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INTRODUCTION 

The goal of this thesis is the assessment of Industry 5.0 approaches and 

technologies for the performance of logistic systems.  

Being this thesis a research thesis it was decided to adopt the methodology 

suggested by Calderon (2010) the Design Research Methodology (DRM). The 

DRM is composed of four phases: Research Clarification (RC), Descriptive Study 

(DS-I), Prescriptive Study (PS) and Descriptive Study II (PS-II). 

The RC phase defines the objective of the research.  

The DS-I phase creates the awareness and improves the understanding of the 

subject matter that has been defined in the previous phase.   

The result of these two phases is the definition of the framework, in which the 

execution in the third phase must be carried out.  

In this case, the framework was defined by Bottazzi (2024) in her job “Impact of 

Industry 5.0 target dimensions on the performance of intra-logistic systems: a 

proposed assessment framework”. 

The current thesis instead focuses on the execution of the third phase of the Design 

Research the Methodology within the framework that was developed by Bottazzi 

(2024). Only once this phase is completed it is recommended to move to the next 

one Descriptive Studies II, but this is not the object of the current work.  

The Prescriptive Study has been carried out by applying the Delphi study, a detailed 

description of this Delphi study is the object of the content of the third chapter of 

this thesis. 

The first chapter focuses on the description of the three pillars of Industry 5.0, the 

description of three intra-logistic systems that are considered in this thesis and 

explains the methodology that was used the conduct the research of articles within 

current literature.  

The second chapter describes the initial assessment framework that was developed 

by Bottazzi (2024), the Likert scale used to evaluate the relationship between 
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approaches/technology with parameters and highlights the changes needed as a 

consequence of the analysis result.  

The third chapter can be considered the core of this thesis. It contains the 

description of the Delphi study, as already mentioned, and the adopted calculation 

methodology of the medians and interquartile range (IQR). In addition, it contains 

the panel of participants and the grading sheet.  

The results of the Delphi study are also discussed in this chapter. One of the 

outcomes, for instance, is that respondents do not fully agree on the impact of 

approaches and technologies on the investment and operating costs. This is 

particularly evident when talking about storage and material handling systems, 

which require more complex and expensive technological infrastructures. On the 

other hand, respondents agree on investments and operating cost regarding the 

picking systems, but do not fully agree on other aspects such as level of automation 

and picking operation time as far as concerned the technologies.  

Finally, the fourth chapter describes the innovative contribute brought by this work 

to the literature but also describes its limits. 

Researches on these topics are crucial because once all outcomes are combined, 

they can bring innovative and significant benefits to the manufacturing industry. 

Indeed, Industry 5.0 represents the new paradigm towards which the industry is 

evolving, following the established experience of Industry 4.0.  



11 
 

1 THEORETICAL BACKGROUND 

The present chapter explains the term industry 5.0 with its pillars and the different 

types of internal logistic systems. Such a knowledge is crucial to understand the 

research work. 

1.1 INDUSTRY 5.0 

Industry 5.0 is a new industrial revolution, which developed gradually with 

technological interactions and social-economic changes. 

Three important pillars characterize this revolution (Dacre et al., 2024): 

1. Human-centricity: Industry 5.0 is focused on workers' well-being, in 

particular on improving the quality of working life by reducing repetitive 

tasks and reducing workload through intelligent automation.  

It aims at making the working place safe, more satisfying where the 

contribution of the human being is valuable and promoted. 

2. Sustainability: Industry 5.0 focuses on sustainability and circular-economy, 

trying to minimize wastes and reduce the environmental impact of 

production processes. Therefore, there is a ecological and social 

responsibility by integrating eco-friendly practices in each phases of 

production. 

3. Resilience: Industry 5.0 aims at the designing and manufacturing of robust 

and flexible production processes, which enables companies to promptly 

react to even traumatic changes without suffering permanent 

consequences. 

Now, you may wonder what are the differences between Industry 5.0 and Industry 

4.0? Why there was a need of creating and defining the new concepts of the 

industry? 

Industry 4.0 principles were the automation and digitalization of industrial 

processes with the scope of interpreting the behaviour of the digital twin to predict 

the behaviour of physical twin and therefore prevent inefficiency in the real 
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production process. Industry 5.0, instead, completes Industry 4.0 principles 

bringing human beings back to the centre of the process (Jefroy et al., 2022) and 

considering the sustainability and the circular-economy of the production 

processes.  

On the light on what was stated here above, we are going to explore what the 

applications of Industry 5.0 principals means for internal logistic systems: picking 

system, storage system and material handling system. 

1.2 INTERNAL LOGISTIC SYSTEM 

With the always increasing demand of being faster to the market, efficient and 

competitive, the necessity of having high performing internal logistic system 

became crucial. 

Internal logistic system refers to the whole movements of all supplied material and 

to all supporting tasks within a production plant. In other words, this system allows 

the control of the movements of the materials within the plant, ensuring the perfect 

timing, quantity and position of a certain product. In this thesis we will take into 

consideration three different types of internal logistic systems: 

a. Automated Picking System 

b. Automated Storage System 

c. Automated Material Handling System 

1.2.1 Automated Picking Systems 

With the term picking is intended the task of selection and the taking of material 

from storage with the scope of gathering them together and making that ready to 

be analysed or delivered to different places. 

