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Nowadays global business trends force the adoption of innovative ICTs into the supply chain 

management (SCM). Particularly, the RFID technology is on high demand among SCM pro-

fessionals due to its business advantages such as improving of accuracy and velocity of SCM 

processes which lead to decrease of operational costs. Nevertheless, a question of the RFID 

technology impact on the efficiency of warehouse processes in the SCM remains open. The 

goal of the present study is to experiment the possibility of improvement order picking ve-

locity in a warehouse of a big logistics company with the use of the RFID technology. In 

order to achieve this goal the following objectives have been developed: 

1) Defining the scope of the RFID technology applications in the SCM; 2) Justification of 

the RFID technology impact on the SCM processes; 3) Defining a place of the warehouse 

order picking process in the SCM; 4) Identification and systematization of existing methods 

of order picking velocity improvement; 5) Choosing of the study object and gathering of the 

empirical data about number of orders, number of hours spent per each order line daily dur-

ing 5 months; 6) Processing and analysis of the empirical data; 7) Conclusion about the 

impact of the RFID technology on the speed of order picking process. 

As a result of the research it has been found that the speed of the order picking processes has 

not been changed as time has gone after the RFID adoption. It has been concluded that in 

order to achieve a positive effect in the speed of order picking process with the use of the 

RFID technology it is necessary to simultaneously implement changes in logistics and or-

ganizational management in 3PL logistics companies. Practical recommendations have been 

forwarded to the management of the company for further investigation and procedure.   
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В настоящее время мировые тенденции торговли ускоряют внедрение передовых 

информационно-коммуникационных технологий в управление цепями поставок. В 
частности, технологии радиочастотной идентификации получили высокий спрос 

среди специалистов благодаря выгодам, которые они приносят компаниям: 
повышение точности и скорости логистических процессов и, как следствие, снижение 
операционных затрат предприятия. Тем не менее,  вопрос о  влиянии технологии 

радиочастотной идентификации на производительность складских процессов в 
управлении цепями поставок остается открытым. Целью данного исследования 

является проверка возможности повышения скорости процесса обработки заказов на 
складе крупной логистической компании с использованием технологии 
радиочастотной идентификации. Для достижения данной цели были поставлены 

следующие задачи:  

1) Определение областей использования технологии радиочастотной идентификации; 

2) Обоснование влияния технологий радиочастотнои идентификации на процессы 
управления цепями поставок; 3) Определение места складского процесса обработки 
заказа в управлении цепями поставок; 4) Выявление и систематизация существующих 

подходов к улучшению скорости обработки заказов; 5) Выбор объекта исследования 
и сбор эмпирических данных о количестве заказов, количеству часов, использованных 

на выполнение того или иного заказа ежедневно по 5ти-месячному периоду; 6) 
Обработка и анализ эмпирических данных; 7) Выводы о влиянии технологий 
радиочастотной идентификации на скорость обработки заказа на складе. 

В результате исследования было выявлено, что скорость процесса обработки заказов 

на складе после внедрения технологий радиочастотной идентификации не изменилась 
со временем. Сделан вывод о том, что для получения положительного эффекта от 

внедрения данных технологий необходимо осуществлять одновременные изменения 
в логистических и организационных стратегиях менеджмента 3PL логистических 
компаний. Практические рекомендации переданы руководству для дальнейшего 

рассмотрения и внедрения. 
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INTRODUCTION 

Nowadays the technology innovation era has impacted many areas of life. Modern global 

business trends, contemporary trade, consumer behavior and retail relationships have influ-

enced the urgency in the adoption of information communication technologies (ICTs) 

widely. Innovation drives company’s competitiveness and sustainability on the market dur-

ing long-term economic growth (Chapman et al., 2003). Particularly, the need for intens ive 

utilization of ICTs, which formed the start of the digital economy in the recent twenty years, 

stem from the urgency to improve efficiency of manufacturing and provision of goods and 

services (Attaran, 2012; Chapman et al., 2003). The present study aims to explore how the 

ICT adoption into an organization affects the speed of the supply chain management (SCM) 

process with a case study of the radio frequency identification (RFID) technology in a ware-

house order picking process of a logistics company. In recent years the impact of the ICTs 

on the improvement of supply chain operations of a business has been extensively studied 

all over the world (Peppard 2007; Orlikowski, 2008; Bloss 2011; Bourlakis et al. 2011). 

There have been many papers describing a wide effect of the ICTs adoption to the SCM and 

the following changes in the SCM (Chapman, 2003; Krauth, 2005; Bourlakis et al. 2011, 

etc.). In this background the RFID technology is an innovative, disruptive ICT of the latest 

generation which is more and more adopted in the SCM nowadays (Lai et al., 2014). It is 

primary suited for automated and, therefore, easier identification and tracking of objects and 

people (Lai et al., 2014). In business, the RFID technology is adopted as an intelligent, cost-

reductive technology with real-time information for various supply chain operations (Zhang 

et al., 2012) not only for tracking boxes but more and more for improving of internal effi-

ciencies (Attaran 2012; Wang, 2014). 

As the key of the SCM is to deliver goods from the point of origin (the location of manufac-

turing) to the final consumption location point, the SCM realizes moving, loading, packing, 

picking, and storing of ready-to-use goods, raw materials and unfinished goods, i.e. products 

which have to be yet customized (Harland, 1996). Therefore, the SCM’s key task is the de-

livering of the perfect order in the right quantity, to the right customer and in the right time 

(Mentzer, 2001). In the sense of these SCM’s operations, the application of the RFID within 

the SCM has a broad scope, it is applied in manufacturing processes, in transportation, in 

warehousing and distribution, in retailing (Singh & Teen, 2014). The processes in which the 

RFID is applied are related to the movement of goods such as control of manufactured items, 
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loading and unloading of goods to a transportation vehicle, control of inventory for timely 

replenishment of the stock. The RFID is commonly applied not only in business but also in 

the healthcare and social security (Singh et al., 2008).  

Despite the rapid growth of information technologies solutions for business in markets 

among developing and developed countries, an academic research on this field have some 

open questions on the adoption of the RFID in the supply chain (Mehrjerdi, 2014; Lim et al., 

2013). It concerns particularly the RFID technology use in the warehouse function of the 

SCM (Lim et al., 2013), although the studies on the RFID received significant attention of 

researchers (Lee, 2005; Muller-Seitz et al. 2009; Osyk et al. 2012).  

Today with the development of globalization and consumerization phenomena the role of 

the warehouse operations in the SCM has been significantly changed: in the past warehouses 

were considered as cost-producing assets for product storage only, today warehouse opera-

tions are more responsible for proper delivery of orders to customers, and warehouse oper-

ations impact the whole SCM (De Koster 2007; Choy, 2014; Richards, 2014). 

In the background and range of the RFID application, the study on the impact of the RFID 

technology on the warehouse operations become interesting because 1) RFID in the ware-

house operations has received only limited amount of attention from the academy; 2) the 

warehouse operations have become commonly recognized and key elements of the SCM and 

critical SCM functions, they are of high customers’ demand (Lim et al., 2013; Richards, 

2014). Direct and indirect impacts of ICTs on the improvement of efficiency in SCM oper-

ations have been of high interest of researchers (Rizzi & Zamboni 1999; Chapman, 2003; 

Orlikowski, 2008). Logistics function of the SCM is concerned as one of the key factors of 

companies’ success (Hallikas, 2004; Cho et al. 2012). 

The warehouse logistics is responsible for preparing goods for the delivery in the perfect 

order (Richards, 2014). The basic warehouse operations are to receive goods from senders, 

to keep/store and look after the goods, to retrieve goods based on customer orders, and to 

prepare them for further transportation to the end destination and customers (Jerry et al., 

2007). As any supply chain consist of several organizations which are involved into the SCM 

activities, it always happens that a particular organization in the chain, for example, a re-

tailer, requires product ordering which is prepared in a warehouse of  another organizat ion, 

for example, a distribution center or a supplier (Kawtummachai & Van Hop 2005). Thus, 
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the right demand satisfaction of delivering the goods in the right condition and right quantity 

to the right place and the right customer in right time is depended on quick and proper order 

processing in a warehouse such as picking and dispatching of products, quality controllin g 

of goods, putting of accurate labels on products, proceeding of the act of the loading onto 

the right transportation in advance. (Ten Hompel et al., 2007; Richards, 2014).  

At this point, the RFID is applied to warehouse handling procedures related to the processing 

of orders and the management of current inventory, namely these procedures are order-pick-

ing, shipping, receiving of new items and putting them to a place, sortation, cross-docking, 

and processes of the controlling of the inventory level and provision of the relevant security 

to the stock (goods stored in a warehouse) as well as asset/equipment management (Lian et 

al., 2007; Lim et al., 2013; Litvak & Vlasiou, 2010; Song et al., 2013). 

As the warehouse activities are related to moving of goods, the RFID technology easily pro-

vides information of the real-time status of moving object. The benefits of the RFID imply 

the whole supply chain management: with the use of the RFID the specific SCM operations 

such as tracking and shipping become faster and more reliable, it leads to the improved ma-

terial flow and inventory management (Attaran, 2012; Jerry et al., 2007; Sarac et al., 2010). 

The RFID technology eliminates human errors, challenges with replenishment, inventory 

inaccuracy, and bullwhip effect, it speeds up the handling processes, improves the velocity 

of the material flow within the SCM and the overall amount of goods and items passing 

through the warehouse (Jerry et al. 2007; Sarac et al., 2010). Therefore, the RFID technology 

provides significant benefits to business and operations in terms of operational efficiency 

(Hozak & Collier, 2008; Hardgrave et al., 2013; Wang, 2014). As the price of RFID tags is 

declining, business decision managers consider the RFID technology as a source of compet-

itive advantage to conquest competitors by developing the customer service level with the 

use of RFID while the cost of operations are retained to the least possible (Jerry et al., 2007). 

Among the warehouse processes in which the RFID is applied, the order-picking process is 

a strategically significant activity for the SCM as it has a direct impact on the whole supply 

chain (De Koster et al. 2007). The order-picking process is the process of retrieving goods 

from a storage in accordance with a request from customers (De Koster et al. 2007). Alt-

hough the RFID technology integration within the SCM has been substantially studied 

among the researchers, still, a number of areas seem to have received only slight considera-

tion from academics (Lim et al., 2013; De Koster et al., 2007). Particularly, in the recent 
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years it has been a necessity to improve order-picking efficiency in order to sustain in the 

modern changing business environment due to consumerization and global SCM trends  

(Choy et al., 2014; Litvak & Vlasiou, 2010; Poon et al., 2009). Although the order-picking 

process is a crucial activity in a warehouse, it is intensive on manual labor, also difficult to 

plan and challenging to automate (Richards, 2011).  

A key connection between the order picking process and the customer service level is that 

the more rapidly an order can be proceeded in a warehouse, the faster it becomes ready for 

the shipment to a customer, and quick order picking is a key for a flexibility in preventing 

complications with late changes of orders. If an order is processed not rapid enough it may 

miss its shipping time and cause the delay with delivery. Underperformance in the order 

picking process is a reason for the unsatisfactory level of service, it causes extra high costs 

in the warehouse operations, and therefore it produces costs and lower the service level for 

the whole supply chain. (De Koster et al. 2007).  

The SCM experts consider the order picking process as the highest-priority zone for improv-

ing the warehousing and SCM productivity (Choy et al., 2014; Chen et al. 2014). For the 

sake of achievement of an appropriate quality of delivery and SCM productivity, many tech-

nologies and strategies are used in the warehouse order picking process such as full automa-

tion and robotics which have been reported to have very positive impact on the speed of the 

process, however these methods perform to be capital intensive and require high degree of 

process reengineering (De Koster et al., 2007; Tomkins & Smith, 1998). Recently, yet not 

all new picking methods have been researched, there is a gap between the practical issues 

and academic research in the warehouse logistics and order picking process (Choy et al., 

2014; De Koster et al., 2007). According to De Koster et al. 2007, the development of order-

picking methods in practice leads to new favorable research directions, and “innovations 

from practice also lead to new research directions”. A managerial issue in the RFID is re-

ported by the researchers in this field: in business practice companies and decision-managers 

are expecting RFID to improve business operations but without clear understanding and an-

swers how exactly the RFID can help, and these answers need to be found from the research 

with analysis of data obtained during the period of active RFID implementation and usage 

(Choy et al., 2014; Delen et al., 2007). In the recent studies it has been reported that the 

RFID technology improves the velocity of the SCM processes, provides quick setup of or-

ders in the SCM but there is still a need to investigate the RFID technology from the context 
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of improvement the operational efficiency in a warehouse (Attaran, 2012; Choy et al., 2014). 

Additionally, Sarac et al. (2010) report that potential benefits of the RFID in the SCM is the 

speed of processes. The order-picking process is one of the main indicators of customer 

service improvements and its velocity is tightly connected with the SCM operations (De 

Koster et al. 2007; Gu, 2007; Krauth et al., 2005), this process is of high priority for effi-

ciency improvement in a warehouse (Ong & Joseph, 2014). Therefore, the aim of the present 

study is to experiment the possibility of improvement order picking velocity with the use of 

the RFID technology. For that the main objectives have been put forward: 1) defining the 

scope of the RFID technology applications in the SCM; 2) justification of the RFID technol-

ogy impact on the SCM processes; 3) defining a place of the warehouse order picking pro-

cess in the SCM; 4) identification and systematization of existing methods of order picking 

velocity improvement; 5) choosing of the study object and gathering of the empirical data 

about number of orders, number of hours spent per each order line daily during 5 months’ 

time; 6) processing and analysis of the empirical data; 7) conclusion about the impact of the 

RFID technology on the speed of order picking process. 

The improvement of the velocity SCM processes previously has been briefly reported in the 

RFID studies (Sarac et al., 2010; Jerry et al., 2007; Attaran, 2012), the nature of the present 

research in explorative and the main hypothesis which has been established is that the RFID 

technology positively affect the speed of the order picking process. Thus, for the empirica l 

part of the thesis it has been decided to use a single case study with longitudinal period of 

total 8 months and the holistic approach of the study. As there are many different warehouses 

in the supply chain it has been decided to take a case of a large logistics service provider of 

the third-party logistics (3PL) type. The company is a typical representative of the upper 

segment in the logistics industry, and the preference of the logistics service industry over the 

retail and manufacturing industries is supported by the evidences which stem from global 

business trends and widely adopted logistics outsourcing decisions nowadays (Guo & Wei, 

2014; Zhang & Qiu, 2014) because the logistics outsourcing provide economic befits to 

companies (Guo & Wei, 2014). Although there are several types of logistics service provid-

ers, a typical representative among them is a 3PL provider (Zhang & Qiu, 2014).  3PL pro-

viders seem to have more operational advantage in the modern business environment due to 

their stronger logistics capability with technological advantage (Cho et al., 2008).  
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Despite the fact that this study is limited to a one case company and there are no comparison 

to other firms in the industry, the findings of this study can contribute to the knowledge and 

theory construction with its longitudinal nature and a representative case for other companies 

in the logistics industry which can take a learned lesson. 

Structure of the thesis 

The present thesis is divided to the four main chapters which are structured the following 

way: the Chapter 1 consists of four parts and presents the literature review on the topic of 

the RFID in the SCM. In details, in the first part methodology of the literature review and 

main concepts are presented. The second part of the Chapter 1 describes the topicality of the 

chosen study, i.e. the impact of ICTs on the SCM and global trends of the SCM that have 

caused the urgency of technology adoption. The third part of the Chapter 1 describes the use 

of the RFID technology in the SCM, its application, advantages and principle of working. 

The fourth part represent the warehouse logistics function in the SCM, its position in the 

supply chain among other units of the SCM, main warehouse operations in which the RFID 

is used, and the RFID advantage to the warehouse operations. Finally, the RFID use in the 

order picking process is described. In t the end existing methods of picking velocity im-

provement are given.  

In the end of the Chapter 1 a conclusion has been made on the topicality of the RFID study 

in the SCM and the research gap in the warehouse operations for the use of the RFID, the 

selection of the speed of the order picking process study is justified, and links between the 

existing open research questions in the literature have been drawn, and research aim of this 

study has been proposed. 

The Chapter 2 of this thesis is divided to three parts and represents the empirical study, its 

execution and results. In the first part the research question and hypothesis are drawn, re-

search activities and objectives according to the chosen method are designated, and a re-

search method for this study has been validated as a relevant method for this study. In the 

second part, there is a brief overview of the Case Study Company and the industry to which 

it belongs. Namely, the history and presence of the company as well as its strategy, values 

and mission are given, organizational structure and drivers of technology adoption are pre-

sented. The third part of the Chapter 2 contains the results and findings of the empirica l 

study. Firstly, description of the implementation of the RFID technology in the warehouse 
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of the Case Company is given, the description of data which has been gathered during the 

period of the empirical study is presented and the analysis and the interpretations of this 

empirical data are outlined. 

The last chapter of the thesis contains the conclusions made from the empirical study about 

the impact of the RFID technology to the speed of order picking process, interpreted reasons 

of the obtained results and directions for further development. 
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1. TECHNOLOGIES IN THE SUPPLY CHAIN MANAGEMENT 

In this chapter of the paper the objective is to provide thorough theoretical background and 

analysis of research, to identify main research gaps that will further be fulfilled by both em-

pirical research and theoretical systematization. The chapter is first focused on the design of 

the literature study and concept of SCM and then on the impact of ICTs on the SCM and the 

global trends of the SCM causing the urgency of technology adoption. Further, the RFID 

technology in the SCM is presented together with RFID’s advantage, applications and prin-

ciple of working. The following section represents the warehouse function of the SCM, the 

RFID use in the warehouse operations and its advantage. Finally, the RFID use in the order 

picking process is described and existing methods of picking velocity improvement are 

given.  

In the end of this chapter there is a conclusion of the literature review, first about the topi-

cality of the RFID study in the SCM and the research gap in the warehouse operations for 

the use of the RFID technology, links between the existing open research questions in the 

literature have been drawn, and research aim of this study has been proposed. 

1.1. Design of the literature analysis  

This subchapter contains information regarding to the given study, information regarding 

commonly literature search strategies and structure.   

1.1.1. Structure of the literature review 

The pathway of the literature review content is presented on the Figure 1. The central issue 

of this thesis is an RFID technology that is applied in business and SCM. The theoretical 

review considers the SCM as a whole in the beginning and further the SCM is decomposed 

to its parts and main units, and the RFID technology map of integration to these units is 

given. Further on the level of service, the warehouse logistics is described and decomposed 

to units in which the RFID is integrated. Then, on the level of processes, the order picking 

process is described and on the level of categories the research gaps are found, and the thesis 

moves to the Chapter 2 in which the research niche is established.  
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Figure 1 Pathway of the content of the literature review 

The brief outline of the literature review findings is that the RFID is a technology that is 

implemented in the SCM, namely in the warehouse logistics and order picking process which 

has key performance indicators as velocity and accuracy. 

1.1.2. Methodology of the literature review 

In order to come up with the summary, the aim of the literature review is to see what has 

been studied previously in the field of RFID technology application in the SCM, supply 

chain units and organizations, and to investigate and find the research gaps in this area. Thus, 

the literature classification according to the fields where the SCM, its trends and technolo-

gies and the adoption of technologies (particularly, RFID) has been made. In order to be able 

to conduct a reliable literature analysis, a design of methodological and systematic literature 

review has been chosen and has been followed.  

General topic 

Study’s object Additional 

RFID impli-

cations 

Organizational level 

Operational level 

Process 
level 

Category level 
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First of all, the literature has been searched and taken from internationally recognized and 

peer-reviewed journals, practitioner journals, international conference publications and other 

academic journals have been chosen for the study. Among them are International Journal of 

Logistics: Research and Applications, International Journal of Physical Distribution & Lo-

gistics Management, Transportation research board, The Information Society: An Interna-

tional Journal, Journal of Industrial Ecology. The publishers that have been chosen to con-

duct articles’ analysis are Tailor & Francis, Emerald, Elsevier, Springer, and other recog-

nized publishers with high quality information. According to conducted previously research 

on journal rankings in the field of logistics and supply chain management as well as opera-

tional management, International Journal of Logistics: Research and Applications, Supply 

Chain Management: An International Journal, The International Journal of Logistics Man-

agement are recognized as high ranked European-focused journals (Kovács et al., 2008). It 

has been also highly important to ensure that the conducted study is based on the up-to-date 

literature taken from relevant scientific sources. The research on the RFID implications in 

the SCM has been limited to papers published in years of 2005 till 2014. Top management 

level journals have been chosen to support the present academic research on the current phe-

nomenon and find evidence from a real business perspective.  

