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Abstract. Warehouses usually include a number of non-value-added activities 
that increase costs, so they are a suitable field for applying Lean Thinking. In 
fact, Lean Warehousing has recently established as a promising research topic. 
However, most of the available contributions lack a practical though general-
izable and theoretically relevant approach. Additionally, Lean is currently not 
enough explored as a preliminary effort to pave the way for a smooth applica-
tion of Industry 4.0, neither in manufacturing nor in logistics. Inspired by Des-
ing Science Research, the present work develops a structured process for im-
plementing Lean Warehousing aimed at fostering continuous improvement to 
facilitate the introduction of Industry 4.0 technologies. To this end, multiple 
Lean tools, such as Value Stream Mapping, Spaghetti Chart, 5W+1H, and 5S 
analysis, are integrated. The application to a warehouse in the food industry is 
illustrated. Future research will focus on carrying out a complete validation. 
Moreover, performance measurement through a set of warehouse Key Perfor-
mance Indicators will be introduced to assess both wastes and the associated 
improvements after implementing the appropriate corrective actions.   

Keywords: Lean Warehousing, Design Science, Implementation Strategy, In-
dustry 4.0. 

1 Introduction 

Nowadays the growing complexity of supply chains (SCs), mainly due to heterogene-
ous operational tasks and multiple partners sometimes with very distant geographical 
locations, introduces several non-value-added activities that hinder the related per-
formances [1]. In this context, Lean Thinking principles have played a key role to 
streamline and optimize entire SCs in the last decade [2, 3]. A “Lean SC” can be de-
fined as a set of suppliers and customers linked by flows of products, services, tech-
nologies, information, and money, with the aim of reducing costs and waste as well as 
minimizing the non-value added activities and thus increasing value to SC agents [4]. 
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From a structural point of view, suppliers and customers are connected by a network 
whose nodes are represented by manufacturing plants and warehouses. In particular, 
warehouses constitute key SC nodes, representing the second expenditure item in 
overall logistics costs after transportation. Additionally, warehouse operations largely 
contribute to determine the SC customer service level, economic performance, and 
business competitiveness [5].  

However, within SC processes, warehousing is often perceived as the “weak link” 
comprising several non-value-added activities that drain costs and efforts from com-
panies. In fact, warehousing might include useless material movements or excessive 
stocks. For such a reason, warehouses are an interesting subject to be studied by ap-
plying the Lean SC concept, in order to optimize the associated costs and time [6]. 
These issues, together with the awareness that warehouses cannot be completely elim-
inated from SCs [7], being a vital connection among their echelons, paved the way to 
Lean Warehousing [8]. Lean Warehousing has emerged in the last ten years as a very 
relevant topic in Lean Thinking [9, 10]. It applies Lean concepts and tools to tradi-
tional warehouse management with the aim of enhancing the quality of the logistics 
service by optimizing the use of the available resources and activities through the 
reduction, when not the elimination, of wastes [11]. In such a way, Lean Warehousing 
helps achieving efficiency, which is a more and more compelling need to streamline 
processes in order to prepare them for the application of Industry 4.0 technologies, 
such as for instance Advanced Automation and Virtual and Augmented Reality, to 
warehouses  [12].  In fact, it was proven that Lean and Industry 4.0 technologies can 
mutually benefit each other. The Lean culture helps strengthening the effects brought 
by Industry 4.0 technologies, which in turn increase the effectiveness of Lean ap-
proaches [13].    

However, several organizations are having a difficult time adopting Lean SC prac-
tices due to a scarce awareness and lack of proper implementation strategies [14]. The 
present work is based on Design Science Research (DSR) and proposes a structured 
process for applying Lean Warehousing in order to address and remove all those criti-
calities that might hinder the success of Industry 4.0 technologies prior to their im-
plementation in a warehouse environment. DS can be currently considered a frontier 
in Operations Management (OM) research, still dominated by the explanation ap-
proach, rather than the exploration, problem solving-oriented one [15, 16]. Grounded 
in Herbert Simon’s work [17], DSR develops a solution to a practical problem, named 
“artifact”, based on a specific practice setting. After that, the findings are generalized 
in order to prove the theoretical relevance of the solution.  