Picking activities can take place in various ways: from the simplest way in which 

the operator manually checks the amount of product units (Figure 1), to the most 

sophisticated one based on a fully automated system. 
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Figure 1: The operator manually checks the amount of product units, Source [1] 

For example in the picking process, Autonomous Mobile Robots (AMRs) (Figure 

2), which are intelligent robots able of moving without pre-defined paths and 

therefore very flexible, and Automated Guided Vehicles (AGVs) (Figure 3), which 

instead are able to move along pre-defined paths, increase efficiency and reduce 

errors by automatically picking products from their shelves and taking them to the 

packing or shipping areas. This not only speeds up the process, but also ensures 

greater accuracy in identifying and picking items.  

 

  

Figure 3: Automated Guided Vehicles, Source [3] Figure 2: Autonomous Mobile Robots, Source [2] 
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1.2.2 Automated Storage Systems 

With the term storage is intended the aim of storing different kind of product in a 

warehouse so that companies ensure the availability to complete their planned 

production or distribution processes. 

We can distinguish two main types of storages: 

1. Manual storage system: it is the traditional storage mode, where there are 

no automatic systems and operations are carried out by operators only. In 

these facilities, the operator is not only responsible of the picking operation 

but also for packing and shipping of the product. 

In some cases, the handling of goods can be performed with the help of 

lifting equipment such as forklift trucks. 

2. Automatic storage: while in the manual storage is the operator that picks 

the good, in the automated warehouses is good that moves to the operators 

through the automated picking system (the so called goods-to-man 

approach) (Figure 4) 

 

 

 

 

 

 

 

 

 

        

In the automated warehouses of Industry 5.0, the interaction between humans and 

machines becomes crucial, in fact workers collaborate with robots and intelligent 

systems to perform tasks that require human skills, such as quality control, process 

Figure 4: Automatic storage system, Source [4] 
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optimization, and exception management. In this way, the automated warehouse of 

Industry 5.0 becomes an environment where human and machine capabilities 

complement and enhance each other [5]. 

1.2.3 Automated Material Handling Systems 

With Material Handling System we intend not only the movement of materials and 

goods within a warehouse, but it also includes the protection, the storage and the 

control of materials from manufacturing to distribution. 

Material Handling Systems can be simple pallet racking, forklift trucks, but also 

sophisticated handling systems such as sorters (Figure 5) and laser-guided vehicles 

(LGVs). In addition, this can include handling robots, various types of palletisers, 

packaging and wrapping systems (taping, filming, etc.). 

 

Figure 5: Sorters, Source [6] 

These more sophisticated Handling Systems can take companies through Transition 

5.0 with logistics solutions that are intelligent, responsive and adaptable to the 

changing needs of the market as they generate greater efficiency and precision to 

warehouse operations, transport and inventory management. 
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1.3 SYSTEMATIC LITERATURE REVIEW 

One of the main research methods used in this thesis is the Systematic Literature 

Review (SLR). This method fits whit the topic of the thesis as it focuses on the 

gathering on the information on papers written by experts of the field and then in 

the synthesise of the multiple studies to deliver a comprehensive view of the topic 

of interest, which in this case is how performance affects the different internal 

logistics systems of Industry 5.0.  

The SLR is divided in 5 steps (De Lombaert et al., 2023): 

1. Framing the question 

2. Identifying relevant publications 

3. Assessing study quality 

4. Summarizing the evidence 

5. Interpreting the findings 

1.3.1 Methodology of the research 

This paragraph describes the methodology used for the research of articles 

containing relevant information inherent the topic.  

The ultimate goal of this research is to evaluate which Industry 5.0 approaches and 

technologies have the greatest impact on the design parameters and performance of 

intra-logistics systems. To this end, it is crucial to analyse how the three different 

pillars of Industry 5.0 influence the performance of intra-logistics systems 

according to the scientific literature. 

In the first phase of the research, inclusion and exclusion criteria were defined and 

a list of keywords for the literature review was created. The collected papers were 

then analysed in three stages: preliminary title analysis, reading of the abstract and 

finally in-depth analysis of the full content. 

From the analysis of all papers, it was possible to distinguish the pillars of Industry 

5.0 and three internal logistics systems, highlighting a gap of information in both 

target dimensions of I5.0 and intra-logistic systems. 
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1.3.2 Inclusion/exclusion criteria and keywords 

The multidisciplinary database chosen for the research is Scopus, which is 

internationally recognized. The search was carried out by using queries containing 

the selected keywords, combined with Boolean logical operators ('AND' and 'OR'). 

Queries were usually formulated as 'Keyword A AND Keyword B AND Keyword 

C' or 'Keyword A OR Keyword B AND Keyword C'. The papers included in Scopus 

were from the database that is made available to students of the Polytechnic of 

Turin. Table 1 summarizes the adopted inclusion criteria. 

 
Table 1: Research constraints 

The initial search strings were: 

- 'impact AND industry 5.0 performance AND logistics AND system'; 

- 'impact AND industry 5.0 resilience AND performance AND logistics 

AND system'; 

- 'impact AND industry 5.0 sustainability AND performance AND logistics 

AND system'; 

- 'impact AND industry 5.0 sustainability OR ecological AND performance 

AND logistics AND system'; 

- 'impact AND industry 5.0 human AND centricity AND logistics AND 

system'.  