In order to follow the approved scope of the study and to achieve reliable recognition of the 

research context, search parameters related to the key words have been established. When 

searching for information regarding 3PL providers, it has been accepted and ensured that 

results of the search may also contain 3PL, TPL as well as logistics outsourcing and contract 

logistics. In the search of information of the RFID it has been decided to use the RFID acro-

nym. During the search following key word and sentences have been used as well in order 

to distract relevant to this study information: supply chain management, RFID application 

in the supply chain management, RFID in warehousing, warehouse management, order pick-

ing process. The next paragraph contains the definitions of the terms that are used in this 

study. 

1.1.3. Concepts and terms used in this study 

As the present study contains terms and relationships, it is necessary to explain those terms 

and concepts in order to exclude all misunderstandings in perception and interpretation of 

information. The following sections contain description of the accepted terms and relation-

ships considered and investigated in the present study as the background of the research.  
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There is a necessity to provide a proper definitions of the SCM and RFID in this study. Radio 

Frequency Identification (RFID) is an innovation technology of a next generation which 

provides easier and automated identification, collection of data and tracking of assets and 

people (Lai et al., 2014). The SCM has a bit more complex explanation, it has been devel-

oped in the past 20 years (Mentzer et al., 2001), and it is a significant part of the modern 

international trade and business. A definition of the SCM which has been initially introduced 

by Harland (1996) sounds the following way: “SCM is the management of a network of 

interconnected businesses involved in the provision of product and service packages required 

by the end customers in a supply chain”. However despite the fact that SCM as a subject in 

science is widely described and well-studied (Graves, 2014; Hallikas, 2004), the term “sup-

ply chain management” has more than one or two definitions, and different authors define 

the SCM differently (Stock & Boyer, 2009). Stock & Boyer (2009) have examined 166 def-

initions of the SCM and developed a consensus definition which has been accepted for this 

study – “The management of a network of relationships within a firm and between interde-

pendent organizations and business units consisting of material suppliers, purchasing, pro-

duction facilities, logistics, marketing, and related systems that facilitate the forward and 

reverse flow of materials, services, finances and information from the original producer to 

final customer with the benefits of adding value, maximizing profitability through efficien-

cies, and achieving customer satisfaction” (Stock & Boyer, 2009). 

The SCM realizes the moving, loading, packing and picking, and storing of raw materia ls, 

products which have to be yet customized, processed goods, and finished goods from one 

location of origin to the final location of consumption (Harland, 1996). This is a field in the 

business and management science (Higginson & Bookbinder, 2005; Richards, 2014; Zhang, 

2007, etc.). Moreover, well-acknowledged phenomena of globalization has affected the 

field. As a result corporations turned to global supply of their resources and started to look 

for more effective methods for managing the flow of materials throughout the company 

(Mentzer et al., 2001). However, it’s necessary to add the flow of information and infor-

mation transfer to flow of materials. This flow of materials and part which belong to the 

physical distribution of goods and information transfer during this process is called logist ics. 

Logistics is an integrated part of the whole SCM (Jones & Riley, 1985). Within the SCM it 

is necessary to define the operations management which as function of logistics. “Operations 

management (OM) deals with the design and management of products, processes, services 

and supply chains. It considers the acquisition, development, and utilization of resources that 
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firms need to deliver the goods and services their clients want” (MIT Sloan School of Man-

agement, 2014). 

The warehouse glossary 

In this study specific terms of warehouse will be used, so it is necessary to provide a ware-

house glossary: Forklifts are vehicles which handle operations such as lifting and moving of 

goods in a warehouse. The items they are moving are usually called loads, as they are pack 

of items (Piasecki, 2014). Racks are vertical shelves on which those goods are stored while 

being placed on the pallets (Piasecki, 2014). A pallet is a platform (usually made of wood) 

for holding items which are stored in a warehouse; pallets allow forklifts to move and place 

items in a warehouse. A picker is a warehouse worker who picks items from shelves and 

pallets in order to complete an order. (Piasecki, 2014). 

1.2. Supply chain management overview 

The aim of this paragraph is to give an overview of the SCM and to establish a position of 

the SCM in business, to describe the activities and issues of the SCM. 

1.2.1. Supply chain management map and activities 

The SCM is a noteworthy part of the modern trade relationships (Gardner, 2004; Neeraja, 

2014). As the SCM is a broad concept which includes many activities and interconnections 

among organizations and parts of the supply chain, in this section SCM activities are de-

scribed first and the position of the warehouse logistics in the chain is explained. 

Mentzer (2001) has classified supply chain relationships to three types: direct, extended and 

ultimate (Figure 1Table 1). The difference between them is in number of bodies participated 

within the chain, while chain itself means the sequence of firms/organizations involved into 

common work of material flow (Mentzer, 2001).  

In the ultimate supply chain organizations use outsourcing activities, so there are external 

bodies such as a financial provider, a market research firm and a third party logistics provider 

(Mentzer, 2001). According to Gardner (2004), third-party logistics is a provider of out-

sourced logistics services such as warehousing, transportation and value-added services. 
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The supply chain management, therefore provides various types of activities, and moreover, 

there are many activities within the supply chain bodies which define the relationships 

among them. 

Table 1 Types of supply chain relationships (Mentzer, 2001) 

DIRECT SUPPLY CHAIN 

Supplier         Organization                           Customer 

EXTENDED SUPPLY CHAIN 

Supplier’s 

supplier 
 Supplier  



 
Organization 



 
Customer  

Customer’s 

customer 

ULTIMATE SUPPLY CHAIN 

   ↓Third party logistics provider↓   

Ultimate 

supplier  
 Supplier 



 
Organization 



 
Customer  

Ultimate 

customer 

  ↑--Financial provider--↑ ↑----Market research provider---------↑ 

The scope of the relationships in the SCM activities varies. Error! Not a valid bookmark self-

reference. represents these activities. 

Table 2 SCM activities (Mentzer, 2001) 

1 Integrated behavior of the parties involved into the supply chain 

2 Information which is shared mutually among supply chain members 

3 Risks and rewards are shared mutually 

4 Cooperation 

5 When serving customers, the same goal and focus are pursued 

6 Processes integration among parties within the supply chain 

7 Network with partners, long-term relationships 

Thereby, this topic gets a great deal of attention among the scientists and researchers who 

are “trying to explain the nature of this concept, to find the reasons for its appearance, and 

to study its perspectives for further development” (Krotov, 2009). This all implies to the 

warehouse management as a significant part of the whole SCM which is nowadays consid-

ered as a source of competitive advantage (Richards, 2011). The warehouse logistics nowa-

days is crucial in the context of the sustainability of the whole SCM (Krauth, 2005; Richards, 

2014). 
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1.2.2. Global technology trends in the supply chain management 

There are many trends and technologies in the supply chain which are described widely in 

the literature (Chapman et al., 2003; Lian et al., 2007; Kumar, 2001, etc.). Some authors put 

substantial effort in identification of SCM trends for the future (Gold et al. 2013; Sengupta 

2013). For example Sengupta (2013) makes a forecast up to 2020. It important to take them 

into consideration when studying the concept. 

(1) Service chains will dominant over product chains. As customers claim more services for 

the products they buy, only those companies which can offer sufficient services for the prod-

ucts they sell (such as warranty, information and knowledge sharing, maintenance) will stay 

competitive on the market (Sengupta, 2013).  

(2) Companies will be in need to report their supply chain externalities completely. Here, 

under the supply chain externalities corporate externalities are defined. It is the impact of 

business and manufacturing processes of a company on other sectors of the society such as 

the effects on sustainability (reducing of carbon emissions), job market (number of job 

places created because of supply chain operations), efficient modes of transportation, sus-

tainable and green procurement, labor’s wages and conditions, etc. (Sengupta, 2013). Cus-

tomers will arise their claims on information regarding to these factors as much as they claim 

transparency in tagging food and beverages (Sengupta, 2013).  

(3) The aim of the supply chain will have to be to serve the “base of the pyramid” for being 

sustainable, as the bottom tier of the world income pyramid represents the great portion of 

people existing in poverty of dangerous and moderate types (Gold et al., 2013).  

(4) Knowledge work in the supply chain which is a work which deals with complex analyt-

ics, procurement, services, planning will come to transformations towards being global in its 

origin because it will come to more necessity to deal with different locations, multilingua l 

environment and local difficulties (Sengupta, 2013). 

(5) There will be a standard certification process in the SCM as, for example in accounting. 

The modern education in SCM offers basics of SCM and specifics in financial analysis, 

import and export. There will be need in certifications of standardized delivery, content 

served, and certifications of professionals of the supply chain activities (Sengupta, 2013).  
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(6) Amount and nature of the supply chains will be defined by product life span. Shorter life 

span become normal nowadays (Sengupta, 2013). Even if in the past real average life span 

was longer and shorter life span has perceived as lack of quality, today’s average use of a 

facility is 1-3 years (Sengupta, 2013).  

(7) Successful businesses within the supply chain will be those which are segmented on the 

micro level based on individual characteristics of customers’ segment. Micro-level segment 

is determined by a category of buying behavior and is a part of this category. It means that 

businesses will need to adopt business-to-consumer model instead of business-to-business 

and be able to detect hidden customers’ requirements (Sengupta, 2013).  

(8) The SCM technology is going to be provided by other parties/businesses. Particular ity, 

software-as-a-service SaaS gains more popularity and attention in adoption within the supply 

chain. The benefits of such software is that there is no need to install and maintain, SaaS 

works under subscription for its users (Sengupta, 2013).  

(9) Social media will be more and more involved into the process of gaining feedback from 

customers, however a closed-loop feedback will be a must for companies to adapt their sup-

ply chains in accordance with customers’ demand. The data gathered from the social media 

feedback need to be categorized and analyzed properly in order to execute the right solutions 

for the supply chain (Sengupta, 2013).  

(10) Artificial intelligence will become a part of the whole supply chain and will be inte-

grated into the mainstream of activities. Less and less human intervention will become nec-

essary in order to speed up the processes, tailor the supply chain for the customer needs, 

more automated systems will be needed to do various supply chain activities (Sengupta, 

2013). The core of the issues is the transfer of experience and ability to learn from the past 

operations. Human experience in adaptable while machines have not a capability to “learn” 

on the previous mistakes (Sengupta, 2013). This is the last but not least trend which plays a 

crucial operational role in the logistics and SCM as many artificial intelligence systems are 

implemented in the SCM to increase the efficiency and speed of operations.  

All in all, in the nearest future logistics capability is a must in order to sustain in the com-

petitive market, trends in the SCM lead to the transformation of many logistics functions and 

operations (Hallikas, 2004; Sengupta, 2013). For this case ICTs are necessary in the SCM to 
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improve operational efficiency. The next paragraph presents the urgency and history of the 

ICT systems development in the SCM.  

1.2.3. Information communication technologies in the supply chain management 

SCM is a noteworthy part of the modern trade relationships (Gardner, 2004; Neeraja, 2014). 

Technology has significantly impacted development of the SCM (Yee & Oh, 2013). Various 

types of businesses face with transformation of their supply chain and adoption of infor-

mation technologies as well as mobile applications (Fosso et al., 2008; Kohavi et al., 2004). 

The beginning of the technology era in the SCM has started with the use of stationary phones 

and computers which have served as means of communication among the supply chain par-

ticipants and searching of new potentials and markets, and as machines for calculations, data 

controlling and processing of manufacture and production (Yee & Oh, 2013). Later, bar 

codes and e-mails have been introduced the operations as easier and faster means of com-

munication and order processing respectively (Yee & Oh, 2013). In the 90’s electronic data 

interchange has been integrated within the supply chain (Ross, 2011), which has allowed 

transferring the information easily within the supply chain participants, and therefore has 

eased the communications (Ross, 2011). Later, in the millennium the RFID technology has 

been developed and has improved the process of organization of logistics, stocking and stor-

age, movement and distribution of goods (Blecker, 2008). Today’s ICTs within the supply 

chain formed the whole virtual infrastructure and became of high complexity electronic ser-

vices which rely mainly on the IT processes and IT integration and form a unified chain 

together with firms’ functions, strategies and vision (Ross, 2011).  

Modern businesses face changes and risks because of modernized and changing consumer 

behavior and technology development (Hallikas, 2004), and therefore business units need to 

process modern technologies adaptation towards their main business functions in order to 

sustain on the market (Gunasekaran, 2001; Hallikas, 2004). For example, modern IT tech-

nologies are widely impacted by a phenomenon of e-commerce where information is trans-

ferred online, it changes business model disruptively (Turban et al., 2013), affecting busi-

nesses to adopt innovations such as cloud services (Yablonsky, 2009). The effects of the 

globalization and IT development, in the form of changing environment, put forward the 

speed of maintaining and delivering orders in time (Koetse, 2009; Marchet et al., 2014). 

These trends and effects have significantly affected the modern concept of contemporary 

trade in a strong connection with social and consumer behaviors (Turban et al., 2013). It puts 
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new challenges to the whole supply chain (Richards, 2014). The well-known consumeriza-

tion phenomena and the needs of have been favorite topics for analysis both in the social and 

business studies (Zhang, 2007; Turban et al., 2013). 

In the connection with the both phenomena the research on the topic of SCM has been moved 

to the direction of increasing efficiency of operations, speed of operations and technology 

adoption (Attaran, 2012), the types of technologies are diverse, but among those technolo-

gies the most valuable and frequently appearing in the research are RFID, ERP, cloud ser-

vices (Huang et al, 2008; Lian et al., 2007; Yablonsky, 2009). The SCM itself is one actual 

strategy for attainment of competitive advantage on the market (Krotov, 2009). The next 

paragraph will be focused on the RFID technology is the SCM. 

1.3. The RFID technology in the supply chain management  

This paragraph of the thesis is aimed to identify the scope of the RFID technology use and 

its implication to the SCM, and to justify the influence of the RFID to the SCM processes. 

This paragraph is structured with the following sections: the RFID applications in the SCM, 

a description of the RFID system working, the RFID in a business strategy, and the RFID in 

the warehouse logistics. 

1.3.1. RFID applications in the supply chain management  

The RFID technology develops fast and the main benefit for the SCM is that it is able to 

collect the data very efficiently and quickly without human intervention into the process of 

data collection (Yao et al., 2012 as from Lai et al., 2014).  

From the mid-70s, barcodes have been being widely used in the SCM as the main method to 

identify objects (Delen et al., 2007). On this background the RFID technology is a disruptive 

innovation in the SCM identifying and tracking processes, it is a superior alternative to bar-

codes due to its advantages and broad scope of use (Delen et al., 2007). In recent years the 

RFID technology have gained an important attention from SCM professionals and academ-

ics, and in the literature the amount of publications on the topic of the RFID has been con-

stantly growing from 2005 to 2010 (Sarac et al., 2010; Lee, 2005; Muller-Seitz et al. 2009; 

Osyk et al. 2012; Lim et al., 2013).  

There is a general agreement that within the SCM the RFID technology is used as a unique 

identification of products and items, smart and qualified information transfer in real time 
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(Huang et al., 2008; Zhang et al., 2007). In business, the RFID technology is widely imple-

mented in the SCM, and the scope of the RFID implementation and technology coverage is 

large, it differs from part to part of the SCM (Singh et al., 2008).  

Singh et al. (2008) have defined primary applications of the RFID as areas which include 

transportation/distribution management and manufacturing/processing of products. 

D’Amico (2002) and Dornheim (2002) have mentioned the SCM applications of the RFID 

in the shipping and port operations and inventory management (as from Harry et al., 2006). 

The United States is the first country where the RFID has been in the supply chain. Thus, 

major retailers such as Walmart and Procter & Gamble have implemented the RFID tech-

nology in their SCM operations (Delen et al., 2007). Organizations in the United States are 

told to be pioneers in the RFID adoption (Lim et al., 2013; Delen et al., 2007). Besides that, 

successful implementation of the RFID are reported by the DHL that has applied the RFID 

in its logistics operations and Metro Cash & Carry chain in France that has applied RFID  in 

the delivery processes (Ulrich, 2011; Wessel, 2008). Hardrgrave et al. (2013) has described 

the use of the RFID in the retail. Researchers have been studied the benefits of the RFID 

technology to the SCM, these capabilities are applied to the whole supply chain levels, they 

are warehouse logistics, transportation, retailing, production manufacturing, production 

scheduling, order management, asset management and inventory management (Bourlakis et 

al., 2011).  

The RFID is applied not only in business but also in social areas. Secondary applications of 

the RFID have been found in tagging of animals, waste management, tracking of post items, 

baggage recognition in airline industry, road toll management, and tracking of people’s at-

tendance and time as well as identification of people (Lai et al., 2014; Singh et al., 2008). 

For instance, the US Department of Defense is using RFID in its security systems (Lim et 

al., 2013).  

As the area of the RFID implementation is broad, in the next section the impact of the RFID 

to the SCM and the challenges of the SCM which the RFID address will be examined. 

1.3.2. System of the RFID technology  

As the object of this study is the RFID technology it is necessary to give a description of the 

working principle of the technology. 
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The basic principle of the RFID in the SCM is to provide real time information of moving 

objects without line-of-sight of the objects with the use of special RFID scanners (Mueller-

Seitz et al., 2009). The core of the technology is the usage of radio waves for the collection 

and gathering of data and for the transfer of information (Lai et al., 2014). 

Thus, the whole RFID system consist of an RFID tag, a reading device and middleware  

(Figure 2). A regular RFID tag looks like a microchip with an antenna and are labeled to 

objects like bar codes (Delen et al., 2007). This microchip is used in order to store infor-

mation of an object, for instance, a unique serial number, production and expiry date, details 

of shipping and so on (Lim et al., 2013).  

 

Figure 2 A regular RFID system (Singh et al., 2008) 

Principle of the RFID system’s working 

The way of the RFID works is based on the act the RFID tag sends information to the RFID 

reading device, and the antenna is used to transmit this information to the RFID reader (An-

geles, 2005). The RFID reader transforms the information into computer-readable form to a 

back-end-database from where it is being transferred through the RFID middleware to an 

enterprise resource planning (ERP) system (Lee, 2005; Tajima, 2007). The data transmiss ion 

happens when the RFID reader device scans the RFID tag, it identifies a tagged object based 

on the radio frequency range via radio waves without human intervention (Mueller-Seitz et 

al., 2009). All the information transfer happens with the use of the wireless communicat ion, 

and the RFID system avoid manual data transmission when identifying and tracking objects, 

ensures accuracy in object identification without its line-of-sight (Lee, 2005). The middle-

ware is used as a filter of the data in order to ensure the accuracy of data transmission and 

prevent overloading (Lee, 2005; Tajima, 2007).  The ERP system, therefore, uses the ob-

tained data for managing and controlling business operations. There are different tags which 

can be used, so it is necessary to provide a short description of tags and their use. 



29 

Variety of the RFID tags and their use 

Existing RFID tags are divided to active, passive, and semi-passive (Angeles, 2005). The 

difference between them is that active RFID tags are battery powered, these batteries circuit 

the microchip and broadcast signals to the RFID reader, while passive tags are powered by  

electromagnetic field which waves are sent from the reader to the antenna, and that ways the 

current is being induced (Angeles, 2005). Semi-passive tags have the battery and use the 

electromagnetic waves from the RFID reader (Angeles, 2005). The RFID system with the 

active and semi-passive tags is usually implemented in the long distance operations, such as 

the transporting of goods, and as the active and semi-passive tags are more expensive than 

the passive tags, this kind of system is also used for goods of very high-value (Angeles, 

2005; Mehrjerdi, 2014). In the warehouse management the passive RFID tags are usually 

used (Lim et al., 2013). 

1.3.3. Strategic implementation of the RFID to the supply chain management 

Regardless of the type of an organization which adopts the RFID such as a supplier, manu-

facturer, distributor, logistics provider or retailer, the potentials and difficulties of the RFID 

adoption should have been converted to a convinced managerial strategy and plan of opera-

tions with clear standing of RFID technology adoption because initial investments are high 

and companies cannot consider the RFID adoption as an experiment.  