The goal of the contribution is twofold. First, it promotes a structured integration 
of several Lean tools to create the necessary logistics process settings and mindset to 
support a smooth implementation of Industry 4.0 in warehouses. Second, it aims at 
providing an application of DSR to warehouse management, one OM field where this 
approach is still pretty much unconsidered. In this way, the present work contributes 
to develop a culture of finding solutions to problems rather than only focusing on the 
explanation of them in OM.  The developed Lean Warehousing process is discussed 
following the main DSR phases.   
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2 Research Background 

2.1 Warehouse Management and Lean Warehousing 

Warehouse management is a stream of research that has been long debated in litera-
ture from different perspectives, such as warehouse physical design, including materi-
al handling and storage systems, inventory management, storage allocation policies, 
product tracking, and performance measurement [18]. Most of the works are focused 
on meeting the main warehouse challenges in terms of enhanced productivity, a de-
creased number of defects, improved customer satisfaction, as well as stock and oper-
ational costs reduction. This can be summarized in just one phrase: “a need for effi-
ciency” [19]. Therefore, in order to accomplish such a goal, it is quite straightforward 
to try to apply Lean Thinking to warehouse management, which have originated the 
Lean Warehousing topic [8].    

A significant number of authors have developed literature contributions about Lean 
Warehousing so far. Among the most recent ones, a number of them provide classifi-
cations of warehouse wastes based on the Ohno’s taxonomy [20] and the main ware-
house activities, namely receiving, put away, picking, and dispatching activities [2, 9, 
11, 21]. Other authors implement specific Lean tools, either in a single or in a com-
bined way. Value Stream Mapping (VSM) is by far the most commonly applied tool. 
[9] relies on VSM for developing solutions to reduce a number of warehouse wastes 
and assessing the associated benefits through lead time assessment. [22] combine 
VSM with Spaghetti Chart and Multi-Criteria ABC Analysis to address the material 
handling problems derived from a poor warehouse layout design. [23] use again VSM 
and Multi-Criteria ABC Analysis, but together with 5S, Gemba, and Work Standardi-
zation tools, to improve inventory management so that to increase the delivery com-
pliance indicator of a warehouse in the metalwork sector. Recently, [24] combine 
VSM with Discrete Event Simulation for the case of a warehouse in the pharmaceuti-
cal sector. Finally, another recent attempt to undertake a wide perspective on Lean 
Warehousing has been carried out by [25], who select the Lean Six Sigma approach to 
focus on all the warehouse processes of a third party logistics with the ultimate goal to 
increase productivity.  

Lean Warehousing works usually lack a perspective on the interconnection be-
tween Lean Thinking and Industry 4.0, although it has been the subject of a signifi-
cant number of recent contributions in the manufacturing field (e.g. [26]). In particu-
lar, as highlighted by [27, 28], most of the research efforts have been spent on how 
digitalization, underpinning the Industry 4.0 notion, can support the application of 
Lean but how Lean principles can facilitate the introduction of Industry 4.0 is a topic 
that still deserve further attention. This is the debate the present research aims to con-
tribute to through a lens which is still quite rare in OM research in general, and in 
warehouse management in particular, namely DSR [16]. The motivation for choosing 
such an approach is that companies need detailed and structured methods that can be 
implemented to streamline warehouse processes, where many wastes can be nested, 
and to be able to get full benefits from the application of Industry 4.0 technologies.   
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2.2 The Design Science Approach 

The DS approach lies at the intersection between problem solving and explanatory 
science to explore, create, and test solutions (the so called “artifacts”) to problems 
with a practical relevance [16]. It is not opposed to explanatory research but it com-
plements it. In fact, its four steps are as follows, where the first two ones pertain to 
exploratory research while the last two are part of explanatory research [29]: 

• Solution incubation: the problem to be tackled is framed and a first potential solu-
tion is designed.  

• Solution refinement: the solution is subjected to empirical testing, usually in one 
real setting, and refined.   

• Explanation I – substantive theory: the theoretical relevance of the solution is es-
tablished in order to understand to what research discourse it contributes to. It usu-
ally involves introducing the solution in multiple settings. A DSR effort may stop 
at this step.  