Based on the results these queries produced, the search string was refined by 

replacing 'logistics system' with the three types of systems: automated picking 

system, automated material handling system and automated storage system.  
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Since the results of new search were not so encouraging either, we decided to 

replace the operator 'AND' with 'OR' in order to increase the number of papers 

filtered by the queries. Many inquires were made to the database by using this setup 

and combining the different logistic systems and the three pillars of Industry 5.0. 

Unfortunately, this research didn’t generate sufficient good results, so therefore we 

decided to reformulate some keywords, for example: 

- 'impact' was replaced by 'effect'; 

- 'impact' was replaced by 'industry 5.0'; 

- 'performance' was replaced by 'impact'/'effect'; 

and many other combinations (150+). 

In searching for publications, we also defined the constraints listed in Table 1. 

The publication period was set between 2019 and 2024 because the concept of 

Industry 5.0 was not introduced by research and experts before 2019. As a matter 

of fact before 2019, most of the publications were related to the concept of Industry 

4.0 and only few of them to Industry 5.0 which, by the way, were not relevant to 

this study. 

As a type of document, the research was extended to "journal papers", "conference 

papers", "book chapters" and "review" only, in order to maintain homogeneity in 

the definitions of the different contributions and to increase the coherence between 

the themes. 

The third constraint, the English language, was imposed due to the fact that the 

author's professional knowledge is limited to English and Italian and the thesis is 

written in English in order to make the thesis globally understandable. 

This search produced 257 papers overall (many queries did not produce any results) 

but only 14 of them were related to the study since they took into account the impact 

of the performances on the logistics systems. Of these 14 articles, only seven 

actually considered at least one of the three pillars of Industry 5.0 and one of the 

intra-logistic systems (Figure 2a, see Appendix 1A for the complete analysis). The 

remaining 243 articles were not taken into consideration because their content was 
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either focused on Industry 4.0 and therefore not pertinent to the topic, or they were 

lacking of references on the performance of the logistics systems. 

1.3.3 “Snowballing” in Systematic Literature Review 

Snowballing is a search method used to identify relevant and fundamental articles 

of a particular topic of interest. This approach is based on the analysis of the 

references listed in a certain article, or the citations received from it, to identify 

other relevant papers (Wohlin, 2014). 

The process starts with the definition of a small group of significant articles, called 

the initial set (Table 2a and Appendix 1A) that represents the starting point of the 

search.  

The are two types of snowballing:  

- Backward snowballing: it focuses on the bibliographic references cited in 

the articles of the initial set.  

- Forward snowballing: it focuses on looking for subsequent articles starting 

from citations included in the initial set of articles. 

For the research of this study we adopted both approaches: backward approach we 

found six papers (Table 2b, see Appendix 1B for the complete analysis), while with 

the forward approach we found thirteen papers (Table 2c, see Appendix 1C for the 

complete analysis). 

1.3.4 Articles found by snowballing 

Table 2b shows the articles founded by using the backward snowballing method 

and, as we can see, all articles deal with only one of the target dimensions of 

Industry 5.0 (human-centricity) and all related to the picking systems as a topic. 

There is only one exception, one article that deals with both picking and material 

handling systems. 

Table 2c shows the articles founded by using the forward snowballing method. As 

we can see most of the articles deal with human-centricity, while sustainability and 

resilience are both covered by only two articles. On the other hand, as far as intra-
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logistics systems are concerned, the picking system is again the most dealt with, 

while the material handling system is the second most dealt with, and last is the 

storage systems.  

The merge of Table 2a, Table 2b, and Table 2c represents the final corpus of the 

literature review. 

As a conclusion, it is clear that the literature from 2019 to 2024 focuses on the in-

depth study of human-centricity and picking systems. At the same time, it is 

noticeable that there are no articles that considered the three target dimensions and 

the three intra-logistic system simultaneously. This research gap was filled-in with 

the development of the framework and its application through the Delphi study. 

 

 

 



21 
 

 

Table 2a: The initial seven articles 
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Table 2b: Backwards snowballing articles found 

 

 

 



23 
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Table 2c: Forwards snowballing articles found 
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1.4 DESIGN RESEARCH METHODOLOGY 

This paragraph illustrates the methodology used for this the work: the Design 

Research Methodology.  

This methodology is divided in 4 different parts (Blessing and Chakrabati, 2009): 

1. Research Clarification (RC): the RC stage clarifies the overall research 

objective, establishes a research plan, and provides a focal point for the 

subsequent stages.  

2. Descriptive Study I (DS-I): the goal of the DS-I stage is to enhance 

comprehension of design and the factors influencing its success through an 

examination of the design phenomenon, in order to inform the development 

of support.  

3. Prescriptive Study (PS): the PS stage aims to systematically develop the 

support, taking into account the findings of DS-I. 

4. Descriptive Study II (PS-II): the DS-II stage concentrates on assessing the 

usability and applicability of the actual support and its effectiveness  

This thesis focuses on the Prescriptive Study phase, in which the Delphi study is 

used to apply the evaluation framework developed in the previous part of the 

research (Bottazzi, 2024). The results of the study will make possible to identify 

which I5.0 approaches and technologies have the greatest impact on the design and 

performance parameters of intra-logistics systems. This result, in turn, will allow 

guidelines to be drawn up for developers of intra-logistics systems so that they can 

make such systems compliant with I5.0 and its target dimensions, while at the same 

time improving their performance. 