Experiences of companies which have already implemented the RFID to their business op-

erations inform that the process of the investments return of the RFID adoption might take 

long time (Poirier & McColum, 2006). As any other system, the RFID system also has its 

weaknesses. Although RFID tags have longer period of use than barcodes, the RFID tags 

can be smashed by liquids, electro-magnetic streams, and static discharges; there might oc-

cur some difficulties in reading of tags when they are in close distance to liquids and metal 

products or there can be areas with weak wireless communication signals. (Richards 2011). 

Business operations and the RFID application should be accurately and precisely planned 

together in order to develop a decision about the acceptance of the rejection of the RFID 

deployment into company’s supply chain operations. (Poirier & McColum, 2006).  

Poirier & McColum proposed a number of significant factors which need to be taken into 

account on the stage of the developing the RFID integration strategy into the supply chain, 

they are 1) calculation of the costs and benefits related to the execution of the RFID project 
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in a company such as delivery issues and customer satisfaction during the period of RFID 

adoption; 2) development of steps of implementing the RFID technology such as informing 

and explaining to the firm’s stackeholders the effect of the RFID project; 2) testing the RFID 

technology together with partners in a supply chain instead of single testing in a company; 

3) outlining functions and services that the RFID adoption and utilization can bring to the 

SCM strategy of a company; 4) recording the financial impact of the RFID adoption from 

the early stage of RFID utilization in pilot testing (Poirier & McColum, 2006). 

The appropriate strategy of the RFID implementation should include an execution plan of 

testing the RFID technology by short-term pilots run for verifying hypothesis of potential 

benefits and make adjustments to the initial strategic plan. Then, acceptance or rejection of 

the RFID adoption will be determined by obtained results (Poirier & McColum, 2006). The 

advantage of that method of strategic proposal of the RFID implementation to a company is 

that the decision of deployment of the RFID will be based on the real facts and results of the 

testing and on the components that support a new strategy, which leads to an assured and 

rational return on investment (Poirier & McColum, 2006).  

As the pilot run of the RFID technology in the present study has been made on the order 

picking process in a warehouse, it is necessary to identify the place of the order picking 

process within the SCM. The next paragraph of the thesis contains the explanations of the 

order picking process position and value for the SCM. 

1.3.4. Impact of the RFID on the supply chain management  

The RFID technology has proven a prospective for the improvement of efficiency in organ-

ization and operation processes (Bourlakis et al., 2011).  For example, Walmart and Procter 

& Gamble have reported that RFID impacted the improving of the service levels from 96% 

to 99%. (Thonemann, 2002 as from Sarac, 2010). The managerial value of the RFID tech-

nology to the SCM is in its provision of clear visibility of tracking objects which allow busi-

ness decision managers making decisions in real time as well as automated receiving and 

scanning of the items (Gupta et al., 2009; Lim et al., 2013).  The real time value of the RFID 

is that the information regarding the objects becomes available at different levels in an or-

ganization such as objects at the shelves, at the gates, at the point of sale (Delen et al., 2007). 

Also such information as backlog, level of inventory and forecast becomes available in real 

time (Sarac et al., 2010). The findings of Sarac et al. (2010) who have examined 142 articles 
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on the RFID implementation from 1958 to 2009 are addressed to challenges of the bullwhip 

effect, inaccuracy of inventory and timely replenishment in the SCM, which the RFID tech-

nology can solve. Hardrgrave et al. (2013) has addressed the solution of the problem of in-

ventory inaccuracy with the RFID. Hozak & Collier (2008) address the RFID application in 

manufacturing process to solve a problem of a lot splitting. The RFID technology is usually 

compared to conventional barcodes tracking (Hozak & Collier, 2008). So, the RFID tech-

nology and RFID tags have following advantages over well-known and widely used bar 

codes (Lee, 2005): 1) Identification of objects without their line-of-sight location; 2) Trans-

fer of data without touch and physical communication, information is transferred via wire-

less communication; 3) RFID technology can identify each item among set of items, there-

fore the items are transparent and traceable to the shipment and other supply chain opera-

tions. 4) RFID tags are long-time resistant to the outside weather and environment conditions 

(up to 10 years in the extreme conditions, humidity and coldness which is typically associ-

ated to warehouses), they and safer than the barcodes.  

The RFID technology is a standalone an innovative technology for tracking objects because 

of its ability to obtain data from objects placed in buildings comparing to other technologies 

such as satellite tracking (Poon et al., 2009). A notable issue of the RFID is that the usage of 

the RFID system helps to dispose of underperformances caused by the use of individua l 

manual tracking systems in SCM processes without the need for objects to be visible for an 

eye (Hardgrave et al., 2013). The RFID enables visibility into the movement of inventor ies 

in the SCM (Hardgrave et al., 2013). 

Yet in the academic research there are some open questions on the RFID use and benefits to 

the SCM (Mehrjerdi, 2014; Lim et al., 2013). Particularly, it concerns the RFID use in the 

warehouse operations (Lim et al., 2013). In recent years such innovative RFID technology 

has been extended its application area to warehouse operations in the SCM (Harry et al., 

2006). It is interesting to descry the RFID use in the warehouse logistics because 1) RFID in 

the warehouse operations has received only limited amount of attention from the academy; 

2) the warehouse operations have become commonly recognized and key elements of the 

SCM 3) the warehouse operations are critical SCM functions because the warehouse service 

has received a high customers’ demand (Lim et al., 2013; Richards, 2014). Also the role of 

the warehouse operations in the SCM has been significantly changed in recent years: in the 

past warehouses were considered as cost-producing assets for product storage only, today 
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warehouse operations are more responsible for proper delivery of orders to customers (De 

Koster 2007; Choy, 2014; Richards, 2014). Therefore, the following section describes the 

topicality of the warehouse logistics issues and all necessary information related to this 

study: the order picking position in the warehouse operations and SCM, types of order pick-

ing methods, and the RFID use in the order picking process as well as RFID advantages to 

the warehouse operations. 

1.3.5. The RFID technology in the warehouse logistics 

In the warehouse logistics, the implementation of the RFID tags can be considered under the 

three points: tagging an item, a box, and a pallet (Jerry et al. 2007). Lim et al. (2013) have 

provided a comprehensive literature research on the RFID use in the warehouse operations 

from 1995 to 2010 years and have found that warehouse operations become one of the key 

domains to impressively profit from the implementation of the RFID technology.  

The RFID is implemented in most of the main warehouse operations such as picking, pack-

ing, receiving, put away, order processing, checking, preparing, loading (dispatch), cross-

docking, asset management and goods quality control (Jerry et al., 2007; Richards, 2014). 

Figure 3 visually illustrates the map of RFID use in a warehouse. 

 

Figure 3 Operations with RFID implementation in a warehouse 

All warehouse operations can be divided to processes of inbound and outbound activities. A 

regular warehouse service blueprint looks the following way: receiving of goods, handling 

goods, adding of value-added services, putting goods to storage and picking them according 

to customers’ orders. Such activities as the stock management, frequent stock replenishment, 

shipping
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and warehouse security are also regular warehouse activities. Additionally, warehouses deal 

with the goods return processing. (Richards, 2011).  

Since the RFID technology is considered as a technology for efficiency improvement of the 

warehouse process the next section provides the benefits to business caused by the RFID 

deployment in warehouse activities. 

RFID technology advantages to warehouse operations 

The RFID use in the warehouse processes has number of advantages to operations as it has 

been reported by academics. Jerry et al. identifies the positive impacts of the RFID to the 

warehouse processes: first of all, it is positively impacts the automation of many manual 

processes which leads to the elimination of human errors. Secondly, it significantly reduces 

the labor costs because less human work is necessary. Thirdly, the positive impact of the 

RFID automation process is in reducing of the order processing time and in the speeding up 

the handling processes in a warehouse. It improves the overall amount of goods and items 

passing through the warehouse. (Jerry et al. 2007).   

The RFID use has improved warehouse operations of receiving, shipping, order processing 

and order picking, handling of equipment and material, managing the reserve stock (Yao and 

Carlson, 1999 as from Delen et al., 2007). Comparing to the former procedures, these oper-

ations become faster and more efficient than they have been previously when manual tech-

niques were dominant in use (Lian & Weng, 2007). Such operations as counting, shipping, 

tracking, checking out are more trustworthy when maintained by the RFID technology be-

cause of precise and timely delivered information (Dai & Tseng, 2012). Thus, the RFID 

usage in the warehouse logistics leads to the improvement in inventory management and in 

the material flows, the RFID implementation positively impacts on decreasing of inventory 

inaccuracy (Dai & Tseng, 2012). 

Companies which have implemented the RFID into their warehouse operations have re-

ported the results. Thus, Walmart initiative to replace barcodes with the RFID has reported 

increase in visibility, improving of customer service level (Hunt et al., 2007). Results of the 

RFID implementation to the warehouse operations in the Unilever company has shown that 

number of pallets picked up daily has become greater than before, and information on the 
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handling activities has become more trustworthy (Angeles, 2005). Harry et al. (2006) re-

ported 7% of increase in the accuracy of pallet shipping from a warehouse which had led to 

reducing of customers’ complaints and operation costs.  

With the use of the RFID in the warehouse logistics such data as goods location, the status 

of the goods movement, the status of the warehouse assets/handling equipment can be gath-

ered and used for inventory planning, better utilization of the assets, improvements in the 

security; it leads to greater level of warehouse customers’ satisfaction (Jerry et al., 2007).  

The scope and range of the implementation of the RFID in warehouse activities gives bene-

fits to decision managers to put the RFID technology into their strategic plans (Gupta et al., 

2009; Lim et al., 2013). According to Garcia et al. (2003) and Alexander et al. (2002) the 

implementation of the RFID tags into the warehouse logistics allows business decision man-

agers to make real-time decisions even without a central information system because infor-

mation can be taken from the RFID tags at any step in the supply chain (as from Jerry et al. 

2007).  

It is believed that RFID technology is able to cut business costs related to the warehouse 

management (Wamba et al., 2006), however initially it requires investments and business 

process restructuration which has impact on human resources, organizational structure of a 

company and logistics network connection design with participants within a supply chain of 

a company (Vijayaraman et al., 2006; Wamba et al., 2006). In a narrower context it is nec-

essary to consider the fact of the implementation of RFID technology to the warehouse, so 

the following chapter outlines this issue. 

1.4. Warehouse logistics and its processes in the supply chain management 

In the current study it has been accepted to research an impact of such innovative technique 

in the order picking process as the RFID technology that has been implemented in a ware-

house of a big logistics company (the Case Company). This paragraph of the thesis firstly 

represents state- of-the-art of warehousing, the warehouse positioning in the SCM in com-

parison to the goods transportation services, specifics of the warehouse logistics as it is nec-

essary to understand a warehouse layouts with allocation of goods. After this paragraph, the 

position of the order picking process in the warehouse logistics and its significance to the 

SCM, the RFID methods in the warehouse operations are given.  
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1.4.1. State-of-the-art of warehouses in the supply chain management 

The key SCM functions which are the most important due to trends are: transportation and 

warehousing. Both of them are connected with the issues of delivery on time and to the right 

address. According to Richards (2011) the main role of the SCM is “to deliver right products, 

in the correct quantity, to the right customer, and the right place, at the right time, in the right 

condition, at the right price” (Richards, 2014). Transportation as well as warehouses are 

playing an important role in these issues. While transport always deals with delivery issues, 

the warehousing is considered as a heart and core of the delivery itself (Ten Hompel & 

Schmidt, 2007). Warehouse management is not simply set of actions and service, it is the art 

of operating the whole distribution system in efficient manner (Ten Hompel & Schmidt, 

2007). Brilliant logistic routine is competitive advantage which can bring new markets to be 

open in these modern times when customers take it for granted to have high speed, high 

quality at the minimum costs simultaneously (Sengupta, 2013; Ten Hompel & Schmidt,  

2007). Although transportation management and freight play important role in the supply 

chain management, the real parameters and key indicators of efficiency are visible: they are 

means of transportation, transport costs and geographical locations (Hesse, 2002; Koetze & 

Rietveld, 2009). The warehouse logistics, however, requires deeper analysis and identifica-

tion of performance indicators (Richards, 2011). The idea of this study is to investigate ware-

housing operations in the context of SCMand as a dominant and first step of supply chain 

organization and timely delivery (Richards, 2011; Ten Hompel and Schmidt, 2007). 

The topic of the warehouse management has been widely studied among researchers, it is a 

well-investigated research topic in the field of the supply chain and operations management 

(Rushton et.al, 2014; Rushton & Walker, 2007; Tarn et al.). There are many studies which 

investigate modern warehouses and their role in the society and business (Higginson and 

Bookbinder, 2005; Richards, 2014; Rushton et al., 2014).  

It has been continually performed that companies of different levels and sizes were in a 

strong need to costume their own logistics functions to a continuously and frequently chang-

ing environment (Delfmann et al., 2002). Besides different inside and outside effects of these 

changes, environmental impacts were always connected with climate and weather condi-

tions, and seasons (Koetse & Rietveld, 2009; Marchet et al, 2014). In such case the transport 
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logistics function is designed by its origin to satisfy the demand despite various outside cir-

cumstances (Hesse, 2002; Koetse & Rietveld, 2009) while the warehouse logistics is still a 

part of an immovable asset because of its locations (Gardner, 2004; Rushton, 2014). 

Recently, there has been wide interest in the field of the warehouse logistics and management 

as a source of competitive advantage to organizations which businesses are constantly adopt-

ing IT/ICT solutions (Delfman et al., 2002; Mueller-Seitz et al., 2009; Turban et al., 2013, 

etc). In recent years researchers have become increasingly interested in business processes 

related to the SCM in connection with technology innovations (Dai et al., 2012; Orlikowski, 

2008; Richards, 2011). 

A possibility of creation of a sustainable value chain by inside transformations of a physical 

warehouse provides interest in researching the current field deeper as it has a significant 

managerial implication to the warehouse management, online retail logistics, business oper-

ations and profitability as a whole (Osyk et al., 2012; Rizzi & Zamboni, 1999; Schrill et al., 

2011; Sengupta, 2013). It is believed that companies which are solely concentrated on logis-

tics services have large opportunities to grow within the changing business climate by adapt-

ing their services to the end customers’ needs with the use of modern technologies (Cho et 

al., 2008; Xianglian, & Hua, 2013; Rajesh et al., 2012). Thus, warehouses are given a par-

ticular place in the SCM. 

1.4.2. Position of warehouses in the supply chain management 

As the supply chain relationships consist of different stages of the product flow (Figure 4), 

it is necessary to identify the position of warehouses in the SCM and material flow.  

A warehouse is an important unit of supply chain management, and it will stay important in 

future (Richards, 2011; Rushton et al., 2014). The warehouse management refers to the op-

erations management, and it belongs to the logistics industry which is a part of the whole 

SCM (Richards, 2011). Particular needs why the warehouses are used in business for holding 

the stock are different, but nowadays warehouses play not only a role of a material stock but 

also a role of delivering value to customers as they operate with various supply chains and 

because “warehouse is crucial in delivering the perfect order” (Richards, 2011). According 

to Richards (2011), different warehouse operations are targeted to manage issues of deliver-

ing in the right quantity (proper picking and dispatching of products in the warehouse), right 

condition (quality control in the warehouse), right place and in right time (loading onto the 
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right transportation in advance) and right price (financially efficient operations) to the right 

customer (an accurate product label). 

 

Figure 4. The supply chain operations (Richards, 2011) 

In the past the warehouses have always been considered as costs producing centers for com-

panies, and they have hardly ever provided a value (Richards, 2011; Tompkins & Smith, 

1998; van den Berg et al., 1999). The main role of warehouses was to process coming orders 

(Tompkins & Smith, 1998). The change in role of warehouses has been established with the 

development and growth of electronic commerce, the growing market of consumer-oriented 

businesses and the movement of the production to the East-Asian countries (Richards, 2011). 

While in the past warehouses were playing simple role of goods storages, nowadays ware-

houses are moving parts of the retailing and the whole supply chain (Lian et al., 2007; Song 

et al., 2013). There are different types of warehouses in the SCM, and it is necessary to give 

an overview of them. The next paragraph represent a classification of warehouses by types. 

1.4.3. Types of warehouses 

Warehouses are functioned by different bodies: suppliers of raw materials, retailers, whole-

salers, reverse logistics firms (Mentzer, 2001). Each warehouse is designed to satisfy busi-

ness and logistics customers’ needs. The warehouses are divided to different types and they 

perform different types of activities which play specific strategic roles (Tompkins & Smith, 

1998). Such roles are storing raw materials, storing finished goods, sub-assembling or cus-

tomization services for manufactured goods under the process of furnishing, transit services 
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(warehouses are centers of goods’ consolidation), retailing, and transshipment (break-bulk-

ing), cross-docking, sortation, and fulfillment as well as reverse logistics and public sector 

warehousing (Richards, 2011). 

(1) The warehouses which include customization and sub-assembling facilities are to store 

goods at different levels of the process of manufacturing (Rushton et al., 2014). The ware-

houses separately can store only raw materials and finished goods (Richards, 2011; van den 

Berg et al., 1999). 

(2) The warehouses which offer transit services differ from those which offer break-bulking 

or transshipment services by the type and logic of operations (Richards, 2011; Richards, 

2014).; transit warehouses are so called consolidation services where goods are received 

from different locations and sources, then they are joined for further shipment to the end 

customer; thus these centers can represent just-in-time distribution centers or retailing cen-

ters (Rushton et al., 2014). 

(3) The transshipment warehouses, instead, break the quantity of received goods into parts 

which are easy to manage and ship to the different locations (Rushton et al., 2014).  

(4) Cross-dock warehouses are typically served for goods which have short period of retail-

ing, those are perishable goods such as food, fruits and vegetables, fish, meat, eggs (Rich-

ards, 2011). This type of warehouse requires products to come already labeled in order to 

process the further delivery, and it is a fast speed warehouse with high goods rotation which 

provides a fast product flow within the supply chain and is predicted to become a warehouse 

of future (Richards, 2011; Rushton et al., 2014). 

(5) Sortation warehouses are mostly operated by postal companies mainly to sort parcels and 

letters (Richards, 2011). These warehouses are hubs which collect postal parcels and letters 

across a whole country, sort the items by the postal codes, joint similar items and send them 

with the overnight delivery (Richards, 2011).  

 (6) Reverse logistics warehouses. The impact of e-commerce put forward the need to open 

such warehouses which can store and manage items and products of small amounts for home 

delivery and manage return of products (Richards, 2011). Those warehouses work with re-

verse logistics and can be maintained by logistics companies such as third-party logist ics 

(Rajesh et al., 2012; Richards, 2011). The returned goods are checked and repaired/main-

tained, repacked and shipped to retailers or recycled/disposed (Richards, 2011). 
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(7) Fulfillment warehouses are centers of single ordered units in online shops (Richards, 

2011). At the same time due to high amount of returned goods, fulfillment warehouses op-

erate with reverse logistics (Richards, 2011). Global business and SCM trends, therefore, 

have put a need to logistics industry to transform role of warehousing, and have created a 

niche for third-party services. This resulted as challenge for logistics providers companies 

to offer sufficient warehousing services and open opportunities to perform an efficient and 

environmental friendly reverse logistics (Cho et al., 2008; Matthews et al., 2001; Richards, 

2011).  

(8) Public purposes warehouses, such as governmental stock of products for emergency sit-

uations (Richards, 2011). Those warehouses play strategic role of having stock near the 

places of extreme circumstances, such as natural disasters, earthquakes, tsunamis. However, 

other types of warehouses are usually owned or used in leasing by logistics companies such 

as third-party logistics (Richards, 2011).  

Overall, within the supply chain, the nature of warehouses can be diverged vastly, and there 

are many additional different accepted types and classifications of the warehouses (Rushton, 

2014). The classification can be made by the role of the warehouse within the supply chain 

which has already been reviewed. Other ways to classify warehouses are described further. 

Firstly, According to Rushton et al. (2014), the warehouse can be diverse among geograph-

ical area (location of the warehouses) and by the type of geographical internationaliza t ion 

(serving international and global customers or regional ones).  

Secondly, the warehouses also differ among products that are stored inside: perishable prod-

ucts, FMCG, chemical, automotive, technical, small items, etc. (Rushton et al., 2014). The 

warehouses can differ by owners: whether they are owned by companies, manufacturers, and 

retailers or by logistics companies, particularly, third-party logistics (Rushton et al., 2014). 