• Explanation II – formal theory: strengthening the theoretical and statistical general-
izability of the solution to derive a formal theory from it.   

By following the present methodological approach, the next sections develop a 
Lean Warehousing process that can be implemented by organizations to support them 
to improve their logistics processes and eliminate wastes prior to the adoption of In-
dustry 4.0 technologies. The Explanation I phase is performed by discussing the theo-
retical relevance of the proposed Lean process based on its comparison with literature 
evidence. The Explanation II phase has not been carried out at the moment.  

3 Solution Incubation: the Lean Warehousing Process 

The first DSR step is understanding the problem to solve. This is here drawn from a 
schematic summary of the outcomes of the literature review discussed in Section 2.1: 

• Many authors have developed Lean Warehousing approaches to achieve efficiency. 
Several of them rely on an integrated application of multiple Lean tools. However, 
they are intended to meet several goals, such as for instance reducing congested 
warehouse routes or increasing the customer order fulfillment rate, but none of 
them is specifically aimed at preparing warehouse processes to Industry 4.0 im-
plementation. 

• Practical approaches are needed providing companies with guidelines about how to 
apply Lean Thinking to pave the way for Industry 4.0. 

 
Thus, the problem can be posed as: how could a detailed Lean Warehousing process 

be structured in order to address and eliminate wastes in a systematic way as a 
preliminary step towards Industry 4.0?   

The Lean Warehousing process presented in this contribution, thus the “artifact” pro-
duced in the DSR effort, has been developed starting from the preliminary works of 
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[30] and [31]. It consists of three interconnected steps that form a closed loop coher-
ent with a continuous improvement effort (Figure 1): 

1. Process Mapping. 
2. Waste Identification and Analysis with 5W+1H. 
3. Improvement Action Definition with 5S and Associated Assessment.   

 

 
Fig. 1. The proposed Lean Warehousing Process 

3.1 Step 1: Process Mapping 

The first step of the Lean Warehousing Process is devoted to map the current situation 
of warehouse processes with the aim of identifying and assessing the existing wastes. 
This is performed through two selected Lean tools, namely the VSM and the Spaghet-
ti Chart [32, 33].  

Once the wastes have been identified, their current effects on warehouse perfor-
mances are assessed by KPIs selected according to the nature of the affected activities 
and the related kinds of inefficiencies as highlighted by the VSM and the Spaghetti 
Chart. The values of these measures (i.e. time, distance KPIs, etc.) will be compared 
with the ones after the application of improvement actions (Section 3.3) to estimate 
the benefits provided by the process implementation.    

 
3.2 Step 2: Waste Identification and Analysis with 5W+1H 

In the second step of the Lean Warehousing process the existing warehouse situation 
is analyzed, focusing on identifying the causes for wastes. Here the wastes in ware-
house operations are investigated and classified and such an activity has to be carried 
out after an accurate process mapping. The causes for wastes are assessed via the 5W 
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+ 1H tool [34]. This method allows to give an exhaustive overview of the warehouse 
wastes by answering the following questions:  

• What happens (What)?  
• What is the source of the waste (Where)? 
• Who is the person in charge (Who)? 
• When in the process does the waste occur (When)? 
• What are the reasons for the waste occurrence (Why)? 
• What suggestions for improvements are needed to be done (How)? 

Inputs for the 5W + 1H analysis stem from the VSM and the Spaghetti Chart. 
Hence, each warehouse waste is associated with its type according to the Ohno’s clas-
sification [20] in the “What” section of the 5W + 1H tool, together with a quantifica-
tion of the waste impact via a suitable KPI. Furthermore, the VSM tool supports the 
framing of the warehouse processes, which in turn highlights the locations where the 
wastes occur, both in terms of spatial location (“Where) and time-wise (“When”). 
Finally, the VSM identifies the responsible for each process, hence outlining the 
“Who” of the wastes. After process mapping and the analysis of the first 4Ws, there 
are enough informational data to gather insights and proceed onto framing the under-
lying reasons for waste occurrence (“Why”) and finally set up a response for waste 
reduction and elimination (“How”). This last step of the 5W + 1H is often times left to 
the creativity of the warehouse management. The authors propose a more structured 
approach for this step in the following sub-section. 