Finally, the final phase of Descriptive Study II will be a future research and it will 

be consist in a pilot test with intra-logistics system developers to assess the actual 

usability of the evaluation framework.  
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2 THE ASSESSMENT FRAMEWORK 

This chapter illustrates Bottazzi's (2024) framework, explaining in particular the 

construction of the Domain Mapping Matrices (DMMs) and their changes over 

time. 

Furthermore, this part describes the motivation of the Likert rating scale to assess 

the relationship between approaches and technologies of all Industry 5.0 target 

dimensions and the design and performance parameters of the internal logistics 

system.   

2.1 DOMAIN MAPPING MATRIX 

Domain Mapping Matrix is a tabular tool used to represent the relationship or 

correspondence between two collections of elements belonging to different 

domains (Danilovic and Browning, 2007). In particular (Table 3):   

- The rows (elements of domain A) with columns (elements of domain B)  

- The cells define a relationship or a rule of transformation between elements 

of A and B. 

 

Table 3: Example of DDM 
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Just like in any other field of applications, the use of tables as is advantages and 

disadvantages. In our study it was decided to use this table because of the 

advantages of providing visual clarity, facilitating the management of 

dependencies, high traceability and improved communication despite the 

disadvantages of being complex in management, of being redundant and because 

of lack of dynamism.  

So, in the end, the DMMs are fundamental tools for achieving ambitious goals, 

contributing to greater efficiency in the management and development of complex 

projects, but it is also important to consider their limitations for effective use. 

2.2 FRAMEWORK SECTIONS AND STRUCTURE 

The proposed framework is divided into three parts, each representing one of the 

fundamental pillars of Industry 5.0: human-centricity, sustainability and resilience.  

For each pillar, two tables are provided for each of the three types of intra-logistics 

systems considered: 

- The first table puts in a relationship the approaches of the pillar with the 

design and performance parameters that were selected from the scientific 

literature (Table 4).      

- The second table puts in a relationship the technologies of the pillar with 

the design and performance parameters that were selected from the 

scientific literature (Table 5).  
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Table 4: Pillar approaches vs Parameters 

Table 5: Pillar technologies vs Parameters 
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2.3 LIKERT EVALUATION SCALE 

With the scope of evaluating the relationship between approaches/technology and 

parameters the respondents are, as a matter of fact, answering the following 

question:  

How much does the application of the approach/technology of the intra-logistics 

system (row) affect the design/performance parameter (column)? 

Respondents should indicate the answer based on their experience by entering the 

appropriate number in the cell according to the following 5-point Likert scale 

(Table 6):  

The Likert scale is an evaluation instrument used to assess attitudes, opinions or 

perceptions on a given topic through a series of statements to which the respondent 

assigns a level of agreement or disagreement.  

2.3.1 Key characteristics of the Likert scale 

The main characteristics of this scale, according to Göb et al. (2007), are 

- It is an ordinal scale, so it measures the degree of agreement or 

disagreement without a precise numerical distance between options. 

- It is typically used in surveys and market research, psychology, business 

management and industrial engineering to collect quantifiable qualitative 

data.  

2.3.2 Advantages and disadvantages of Likert scale 

Likert scale was adopted because it carries many advantages (O'Neill, 2017) with 

it: it is ease-of-use since it is easy to understand the content and offers a complete 

picture to both researchers and respondents; it allows the quantification of opinions, 

meaning that it is possible to transform those opinions into data that can be further 

Table 6: Likert scale 
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analyzed; it is flexible; it facilitates the analysis of the data and it is not a yes-or-no 

option but it leaves room for rating. 

On the other hand, just like any other tool, it also implies some disadvantages 

(Kusmaryono, 2022) such as a tendency towards neutrality as respondents can tend 

to choose options in the middle to avoid extremes, and at the same time, the ones 

that are perceived more socially acceptable. Plus, in some cases, the cultural and 

personal differences can influence the perception of the answers, and it does not 

always capture the intensity of the opinions. Finally, a certain bias must always be 

kept into account being the Likert scale a 1-to-5 scale, it does not always catch or 

correspond to the exact opinion of a responder. 

2.4 ABC ANALYSIS  

The ABC analysis is a type of statistical analysis based on the Pareto principle, 

which is used to divide a set of elements into three different categories (A, B and 

C) according to their importance (Graphic 1). 

 

Graphic 1: ABC analysis 

Its main objective is to evaluate the impact of these elements on the company, for 

example in terms of turnover, consumption or stock management, allowing the 

identification of the most strategic and the most critical elements.  
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In more detail: 

- Class A: includes a small number of elements (about 20% of the total) that 

generate the majority of value (about 80%).  

- Class B: includes items of medium importance (about 30% of the total) that 

contribute a more moderate proportion of value (about 15%). They require 

less rigorous control than Class A. 

- Class C: comprises the majority of elements (about 50%), but with a 

marginal impact on total value (about 5%). These elements are less strategic 

and can be managed with fewer resources. 

With this classification, companies can optimise resource allocation, improve 

inventory management and focus on the elements that are most critical to business 

success. 