Companies which are using warehouses also define the types for them, for example, ware-

houses can be used by one company with various products or by several companies with 

similar or various products (Rushton et al., 2014). An available area defines the size of a 

warehouse. Existing in the SCM warehouses are typically sized of one hundred to one hun-

dred thousand square meters, and are three to forty five meters high (Rushton et al., 2014).  
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Finally, the warehouses can be differed by the facilities: whether they are operated manually 

or with the use of automated equipment for maintaining warehouse operations (Rushton et 

al., 2014). 

Despite of availability of various types of warehouses in the SCM and different purposes of 

warehousing, there are notable circumstances which are valuable for every warehouse: they 

are allocation of goods, order picking process. The next paragraphs represents these issues. 

1.4.4. Warehouse layouts and position of goods 

Goods in warehouses are sorted by the categories A, B, C, and D. They are placed in ware-

house locations according to the priority of picking when orders come. Typical warehouse 

layouts are presented on the Figure 5, a, b. (Richards, 2011). 

 

 

 

 

 

a) b) 

Figure 5 Warehouse of a) U-flow type and b) through-flow type (Richards, 2014) 

The warehouse layout is a crucial scheme of the goods allocation, it determines where goods 

will be stored and how they will be classified (Richards, 2014). Usually warehouses have 

standardized plan of layout of a “through-flow” and “U-flow” types. The difference between 

them is not only in the physical structure of a building and items allocation but also in the 

ways warehouse processes and moving of goods, so that different manual strategies are used 

for maintaining warehouse operations of different types (Richards, 2014).  
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A classification refers to goods of high rotation, B classification is for goods of medium 

rotation and C, D classification is correspondingly for low usage items (Richards, 2014). All 

goods in a warehouse are usually stored in racks which are separated to two stock types: 

reserve stock and picking stock, for the safety and convenience reasons of the optimal ware-

house stock replenishment (Richards, 2011). The plan view of a warehouse and distribution 

of pallets are presented in the Figure 6.   

a)  

b)  

Figure 6 Vertical (a) and horizontal (b) separation of the reserve and picking stocks (Rich-

ards, 2011) 

A warehouse layout and configuration of racks determine the workflow inside a warehouse. 

As the order picking process is tightly connected with picking goods in different areas of a 

warehouse specifics of the warehouse layouts and typical allocation of stock implies to the 

order picking of high degree (Richards, 2011). The next section represents a description of 

order picking methods as it is valuable to explain in this work. 

1.4.5. Order picking process in warehouses 

Order processing is a main activity in a warehouse that impacts directly the efficiency of the 

whole SCM, quality of the warehouse services and SCM’s customer’s satisfaction, also it is 

the most costly activity (De Koster 2007; Choy et al., 2014; Ong & Joseph, 2014). Order 

picking process is retrieving of products from warehouse locations in accordance with cus-

tomers’ orders (De Koster et al., 2007).  
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The order processes in a warehouse consists of receiving orders, checking availability of the 

stock, preparing necessary documentation for order picking, and picking items and collect-

ing them for a dispatch, checking quality of items, dispatching and loading onto a vehicle. It 

can also include a categorization of orders (sorting them out), and batching them into sets of 

orders for further shipment (Croucher at al., 2000). 

All the operations connected with order processing are interconnected on four dimensions. 

Such factors as a warehouse technology, a layout, an equipment the labor allocation form a 

picture of order processing (Richards, 2011). Each warehouse layout requires use of a par-

ticular technology, and strategies and methods of organizing the labor to proceed the order 

picking (Richards, 2011). More and more warehouses are adopting new technologies in or-

der to improve the efficiency and the pick rate (Croucher et al., 2000; Richards, 2011) and 

the technology adoption is connected with the warehouse processes (Table 3).  

Table 3 Picking interrelationships (Richards, 2011). 

 

Further in this chapter the each of the dimensions – the technology, the equipment, the labor 

and the layout from the Table 3 will be opened. 

Order picking process is intensive on the manual labor and also are difficult to plan and 

challenging to automate (Richards, 2011). Orders usually consists of items such as full 
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boxes/ cartoons, full layers, and full pallets; usually, there are only these four types of items, 

and they all can be compounded in one order (Croucher et al., 2000; Richards, 2011). The 

order picking has to be maintained well as a main process in warehouse logistics, and appro-

priate technologies and strategies for that should be used (Richards, 2011).  

There are main principles of order picking which have to be followed in each warehouse in 

order to organize the processes efficiently, minimize mistakes and avoid problems (Richards, 

2011). Order picking methods must to have accordance with their application and use. 

Maintenance of the stock availability during picking phase and planning of replenishment of 

locations where goods have been picked is a must in order to avoid a stock-out (Richards, 

2011). Handling equipment should be placed exactly in the area of picking goods in order to 

avoid space blocking (Richards, 2011).  

The organization of this process directly influences the SCM performance. Due to the com-

plexity of the order picking it is hard to omit errors, there are such typical errors as choosing 

wrong items to complete an order, and it’s difficult to process an order; for instance, sending 

an order to a wrong destination may also occur, and time can be lost (Richards, 2011; De 

Koster et al., 2007). A balance which companies are trying to achieve is a balance of the 

speed, the cost and the accuracy of the order processing, so the aim and objectives of ware-

house activities are to process orders accurately at a high speed and at a minimum cost (Rich-

ards, 2011). All these factors determine organization of the order picking process – different 

types, strategies and methods of order picking. Richards (2011) has categorized picking 

strategies and utilized picking equipment (Table 4) into one list without preliminary catego-

rization. 

The items from this table are further described and classified by order picking process and 

methods. The picking types differ from each other and it is possible to classify them into 

three types such as 1) “picker-to-goods”; 2) “goods-to-picker” and 3) “automated picking” 

(Rushton et al., 2014). The difference between picker-to-goods and goods-to-picker is in the 

start and end of operations: when goods can be delivered to a picker or when a picker has to 

move/drive by him/herself to pick the goods by him/herself (Richards, 2011). Handling 

equipment, storage equipment are used to proceed these operations in each case (Rushton, 

2011). Furthermore, a detailed explanation on the difference of the three types of order pick-

ing methods is given on the next page after the table. 
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Table 4 Order picking strategies and picking equipment (adopted from Richards, 2011) 

Order picking strategy Handling equipment Methods of storage 

 Pick by order 

 Cluster picking 

 Batch picking 

 Zone picking 

 Wave picking 

 Compact picking 

 Order distribution system 

 Pallet jacks 

 Pallet trucks 

 Cages, trolleys 

 Forklifts 

 Order pickers 

 Conveyors 

 Mini-load systems 

 Ergonomic work stations 

 Bulk, floor storage 

 Conventional racking 

 Narrow aisle racking 

 Carton flow racks 

 Shelving 

 Mobile storage 

 Carousels  

 A-frames 

Picking type Picking method Hardware and software 

 Picker-to-goods 

 Goods-to-picker 

 Automated picking/robot-

ics 

 Paper pick 

 Pick by label 

 Voice picking 

 RFID (automatic/scanning) 

 Pick to light 

 Put to light 

 WMS 

 Slotting software 

 Barcode scanners 

 RFID scanners 

 Voice units 

Difference of the three types of order picking methods  

First of all, it has happened that traditionally many warehouses use the picker-to-goods type 

for order picking, although systems that are used in the goods-to-picker type are automated, 

therefore, faster and less consumable in terms of energy input for picking an order (Croucher 

et al., 2000). Picker-to-goods type is manual with a limited use of the automated equipment 

and it is working the following way: a picker receives an order via WMS by looking at the 

computer’s screen, confirms an order receiving, for example, with the use of paper pick list 

(that will be discussed further in the section of picking strategies), then he/she travels within 

a warehouse by foot or by one of available transportation means (such as a trolley, a cage, a 

forklift, a fork truck) and collects items from shelves in the warehouse until the whole order 

would be picked and completed (Croucher et al., 2000; Richards, 2011). Figure 7 on the next 

page represents a regular traditional order picking type with by using a forklift. 

Forklifts are used in operating of such actions as lifting and moving of goods in a warehouse 

(Piasecki, 2014). Besides forklifts, other means of transportation are used in the warehouse 

logistics such as pallet jacks, pallet trucks, cages, trolleys, - all of them are utilized in the 
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method of picker-to-goods (Richards, 2011). Forklifts and other handling equipment are not 

automobile trucks which are used for delivery of goods, they are means of transportation 

only inside a warehouse (Piasecki, 2014). Therefore, the picker-to-goods type is labor inten-

sive, relatively slow and is quite hard to coordinate (Piasecki, 2014). Researchers put the 

question about the need to improve conventional picker-to-goods way (De Koster et al., 

2007; Ong & Joseph, 2014). 

 

Figure 7 Standard item selection from a rack. Picking process (Piasecki, 2014) 

In contrary to this conventional type, the goods-to-picker type has greater advantages over 

the traditional way. The main advantages of such type are the accuracy, the speed and the 

efficiency of order picking (Richards, 2011). Although a specific design of goods-to-picker 

systems varies from one warehouse to another warehouse, in general owing to this design 

there is no picker travel time and less labor force is used comparing to the traditional picker-

to-goods picking type. Therefore less storage space is needed as the space between ware-

house racks is eliminated (in a conventional warehouse the width between the racks should 

be of an optimal parameter in order to enable forklifts to drive and pick items). The system 

which controls the operations of goods-to-picker picking type arranges the picking order of 

the items regardless of the location of those items (Richards, 2011). There can be special 

designed workstations for goods picking, also conveyor systems and compact picking strat-

egy can be used together (Richards, 2011). Compact picking is designed for slow-moving 

items in retail as well as for stock keeping units (SKUs, units which need to be stored sepa-

rately due to their unique characteristics), those products are retrieved from warehouse areas 

and delivered to the workstations for picking goods (Richards, 2011). 

One of the subtypes of goods-to-picker type is an automated picking, it uses much of auto-

mation and robotics for the speed of operations increasing (Richards, 2011). It completely 

removes the need in manual operations (Richards, 2011). Thus, Zappos experience confirms 

the benefits in speed of the usage of goods-to-picker automation systems (Robotic Distribu-
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tion, 2009), which has also improved the accuracy of order processing and positively im-

pacted on the labor costs (Robotic Distribution, 2009). Order distribution system, compact 

picking, so called mini- load AS/AR systems are used for automation of picking technologies 

(Richards, 2011; Vanderlande, 2012). 

All in all, the “goods-to-picker” type of picking is not easy to implement in a warehouse 

which has been always manually operated. It is necessary to consider a full operational re-

design and invest large amount of finance into the automated picking. Also, this picking type 

is compatible with certain types of goods only, and, for instance, a design of an automated 

system might be hard because of different types of goods are stored in a warehouse (Bloss, 

2011; Ong & Joseph, 2014). 

Besides the order picking methods which have a technological ground, there are order pick-

ing strategies related to the labor management in a warehouse, and it is also necessary to 

take into account because manual labor is dominant in the picker-to-goods type of order 

picking. 

Strategies of picker-to-goods type of order picking 

Additionally, the conventional picker-to-goods method has number of strategies to com-

plete/process an order. They are: 1) pick by order; 2) cluster picking; 3) batch picking; 4) 

zone picking; 5) wave picking (Richards, 2011).  

(1) Pick to order strategy relies on a fact when a picker proceeds orders one by one by taking 

one order, travelling in a warehouse and collecting items until a particular order would be 

filled (Richards, 2011). A picker, therefore, follows the instructions and route which is care-

fully chosen on a paper pick lists, or follows voice guidelines, or reads the instructions on a 

radio data terminal (Richards, 2011). The orders are processed and picked in a sequence 

based of specific customers’ priorities, and one order picking equals to one order line (Rich-

ards, 2011). Advantage of such way of order-picking is low requirement on handling equip-

ment (Richards, 2011). 

(2) Cluster picking strategy assumes that drivers/pickers proceed several orders at a time and 

put items into separated clusters in their trolleys (Richards, 2011). If an order requires more 

powerful facilities to proceed (for instance, when a whole pallet needs to be picked), pallet 

trucks or tractors which can move multiple pallets can be used (Richards, 2011). 
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(3) Batch picking is similar to the cluster picking, however the difference is that a cluster 

strategy has separate orders, while batch strategy assumes that first operation is picking all 

the items into a joined pick list, and only when picking is done, the items are separated to 

their principal orders (Richards, 2011). 

(4) Zone picking assumes that pickers move to the specific areas of warehouses which are 

assigned previously as zones and pick items from these zones (Richards, 2011). The key is 

in distribution of the workforce: each warehouse worker works on his/her zone only and 

picks items from the zone (Richards, 2011).   

(5) Wave picking assumes the combination of orders when they are picked at a specific time 

of a day or they are scheduled according to the different factors, such as departures of trucks, 

warehouse replenishment (Richards, 2011).  

Order picking methods 

As the conventional picker-to-goods type of picking is challenging and hard to execute, there 

are number of processes to support the order picking process which are used to maintain the 

information flow and they are categorized to:  

(1) Paper pick lists, label picking 

(2) Barcode scanning 

(3) RFID 

(4) Pick by light/pick to light 

(5) Pick by voice 

(1) Paper picking method is used when orders are processed with the use of paper. Such 

paper is a pick list and it has the number of the order, the location of products, the product 

description and code as well as the quantity required (Mulcahy, 2007). With the use of the 

warehouse management system, the ease of the picking become visible as WMS shows the 

sequence of order lines on the screen, and the picker can choose a route to pick the goods by 

him/herself (Richards, 2011). Such equipment as a trolley, cage, pallet truck or a forklift (for 

high located items) is used for travelling to warehouse areas (Mulcahy, 2007; Richards, 

2011). Paper picking method is a low cost method but it has low accuracy and quality of 

picking process (Mulcahy, 2007; Richards, 2011). When an order has been processed, the 

picker goes back to the office to take a next pick list or instructions. The pick by label is 

similar to pick by paper lists, but in this case the orders are represented by labels in certain 
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order. A picker puts labels on the each item he/she has collected (Richards, 2011). Both of 

these options are not within the real-time management (Richards, 2011).  

(2) Bar codes are all the time used in the warehouse logistics. They are used to recognize 

each picking place and storage in a warehouse, to identify goods and information regarding 

to goods (Croucher et al., 2000). They can be used in the identification of batch orders 

(Croucher et al., 2000). Also when picking an order, a picker can verify the location and 

relevant items by scanning a bar code (Croucher et al., 2000). Picking by paper lists and 

barcode scanning are the most conventional ways to process order-picking (Richards, 2011). 

Paper pick lists are usually slower than picking with barcodes and require accuracy, human 

intervention and time (van der Berg, 1999; Richards, 2011). The first barcode scanning has 

been introduced yet in 80s (Rushton et al., 2014), and it made the process of picking easier 

as the transfer of information could be done electronically (van der Berg, 1999). 

(3) Pick by light is a method of picking when each aisle in a warehouse has a lightening 

indicator. Each picking place has a LED display. The system is controlled by a computer, a 

picker moves on his/her route and collects the items on the shelves which are highlighted. A 

picker can use a take-away conveyor for picked items, and this option of pick by light is 

accepted to be fast and accurate one, it operates with high pick rates and has a very high 

accuracy level (Croucher et al., 2000). Put to light is a system which is mainly used not in 

warehouses but in retail stores when there is time for replenishment (Richards, 2011). 

(4) Pick by voice technology is used not only in picking process but also putting away, cycle 

counting, and replenishment (Croucher et al., 2000). Many companies adopting the voice 

technology by switching from paper pick lists and skipping barcode scanning (Croucher et 

al., 2000). Pickers have headphones with a microphone and a tiny device which they wear 

on the wrist or attach to a belt. Pickers hear voice commands which are generated by the 

WMS that sends the computer messages via radio frequency transmissions. Those radio fre-

quency transmitters are installed throughout the warehouse, and the WMS is utilizing those 

(Croucher et al., 2000). The messages are transformed into voice commands, and operators 

can use their voice for communication and reporting to the system (Croucher et al., 2000). 

The benefits of such technology are the real-time operations and updates, high speed of or-

der-picking process comparing to conventional paper-pick lists option (Croucher et al., 2000; 

Richards, 2011). 
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(5) The RFID technology received more and more attention and is frequently adapted in a 

warehouse logistics because of its automated and speed data transfer with no human inter-

vention (Richards, 2011). The RFID is told to be the next generation of the technology de-

signed for the ease in the process of picking systems (Lai et al., 2014; Richards, 2011). The 

advantage that makes RFID a better choice is the range of its implementation in the ware-

house logistics (Jerry et al., 2007).  

It is believed that RFID technology is able to cut business costs related to the warehouse 

management (Wamba et al., 2006), however initially it requires investments and business 

process restructuration which has impact on human resources, organizational structure of a 

company and logistics network connection design with participants within a supply chain of 

a company (Vijayaraman et al., 2006; Wamba et al., 2006). 

The order processing with the RFID requires a sequence of single operations and has to be 

navigated by a warehouse management system (WMS).  The WMS as an information system 

is a criterion for operative picking in a warehouse (Croucher at al., 2000). In the order pick-

ing process the RFID delivers online communication from the chosen warehouse work-

stations to the WMS (Richards, 2011). After receiving an order from a WMS, a picker is 

directed to the right picking locations, and after retrieving orders from the locations (after 

scanning items with RFID technology), the RFID system will automatically authenticate that 

the right products in the right quantities have been retrieved. As a result, the information 

about the inventory will be updated in the WMS as well. If something in the process has 

been went wrong alerts turns on automatically.  A positive moment in these actions is that 

pickers do not need to fill papers and update databases about the inventory level by them-

selves. (Angeles, 2005).  

All in all, the warehouse logistics is mainly affected by technologic changes because most 

of technologies within the supply chain are implemented in the warehousing (Rushton et al., 

2014). Nowadays, an ICT is necessary in any supply chain and modern warehouses have 

modern ICTs,  and WMS will described in more details in the next paragraph of this chapter.  

1.4.6. Warehouse management system 

A dimension of the solutions for increasing logistics capability (ICT systems for ware-

houses) is wide (Krauth et al., 2005; Lian et al., 2007). As a communication system to co-

operate and manage all the activities in a warehouse a WMS is usually used (Richards, 2011). 
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This is an information communication system for giving proper information about the stock 

availability in a warehouse, incoming orders; a WMS is also used for developing finest pick-

ing routes and activating the replenishment as well as recording order output (Croucher at 

al., 2000). The WMS is connected to the enterprise resource planning system (ERP), can be 

part of it or can be separated; both the WMS and the ERP support the supply chain operations 

(Richards, 2011; Rushton et al., 2014).  

The WMS systems are usually based on the Auto ID Data Capture (AIDC) technology that 

consist of wireless communications, RFID, barcode scanners, portable computers. The data 

obtained by the AIDC is transferred in real-time or with a time lag by portions to the central 

database of the WMS (Calicdan, 2013). 

The WMS reduced the need in the paperwork and paper-based operations within the ware-

houses, increases the speed of processing (Richards, 2011). The WMS controls the opera-

tions in the warehouse, such as picking, order processing, recording the orders, and infor-

mation transfer to the supply chain of an enterprise (Richards, 2011). The WMS is manda-

tory to establish together with radio frequency communications technologies with portable 

terminals in order to achieve real-time information of the workflow. The WMS is a computer 

system which uses wireless radio frequency terminals to obtain information about inventory, 

goods locations in warehouses (Bragg, 2014). 

1.5. Summary of the literature review and the research gap 

The literature review has presented an overview of the SCM and its global trends affecting 

the technology implementation, the RFID use in the SCM and warehouse logistics, and the 

warehouse operations with its specifics and order picking process. All the relevant to this 

study concepts have been defined, and the literature review is consisting of high quality 

journals and books. Particularly in this study Richards (2011; 2014) has been cited more than 

other authors. Published works of this author are reflecting the issues of the warehouse op-

erations with the most up-to-date context in warehousing. As a result of the literature review, 

areas of the RFID implementation have been defined, the RFID technology impact on the 

SCM processes and warehouse operations has been justified, the order picking process in a 

warehouse has been defined in the scope of the SCM, existing types, strategies and methods 

of order picking have been identified and discussed. 
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Brief outline of the theoretical part of the thesis 

The RFID technology is acknowledged as the most accurate approach for order picking 

among the traditional order picking options with the use of barcodes, because the RFID of-

fers accuracy, speed and reliability of information and data transfer even if objects of count-

ing stay not in the line of visibility (Osyk et al., 2013). The study of the warehouse order 

picking process with the use of the RFID has become an important aspect of solutions needed 

to implement by companies with logistics function, especially in the warehouse manage-

ment, so that these solutions are to serve for a company’s advantage in the competitive mar-

ket (Cho et al., 2012; Dai et al., 2012; Delfman et al., 2002; Huang et al., 2008). In this 

competitive and globalized business world, the warehouse management is not simply set of 

actions and service, it is the art of operating the whole distribution system in an effic ient 

manner (Ten Hompel & Schmidt, 2007). 