 
3.3 Step 3: Improvement Actions Definition with 5S and Associated 

Assessment 

The proposed Lean Warehousing process completes the “How” phase of the 5W+1H 
analysis by relying on a fourth Lean tool, namely the 5S analysis . It unfolds through 
five steps, Sort, Straitening, Shining, Standardizing, and Sustaining, that not neces-
sarily are applied in a consecutive way [23]. Such steps suggest the main intervention 
areas to be addressed to reduce and control waste. Thus, they offer guidelines for 
formulating improvement actions and help defining standard processes and ensuring 
continuous improvement according to the Kaizen philosophy. Only selected “Ss” can 
be considered according to the nature of processes and wastes.  

The effectiveness of the improvement actions should then be monitored and, to this 
end, the present Lean Warehousing process suggests again undertaking the Process 
Mapping step and updating the VSM and the Spaghetti Chart after their implementa-
tion. On the one hand this will support assessing the benefits introduced by the pro-
cess application. On the other end, a new analysis of warehouse processes will allow 
uncovering further waste that should be approached.    
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4 Lean Warehousing Process Implementation and Refinement 

The proposed Lean Warehousing process has been refined by applying it to a compa-
ny operating a chain of grocery stores in North Eastern Italy and seeking to prepare its 
logistics processes to Industry 4.0 implementation. This company employs around 
1,700 workers and sells products via a network of 69 shops. The authors took part in a 
6-months process of Lean implementation in the largest warehouse of the company, 
working as part of a Project Team including the warehouse managers and workers and 
continuously receiving feedbacks from them in an iterative process. 

4.1 AS IS Situation and Waste Analysis 

The authors have focused on non-perishable and fresh processed food products. Fresh 
groceries have not been considered because they are just cross-docked to the shop 
within few hours from the arrival at the docking bay. As part of Step 1 of the process, 
Figure 2 shows the current VSM for non-perishable products including the main 
warehouse processes. In order to draw this state map the notation by [35] was adopted 
and several steps were undertaken, namely: 

• The stakeholders were identified and assigned to the different tasks and responsi-
bilities. Three stakeholders take part in the warehousing process, namely the Sup-
plier, the Buyer (i.e. the shop) and the Purchasing Department. 

• The ordered quantities and the daily shipments are retrieved from the company. 
Data showed that these two quantities are almost equal, as the percentage of back-
log orders is very close to non-existing and can be neglected. 

• Warehouse processes are identified and are differentiated between processes entail-
ing continuous product flows and processes which contain an interruption of the 
product flow. Interruption of the flows are associated with accumulation of stock, 
which in turn is one of the most relevant waste of a warehouse.  

• Data are compiled for each process. In particular, the cycle time and the number of 
employees are associated with each warehouse process. 

• Each warehouse process is associated with its guiding principle. Processes from 
orders receiving to stowing follow a “push” principle guided from the Purchasing 
Department, while processes from picking to shipping are driven by the customers’ 
orders and are thus associated with a “pull” principle.  

• Finally, each process is timed differentiating between value added and non value-
added processes. The overall warehouse lead time is calculated as the summation 
of all the warehouse processes.  

The time to perform the picking and packaging tasks is remarkably higher than the 
time needed to carry out the other warehouse activities because one roll pallet, deliv-
ered to a given shop, is constituted by heterogeneous products in very different quan-
tities.    
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Fig. 2. Current State VSM for non-perishables 

Hence, three cycle times are calculated through the current state map analysis: i) time 
for value-added processes; ii) time for non-value-added processes; iii) total warehouse 
lead time. For non-perishable products they are equal to 66 minutes and 45 seconds, 
255 minutes, and 321 minutes and 45 seconds respectively. For fresh processed prod-
ucts these time values are 66 minutes and 45 seconds, 235 minutes, and 301 minutes 
and 45 seconds. Such values have been computed by the Project Team through direct 
observation of activities and recording of the associated time.  The non-value-added 
time does not include the average time products remain stocked in the warehouse. 
This comes from specific company policies and was out of the scope of the present 
application.   