2.4.1 Applications of ABC Analysis 

As affirmed by Kučera and Suk (2019), the ABC analysis can be used in a variety 

of business areas: 

- Inventory management: identifying the most critical products to optimise 

purchasing and reduce inventory costs. 

- Supply chain management: prioritising strategic suppliers to ensure business 

continuity and quality. 

- Sales and Marketing: focus on the most profitable customers to maximise 

profits. 

- Cost control: optimise resource allocation for more efficient management. 

2.4.2 Steps to perform the ABC analysis 

As mentioned, an ABC analysis to find the parameters of the columns of the DDMs 

that composed the final frameworks was carried out. 

The ABC analysis consists in performing six steps: 

1. Collect data: collection of the papers which contained the parameter as a 

keyword (Bottazzi, 2024) 
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2. Sort the papers in descending order according to the frequency of the 

keyword 

3. Calculate the total of the papers 

𝑇𝑜𝑡𝑎𝑙 =  ෍ 𝑁. 𝑜𝑓 𝑝𝑎𝑝𝑒𝑟𝑠 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑡ℎ𝑒 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑎𝑠 𝑎 𝑘𝑒𝑦𝑤𝑜𝑟𝑑௜

ே

௜ୀଵ

 

4. Calculate the percentage of the individual performance parameter 

                     𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑝𝑒𝑟𝑓𝑜𝑚𝑎𝑛𝑐𝑒 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 =

=
𝑁. 𝑜𝑓 𝑝𝑎𝑝𝑒𝑟𝑠 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 𝑡ℎ𝑒 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑎𝑠 𝑎 𝑘𝑒𝑦𝑤𝑜𝑟𝑑௜

𝑇𝑜𝑡𝑎𝑙
 

5. Calculate the cumulative percentage: the cumulative value of the first 

parameters is the same value of the individual performance parameter. 

From the second on, the value is calculated as the sum of the current value 

and the previous one.  

6. Divide the cumulative percentage into three classes (A, B, C), but for the 

analysis, we considered only class A and B. 

In the following tables (from Table 7 to Table 9), the parameters belonging to Class 

A are green coloured, the parameters belonging to Class B are coloured in orange. 

We can see the cumulative percentage of Class B is a bit higher than the theoretical 

value (95%), but we have considered them because they are very important 

realistically describe the intra-logistics system under consideration. In this way, we 

have mixed Class A and B (high and moderate importance/value), resulting in a 

percentage of 40% instead of 35% and for each intra-logistic system, we 

considered: 

- 6 out of 11 parameters or 54%, for picking systems 

- 13 out of 20 parameters or 65%, for storage systems 

- 11 out of 17 parameters or 64%, for material handling systems 
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Table 7: ABC analysis of picking systems 
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Table 8: ABC analysis of storage systems 
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Table 9: ABC analysis of material handling systems 
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2.5 FINAL FRAMEWORK STRUCTURE 

After applying the ABC analysis, we only considered parameters belonging to 

classes A and B.  

We can see that each intra-logistic system has two DMMs, whose columns are the 

same parameters but whose rows change, representing in one case approaches and 

in the other case technologies. 

Furthermore, it is clear that for each pillar of Industry 5.0, we would have a different 

number of approaches and technologies for each internal logistics system, in fact, 

if we look at the tables, the number of rows is different. The number of rows 

between approaches and technologies varies, either by keeping one pillar fixed and 

looking at different internal logistics systems, or by keeping one internal logistics 

system fixed and changing pillars. 

Appendix 2 contains the final framework used in the pre-test phase of the Delphi 

study. 
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3 DELPHI STUDY 

This thesis uses the Delphi study which is a particularly effective method for 

reaching expert consensus on complex and poorly structured issues.  

The main advantages of this approach are: 

1. Involvement of qualified experts: the study allows for the collection of 

input from industry experts, ensuring a deep and informed understanding 

of relevant approaches, technologies and parameters. 

2. Iterative methodology: based on multiple cycles (rounds), the Delphi 

process involves the collection and analysis of data with the exchange of 

internal feedback which allows participants to review and refine their 

responses. 

3. Anonymity: the anonymity of participants reduces the risk of cross-

influencing or social pressure, thus encouraging more objective and 

authentic responses. 

4. Statistical robustness: data is analysed through the calculation of the 

median and interquartile range (IQR). These parameters are useful for 

assessing consensus, even in the presence of Likert scale responses. 

5. Adaptability to complex issues: the Delphi study is ideal for addressing 

interdisciplinary or emerging topics, such as the integration of Industry 5.0 

in intra-logistics systems, where existing knowledge may be limited or 

fragmented. 

6. Geographical and thematic flexibility: participants can come from 

different geographical areas and fields of   specialization, as their physical 

presence in the same place is not required. 

This methodology is therefore a valuable tool for collecting and synthesizing 

knowledge that will allow the definition of common guidelines and strategies, 

which are essential for promoting the application of Industry 5.0 in intra-logistics 

systems. 
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3.1 DELPHI METHOD IMPLEMENTATION STEPS 

The Delphi method is a structured methodology designed to gather opinions and 

insights from a group of experts to reach a consensus on a specific topic. 