It has been found from the literature review that the RFID is integrated in the SCM at the 

points of manufacture, distribution, logistics provision and retail in the transportation and 

warehousing systems for better materials flow (Lim et al., 2013; Lai et al., 2014). The map 

of the RFID implementation is shown on the Figure 8 Areas of the RFID applicationsFigure 8. 

 

Figure 8 Areas of the RFID applications 

It has been found during the literature search that there is wide amount of articles that mostly 

reflect the topic of the present study in the context of the RFID advantages to the supply 

chain (Huang et al., 2008; Osyk et al., 2012; Vijayaraman & Osyk, 2006, etc). The RFID 

technology is used and implemented widely, as the speediest and fastest way to identify and 

RFID technology application

In businessIn society

medicine customs security

In SCM

manufacture

distribution

retail

warehousing

tr
an

sp
or

ta
ti

on

logistics 

provision



52 

track objects (Dai et al., 2012; Lee, 2005), in the warehouse logistics it is used in various 

operations, and the most significant application has been found in picking orders because 

the order picking process is the most cost producing and therefore a strategically significant 

process in the SCM (Choy et al., 2014; Ong & Joseph, 2014; De Koster 2007). The order 

picking performance efficiency is characterized by the speed, accuracy, completeness of or-

ders (De Koster 2007). Existing methods of improving the velocity of the order picking pro-

cess might be costly and difficult to automate, and in the academic world there is interest to 

investigate new order picking methods (Ong & Joseph, 2014; De Koster 2007). Therefore, 

the research gaps have been found from the literature review analysis. 

Research gaps 

Despite the existing findings of the RFID implementation to the SCM, there are still potential 

fields of the investigation the RFID impact on the warehouse operations. Earlier it has been 

already reported that in business practice companies and decision-managers are expecting 

RFID to improve business operations without clear understanding and answers to how ex-

actly the RFID can help, so these answers need to be found from the data obtained during 

the period of active RFID usage (Delen et al., 2007). Recently, Mehrjerdi (2014) reports that 

various RFID applications as well as technology’s capabilities, limitations and its manager ia l 

value have to be investigated. Questions which remain still unanswered concern the effec-

tiveness, efficiency, and productivity of the RFID technology implemented in the SCM as 

well as its ability to offer advantages over the barcodes, and the impact of RFID integrat ion 

to the warehouse operations (Mehrjerdi, 2014; Ming et al., 2013). Sarac et al. (2010) address 

benefits of the RFID to increase the speed of processes. In this background the speed the 

process of the order picking in a warehouse is interesting to investigate as it has direct impact 

on the SCM productivity and service level (De Koster et al., 2007). Moreover, so far there 

is a research gap in the optimal picking methods, and in the recent studies such parts as stock-

to-picker system, order batching, storage assignment policy, and order picking sequencing 

have been considered (Ong & Joseph, 2014; De Koster et al., 2007). So it is still not 100% 

clear if the use of the RFID tags within the warehouse order picking process increase the 

picking speed of the process itself (in terms of order lines made per hour) although number 

of research support the evidence of positive influence of the RFID on the speed in a general 

context (Sarac et al., 2010; Jerry et al., 2007; Attaran, 2012). The question remains whether 
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it is applicable for warehouses owning companies to adopt the RFID technology for improv-

ing the speed of the order processing while using conventional picker-to-goods type of pick-

ing. It is of interest to compare the average speed after the implementation of RFID technol-

ogy and using them in certain period of time. Lack of information in this context indicates a 

novelty of the research in this field of science.  

As for the outline of the Chapter 1, an analysis of existing literature is necessary to have a 

good understanding of what and how a phenomenon of research interest has been already 

studied and to choose a method of the empirical study conduction (Bryman & Bell, 2011; 

Zikmund et al., 2012). Therefore it is necessary to establish research questions and a research 

design of the empirical study in order to provide a sufficient analysis based on the empirica l 

evidence. The next chapter describes this issue with a justification of the choice of the study’s 

methodology.  
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2. STRATEGY OF THE EMPIRICAL STUDY  

The aim this chapter is to present the niche of this study, to outline the purposes of this study, 

to provide the evidence of the study’s object’s choice stemming from the literature analysis, 

and to justify the design and methodology of the empirical research. Also organized and 

executed research activities according to the chosen method are described, the choice of the 

object of this study is validated. 

2.1. Research question, hypothesis, aim and objectives 

As in the literature analysis there has been found certain gaps in the research on the field of 

the RFID technology in the SCM, and the precise connection between the order picking 

velocity and the use of the RFID in the order picking have never been investigated, a research 

question has been raised in this study “How does the RFID technology influence the velocity 

of the order picking process?”. The wording of the research question is based on the Ng & 

Coakes (2013) proposal that 1) research questions should be “do able” so that an investiga tor 

can be able to give a full answer in limited time of his/her student project; 2) research ques-

tions should be related to field of interested of the author as well as field of interests of an 

organization because it keeps a student motivated to provide a reliable and sufficient re-

search.  

Therefore, the objective of the study is to give sufficient answers to the research question by 

conducting an empirical study on a company’s case and analyze the process of the RFID 

impact on increasing of the efficiency (velocity) of order picking operations. Based on the 

general acceptance that RFID technology improves the efficiency of warehouse operations 

and the velocity of the SCM processes, an assumption has been made that the use of the 

RFID technology in the order picking process positively affects the speed of this process. 

And so, the following hypothesis has to be tested: 

H0: RFID implementation into the warehouse operations positively affects the speed of the 

order picking process. 

Thus, the aim of this thesis is to experiment a possibility of the order picking speed improve-

ment with the use of the RFID technology that is implemented in a warehouse operations. 

In order to achieve this goal the following objectives have been established: 1) choosing of 

the study object and the research strategy; 2) gathering of the empirical data about number 
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of orders, number of hours spent per each order line daily in a 5 months term; 3) processing 

and analysis of the obtained empirical data; 7) conclusion about the impact of the RFID 

technology on the speed of order picking process. 

As the research question and objectives of the empirical study have been established, it is 

necessary to provide information about the research methodology choice for the empirica l 

study, the research design and methods of data collection, it is given in the next chapter’s 

paragraph. 

2.2. Research methodology, design and methods 

In this section the choice of the research methodology (research strategy) and design of the 

empirical research are proved, methods of the study are described. Issues that have been 

taken into account when choosing a research methodology and developing a research design 

are availability and diversity of research methods, different types of data collection, data 

structuring and further research analysis as it has been suggested by number of academics 

(Eisenhardt, 1989; Piekkari et al., 2009; Yin, 2003).  

Research design 

A central issue of the research design is about to structure a research so that it satisfies the 

requirements of reliability (research must be reliable), replicability (a research should be 

precise in providing information, concepts, so that it opens a chance to other researchers to 

replicate it), and validity (Bryman & Bell, 2003). Research design can be qualitative or quan-

titative. The difference between the qualitative and quantitative approaches has shown on 

the Table 5 on the next page.  

The difference between these research designs is that the nature of researches are different. 

A quantitative research is aimed to study a phenomenon from the perspective of numbers, 

statistical analysis, mathematics, calculations and computational techniques (Bryman & 

Bell, 2003). It answers to questions “How many…?” or “How does X impact Y?” whereas 

a qualitative research answers to questions “Why? How? What?” (Yin, 2003, p.5). The aim 

of the qualitative research is to provide insights based on an inductive approach, while quan-

titative study is usually based on a deductive approach (Bryman & Bell, 2003). A good re-

search design is key to give answers to research questions of a sufficient, necessary quality 

(Baxter & Jack, 2008; Yin, 2003). 
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Table 5 Difference between quantitative and qualitative designs (Bryman & Bell, 2003) 

The quantitative research design The qualitative research design 

  

Thus, a research design is accepted as a skeleton of the study (Leonard-Barton, 1990). In 

addition to the research design an empirical research methodology and research methods 

need to be chosen. 

Research methodology 

There are many methodologies of conducting a business research, and they are widely de-

scribed in the academic business professional literature (Yin, 2003; Bryman & Bell, 2003; 

Ng& Coakes, 2013; Zikmund et al., 2013). Among them Yin (2003) has classified empirica l 

research strategies which have been identified in works of COSMOS Corporation, they are 

experiments, surveys, archival analysis, historical studies and case studies (as from Yin, 

2003, p.5). The single case study research has been chosen in accordance with Yin’s (2003) 

propositions: the choice of the research strategy is defined by the form of research questions, 

necessity to control the behavior of investigated phenomenon and the topicality of the re-

search. Thus, surveys and archival analysis answer to questions “how many” and “how 

much” but archival analysis should not necessary be focused on contemporary events. Case 
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studies, history and experiments answer to questions “how” and “why”. Case studies and 

experiments are focused on a contemporary phenomenon (Yin, 2003). As the research ques-

tion has been formulated as follows “how does the RFID technology influence the velocity 

of the order picking process?” it has been decided to choose the case study methodology in 

order to conduct an empirical study. The methodology of the experiments can be also used 

to answer that kind of questions, but according to Yin (2003) case studies do not require 

strict control of behavioral events as the experiments do. Moreover, a typical case study 

“investigates a contemporary phenomenon in its real-life context” (Yin, 2003). It can contain 

a “qualitative and quantitative evidence on a certain case” (Yin, 2003). According to Baxter 

& Jack (2008), a case study provides a view on an investigated phenomenon from different 

angles and perspectives, from which a phenomenon might be understood.  

A case study methodology can be designed in a quantitative way, not just in a qualitat ive 

way of the research (Ng & Coakes, 2014). Ng & Coakes (2014) argue that case studies’ 

designs are seldom only qualitative or quantitative. In many of resent researches using of 

mixed research methods belonging to qualitative and quantitative designs is becoming en-

couraged by academics as it provides stronger data analysis and results as extended findings 

(Ng & Coakes, 2014). A case study is usually an explanatory research by nature. It can be 

divided to a descriptive type which is aimed to describe how things works and an exploratory 

type which is aimed to provide new insights (Yin, 2003; Bryman & Bell, 2011). Due to the 

fact that the connection between the RFID using in the warehouse order picking operations 

and the velocity of the order picking process has never been investigated, the research is 

described by the exploratory nature. 

Ways of building case studies 

Ways of conducting a case study are also widely described in the literature of business re-

search methods (Baxter & Jack, 2008; Eisenhard, 1999; Leonard-Barton, 1990; .Piekkari et 

al., 2008; Ragin, 1992; Yin, 2003). Case studies can be divided to their context: multiple and 

single case studies, holistic and embedded (Yin (2003) has provided facts of the rational 

choice of a single case study. A single case study gives an ability to provide “a critical test 

of a significant theory” (Yin, 2003, p.45) that’s why it is preferred over a multiple case study. 

Yin (2003) additionally gives conditions of a justifiable case: 1) when it represents a rare or 

unique circumstance, 2) when it represents a typical case, 3) when the case has relevatory or 
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4) longitudinal purpose. In the context of this study the empirical part is based on the longi-

tudinal purpose. A single case study as a critical test is able to determine whether the theory 

and its statements are correct or whether there are more relevant alternative set of explana-

tions (Yin, 2003). Therefore, the chosen methodology of a single case study has following 

advantages: 1) a deep analysis of a given company which provides understanding of opera-

tions in a certain way and gives perspectives under a new angle; 2) a lesson learned by the 

given company from its experience and operations which can be used as an example in future 

studies. 

Table 6 on the next page). As for the units of analysis, it has been decided that this thesis case 

will be built as a holistic single case study. Yin (2003) has provided facts of the rational 

choice of a single case study. A single case study gives an ability to provide “a critical test 

of a significant theory” (Yin, 2003, p.45) that’s why it is preferred over a multiple case study. 

Yin (2003) additionally gives conditions of a justifiable case: 1) when it represents a rare or 

unique circumstance, 2) when it represents a typical case, 3) when the case has relevatory or 

4) longitudinal purpose. In the context of this study the empirical part is based on the longi-

tudinal purpose. A single case study as a critical test is able to determine whether the theory 

and its statements are correct or whether there are more relevant alternative set of explana-

tions (Yin, 2003). Therefore, the chosen methodology of a single case study has following 

advantages: 1) a deep analysis of a given company which provides understanding of opera-

tions in a certain way and gives perspectives under a new angle; 2) a lesson learned by the 

given company from its experience and operations which can be used as an example in future 

studies. 

Table 6 Basic types of designs for case studies (Yin, 2003, p.40) 
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Besides the research designs there are several research methods which are described further.  

Research methods 

The case study as a research methodology includes an all-inclusive research method – start-

ing with the design’s logic that combines particular approaches, and ending with the data 

collection and data analysis (Bryman & Bell, 2003). In order to make a sufficient and justi-

fiable case study, an all-inclusive research method, i.e. triangulation principle should be ap-

plied. It means that several methods of data collection need to be used (Yin, 2003). Thus, in 

accordance with the triangulation principle, Yin (2003) has defined six sources of evidence 

for case studies. They are “documents, archival records, interviews, direct observations, par-

ticipant observation, and physical artifacts” and a study can be considered as reliable when 

it is supported by multiple sources of evidence (Yin, 2003; Bryman & Bell, 2003).  

For this study the methodology of a single case study has been accepted with a quantitat ive 

and qualitative design and holistic approach. Since typically qualitative case study can con-

tain a quantitative data analysis, there might be different parts combined with each other 

(Yin, 2003). The present study has a longitudinal nature in which data collection has been 

done based on the triangulation principle which means that a case study has different sources 

of evidence. The present study, thus, involves such methods of data collection as qualitat ive 

interviews, participant observations, working with documentary and quantitative data anal-

ysis that is tightly related to the research question.  
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At this point it is necessary to provide justifications of the research object’s choice and then 

of the research strategy of the empirical study. 

2.3. Plan of the empirical study and the object choice 

This paragraph represents the plan empirical part of the thesis and choice of a big logist ics 

operator (further, named as the Case Company) for the case study. The Case Company has 

been selected on the following reasons: due to its 3PL type, upper segment position in the 

logistics industry, cross-border international operations and large size of the company, geo-

graphical location, ability to access the data necessary for the thesis, and current stage of 

developing and adapting ICTs innovation within its supply chain network. The company is 

operated in the international markets and headquartered in Helsinki, Finland. Therefore, the 

empirical part of the thesis has been done in a warehouse which is located in Finland and in 

cooperation with Finnish company’s representatives and business directors. The plan of the 

empirical study is shown on the Figure 9 on the next page. There are many different ware-

houses owned by organizations such as manufacturers, retailers, logistics providers, distrib-

utors (Richards, 2014). The choice of this thesis is proved further. 

 

 

Figure 9 Plan of the empirical study 

Proof of the company’s choice 

Firstly, a logistics industry has been chosen as an area to conduct the empirical part of the 

research. Logistics industry is a large part of the global supply chain operations (Mentzer et 

al., 2001; Richards, 2011). The preference of the logistics service industry over the manu-

facturing, distribution and retail industries is supported by the evidences which stem from 

global business trends that show a widespread adoption of logistics outsourcing decisions 

and logistics industry consolidation nowadays (Guo & Wei, 2014; Zhang & Qiu, 2014). 

There is a great variety of different logistics services in the global market and across coun-

tries (Rushton et al., 2013).The logistics industry is a highly competitive industry with high 
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level of fragmentation, i.e. the services across business are not evenly distributed (Rushton 

& Walker, 2007). Logistics industry’s servers are companies that provide to firms (such as 

manufacturers, retailers, distributors) logistics services – transportation and warehousing if 

the firms decide to outsource these operations (Win, 2008). Global trends drive logist ics 

outsourcing decisions even if firms in the supply chain have enough of own logistics capa-

bilities (Cho et al., 2008). Today it is counted that logistics outsourcing provides economic 

benefits to companies that outsource logistics operations to the logistics providers (Guo & 

Wei, 2014).  

Secondly, there are several types of logistics service providers (Win, 2008), however, the 

diversification among them is very subtle as many services and operations are similar among 

the logistics providers (Marasco, 2008). The most well-known logistics providers are of 3PL 

and 4PL types, and the differences between them have been clarified by Multaharju & Hal-

likas, (2013) and Win (2008): these companies differ mainly on its functions, role and task 

and main assets; whereas 3PL providers own transportation, warehousing, IT systems for 

logistics, 4PL providers own IT systems, knowledge and networks (Multaharju & Hallikas, 

2013). 

Thirdly, the 3PL providers are typical and the most widespread type of logistics service pro-

viders (Guo & Wei, 2014; Zhang & Qiu, 2014). It is generally accepted that the 3PL industry 

is a large operations industry in the world (Garnder, 2004). Rushton & Walker (2007) have 

defined 3PL services to the following categories: consultancy logistics, freight companies, 

freight forwarding, air freight operations, railways companies, transportation logist ics, 

trucking logistics, warehouse logistics, contract and customs operations, real estate, con-

sumer delivery, mail delivery and postal services. Initially the 3PL providers intended to 

offer transportation services to importers and exporters on the local and regional levels, but 

then the 3PL companies have progressed to a global industry that accomplishes customers’ 

logistics tasks through a provision of main and additional value-added logistics services 

(Gardner, 2004). Contemporary 3PL companies work in a truly international environment, 

and there are big players on the market with sales points of $7 billion/year (Gardner, 2004). 

Freight transportation companies as well as mail delivery companies have transformed them-

selves to 3PLs in order to be able to compete on markets (Banomyong & Supatn, 2011). For 

competition such means as price reducing strategies and sales strategies are used, and as a 
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result 3PL companies and companies on markets have established arms-length relationships 

(Banomyong & Supatn, 2011).  

At the last, the most important factor of performance in logistics industry is a logistics pro-

vision service quality and ability of the 3PL firms to keep providing qualified operations and 

to compete on markets as well as maintain long-term and reliable relationships with their 

partners, that is therefore a factor of the level of the customer satisfaction of the logist ics 

outsourcing services (Rafiq and Jaafar, 2007 as from Banomyong & Supatn, 2011). A bril-

liant logistic performance is a competitive advantage which can open to companies new 

markets while customers take it for granted that their order are delivered at a high speed, 

with a high quality and at the minimum costs all together (Sengupta, 2013; Ten Hompel & 

Schmidt, 2007). The 3PL providers seem to have more operational advantage in the modern 

business environment due to their stronger logistics capability with technological advantage 

(Cho et al., 2008).  

As the choice of the studying object has been made and the research methodology has been 

justified, the following chapter of the thesis will contain the description of data collection 

and the case study of the Case Company which is a big international logistics company of 

3PL type. 
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CASE OF A BIG LOGISTICS OPERATOR 

The following paragraphs of this chapter contain information about data collection, infor-

mation about the Case Company, an overview of the logistics industry in Finland. The par-

agraphs after that are based on the primary sources of evidence that have been used in order 

to draw company’s business model canvas, develop a SWOT analysis, and to investigate and 

describe company’s warehouse processes, particularly the order processing and implemen-

tation of the RFID technology. 

2.4. Detailed description of data collection and data storage 

The present research is conducted as holistic case study approach with multiple sources of 

data collection as of triangulation principle. The triangulation principle is described in works 

of Yin (2003) as a justifiable source of data collection and has been presented previously in 

the Chapter 2. The data which has been obtained from the Case Company can be divided to 

the secondary and primary data. The documentation and information from company’s Intra-

net as well as from company’s website refers to the secondary source information. The data 

obtained during company’s management interviews and own warehouse operations obser-

vations refer to the primary source of information. The study has been done in a form of 

written and oral communication and agreements with representatives of the Case Study 

Company as well as periodical meetings with discussions, practical sessions and interviews. 

The information has been therefore gathered as a primary and secondary data and stored in 

a structured order for the further analysis and calculations. The present thesis contains a 

chapter with the empirical part in which variables of the calculations are described. A privac y 

agreement has been signed in order to protect the present company from an information 

leakage and some modifications have been made in the written form of the present study. 

However, these modifications have not affected the understanding and right perception of 

results and analysis, therefore the results obtained by this study and conclusions made can 

be considered as objective and adequate solutions. 