A Spaghetti Chart of the general movements of warehouse workers has been draft-
ed by observing daily operations across different days of the week. The Spaghetti 
Chart cannot be disclosed here due to the confidentiality of the complete warehouse 
layout. The Spaghetti Chart tool allows for calculating the minimum and maximum 
distance travelled by the warehouse personnel for the different warehouse activities, 
as shown in Table 1.  

Table 1. Estimation of travelled distances via the AS IS Spaghetti Chart. 

Warehouse Activity Minimum 
Distance [m] 

Maximum 
Distance [m] 

Unloading Non-Perishable Products 5 20 
Unloading Fresh Products         17     45 
Stocking Non-Perishable Products        35     180  
Stocking Fresh Products        10      70  
Picking Non-Perishable Products         -    607  

PURCHASE 
DEPARTMENT

PURCHASE CONTROL

SHOPSSUPPLIERS

WAREHOUSE 
MANAGEMENT 

SYSTEM

UNLOADING and 
RECEIVING

C/T: 45 s/pallet
20 min/truck
C/O: 0 min
N. Workers: 1-2

INSPECTION and 
REGISTRATION

C/T: 15 s/pallet
10 min/truck
C/O: 0 min
N. Workers: 1

STORAGE

C/T: 5 min/pallet
C/O: 0 min
N. Workers: 1-2

PICKING & 
PACKAGING

C/T: 60 min/pallet
C/O: 0 min
N. Workers: 2-3

LOADING

C/T: 45 s/pallet
15-20 min/truck
C/O: 0 min
N. Workers: 1-2

25,317 boxes/day

22,027 boxes/day
Daily Daily

0.75 min

 90 min

0.25 min

15 min

5 min

90 min

60 min

2 months

0.75 min

60 min
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Picking Fresh Products         -    595  
Shipping Non-Perishable Products        40      83  
Shipping Fresh Products        32      67  
Truck Loading Of All Products         5      20  

 
Furthermore, the Spaghetti Chart analysis reveals that there are some areas of the 
warehouse where multiple paths of the workers overlap, creating potential wastes. In 
particular, flows overlap where goods are stored waiting to be shipped and at the en-
trance of the controlled temperature section of the warehouse where perishable prod-
ucts are stored. The identification of overlapping flows enables to identify a first layer 
of warehouse wastes. This type of wastes can only be overcome through a reengineer-
ing of the warehouse layout. Both Spaghetti Chart and direct observation were used as 
methods to identify wastes and assess their causes in Step 2 of the process. The 
wastes are as follows: 

• Long Waiting Time for Truck to Access Receiving Docks 
• Long Waiting Time of Incoming Pallets before Storage 
• Poor Attention to Storage Priority 
• Long Waiting Time of Outgoing Pallets before Shipping 
• Incorrect Positioning of Outgoing Pallets 

A sixth type of waste was identified in the damages suffered by the products being 
handled, and was found to be caused by the overlapping of workers’ movements in 
the controlled temperature area detected through the Spaghetti Chart. This waste was 
however deemed to not be relevant due to its negligible impact on the company’s 
performance. Table 2 shows an excerpt from the performed 5W+1H analysis focusing 
on the waste “Long Waiting Time for Truck to Access Receiving Docks”. The com-
plete analysis is available from the authors upon request. It is worth reminding the 
reader that the HOW phase of the analysis will be performed in Step 3 of the process. 

  Table 2. Excerpt from 5W analysis of warehouse wastes. 

Waste  5W step Description 
Long Waiting Time 
for Truck to Access 
Receiving Docks 

WHAT Waste Type: Waiting 
Description: Trucks wait before connecting to an availa-
ble unloading bay.  
KPI: Average truck waiting time = 1.5 hours 

WHEN Warehouse process: Receiving 
Warehouse sub-process: Prior to the unloading process 

WHERE In the loading/unloading yard 
WHY Insufficient number of unloading bays and workers; 

Lack of scheduling for truck arrival 
WHO Purchasing Department 
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4.2 Waste Reduction - Identification of Improvement Actions with 5S  

The aim of Step 3 of the Lean Warehousing process is defining improvement actions 
to reduce waste based on the outcomes of the analysis of the associated causes carried 
out through the 5W+1H methodology. To this end, the 5S approach was applied to the 
wastes identified for the case warehouse through several brainstorming sessions in-
volving the Project Team. Table 3 presents an excerpt from the outcomes of such a 
process: only the relevant 5S steps are mentioned. Different integrated actions are 
suggested for each waste.  The complete analysis is available from the authors upon 
request. 