The process is generally carried out in four main steps: 

1. Objective setting: the first step is to clearly identify the objectives and 

scopes of the study. The main questions or topics of interest that require 

expert input are outlined, and the key issues to be addressed are identified. 

This lays the foundation for the process and ensures that the overall study 

is focused and relevant. 

2. Selection of experts: the selection of the group of experts is a key step in 

ensuring the success of the Delphi method. Experts need to have relevant 

skills, knowledge and experience in relation to the topic under analysis. 

These qualities may also be influenced by the geographical context in 

which the experts operate: as Nair et al. (2024) point out, participants may 

come from the same country, while van de Wijdeven et al. (2024) stress the 

possibility of including experts from different countries. 

In our case study, all participants are based in Italy. Although the group is 

composed of experts with the same geographical background, it is still 

important to ensure sufficient diversity to ensure a rich variety of 

perspectives and opinions. The number of experts involved may vary 

depending on the complexity and scope of the study, with a general 

recommendation of at least 10-15 participants. 

Specifically, 12 experts were invited, but only 8 of them agreed to 

participate. As stated by Dillinger et al. (2022), a Delphi study can have 

between 5 and 20 participants, including both academic and industry 

representatives. 

3. Questionnaire design and launch: this phase consists of the design and 

distribution of questionnaires to collect input from experts. The 

questionnaires can be structured, semi-structured or open-ended, depending 

on the specific objectives of the study.  

The questionnaire could also have been completed in two different ways: 

Offline (Zenezini et al., 2022) or Online (Haidar et al., 2024). In the first 
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case, participants respond individually, without direct interaction with the 

researchers. This approach is typical of the Delphi method, where experts 

receive the material via email or links to dedicated platforms and provide 

their assessments independently. In the second case, the questionnaire is 

deployed through direct interaction between researchers and experts as 

face-to-face meeting, video conference or live interview. 

For this thesis, we used both approach in the first round, while in the second 

round we used only the offline approach. 

Typically, the first round is an open-ended questionnaire that allows 

participants to freely express their opinions and insights without external 

influence. 

o Round 1: in Round 1, the open questionnaire is sent to all experts 

who will express their opinions, predictions and suggestions 

regarding the pre-defined objectives. 

o Round 2: once the responses from Round 1 have been collected, the 

facilitator synthesises and organises the expressed opinions while 

guaranteeing the anonymity of each participant. This synthesis is 

used to engage the same audience in a second, more targeted and 

structured questionnaire. Specifically, the audience will receive the 

outcome of the first round and the same questionnaire so that the 

experts can then check, rethink and, if necessary, modify the 

previous answers.  

o Subsequent rounds (optional): if the level of consensus is still not 

satisfactory, additional rounds might be needed. This process continues 

until the predefined level of consensus is reached or the facilitator 

decides to out it an end. 

In this case, the process ends with the analysis of the data collected 

during the second round, since an optimal level of consensus has been 

reached. 

4. Use of results: at the end of the Delphi process, the results are analysed and 

used to support decision making, forecasting, policy development or other 

purposes stated in the objectives of the study. The anonymity of the experts 

ensures that the final results are unbiased and reflect the collective wisdom 

of the group. 
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This thesis the four steps indicated above and illustrated in the figure below Figure 

6. The only difference is that in the picture, the third step is articulated in two 

rounds, each one followed by the corresponding analysis. The calculation of 

medians and the interquartile range was executed for both analysis round. 

 
Figure 6: Steps of the Delphi study 

 

3.1.1 The interquartile range definition  

The interquartile range (IQR) measures the statistical dispersion of a set of data.  

It indicates the distance between the first interquartile (Q1) and the third 

interquartile (Q3), in other words, the length of the interval that corresponds the 

centred 50% of data (Wan et al., 2014). 

𝐼𝑄𝑅 = 𝑄3 − 𝑄1 

Where: 

- Q1: the value separating the bottom 25% of the data from the rest. 

- Q3: the value separating the bottom 75% of the data from the top 25%. 

The IQR is calculated in three steps: 

1. Sort the data in ascending order 

2. Find Q1 and Q3 

3. Calculate the interquartile range using the formula expressed above 
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Since the aim of the Delphi method is to achieve a high level of agreement between 

participants, we chose the interquartile range as a measure (Keeney et al, 2011). 

The overall level of consensus is assessed as the percentage of matrix cells in which 

there is a high degree of agreement. Of the various measures of consensus available 

for Delphi studies, the IQR was selected because it can be calculated on ratings 

using a Likert scale. 

3.1.2 Medians definition 

The median is a statistical method for determining the central value of an ordered 

set of data. The median divides the data set into two equal parts, with 50% of the 

lower values and 50% of the upper values. 

The calculation of the medians is executed in two steps: 

1. Sort the data in ascending order. 

2. Determine the central position and: 

o If the number of values is odd, the median is the central value. 

o If the number of values is even, the median is the arithmetic mean 

of the two central values.  

We chose to use the median (Diamon et al., 2014) because our goal is the analysis 

of the average ratings of the respondents, i.e. the most representative rating given 

to each approach/technology and parameter pair. As the ratings were expressed on 

a Likert scale, the median was the most appropriate measure to represent the central 

value of the responses given for each cell of the matrices. 