Interviews. The first step of a study has involved set of interviews with the top and middle 

management of the company which have been done in a semi-structured way. The princip le 

of such interview is that although set of questions have been prepared in advance, an inter-

viewee and interviewer have been in open discussion of the topic which is being investiga ted. 

Such type of interviews have helped to the researcher of this study to find a new perspective 

and open knowledge since the inside processes of a company were unknown. The interviews 
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have been made with the official meetings and have been recorded but also great amount of 

information has been distracted during communication process with the company’s col-

leagues by phone, e-mail as well as direct meetings related to the observations and discussion 

of the challenges. The meetings and interviews have been necessary in order to build the 

case study and obtain the whole picture of the company’s profile, its business model, the 

warehouse operations of the company, to describe the order picking process and adoption 

the RFID technology in the warehouses and to describe the supportive communication sys-

tems that are used in the company’s warehouses. The structure of the interviews has been 

designed in accordance with the drawn theory from the literature review. One of the aims of 

the interviews has been also to obtain the picture of difference in processes before the RFID 

implementation and after the RFID implementation on the real business practice. The inter-

views have been made with persons 

Observations. Among qualitative interviews, participant and direct observation took place. 

One reason for that is to draw the map of processes for the case study purpose in order to 

validate the RFID technology use in the warehouse operations. During a period of active 

studying the field, several visits have been made to investigate the inside warehouse pro-

cesses in order to draw a picture of real RFID integration phenomenon and its use and impact 

on the logistics services. The observations have been made in a manner of urgency of the 

task, i.e. business-decision managers have assigned the researcher to get involved into cer-

tain tasks of warehouse operations based on the daily work and variety of operations at that 

particular day. The direct and participant observations have been liaised in a fixed scheduled 

manner, and the overall period of work lasted for 8 month period of active communicat ions 

on the topic and additional before-spent 3 month period of negotiations and communicat ions 

related to establishing questions and goals, reviewing secondary sources and documentat ion, 

finding common interests between the company and the thesis writer. 

Documentation. The researcher has received Case Company’s documentation concerning to 

business execution, organizational governance, presentations of the company, open source 

information from company’s website and closed information from company’s intranet. 

There has been documentation related to the business processes in the warehousing opera-

tions. Therefore a confidential agreement has been signed that the name of the company will 

be kept confidential in the written thesis, and some important facts related to the company’s 

strategy and tactics as well as business operations within the warehouse will be modified to 
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some extent but overall information is considered real and valuable for the academic pur-

poses, so no such significant changes have been made that could damage the value of the 

work. Additional data of inside warehouse operations is tight with the reorganization of busi-

ness processes, and therefore reorganization of human resources. The data that have been 

received from this files contains information of employees, number of workers in company’s 

warehouses, encrypted information about warehouse everyday activities and work shift. 

Quantitative data. For the case of direct warehouse operations and RFID integration within 

the processes, a statistical data have been collected based on the operations inside one of the 

company’s warehouses. The data has been recorder to the Case Company’s WMS. This sta-

tistical data contained such information as time spent at work by each employee in the shift, 

the customer, the type of work that has been done, the financial information such as cost 

center of the company. The statistical data has been continuously collecting from December 

2013 to the April 2014. The data has been decoded according to the company’s guidelines.  

This quantitative data has been analyzed and used in order to distract the most important 

variables which affect company’s warehouse operations and to use this variables in calcula-

tions for order picking warehouse activity optimization. The variable that has been invest i-

gated is an average speed of order picking process in terms of line per hour. This variable 

has been detected during theoretical work of the thesis. 

As a result of the triangulation principle in gathering of the empirical data, a research data-

base has been developed for storing the obtained data and the table of sources of evidence is 

created to track the data collection (Table 7). 

Table 7 Table of sources of evidence 

Research object  Source of evidence  

Warehouse layout and description of the 

warehouse site 

- Warehouse site visit 

- Map of the warehouse from company’s Intranet 

Warehouse service blueprint (order pick-

ing process and order allocation) 

- Interview with the Head of the Contract Logistics 

of the Case Company and Head of Operation plan-

ning 

RFID integration into the company’s 

warehouse 

- Interview with the IT Director of the Case Com-

pany 

RFID integration into the company’s strat-

egy plan 

- Interview with the HR Directors of the Case Com-

pany 
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Warehouse service blueprint (order pick-

ing process and order allocation) after the 

RFID integration 

- Interview with the Head of the Contract Logistics 

of the Case Company 

- Warehouse site observations 

As a result of the data collection, a research database has been developed for storing the 

obtained data in order to analyze it. The research database includes all case study notes writ-

ten by hand on a paper during the official meetings with company’s management, mail com-

munications with the company’s thesis supervisor and managers, audio records of inter-

views, computer files in the Microsoft Word format and Evernote notes. The database con-

tains the case study documents such as presentations, annual reports, warehouse layout, and 

tabular materials in the Microsoft Excel format. These materials contain specific information 

of warehouse activities such as number of order processing per day during the five month 

time from December 2013 to April 2014 when the company has been using the RFID tech-

nology, the data contains type warehouse of activities, and those that describe employee’s 

working hours. The database contains also personal notes made from observations of the 

company’s warehouse. By the request and agreement with the Case Company the database 

is transferred to the Company for its use. 

The next paragraph of this Chapter describes the logistics industry profile in Finland, after 

that main characteristics of the Case Company and its market position are given. Further in 

the sections, given information is based on the transcription of interviews and own observa-

tions of the thesis writer, additional information that has been obtained from secondary 

sources is cited appropriately. 

2.5. Logistics industry profile 

The Case Study Company belongs to the logistics industry and is a typical representative of 

the upper segment in the industry. This paragraph gives a brief overview of the logist ics 

industry in Finland. As the contract logistics includes all necessary services for the cus-

tomer’s SCM, it’s completing and development, when positioning Company’s operations in 

the market it is possible to compare the company with those companies which provide dif-

ferent logistics services such as SCM solutions, 3PL logistics services, freight forwarding, 

transportation, warehousing, storage solutions, distribution, and mail communication. 
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As the studied unit of the Case Company is located in Finland, it is necessary to give an 

overview of on the domestic market. In Finland, there are 12 big international logistics com-

panies which offer the similar services and 8 of them have the warehousing services (Inter-

national Directory of Logistics & Transport Companies, 2014). Among company’s compet-

itors there are such German companies as DHL, and Schenker, and other European and local 

Finnish companies such as Ruukki, SHS Group, VAT Logistics, ESS Finland with ware-

house services and a bus network company Matkahuoloto. As the company is internationa l 

and has its operations mainly in Europe and Russia, it is possible to take into the account 

company’s international competitors, it is mainly German logistics operator DHL and local 

European companies in Lithuania, Latvia, Estonia, Sweden, Norway and Russia . 

According to the national logistics survey of the Ministry of Transport and Communicat ions 

Finland and Finnish Transport Agency, Finland took the third place in the World Bank’s 

Logistics Performance Index in 2012 (Solakivi et al., 2012). The financial indicators of the 

logistics industry in Finland show the following results: In 2009 the industry weighted lo-

gistics costs were EUR 34,7 billion accounted to 10,2% of Finnish GDP, in 2011 logist ics 

costs were EUR 33,1 billion accounted 8,6 % of GDP, with about 50% of domestic interna l 

costs in all years taking only domestic operations. This decrease is mainly caused by the 

outsourcing of manufacture to lower cost countries. (Solakivi et al., 2012). 

On average about 43% of the competitiveness of large companies is accounted to the com-

panies’ logistics capability. The logistics industry sector is concentrated on the Southern 

regions of the country where the business conditions and logistics climate are more satisfac-

tory then elsewhere, less satisfactory conditions are in West Finland and North Finland, and 

the least satisfactory conditions are in the East Finland. Companies in the supply chain take 

the environmental issues into their considerations internally rather than on the collaboration 

with each other. Outsourcing logistics service is dominant over companies’ with own logis-

tics functions, and there is a constant grow of new contract logistics firms. Logistics compa-

nies have become more dependent on big customers. However, in Finland there is still less 

logistics outsourcing than in competing countries. There is a clear connection between size 

of a logistics provider and its efficiency of operations. The key logistics performance indi-

cators in Finland are the accuracy of delivery, days of sales of firms in Finland and payables 

days which are remaining by firms in Finland. In overall, the logistics condition in Finland 

are high with good levels of key performance indicators on the international level, the criteria 



68 

are logistics function, feasibility and expertise. (Solakivi et al., 2012). Further in this para-

graph the company profile and place on the Finnish market will be given. 

2.6. Main characteristics of the organization 

A brief overview of the Case Study Company and the industry to which it belongs is given 

in this paragraph. The main sources of evidence are secondary sources, namely documenta-

tion taken mainly from company’s Intranet as well as from company’s website.  

2.6.1. Company history and presence 

The case company which is a big logistics company of a 3PL type is one of the oldest logis-

tics companies in the world, its origin is dated back to the 17th century. The company has 

started its operations on local markets by providing postal services to its customers and a 

small amount of physical good movements (Case Company History, 2014). Later the com-

pany has extended its operations abroad, to Nordic countries and has emerged its business 

with local companies. During the period of 18th and 19th centuries the company has operated 

on the local market and frequently has been investing into amortization of facilities as well 

as communication means. It allowed to the company keeping high quality services to its 

customers even during time of lack of technologies that exist nowadays. The postal services 

offered by the company have been frequent in the operations and in-time delivery (Case 

Company History, 2014). As time went by, the core values and customer orientation has 

been kept by the case company and the main strategies and mission have been followed by 

the new coming business decision managers (Case Company History, 2014). The company 

has its own training centers and strategy planning teams which goals are not only to adapt 

the company’s operations to the globally changing trends of the trade but also to be in front 

of early adopters of e-commerce business models and business practices. 

Investments into the research and development of the company as well as technology ad-

vancement, frequent feedback from logistics users and target to internationalization has al-

lowed to company to achieve a big market share in European countries and Russia. The first 

electronic business applications have been implemented in the company in early 2000s of 

the form of electronic (paperless) invoicing, nowadays the company has a technological and 

operational advantages in paperless communications and contract logistics.  

The next section describes the company’s profile and necessary information of the company. 
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2.6.2. Company’s profile overview 

The Case Company is a contract logistics provider of a 3PL type that has businesses in the 

Northern Europe and Russia as well as in the Central Europe and elsewhere through a part-

ners’ chain. The contract logistics includes all services for the customer’s SCM, its imple-

mentation and improvement. The core service of the company is outsourced warehousing 

and all value added services completed for the customers’ goods stored in company’s ware-

houses. The warehousing services for goods’ storage together with value-added services 

form such activities as storing, putting away, racking, picking, and packing, finishing of 

goods and recycling of goods, also other possible services required by customers. 

The company’s services also involve air, sea and road freight transportation, forwarding, 

parcel services, cross border operations, financial services related to the electronic commerce 

(cash flow, electronic supply chain, paperless invoicing, outsourcing, Internet order-supply), 

and IT solutions which are compatible with other ICTs systems and can be integrated directly 

into the customer’s information systems. The company has three main business groups 

which can be divided to the contract logistics service, mail and parcels, and financial opera-

tions. (Case Company Facts, 2014).  

The company is presented in 10 countries in Europe including Russia, and it performs full 

operations on the local markets, with more than 25 000 professional employees, it has its 

operations in all over Europe, also in the US and Canada through the logistics network and 

partnerships. The 24% of company’s income are related to international performance. (Case 

Company Facts, 2014). 

The company is well-known with its brand on local markets, however it uses different brands 

in different countries. The company offers both business-to-business and business-to-con-

sumer solutions and basically net sales are received mostly from business customers and are 

accounted to more than 90% (Case Company Facts, 2014). The net sales of the Case Com-

pany have been accounted to almost 2 million euro. (Case Company Facts, 2014).  

Internationally, the Case Company puts different strategies when dealing with clients. Thus, 

services which are organized in counties of company’s operations vary from each other to a 

distinct level depending operations scale and focus. In countries where the Case Company 

has less operations, it has more activities in sales and customer management. In countries 
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where the Case Company has more operations, it concentrates in developing efficiency of 

production operations. 

Besides company’s core operations, the company is involved into environmental and social 

responsibility activities, such as the development of logistics industry in Finland, green ser-

vices for customers – shipments to customers at zero percent of gas emissions to the atmos-

phere, the rest of the emissions are compensated by the company’s financial investments 

into green projects that aim to reduce emissions in different places all over the world. That 

way the company takes responsibility to develop sustainable and green supply chain by in-

volving its customers and partners into cutting of gas emissions by using environmenta l ly 

friendly ways of packing, shipping and transporting of goods. 

2.6.3. Main aspects, values, mission and strategic goals of the company 

The strategic plan of the Case Company describes the aimed position of company as the sole 

logistics-solving provider for business needs. The main mission of the company as it is stated 

in corporate governance is manage the supply chain and trade based on the everyday activi-

ties, involving not only physical commerce but also a significant share of online commerce 

and electronic business operations within the company services. As a logistics service pro-

vider the company positions itself as the one “to take responsibility of the business” and 

therefore to provide high quality logistics and distribution services and processes to its cus-

tomers, both on the consumer market and on the business market. (Case Company Facts, 

2014). 

The company’s values are to provide speedy, easy for customers operations, transactions and 

services that involve not only sole business activities but also activities which are essential 

in the business: in-time communications, in-time billing. The value to the company is to be 

recognized as a reliable and flexible in interactions and communications service provider. 

(Case Company Facts, 2014). 

The main focus areas of the company are (Case Company Mission and Strategy, 2014): 1) 

to provide excellence in business-to-consumer market as well as in business-to-business 

market; 2) to deliver safety in operations, and deliver safety to the employees by preventing 

any kind of accidents at work; 3) to provide excellent and reliable operations to partners and 

subcontractors both domestic and international; 4) to outline efficient logistics operations by 

removing unnecessary tasks from the business processes and automate the work. 
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As the core service of the Case Company is outsourced warehousing and all possible value 

adding services made to the customers’ products while they are stored and handled in a 

warehouse, the aim of the Case Company is to come to be the sole logistics service provider 

for customers in markets where it operates. The service provision begins from a simple SCM 

consulting to the serious projects of executing and guarding the efficient management of 

customers’ products and information flows on the vertical level, i.e. flows from customers 

to the warehouse and then to suppliers and backwards. The company has established main 

focus areas, they are internal safety, customer service and logistics operational efficiency. 

The internal safety refers to the job-related safety of the company’s employees. Attention 

put forward to prevent any kind of accidents and to increase working conditions and well-

being at work. As for the transportation logistics, the company provides the safety to the 

transportation means and ensures the safety of truck drivers.  As for the internal ICT systems 

a security is provided for data storage and information flow by protecting it from various  

threats.  

The customer service focused on the development of the customers’ experience with the 

company so that any of problematic issues are solved in the beginning. The development 

and improving of the core operations are based on the provision of the high quality customer 

experience. The key of the customer service is to make all logistics services simple and easy 

to use, directed to the customers’ problem solving. For example, shortening time of orders 

loading in warehouses and deliver customer orders just-in-time. The mission of the company 

is to take personal responsibility to provide a valuable customers support. (Case Company 

Mission and Strategy, 2014). 

The efficiency of operations is achieved by identifying and eliminating of obstacles and in-

terruptions of the workflow. One of the objectives of the company is constant investments 

to the business technologies, continuous development and integration of the processes with 

clients, subcontractors, and customers at the international level. Automation, facilitation and 

speed up of manual work by the deployment of ICTs are executed by the company to make 

the work flatter, faster in the eyes of the customer, to achieve faster and qualified information 

and goods flow in the warehouses, terminals, offices and customer interfaces. These profes-

sional, corporate performs guarantee efficiency of operations, high quality of service and 

improvement of customer satisfaction and increasing profitability. In the end of the 2013 the 
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company has started a program of performance improvement for 2014. It includes such as-

pects as cost-efficient operations, intensification of sales and development of logistics oper-

ations methods. 

All in all, the main strategic goals of the company can be summarized to the following issues: 

1) high level of significance for customers, leadership on the European market leader and 

profitable growth in Russia and Finland; 2) innovation in the customer segment by offering 

services for electronic commerce customers and straight to the consumer market; 3) the best 

place for work with best conditions. 

2.6.4. Organizational structure of the company 

The Case Company is a corporation with its groups performed international markets under 

different brands, it has four business groups with subsidiaries: contact logistics group, inter-

national group, financial group and mail/currier services group. The corporation’s shares 

that are not listed on public. The corporate governance model of the company is presented 

on the Figure 10. The company is managed by the CEO and the Board of Directors.  

 

Figure 10 Case Company’s organizational structure 

The highest figure of business decision making is annual general meetings on which mem-

bers of the Board of Directors are elected. The main responsibilities of the company’s CEO 

is management and support of the company’s strategic aims and risk management codes, 

he/she ensures the operations and work of the management system in the company. The CEO 
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is appointed by the Board of Directors which also provides an assessment to the performance 

of the CEO and his/her working methods as well as to the members of the board and to the 

annual meetings when the members are selected. The Board of Directors consist of seven 

members on average, but not more than ten and not less than four persons, and includes an 

audit group and a payment group that are responsible for financial operations of the company 

(Table 8). 

Table 8 Duties of the audit and payment groups in the Board of Directors 

Audit group 

- development, regulation, assessment of risk 

management strategies, preparation of business 

and financial reports and auditing; 

- inspecting financial statements; 

- writing a proposal for the selection of the 

Board auditor; 

- evaluating the individual work of the auditor. 

Payment group 

- development of plans of payments, salaries, 

bonuses, and motivation structures with a guar-

anty of the fairness and attractiveness.  

- writing a proposal for the selection of remu-

neration group. 

In addition to the Board of Directors the company has a Supervisory Group that has respon-

sibilities of controlling and confirming the management of the company in accordance with 

the business code and profitability. The Supervisory Group supports the Board of Directors 

with provision of necessary guidance in certain issues when the board need to be guided. It 

provides to the annual meetings the auditors and financial reports, it observes the function-

ality of logistics services and reflections of suggestions for modifications in the services. 

The listed above groups of the Case Company are spread among the countries where the 

Case Company has operations and are connected with each other (the Contract Logist ics 

Group, International Group, Financial Group, and Currier/Mail Communications Group). 

The Contract Logistics Group consist of the warehouse logistics and freight forwarding and 

the IT department which is a Case Company’s subsidiary. The IT department is an integra l 

company that develops ICTs solutions for the Case Company’s management such as inner 

ERP and WMS systems.  Every country where the Case Company has its logistics operations 

there is a Business Line Group and a responsible manager for the group that reports the 

logistics performances to the country operations and sales directors. The country operations 

directors manage all the logistics operations in a country of the Case Company’s perfor-

mance and works on the top level of the mainstream Business Line Group (Case Company 
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Facts, 2013). The reports of the Business Line Group are transferred to the CEO and the 

Board of Directors that are evaluating the Case Company’s overall business performance. 

2.6.5. SWOT analysis of the company 

From the company and industry profile data in previous section and interviews with business 

decision managers on the topic of internal capabilities of the company, a SWOT analysis for 

the Case Company that describes strengths, weaknesses, opportunities and threats has been 

created (Table 9). 

Table 9 SWOT analysis of the Case Company 

STRENGHTS 

- Upper segment of the logistics industry 

- Extended network of international supply chain 

partners  

- Large market share in Finland and well-known 

brand 

- Warehouse locations in the South of Finland, the 

best place for the logistics industry  

- Accurate delivery, order are packed accurately and 

are completed close to the 100%, keeping of the 

quality of goods while storing and delivering. 

- Own WMS and ERP, developed internally by com-

pany’s subsidiary – all IT/ICT costs are internal, 

high security of the ICT systems. 

- The own WMS solution is a brand on the market 

and on demand across other supply chain compa-

nies 

- Easy integration and compatibility of the com-

pany’s ERP system to the partners’ and customers’ 

network 

WEAKNESSES 

- The brand is less recognized in other countries  

where company doesn’t have warehouse opera-

tions but start to build warehouses, 

- Warehouse operations gain less competitive ad-

vantage than other logistics services in the com-

pany among the competitors 

- Need for optimization of inner resources: paper 

and manual work is dominant across company’s 

warehouses, it causes slow inventory turnover and 

inability to process all orders at a higher speed. 