Table 3. Excerpt from 5S analysis of warehouse wastes. 

Waste  5S step Improvement action 
Long Waiting Time 
for Truck to Access 
Receiving Docks 

Sort Moving the outgoing pallets placed in the receiving 
area, so as not to occupy the receiving docks 

Set in Order Revising the schedule of the incoming trucks and 
making it coherent with the shipping schedule 

Standardize Implementing an online system where suppliers can 
book their delivery time within predefined time slots. 
This is completed by a GPS tracking system to detect 
any truck delay 

Sustain Disseminating the new procedures and checking their 
application periodically 

 
An ex-ante assessment has been then carried out to evaluate the proposed improve-
ment actions in terms of time and physical flow savings. As an example of the adopt-
ed approach, the following analysis is focused on the three wastes that most impact 
the non-value-added time, namely Long Waiting Time for Truck to Access Receiving 
Docks, Long Waiting Time of Incoming Pallets before Storage, and Long Waiting 
Time of Outgoing Pallets before Shipping.  

An online supplier delivery booking system has been proposed in order to reduce 
the waiting time for an available receiving dock. The Project Team estimated that up 
to 5 truck arrivals can be scheduled every 20 minutes because the warehouse is 
equipped with 5 receiving docks and 20 minutes is the average unloading time com-
puted based on a direct observation of this operation.  Such a solution allows to re-
duce the average truck waiting time from 90 minutes to 20 minutes in case of delays 
in unloading the previous truck at a same dock. However, the waiting time might be 
even shorter thanks to a GPS tracking system that enables addressing delays by re-
scheduling the next arrivals. Coming to the goods waiting time before storage, in-
creasing the number of workers assigned to storing activities is the identified solution. 
The associated time savings cannot be calculated in an ex-ante assessment, thus they 
were estimated through expert judgment. In particular, according to the Warehouse 
Manager, the waiting time after implementing this improvement action can be re-
duced from 90 to 30 minutes per each single pallet. Finally, the solutions to reduce the 
waiting time of pallets before being shipped to shops mainly rely on placing the goods 
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close to the dock area shortly before the truck arrival. The time savings were estimat-
ed to be equal to 20 minutes and 30 minutes for fresh processed and non-perishable 
products respectively. It is very important to be able to reduce the waiting time of 
fresh products since, being perishable goods, they stop outside the cold room during 
this time and the cold chain is interrupted. 

The time savings introduced by the discussed improvement actions originate im-
portant reductions in the overall warehouse lead time and this can be highlighted by 
the Future State VSM. As already done for the current state analysis, two VSMs are 
developed for both fresh processed and non-perishable products. Table 4 summarizes 
the expected value-added time, non-value-added time, and total warehouse lead time 
for each single pallet, together with the percentage decrease compared with the cur-
rent values. Future state VSMs are available from the authors upon request.  

Table 4. TO BE time and savings. 

Fresh Processed food 
 TO BE DELTA DELTA 
Value-added time 66 minutes and 45 seconds 0% 

Non-value-added time 85 minutes -41.4% 

Warehouse lead time 151 minutes and 45 seconds -28.4% 

Non-perishables 
 TO BE DELTA 
Value-added time 66 minutes and 45 seconds 0% 

Non-value-added time 95 minutes -42.4% 

Warehouse lead time 161 minutes and 45 seconds -30.3% 

 
 