3.2 BUILDING THE PANEL OF RESPONDENTS 

The selection of participants for a Delphi study is a crucial step, as it has a direct 

impact on the quality and validity of the results. 

The Delphi method is based on the collection of expert judgements and opinions 

through a series of structured consultation rounds. The aim is to reach a level of 

consensus among the participants, which is usually around 80%. 
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The panel of experts was selected on the basis of the knowledge of the researchers 

who conducted the Delphi study, and on the authoritativeness of the participants, 

assessed both in terms of their professional or academic profile and in terms of the 

prestige of the company or university research group to which they belong.  

The 12 experts (Xu et al., 2023) from three different categories were invited to 

participate in order to obtain a broad and diverse range of knowledge and opinions.  

The categories of participants are shown in Graphic 2:  

1. Companies producing intra-logistics systems: 

o 1 company operating in the field of logistics, distribution and supply 

chain management, with applications also in the healthcare sector  

o 1 company involved in automation, electrification, robotics and 

renewable energy technologies. 

o 1 company specialized in warehouse automation, logistics, supply 

chain management and industrial robotics. 

o 2 companies active in automation and logistics management, one 

focused on manual and electric material handling equipment and 

the other on automated logistics. 

2. Companies using internal logistics systems: 

o 2 companies in the food sector that use automated solutions to 

manage their logistics processes. 

o 1 company in the electrical equipment distribution sector that uses 

advanced logistics technologies for supply chain management. 

3. Academics and logistics professors: 

o 4 logistics professors from different Italian universities who 

provided an academic and theoretical perspective on the topic.  
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However, only 8 of the potential candidates from the three categories agreed to 

complete the questionnaire. These 8 participants represent roughly the 80% of the 

invited experts, a percentage that is, anyways, in line with what is recommended 

for a Delphi study (Sedrakyan et al., 2022). 

3.2.1 Role of participants 

The eight respondents to the Delphi study questionnaire had different roles 

depending on the companies or universities they are working for. This diversity of 

professional profiles enriched the comparison and provided a multidisciplinary 

view of the analysed topic. 

In particular, both respondents from the companies producing intra-logistics 

systems are Sales Manager, while those from the two companies using storage 

systems were Chief Information Officer and Operations Manager respectively. 

In the academic field, the four participants were all experts in the field of logistics 

and operations management, covering the following positions: Full Professor of 

Logistics, Full Professor of Operations Management & Industrial Systems 

Engineering (two participants with this title) and an Assistant Professor (RTDb). 

Graphic 2: Participant categories 

42%

25%

33%

Percentage of partecipants

Companies producing intra-logistics systems

Companies using internal logistics systems

Academics and logistics professors
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3.3 GRADING SHEET 

Once the questionnaire had been developed, it was tested by having it filled-in by 

a professor specialized in logistic automation from the Polytechnic of Turin. 

The test is a fundamental step in the research. Scope of the test is the effectiveness 

of the questionnaire and how much it is in line with the objectives of the study. Just 

like in any other application, the test represents a strategic step that will help 

improving the quality and the reliability of the survey. 

The pre-test is carried out for several reasons: 

1. Validity of the questions: ensure that the questions are understandable, 

relevant and aimed at eliciting the necessary information. 

2. Clarity: ensure that the language is clear and easily interpreted by the 

recipients, avoiding ambiguity. 

3. Reasonable duration: assess whether the time necessary to complete the 

questionnaire is reasonable and in line with expectations. 

4. Reliability: assess the consistency of responses given by different 

participants at different times while ensuring reliable results. 

5. Error detection: identify and solve any issue, such as poorly worded 

questions, unclear sections or format mismatch. 

6. Preliminary feedback: gather useful suggestions from participants on 

content and structure to improve the questionnaire before large-scale 

distribution. 

7. Optimise layout and flow: ensure that the structure and format of the 

questionnaire makes it easy for respondents to complete without confusion 

or struggle. 

In the specific case of this thesis, pre-testing proved to be particularly important. In 

fact, the professor suggested dividing the parameters of the intra-logistics systems 

under consideration into two categories:  

- Design parameters: these are characteristics defined during the design 

phase of a product or process. These parameters are chosen by the engineer 



45 
 

to define the configuration and structure of the system, directly influencing 

its functionality. 

- Performance parameters: these are the measures used to evaluate the 

effectiveness and efficiency of the system or product, often in relation to 

the design objectives. These parameters are not directly determined at the 

design stage, but result from design choices and operating conditions. 

The following pages contain the templates of all tables (from Table 10 to Table 27) 

that were used to collect and analyse the questionnaire results. 
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Table 10: Domain Mapping Matrix between human-centricity approaches and the parameters of picking systems 

Table 11: Domain Mapping Matrix between human-centricity technologies and the parameters of picking systems 
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Table 12: Domain Mapping Matrix between human-centricity approaches and the parameters of storage systems 

Table 13: Domain Mapping Matrix between human-centricity technologies and the parameters of storage systems 
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Table 15: Domain Mapping Matrix between human-centricity technologies and the parameters of material handling systems 

Table 14: Domain Mapping Matrix between human-centricity approaches and the parameters of material handling systems 
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Table 16: Domain Mapping Matrix between sustainability approaches and the parameters of picking systems 