- Delays with orders procedures that causes some 

instability in the supply network, processing of 

small shipments 

OPPORTUNITIES 

- Possibility to achieve big market share in the sector 

of serving big companies with Internet shopping 

because of growing demand from Internet retailers 

in the FMCG market 

THREATS 

- Negative operating income for the warehouse ac-

tivities in Russia and Finland in 2012-2013 that 

causes question of opportunity to invest large fi-

nancial resources to adopt high costs automation,  
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- Possibility to gain more profit from logistics ware-

house services in B2C operations and achieve high 

customers’ satisfaction because of qualified deliv-

ery of goods 

- Expansion to the Russian market and becoming a 

leading logistics operator for delivering goods to 

customers due to excellence logistics performance  

- Opportunity to balance the warehouse operations 

by implementing cost-effective automated technol-

ogies (comparing to full automation equipment) 

- Potential of the RFID technology implementation 

to improve the SCM visibility in the warehouse op-

erations and have a step forward from manual work 

to full automation at a less costs because of order 

and minimizing the employee’s number. 

lack of resources for other operations among the 

company’s activities because most of the resources 

are directed to support warehouse operations, 

which may lead to financial misbalance and insta-

bility across other company’s services  

- Massive downsizing in Finland causes instability 

in the labor market and temporary freeze of opera-

tions which can lead to unsatisfactory results in ser-

vice performance, to relevant trade union actions 

with employees reduction of interest from potential 

professionals and investors in a long term 

2.6.6. Company’s business model canvas 

Based on the information obtained in a cooperation with business decision managers of the 

Case Company through interviews a company’s business model canvas has been developed. 

Additionally, data from the previous section has been taken into account and some additiona l 

information has been received by mail/phone communications. The following section pre-

sents the business canvas which consist of the units and blocks connected with each other 

(Table 10). The business canvas gives a picture of the company’s business operations. As 

the information from taken from the business canvas is large, it will be presented one by one 

in the next sections as block of the table. 

Table 10 Business model canvas blocks 

KEY PART-

NERS 

KEY ACTIVI-

TIES 

VALUE PROP-

OSITIONS 

CUSTOMER RE-

LATIONSHIPS 

CUSTOMER 

SEGMENTS 

 

↓ 

↓  

↓       ↓ 

↓  

↓ key resources channels 

↓ ↓ 

COST STRUCTURE REVENUE STREAMS 
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Motivation for partnerships 

To begin with, it is necessary to take into account the company’s motivation of developing 

partnerships. The Case Company has an extended partnerships network. The network is de-

veloped for acquisition of particular resources and activities such as warehouse maintenance, 

security of the warehouses territory and areas, maintenance of transportation means and reg-

ular availability of working warehouse equipment. As a result, a diversification of the non-

core activities is done in order to concentrate and invest resources into the core activit ies.  

The Case Company’s partners and their role are presented in the Table 11. 

Table 11 Case Company’s partners 

Case Company’s key partners Role of the company’s partners 

A human resource management 

agency 

 

provision of HR resources such as temporary labor force 

An insurance company 

 

buildings are insured from fire & accidents, and costs are 

covered in case of emergency 

A security company 24h protection of buildings, territory, assets and goods 

from being damaged or theft 

Transportation companies 

Equipment and material suppliers 

Key suppliers of transportation means for shipping orders 

and inventory replenishment as well as material and han-

dling procurement for maintaining warehouse operations 

Value propositions of the company 

The Case Company offers and delivers a certain he value to its customers, it is mainly the 

high quality of completed logistics service. Its performance characterized by: 

(1)  Flexibility in company’s operations – ability to work under changing environment and 

demand uncertainty. Efficient operations are supported by strong own IT system with good 

integration to IT systems of customers. This enables real time tracking pf operations & lo-

gistics costs which creates additional value for customers in transparency and 24/7 access to 

the data. 

(2) Sustainability of company’s operations – ability to serve at highest quality during crisis 

because of own investments in warehousing.  
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(3) Innovation, new techniques & technology in the company – ability to learn from custom-

ers’ satisfaction or dissatisfaction, and share report information of business processes among 

different customers, investments into technologies for improving logistics services. 

Customer’s problems that are solved 

The Case Company’s performance and operations are addressed to satisfy particular needs 

of other companies in the supply chain and give proper solutions for their challenges. By 

offering outsourced logistics decision the Case Company is carrying the firms’ logistics costs 

reduction - customers have variable logistics costs instead of fixed costs of warehouse oper-

ations (for instance, storing of goods, overall warehouse maintenance and own warehouse 

logistics activities), and variable value-added activities such as putting labels and stickers on 

goods, developing manuals on different languages.  

To the each customers segment the company offers service of storing and value added logis-

tics, so the needs that the company is satisfying is:  

- need of company’s customers to satisfy the needs of final customers; particularly, the 

need to have goods to be accessible in time and be delivered in right time; 

- packing of set of orders and distribution of them to the right place; 

- need to cut costs (financial, time, and human) on warehousing and logistics operations;  

- support/advising (legal issues, logistics consultancy, and IT consultancy of integrated 

logistics systems); 

- new service is to deliver orders right from warehouses to the end-consumers of Internet 

trading companies. 

Service category of the company and customers’ project’s work  

The Company’s position and the service category is the customer's problem solving, provi-

sion of a platform/network for logistics operations in the supply chain. The company has 

own advanced information systems developed internally and utilized in the chain of the part-

ners. Main factors which are taken into account when the Case Company implements a pro-

ject of integration of the information systems are: 1) efficiency in project work, 2) progress 

monitoring, 3) goal orientation, 4) clear decision points. The Case Company organizes fre-

quent meetings with its customers, and these meetings are documented. The key activit ies 

and customer relationships are given in the Table 12. 
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Table 12 key activities and customer relationships of the Case Company 

Key activities Customer relationship 

Key activities are required by the value prop-

ositions  

- match between goods location and racks lo-

cations depending on goods' features (ABCD 

classification where A is highest return prod-

ucts and D is slowest movers), finding goods 

in a warehouse; 

- order preparation for final customers (labels, 

manuals, color sticks) depending of custom-

ers’ needs; 

- picking, dispatching of orders, loading & un-

loading of trucks; preparation of orders for 

shipping; 

- reports to customers on the operations and 

activities. 

Customers are expecting to establish and main-

tain long term relationships with the Case Com-

pany for logistics consultancy and value added 

services. The same expectations the Case Com-

pany puts into the customer relationships. For the 

postal and delivery services that the company of-

fers (B2C) personal assistance is necessary.  

Those relationships are already established. For 

the key business customers periodical organiza-

tion of seminars are done, gathering feedback, 

share information, frequent communication by 

mail and phone is on regular basis. The customer 

implementation into the ICTs systems happens 

on a project level with agreed schedule and 

budget. Responsible persons from the company's 

side are assigned to execute the project. 

A key customer segment of the Case Company are companies from fast-moving consumer 

goods market, fashion industry, beverage industry and automobile and machinery spare parts 

manufacture. It is necessary to understand channels of acquiring new customers to the ware-

house logistics business.  

Sales and value channels  

The Case Company has its global sales organization as a group unit of the business which is 

divided to a sales organization in the each country where the Case Company has its opera-

tions. The global sales group is targeted to manage mainly cross-border cases. In order to 

prevent a competition among two sales units in two countries the Case Company has devel-

oped regulations for such cases. The customers’ channel tunnel works on the principle shown 

on the Figure 11. 
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Figure 11 Case Company’s sales channel tunnel 

First the company generates the lead with its marketing function, then it counts number of 

identified leads, then the sales functions is being switched on. The sales campaign consist of 

prospecting the services, offering them and proceeding with negotiation and agreement, and 

this is an opportunity to get a deal for the Case Company. As the contract logistics solutions 

are complicated to present for the sale on the stage of opportunity to get a deal, there is a 

contract logistics (warehousing processes) specialist who handles such situations. After 

these activities are done, a percentage win deals is calculated from the number of identified 

and potential leads, and the deal is proceeded or rejected (won or lost deal). If the deal is 

won then the company starts operations for the customer. The after sales service includes the 

Case Company’s logistics consultancy for the customers as well as the implementation of 

the Company’s ERP system to the IT network of the new company’s customer. 

The activities of the Case Company, the value propositions for customers, sales channels 

and customer relationships require great amount of resources and high requirements. They 

are presented in the Table 13. 

Table 13 Key resources of the Case Company 

Type of resources Resource units 

Physical  Buildings, equipment, warehouse facilities, racks, shelves, pallets 

Intellectual ICT system for the SCM including the WMS/ERP, company’s 

brand name 

Human Marketing & sales professionals, experts in logistics, trained ware-

house stuff, IT specialists 

Financial Specialists in finance: investments control, audit, payments and 

risk management specialists  

LEAD OPPORTUNITY
WON/LOST 

deal

Lead 
generation

Prospecting Offering
Negotiation 

& agreement
After sales

Marketing Sales Operation
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Cost structure and revenue streams of the Case Company 

The Case Company receives its revenues as follows: 40% are coming from warehousing, 

60% from value added services in warehouses including order processing. The business of 

the company is driven on the value proposition to the customer, targeted to the premium 

value. As a method of payment a pay per use rate has been established, it is a usage fee. The 

pricing is dependent on the products features (thus, beverage industry products cost more 

than chemical FMCG products because they are more sensitive for storing and need to have 

additional care and protection).  

As the business model canvas is presented fully, the next paragraph presents the warehouse 

operations of the Case Company, particularly implementation of the RFID to the order pick-

ing process is given, company’s WMS system and information flow is described. 

2.7. Warehouse operations of the Case Company 

As it has been mentioned previously the Case Company has the Contract Logistics Business 

Group within the corporation, this paragraph is aimed to explain the size, the role and objec-

tives of this group and the warehouse department. 

2.7.1. Contract logistics business group  

The warehouse logistics department is a crucial part of the company’s logistics service group 

with seven thousand employees and turnover of EUR 840,3 million in 2013 (Case Company 

Facts, 2013). The contract logistics is responsible for freight forwarding and transportation 

as well which is done under agreement with partners - transportation companies. The core 

operations of the contract logistics group is warehousing. Warehouse services provided by 

the company can be divide to following types (Case Company Facts, 2014): 1) packaging 

and repackaging; 2) electronic facility and devices installation; 3) brand and fashion logis-

tics, checking quality of goods received; 4) alcohol industry logistics, careful storage; 5) 

baggaging, labeling, sewing and ironing for the textile industry; 6) environmental recycling 

services of facilities and goods; 7) storage of equipment; 8) value-added services. There are 

forty five warehouses owned by the company, the total area is accounted to approximate ly 

one million of square meters. In 2013 the company has built a new warehouse in Finland 

with the more than one thousand square meters. 
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The warehouse operations are managed under the Business Line Group with a relevant busi-

ness logistics framework (Figure 12). The Business Line Group maintenances and improves 

the Case Company’s logistics operations in an international business surroundings, the stra-

tegic aim of the group is to adopt profitable and well-organized operational service solutions.  

In order to achieve this aim the Business Line Group combines the Case Company’s logist ics 

business units’, its subsidiaries’ and country organizations’ activities among the Interna-

tional Group of the Case Company. The Business Line Group efforts and assistance guaran-

tee the application of agreed solutions for the warehouse business more efficiently and well-

organized, making the Case Company warehouse and other contract logistics services attrac-

tive to international global customers. Other reliant on the Contract Logistics Business Line 

Group bodies are commercial & sales department, logistics/warehouse customers, IT depart-

ment with the logistics/WMS systems suppliers and local authorities. 

 

Figure 12 The warehouse services business line framework 

The range of internal activities that the Business Line Group does to support its business 

include providing ICTs solutions and software, providing own logistics consultancy and ex-

pertise for the logistics services of the business, supporting sales and development of pro-

cesses. These activities are in the strategic plan of the Case Company. The business line 

framework has a vision of the part-to-part areas of development of the warehouse services. 

They are mainly affected by factors such as availability and novelty of facilities and tech-

nologies in warehouses, technological advantage over the manual processes. Variations of 

warehousing services in different countries happens because of counties’ legislation systems 
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and access to local human resources as well as requirements from local clients for the ware-

house services and overall ability of the company to offer customized value added services.  

Thus, taking into consideration all these factors the Business Line Group provides the ware-

house logistics of the Case Company with the WMS system, the warehousing business sup-

port, the support of everyday warehouse operations such as receiving, picking, storing of 

goods, and the processes development of the warehouses for increasing efficiency of opera-

tions. 

2.7.2. The case study warehouse description 

The warehouse which has been investigated in the Case Company is named Wotilau and is 

located in the Southern part of Finland. The model of a warehouse is related in the present 

context to the warehouse which has all electronic facilities and technologies such as RFID, 

electronic voice picking, automated systems, and it is able to provide service to online re-

tailers. It is a major company’s warehouse in Finland and is a logistics center for big house-

hold goods manufacturers, FMCG retailers, the Finnish sole beverage retailer and fashion 

clothes producers. Completed at the beginning of 2012, the warehouse provides about 38 

000 square meters of the storage space for the customers of the Case Company’s logist ics 

department. This is one of the new logistics centers and it is intended for storing more prod-

ucts from FMCG manufacturers as well as pharmaceutical materials and goods classified as 

dangerous products.  

The warehouse is divided to six areas according to the distribution of goods by the industry 

type: two areas are occupied with FMCG products – cosmetics and household chemicals; 

one area is given to the alcohol and beverage industry, one area is to the spare parts manu-

facture industry, and one area is to the fashion industry. All goods are sorted according to 

the ABCD priority classification in the each area. Goods in racks in the each warehouse area 

are located differently. Such types of layouts as U-flow warehouse and through-flow ware-

house is being used.  

A layout of the FMCG area of this warehouse part is presented on the Figure 13. The area is 

accounted to more than eleven thousands square meters. This warehouse space is of the 

through-flow type. 
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Figure 13 Wotilau warehouse layout, FMCG area 

In the warehouse goods are kept and stored on the certain levels, single items are stored in 

cartons/boxes. These cartons are positioned on pallets, and pallets are placed on racks/verti-

cals. It is also necessary to consider the organization of the workforce and operational hier-

archy in the warehouse (Figure 14). 

 

Figure 14 Warehouse operations organization 
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The warehouse is maintained not only by workers managers, there is a great deal of the ICT. 

It is necessary to consider the company’s WMS system and the supply chain network com-

munication of the Company for the reason of further understanding of the order allocation 

processing which will be described further in this chapter. 

2.7.3. The supply chain network communication  

The Wotilau warehouse has modern technologies and operates with an inner WMS system 

developed by the Case Company’s IT subsidiary. This WMS is a part of the Company’s ERP 

system, and it is integrated in the company’s ERP system, it has a WMS web interface con-

nected to the Case Company’s online sales platforms (Internet shops) via Internet. The all 

the warehouses across Finland and internationally have the same Company’s own brand 

WMS system but connected with each other at the local level. The supply chain 

communications with the key partners of the Case Company is happening via the ERP 

system with the EDI. 

The ”big picture” of the company’s supply chain network includes supplier and buyer levels. 

The material and information flow is coming from a supplier/sender through the Case 

Company Warehouse to a customer and to a buyer/receiver. In between, a complex 

information flow is transferred between the company, the customers, tranportation 

companies, customs, and byers. Thus at all stages of operations and activities the WMS 

contains the data which might be accessed anytime. 

The communication between the Case Company and its customers and partners happen via 

an integration/messaging layer in the company’s ICT. All main ERP manufacturers have 

been integrated (for instance SAP, Oracle) to the company’s ERP. The messages that can be 

integrated include orders, order confirmations, data on suppliers, customers and products, 

stock balance, stock events. The data that comes from the companys WMS and ERP system 

is transferred to the messaging layer where it is stored and is available to the customers on 

the steps when they create and track their orders to the WMS system. With the same princip le 

all information concerning the transport (such as tranportation order and invoce), customs 

(declaration and response), finanical issues, banking and payments (supplier’s invoice, 

customer invoice) is transferred to the messaging layer of the WMS sytem from where it is 

availabe to the company’s customers. Separately and addiitionally it is necessary to check 

company’s WMS system. 
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2.7.4. Company’s warehouse management system 

The main features of the WMS is the maintenance of the multiple company’s principa ls, 

maintenance of the data control (for suppliers, customers, and products), maintenance and 

execution of receiving, put away, picking, packing and dispatching options that can be done 

and controlled on a pallet, box and piece levels, as well as the inventory management. Such 

picking methods as pick-to-light, pick-to-voice can be executed with the company’s WMS. 

Options of tracking objects offer full traceability of products. Features of data reporting en-

sure active information gathering and analysis. The WMS can be used in English, Finnish, 

Swedish, Norwegian, Danish, Estonian, Latvian, Lithuanian and Russian languages. In ad-

dition to the WMS that is used in the Company’s warehouses, the company’s customers can 

be implemented into the lite version of the WMS for their own use. The company’s WMS 

allow communications with the company’s supply chain network. The information flow in 

the supply chain is complex, it includes integration of the WMS system and two-way 

communication from the Case Company to the customers/principals and back. The data that 

is stored in the WMS is presented on the Figure 15. 

.  

Figure 15 WMS & ERP information sharing 

This enables to the customers - by using the same interface that is used at the warehouse - to 

import purchase and sales orders, run warehouse reports and review their stock. The lite 

version of the WMS is a web-based solution that can be used through the Internet and can 

WMS 

Delivery handling 

Inventory 
management 

Invoicing events 

Warehouse item 
master 

Pricing schema 

Rules, verticals 

Toolkits 

Parameters 

ERP 

Purchased 
order 

Invoicing 

Customer 

 Item master 

WMS  
web client 

 



86 

simply be taken into use with given user name and password, and a short, few hours training 

session for the customers. 

The next section describes the process of order allocation and order picking in the Case 

Company’s case warehouse. 

2.7.5. Regular order allocation and order picking 

In the whole warehouse the traditional picker-to-goods method of picking is used. In the end 

of 2013 in Wotilau there was only manual paper picking in the FMCG area and voice picking 

system in the fashion area. And the project of automation for the FMCG area was under 

consideration. The categories of products which are picked by the voice picking option are 

all ABCD types of products.  

The paper picking is implemented to the all types of products as well. The order process in 

a warehouse is done with the use of the manual paper picking method that have been de-

scribed previously in the literature. 

For the ease of the naming, the company has divided its warehouse logistics customers to 

two groups. They are single customers (physical bodies) and corporate customers (corporate 

entities). The single customers are simply called byers or receives, and this extends to all 

company’s customers of all business groups. The corporate customers in the warehouse lo-

gistics domain are called simply customers. 

Orders are received electronically and directly to the company’s own WMS. The orders 

come from both company’s customers and byers. The buyers are not users of the warehouse 

but they create orders to the company’s WMS system when purchasing items in Internet on 

the websites of company’s corporate clients. The orders are coming in two ways: 

a) A person makes a purchase in an Internet shop by selecting items. A firm which owns 

the Internet shop is a customer of the Case Company’s warehouse services. The cus-

tomer’s order from the Internet shop is transferred to the Case Company WMS system 

with the use of the WMS web client. The WMS web client plays a role of the engine for 

direct order communication between Internet shops and the Company’s warehouses.  

b) A company’s buyer accesses its local ERP system in an office and creates a customer’s 

order by inputting items to pick up from a warehouse. The orders are then transferred to 
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the Case Company’s WMS via Company’s EDI system which is integrated both to the 

Case Company IT system and to the customers’ systems. 

The order allocation process 

The following steps are completed in the following way: all orders that are created both in 

the Internet and locally by customers’ in offices are further allocated via the Case Company’s 

WMS system to a particular warehouse of the Case Company where the relevant goods are 

stored. The basic process of order receiving to dispatch is shown on the Figure 16. 

 

Figure 16 Warehouse process map of order picking. 

The employees’ level 

Inside the warehouse there is a computer with a screen in the each warehouses’ area. Ware-

house managers have access to the orders via the WMS program interface which is accessed 

on the warehouse computers. When an order is received in the WMS, a responsible manager 

assigns an employee for picking and dispatching process. An order is scanned manually and 

picked with the use of a forklift. The manual work of a picker is to print and receive a paper 

order from the WMS system and put manually the order procedure back. The orders are 

picked in accordance with the pick by order strategy, i.e. names of items in all orders and 

their location are printed at a one separate list and picked one by one according to their 

location. At the stage of a dispatch the items are allocated in accordance with its orders.  

