.com/sites/bernardmarr/2018/09/02/what-is-
industry-4-0-heres-a-super-easy-explanation-for-anyone/ 

(accessed Jan 5, 2021) 
[2]  Lasi, H., Fettke, P., Kemper, H.-G., Feld, T., Hoffmann, M. 

Bus Inf Syst Eng (2014), 239–242, 6, DOI: 10.1007/s12599-

014-0334-4 
[3]  Deloitte Insights Industry 4.0 

https://www2.deloitte.com/us/en/insights/focus/industry-4-
0.html (accessed Jan 5, 2021) 

[4]  Sternad, M., Lerher, T., Gajsek, B. Business Logistics in 
Modern Management (2018), 695–708, 18 

[5]  Zhelyazkova, D. Commerce 4.0 - science, practice and 

education. Conference proceedings 483–491 
[6]  Winkelhaus, S., Grosse, E. H. International Journal of 

Production Research (2020), 18–43, 58, DOI: 
10.1080/00207543.2019.1612964 

[7]  Krykavskyy, Y., Pokhylchenko, O., Hayvanovych, N. 
Oeconomia Copernicana (2019), 273–290, 10, DOI: 

10.24136/oc.2019.014 
[8]  Ballou, R. H. Business logistics management, 3rd ed., Prentice 

Hall, Englewood Cliffs, N.J, (1992) 

[9]  Domański, R. Business Logistics in Modern Management 
(2019), 387–398, 19 

[10]  Demirova, S. International Scientific Journal “Industry 4.0” 
(2016), pp.70-73, Year I 

[11]  van Geest, M., Tekinerdogan, B., Catal, C. Computers in 
Industry (2021), 103343, 124, DOI: 

10.1016/j.compind.2020.103343 

[12]  Winkelhaus, S., Grosse, E. H., Morana, S. Computers & 
Industrial Engineering (2021), 107511, 159, DOI: 

10.1016/j.cie.2021.107511 
[13]  Yang, M., Fu, M., Zhang, Z. Technological Forecasting and 

Social Change (2021), 120795, 169, DOI: 
10.1016/j.techfore.2021.120795 

[14]  Weng Chun Tan, Manjit Singh Sidhu, Sharulhizam Mohamad 
Shah TURCOMAT (2021), 1754–1762, 12, DOI: 

10.17762/turcomat.v12i3.1002 

[15]  Bigliardi, B., Casella, G., Bottani, E. IET collob. intell. manuf. 
(2021), 4–12, 3, DOI: 10.1049/cim2.12015 

[16]  Tejesh, B. S. S., Neeraja, S. Alexandria Engineering Journal 
(2018), 3817–3823, 57, DOI: 10.1016/j.aej.2018.02.003 

[17]  Mostafa, N., Hamdy, W., Alawady, H. Social Sciences (2019), 
84, 8, DOI: 10.3390/socsci8030084 

[18]  Pulungan, Nugroho, Maidah, Atmojo, Hardo, Pawenang In 

Artificial Intelligence and Enterprise Systems Track, (2013) 
[19]  Mihova, L. Knowledge International Journal (2020), 113–119, 

41 
[20]  Stefanov, M. Knowledge International Journal (2020), 127–

133, 41 
[21]  Vodenicharova, M. Research Papers of UNWE (2020), 159–

177, 2 
[22]  Dragomirov, N. Information systems and technologies, 

Publishing Complex - UNWE (in Bulgarian), Sofia, (2015) 

[23]  Fernández-Caramés, T. M., Blanco-Novoa, O., Froiz-Míguez, 
I., Fraga-Lamas, P. Sensors (2019), 2394, 19, DOI: 

10.3390/s19102394 
[24]  Richards, G. Warehouse Management: A Complete Guide to 

Improving Efficiency and Minimizing Costs in the Modern 
Warehouse, Second edition., Kogan Page, London, (2014) 

 

INTERNATIONAL SCIENTIFIC JOURNAL "INDUSTRY 4.0" WEB ISSN 2534-997X; PRINT ISSN 2534-8582

157 YEAR VI, ISSUE 4, P.P. 155-157 (2021)