In order to complete the analysis of the future warehouse situation, an ex-ante as-
sessment of the staff movements after the potential application of the proposed im-
provement actions has been carried out and a Future State Spaghetti Chart drawn. In 
particular, moving outgoing pallets from the receiving area to the shipping one (Incor-
rect Positioning of Outgoing Pallets waste) allows to remove the overlaps in the staff 
flows that occurred in the area where goods are stored waiting to be shipped. Correct-
ly placing outgoing pallets in the shipping area also originates relevant changes in the 
distances traveled by staff, as revealed by the quantitative evaluation of physical 
flows in the future warehouse situation. To be more precise, the minimum distance 
travelled to place outgoing fresh processed products increases from 40 m in the cur-
rent situation to 60 m in the TO BE one, while the maximum distance to place non-
perishable products decreases from 67 m to 45 m. However a significant flow stream-
line can be gained. All the other physical flows do not show any significant variations 
from the current state to future state configuration. Also the future state Spaghetti 
Chart cannot be disclosed for confidentiality reasons.  
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5 Relevance of the Proposed Lean Warehousing Process 

As the third step of a DSR approach, the findings should be generalized and the theo-
retical contribution demonstrated. Currently, such a phase has not been completed yet, 
thus the relevance of the proposed Lean Warehousing process is here discussed based 
on literature evidence.  

First, the relevance lies in the underlying research methodology. Through the de-
velopment of the Lean Warehousing process the authors offer an application of DSR 
in OM and in particular in warehouse management. If DSR in OM is still in its infan-
cy [36, 37], it is even more in the field of warehousing, where, to the best authors’ 
knowledge, no works exist. However, DSR could be highly beneficial in the logistics 
field, whose problems have practical roots and might find viable and effective solu-
tions through a research approach that is centered around the real needs of profession-
al practice. Adopting DSR in Lean Warehousing is also a way of introducing practical 
but also generalizable approaches for the application of Lean Thinking to warehouse 
management. In fact, the available literature either offers theoretical guidelines for the 
implementation of Lean in warehouses and the associated performance assessment 
[11] or focuses on case studies driven by the particular situations of specific organiza-
tions [7, 22].    

Second, the authors think the relevance of the present research is also related to 
suggesting a detailed roadmap about how to streamline warehouse and logistics pro-
cess to make them ready to get full benefits from Industry 4.0 technologies. Thus, it 
helps closing the research gap on the role of Lean as an endeavor that should start 
before the application of digital technologies [13, 28] to then continue after it to al-
ways ensure an appropriate operational environment.     

6 Implications and Conclusions 

This study offers both theoretical and practical implications.  
From an academic point of view, as discussed in Section 5, it not only contributes 

to advance the state of the art about Lean Warehousing but also promotes research on 
integrating it with DSR. The presented process and its discussed application provide 
researchers with guidelines about structuring Lean Warehousing approaches. In this 
way, they foster deepening the knowledge of how Lean principles can positively af-
fect not only production but also logistics flows, with the aim of preparing them to 
Industry 4.0 application.  

From a practical perspective, both manufacturing and logistics companies can ben-
efit from the Lean Warehousing process. First of all, it might constitute for managers 
a ready-to-go approach to assess and improve their warehouse processes. The wastes 
discussed in the implementation help organizations to identify their own warehouse 
wastes by suggesting those activities that might be investigated. Then, the Lean im-
provement actions could offer companies a chance to leverage the implementation of 
Industry 4.0 technologies in logistics. Therefore, the Lean Warehousing process can 
become a means to approach the so-called Logistics 4.0 in an informed manner and 
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not just by following a trend. In a nutshell, relying on structured methods to seek con-
tinuous improvement in warehouses is of paramount importance for their managers. 
In fact, as a front end towards the next SC echelon, warehouses need to always guar-
antee responsiveness by trying to “absorb” those delays and inefficiencies originating 
upstream in the chain.       

However, so far the proposed Lean Warehousing process has undergone just one 
single application. Moreover, the devised improvement actions were not implemented 
and the related benefits were estimated according to the company experts’ knowledge 
and experience. 

Future research efforts will be directed towards testing the process in multiple in-
dustries and warehouse settings in order to completely validate and refine it. Particu-
lar attention will be given to the actual implementation of the proposed actions to 
either limit or remove wastes, with the aim of fully capturing the effectiveness of the 
approach. The possible integration of additional Lean tools in the process will be 
explored as well, together with the introduction of a catalogue of warehouse KPIs to 
measure both AS IS wastes and their reduction after the process application.  
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