The basic order setup in the warehouse is done with four work locations: carton picking 

location, full pallet picking location, small item picking location, and dispatch location. Each 

order is divided to locations, depending on ordered items. Order picking realization is pre-

sented on the Figure 17. In this example, order is divided to all locations, meaning it has 

carton picking, small item picking and full pallet picking. All locations can be picked and 
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confirmed separately, not depending on speed/work load in other locations. Goods are con-

solidated in dispatch area, if needed.  
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Figure 17 Order picking realization 

The system level 

On the first step when orders are created they are allocated in the WMS system on the prod-

uct-level, i.e. on the level of available physical items in the stock. Available product-level 

balance is determined from the WMS record of the stock level allocation. Allocated quantity 

of products in order is added to the WMS record. 

 On the second step, when an order is released to picking, it is allocated on the bin-level, it 

is a level of available materials in a cartoon in which they are stored in the warehouse. Then, 

available bin-level balance is determined from the WMS and allocated order quantity is rec-

orded into the WMS. After that in the WMS system a pending order transactions are created. 

These records show which bin and batch will be used when the order is picked. 

On the third step, when the order is dispatched, the allocated quantities will be deducted 

from the product-level balance in the WMS and bin-level balance according to the ware-

house transaction records. Then the warehouse transaction records come from the pending 

to the actual status and a stock transaction record is created to show that the balance of the 

product has changed. 

As the case study and description of the main process of the Case Company has been pre-

sented, the following paragraph focuses on the experimental part of the case study in order 

to answer to the research question, so it is necessary to provide the implementation of RFID 

technology into warehouse process, and analyze and interpret the obtained data. 



89 

2.8. The RFID implementation to the warehouse operations 

This section will provide the description of the RFID implementation and the use of the 

RFID in the warehouse everyday order picking process based on information gathered dur-

ing interviews with business decision manager on the managerial experience of the RFID 

implementation. First of all, the section starts from the program of the performance improve-

ment as it has been necessary to deploy the RFID in accordance with a relevant business 

strategy. After that the implementation and usage of the RFID will be given. 

2.8.1. The RFID project development 

In April 2013 the Case Company begun to execute a program of performance improvement 

2013- 2014 years. The aim of the program was more than EUR 100 million cost reduction 

in operations over the long term. To the end of the 2013 the progress has been achieved with 

more than EUR 50 million in operational savings achieved by the improved efficiency of the 

warehouse sourcing, reforms in the ICTs operational models, partnership agreements with 

several domestic companies to provide warehouse labor, and outsourced parts of the ICTs 

operations. 

 As part of the program, the Case Company has projected a new technology implementa t ion 

to its warehouses in order to improve the operational efficiency of logistics department and 

customers’ satisfaction in Finland. The project has been carried out by collaboration with 

the domestic logistics service managers and negotiations with the administration of the Com-

pany. The author of this study has made a proposition for the company to implement the 

RFID technology in a warehouse of the Company. 

An RFID technology proposition has been made and accepted by the business logistics de-

cision makers in the Logistics Portfolio Management Board that is responsible for ac-

ceptance of rejection of internal projects.  

In order to execute the experiment, an RFID strategic project has been developed together 

with the company’s decision managers. First of all, a conceptual matrix of the RFID deploy-

ment in the company has been followed in agreement with the company’s business decision 

managers: the Head of the Logistics Department and the head of Operation Planning (Figure 

18).  
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Figure 18 The matrix of the RFID development 

When implementing a new IT solution in the Company, it is categorized as an internal or 

external project. Internal projects are the ones that rise internally from the Case Company or 

from its ERP Software, and that are paid by Case Company. External projects consist of 

customers’ implementation projects and development projects for existing customers. The 

Company adopts innovative IT projects frequently and they are usually realized in a release 

cycle, namely, the realization happens every 5 weeks with 10 releases annually. Longer re-

leases take place in the beginning of a year. Small development items are released always 

according to release cycle, however bigger projects may take more time. 

The RFID project at the stage of the implementation and test usage has been considered as 

an internal project. This RFID project has been designed in the way that in case of the posi-

tive successful results of the pilot runs the implementation of the RFID technology will be 

done into more areas and warehouses of the company across Europe and implemented ex-

ternally into company’s supply chain network with customers. The first step of the project 

has been to identify a warehouse for the first RFID implementation. The main criteria has 

been the location of the warehouse, the possibility to integrate the RFID with the WMS 

quickly and possibility to test the RFID technology without much of interruption of the ware-

house processes. The company has addressed the main objective of the RFID deployment to 

the improvement of handling processes such as order fulfillment process, receiving of goods.  

The specification and release for the RFID project has been done in four weeks in February 

2014 on the levels of installation of the RFID system to the warehouse and testing the work-

ing ability of the technology. The RFID use in the company’s warehouse, therefore, has been 

accepted for the test usage as of March 2014 to May 2014. Separate data has been recorded 

RFID Business 
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on number of working hours, number of orders for these two periods before and after the 

RFID implementation. 

2.8.2. The RFID application into the order picking process  

The part of the warehouse in which the RFID has been first implemented is the FMCG area 

because of the high demand on these goods, incoming orders and high rotations with manual 

paper picking of pallets. First, it is necessary to compare the previous type of order picking.  

Paper pick order picking in the FMCG area 

 

Figure 19 Paper pick order picking 

An order is received into the WMS

A paper picking list is printed with locations of 
items

A worker received the picking list from the 
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The order picking process in the FMCG are has been consisted of picking pallets with a 

forklift. A picking process is presented on the Figure 19. The records into the WMS system 

were been doing manually when a worker had completed an order. 

The RFID integration 

The RFID system has been integrated into the company’s WMS and it includes three com-

ponents: an antenna, a tag and a reader. The passive RFID tags have been chosen for the 

warehouse implementation due to its lower price comparing to active RFID tags. The tags 

have been attached to pallets and to the shelves in the FMCG room of the warehouse in order 

to identify the pallets and indicate their locations. The RFID readers have been installed at 

the goods loading space near the warehouse entrance in order to identify and track the pallets 

in the move, and at the forklifts together with the screen device in order to read tags on 

pallets and shelves for verifying the correct pallets and shelves. 

The RFID method of the order picking 

A new way of the order picking process is presented on the Figure 20. 

 

Figure 20 The RFID order picking 

An order is received into the WMS

The list of picking pallets appears on the screen of the 
forklift

A picker picks pallets

•RFID tags are read and the inventory stock is 
uptaded in the WMS automatically

Pallets are moved to the checking and loading space in 
the warehouse

Pallets are checked and prepared for dispatch
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A regular pick by order strategy of the order picking process described has been used during 

the RFID picking. The changes concerned the method of the objects identifying at the mo-

ment of picking. If in the past all pickers had to collect pallets and manually put the inventory 

update into the WMS, after the RFID installation all the identification has been done auto-

matically. The RFID tags have been attached to the cartons/boxes and the RFID readers have 

been established near the dispatch places. 

The difference between the paper pick and the RFID pick is in the cut of manual labor to 

prepare the order picking and input the inventory change manually in the system. Thus, the 

stock is tracked in the real time and the WMS system provides the correct information of the 

stock availability. As the time for the manual input of data in the order picking is eliminated, 

the average speed of the order processing should be improved as well.  

2.9. Results of the RFID implementation 

2.9.1. Analysis and interpretation of the empirical data 

In the beginning the data for the order picking process has been recorded, it contained num-

ber of orders in lines, number of hours spent per each order picking. One line comprises one 

order and consists of processes presented on Figure 19 and Figure 20 respectively to the tech-

nology in use. As the RFID has been implemented, the following data has been distracted 

after the implementation and basic calculations have been made to compare the working 

efficiency between two types of the order picking methods (Table 14). 

Table 14 Average speed of order process before and after the RFID implementation 

Month Total hours, h Number of picking, lines  Speed, line/hour 

December 2013 14524,5 2502 0,1723 

January 2014 41965,1 7251 0,1728 

February 2014  RFID integration 

March 2014 85734,3 14825 0,1757 

April 2014 98285,6 16847 0,1729 

May 2014 60723,8 10667 0,1714 
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As it is visible from the Table 14 the average speed before the RFID adoption (use of paper 

pick and manual identification) is 0,1725 orders per hour per month or 17,25% of the oper-

ational efficiency, while the average speed after the RFID adoption is 0,1733 or 17,33% of 

the operational efficiency.  

The operations in the warehouse are impacted by the seasonal changes, therefore there could 

be a different average efficiency. However with the increase of the number of orders in the 

first quarter of 2014 till May 2014 has been proportional to the total working hours spent on 

the work to be done. The total hours of work are accounted to total company’s working hours 

per month and, therefore, it is a payable amount of work. On average, a normal working day 

for one warehouse employee consists of 7-8 hours, while Company’s accumulated working 

hours per day vary from a season to season and depend on number of workers doing order 

picking. Thus, in January 2014 there have been in total 41965,1 hours of work that is on 

average equal to 211 workers in the warehouse at each working day. The number of orders 

have been increasing gradually from the winter to the spring. A drastic increase of orders in 

March 2014 is also related to the 4 weeks of installation and safety testing of the RFID 

technology that have caused a temporary pause in order picking operations during February  

2014. The queued orders then have been processed during next months. In addition to that, 

seasonal changes have impacted number of orders as well. 

The percentage of the speed improving with the use of the RFID technology is amounted to 

0,47% over the period of three months (Figure 21). 

 

Figure 21 Change of the order picking speed after the RFID adoption 
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As for the labor needed while operations, the warehouse with the implemented RFID tech-

nology still required labor work. Thus, during March, April and May 2014 the amount of 

workers doing order picking in the warehouse have been changed proportionally to the com-

ing orders, i.e. it has been necessary to call for additional workforce in situations related to 

high amount of incoming orders. 

For the Case Company the efficiency value in order picking operations of 17,25% is cost 

producing. Main costs in the operations are manual labor payments. In order to achieve better 

financial performance it is necessary to achieve level of at least 25% of improvement from 

the Company’s perspective. 

As it is visible on the Figure 22, the comparison between pre and post RFID adoption 

counted in percentage rate is relatively low. Moreover, the first increase of the operational 

speed has been followed with a slight decrease in May, 2014. It is possible to assume that 

these fluctuations have been caused by various circumstances within the company and tight 

with managerial and organizational changes at some level. 

 

Figure 22 Change of the order picking speed before and after the RFID adoption in %. 
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In order to draw a theoretical and practical conclusions supported by statistical analysis on 

significance of obtained results and business return on the RFID investments, a further dis-

cussion is given in the following section. 

2.9.2. Statistical results and costs of the RFID adoption 

On the one hand, the results perform an insignificant increase in the efficiency, which value 

is close to 0. On the other hand, this value is positive though. In order to make an appropriate 

judgment, additional analysis is needed. By looking to the statistical significance it will be-

come reasonable to accept or reject the stated hypothesis. By transferring obtained results 

into financial indicators it will become clear to understand the real result of the RFID tech-

nology implementation. The following pages contain t-test analysis of efficiency values and 

calculations on investments and variable costs tight with order picking process. 

These two analytical tools show the significance of the technology implementation from 

practical and theoretical sides. One part with results shown in monetary values is for testing 

the significance in managerial way for the Case Company, and the t-test is used to test the-

oretical statistical significance of changes. 

F-test on variables 

In order to be able to choose an appropriate t-test, the first step is to perform the f-test for 

checking that the variances of two populations are equal. In this case a null hypothesis will 

be that the variances of populations are equal.  

H0= σ1
2 = σ2

2  

H1= σ1
2 ≠ σ2

2  

These populations are 1) the speed of order picking process with paper pick method; 2) the 

speed of order picking process with RFID method. The results of the F-test analysis are 

shown on the Table 15. 

Table 15 F-test two-sample for variances 

  RFID picking Paper picking 

Mean 0,173330342 0,172523849 

Variance 4,65497E-06 1,38118E-07 

Observations 3 2 

df 2 1 

F 33,70280326  



97 

P(F<=f) one-tail 0,120907753  

F Critical one-tail 199,5   

As the observation period is counted in months, number of observations for the RFID pick-

ing method is equal to three months and for paper picking method is equal to two months. 

Here the F value is ratio of the RFID picking variance to the variance of the paper picking. 

As F is less than F Critical one-tail, the variances are statistically equal and the null hypoth-

esis is accepted. 

T-test on variables 

Performed t-test is based on the case of equal variances of two populations (Table 16). The 

null hypothesis in the t-test is the following: 

H0: μ1 - μ2 = 0 

H1: μ1 - μ2 ≠ 0 

Table 16 T-test: two-sample with equal variances 

  RFID picking Paper picking 

Mean 0,173330342 0,172523849 

Variance 4,65497E-06 1,38118E-07 

Observations 3 2 

Pooled Variance 3,14935E-06  

Hypothesized Mean Difference 0  

df 3  

t Stat 0,497829263  

P(T<=t) one-tail 0,32640427  

t Critical one-tail 2,353363435  

P(T<=t) two-tail 0,652808539  

t Critical two-tail 3,182446305   

The p-value of the two-tail test is more than 0,05, so t(3)=0,497, p>0,05. This difference is 

not significant at the 5% level. The null hypothesis is accepted, so the results show that two 

populations have the same mean. It is interpreted as changes in the speed of order picking 

process are insignificant after adoption of the RFID technology. The financial return on in-

vestments and changes of speed related to the monetary benefits are described in further. 

Calculations of changes in costs of order picking 

Practically speaking, on average, if 0,1723 orders can be processed in one hour of work in 

December 2013 (Table 14), so one order can be processed in 5,8 accumulated working hours 
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that account 145 euro per one order at a rate of 25 euro/hour. After the RFID adoption, in 

the first month of the RFID usage the speed increased to 0,0024 orders/hour, which gave a 

monetary gain in 0,06 euro/hour and 142,3 euro in cost for the company per one order pro-

cessing in March 2014. The summary of monetary gain is given in the Table 17. 

Table 17 Calculated variable costs per completing one order 

Month Variable costs per com-

pleting one order, euro 

Total variable costs per 

month, euro 

Paper picking 

December 2013 145,13 363111,67 

January 2014 144,69 1049126,25 

Average 144,91 Not applicable 

RFID picking 

March 2014 142,32 1518094,58 

April 2014 144,58 2143356,67 

May 2014 145,85 2457138,75 

Average 144,25 Not applicable 

Since the total variable costs per month depend on the number of orders in that month, the 

only possible way to compare relative monetary gain is to assume that if in December 2013 

the variable costs per completing one order would be 142,32 euro as it was in March 2014 

after the RFID adoption, the monetary gain of the Case Company would be 7034,73 euro in 

that month. However, since the further tests on the RFID adoption have brought different 

results which are even less efficient than with the paper picking it has been decided to review 

the RFID implementation at the organizational level. 

Comparing to the costs tight with RFID technology adoption, the return on investment in 

this case will happen in approximately 1010 years from now, this value is unreasonable. In 

business terms, assuming that average monetary improvement has accounted to 66 cents of 

cost reduction per processing of one order as the difference between to average values before 

and after the RFID adoption (Table 17) in three months period, the return on investment is 

calculated based on the price of one RFID tag (0,08 euro/tag) and number of items tagged 

(10 0000 items of A and B classification goods with high rotation) and total budged spent 

on the RFID adoption (minimum of 8000 euro + costs related to installation and alternative 

costs of operations in February 2014 during the RFID implementation). 

Therefore the impact of the RFID technology on the speed of the order picking operations is 

statistically insignificant, the formulated hypothesis is rejected. 



99 

3. FINDINGS AND CONCLUSIONS 

This chapter contains a summary of main findings of this research connecting theoretical 

background and results obtained during the empirical study. This chapter is divided to para-

graphs describing managerial and theoretical implications, as well as limitations of the re-

search and suggestions for further improvement.  

As a research question has been raised, how the RFID does impacts the speed of the ware-

house processes. In order to proceed the aim to answer to the research question, the RFID 

study and implementation has been done in the chosen Case Company’s warehouse, the rel-

evant data before and after the RFID adoption has been gathered, number of interviews have 

been made in order to investigate the company and its order picking process before the RFID 

implementation. The data has been analyzed and the average speed of the monthly order 

processing has been compared before and after the RFID implementation. 

3.1. Main research findings 

To sum up the findings it is evident to draw a conclusion that mainly the RFID integrat ion 

has its impact on the warehouse operations but the average improvement of the order picking 

efficiency does not differ significantly after the RFID adoption comparing to the paper pick-

ing methods to proceed with orders. The obtained results on the speed of the order picking 

process show relatively low level of improvement. As a positive result of the implementa t ion 

of the RFID the process of the order picking became easier and real time manageable.  

As a result it is possible to conclude that the RFID has a direct impact to the business but for 

the work management and shifts re-planning existing models and frames can be used. There 

is need to use the gathered data in the follow analysis and apply it to develop the right solu-

tions for company’s operations. A suggestion for the further research is to investigate given 

parameters carefully for efficiency maximization purpose. 

It is necessary to balance a new technology adoption with the perceptions and response of 

individuals who are to use the technology as it impacts the gains of a technology adoption 

to the operations. It is important that the use of technology for the purposes of facilita t ion 

services and operations should have at least a potential to benefit the users.  

The research findings have also theoretical and practical implications. 
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3.2. Theoretical implications 

The theoretical implication of the thesis is filling the detected research gap with the new 

results in the RFID efficiency and velocity improvement of warehouse processes and, par-

ticularly, the order picking process.  

This study provides the analysis of the RFID impact on the operations of a logistics com-

pany, particularly in the warehouse management and order picking process. Specifically, the 

possibility to improve order picking speed with the use of the RFID tags and readers has 

been experimented. The theoretical topicality of the research is caused by the modern trends 

in the SCM, changing role of the warehouses and high significance of the order picking 

operations and its velocity. Previous literature analysis has been detected that the field of the 

study itself is an uninvestigated area so the research is based on an exploratory approach. 

Number of objectives have been reached in this study. Particularly, in the literature overview 

the scope of the RFID technology applications in the SCM has been defined, the RFID tech-

nology impact on the SCM processes has been justified, the place of the warehouse order 

picking process in the SCM has been identified, and identification and systematization of 

existing methods of order picking methods have been developed.  

3.3. Managerial implications 

The managerial topicality of the research is caused by the problematic issue in the 3PL lo-

gistics operators: nowadays with the growing demand on goods the 3PL companies need to 

improve the efficiency of logistics capability in order to stay competitive on the market. 

Particularly, a problematic area in the FMCG storage area of a big logistics company has 

been detected: the high demand on orders from company’s customers and manual order pro-

cedures caused the inability to process the orders at a higher velocity for shipping to custom-

ers. As an object of this study a warehouse of a big international logistics operator of the 

3PL type has been chosen in order to conduct a longitudinal case study experiment. 

As a result it has been found that the speed of the order-picking processes has been changed 

to 0,47 % in three months’ time which is considered as an insignificant change, although it 

lead to more accurate order delivery and real time information obtainment. It has been con-

cluded that in order to achieve more positive effect in the speed of order processing with the 

use of RFID technology, it is necessary to simultaneously implement the changes in logist ics 
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and organizational management in logistics companies. Practical recommendations have 

been forwarded to the management of the company for further investigation and procedure.   

3.4. Limitation and novelty of the research 

The research delimitation is in the single case study on a big logistics company, so it is 

difficult to make any generalization and conclude generalized theories from the results. 

There is actually a necessity to generalize the findings as well as to test developed hypotheses 

on the large sample of logistics companies within the logistics industry. As for the manage-

rial implication it is valid for a single company. A suggestion for the further research is to 

investigate the impact of the RFID technology on the velocity of the order picking process 

broader, with the use of multiple-case study method, and other areas of potential RFID im-

pact on the velocity of the SCM processes. 

The findings of this study can be applied to the broad context of the phenomenon of RFID 

implementation among logistics service companies. Although very particular details differ 

from one business unit to another, it is possible to draw a theoretical generalization that the 

business process reengineering and restructuring related to transformation of 3PL businesses 

operations requires high level of managerial understanding of the urgency and needs of the 

transformation, readiness of managers to take responsibility for business process reorgani-

zation and face with challenges related to technological and human factors, it requires or-

ganizational power to adapt RFID within its supply chain and discipline in recording the 

data. 

The results of this study can be applied in the process for successful integration not only in 

the present company but they can be also generalized and used in wider context in the in-

dustry.  

At the last, the author believes that the study will give new insights and a new look at the 

business operations of a logistics company in the market in the process of case analysis and 

development of a reasonable solution for warehouse management to maximize efficiency of 

business operations in a highly competitive environment. 
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