Table 17: Domain Mapping Matrix between sustainability technologies and the parameters of picking systems 
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Table 18: Domain Mapping Matrix between sustainability approaches and the parameters of storage systems 

 

 

 

Table 19: Domain Mapping Matrix between sustainability technologies and the parameters of storage systems 
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Table 20: Domain Mapping Matrix between sustainability approaches and the parameters of material handling systems 

Table 21: Domain Mapping Matrix between sustainability technologies and the parameters of material handling systems 
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Table 22: Domain Mapping Matrix between resilience approaches and the parameters of picking systems 

Table 23: Domain Mapping Matrix between resilience technologies and the parameters of picking systems 
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Table 24: Domain Mapping Matrix between resilience approaches and the parameters of storage systems 

 

 
Table 25: Domain Mapping Matrix between resilience technologies and the parameters of material handling systems 
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Table 26: Domain Mapping Matrix between resilience approaches and the parameters of material handling systems 

 

 
Table 27: Domain Mapping Matrix between resilience technologies and the parameters of material handling systems
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3.4  CONDUCING THE DELPHI STUDY 

Once the parameters were defined, with the scope of clearly organize the 

information and facilitate the analysis and comparison of the different internal 

logistics systems, we created an Excel file consisting of six sheets. The first sheet 

contained the detailed instructions for filling-in the questionnaire; the second and 

third sheets contained the definitions of the approaches, technologies and 

parameters related to each intra-logistics system. The last three sheets are dedicated 

to the three pillars of Industry 5.0 and contain six Domain Mapping Matrices: three 

are related to the approaches and related to the technologies. Those matrices are 

replicated for each intra-logistics system.  

A time frame of four weeks was given for completing the questionnaire for both 

rounds, with a reminder email sent to the participants at the end of the second and 

third week. However, in order to reach the quota of eight Delphi (Grime and Wright, 

2016) participants in both rounds, a further extension of one week was required. 

The difference between the first and the second round is that in the first round only 

the Excel file to be filled-in was sent to all participants, whereas in the second round 

two different files were sent out:  

- A file containing the summary of the results obtained in the first round. In 

details they could find the medians of the evaluations expressed by the 

participating experts, distinguished by Industry 5.0 dimension, and the 

interquartile range (IQR) values calculated on these evaluations, again 

distinguished by Industry 5.0 dimension, with a coloured scale highlighting 

the level of consensus among the participants 

- Another file containing the same Excel spreadsheet that they had created, 

where they were supposed to highlight the cells that in tier opinion should 

have been changed according to the results of the first round. 
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3.5 FIRST AND SECOND ROUND COMPARISON  

Once we have collected the first and second round questionnaires responses from 

all eight participants, we could compare the results by analysing both the 

interquartile range and the medians (Von Der Gracht, 2012). 

3.5.1 The interquartile range calculation 

The interquartile range was calculated for each pillar in both rounds. Specifically, 

for each parameter, the interquartile range was determined by considering the 

approaches and technologies that influence it in each intra-logistics system. 

Once all interquartile ranges were calculated, they were entered into the Domain 

Mapping Matrices of each intra-logistics system for each pillar. Conditional 

formatting was then applied to visually represent the degree of consensus (Table 

28). 

 

 

 

 

 

The degree of consensus in the interquartile range indicates how much the experts 

agree on the parameter evaluations for each pillar of the intra-logistics system. In 

order to understand the stability of the assessments and the reliability of the 

information for each analysed parameter, we have identified three degrees of 

consensus:  

1 Strong consensus: the interquartile range is narrow, which means that the 

assessments are concentrated in a small range and there is a high 

convergence of opinions. 

2 Moderate consensus: the interquartile range is wider, indicating greater 

variability in ratings, but still some consistency in responses. 

Table 28: Interquartile range consensus 
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3 Lack of consensus: the interquartile range is very wide or indeterminate, 

indicating a high degree of dispersion in the data and a lack of clear 

agreement between evaluations. 

Then, for both rounds, the sum of the cells with strong consensus and the total sum 

of the cells were calculated for each DMM of each pillar. From this data, the ratio 

was calculated to determine the consensus percentage. 

𝐶𝑜𝑛𝑠𝑒𝑛𝑠𝑢𝑠 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =
𝑇𝑜𝑡𝑎𝑙 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑤𝑖𝑡ℎ 𝑠𝑡𝑟𝑜𝑛𝑔 𝑐𝑜𝑛𝑠𝑒𝑛𝑠𝑢𝑠

𝑇𝑜𝑡𝑎𝑙 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠
  

Thanks to this formula, we can see that from the first to the second round, the 

percentage of agreement increased by 8% (Graphic 3).  

 

Graphic 3: Consensus percentage of the two rounds 

To determine the number of rounds to be completed in the Delphi study, we use a 

consensus percentage of 90%, roughly. Therefore, based on the results we have 

obtained, we stopped after the second round, where we reached 97% of consensus 

against the 89% achieved after the first round.  

Now, let’s go a little bit more into the details and let’s analyse each storage system 

individually. By looking at the results it is possible to identify the parameters that 

gain full acceptance in both rounds of the Delphi study by comparing the three 

pillars, and independently from the adopted approach and technology: 
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1. Picking systems: in the human-centricity pillar, there is a full agreement on 

the level of automation and picking productivity, while in the technology 

pillar there is the unanimous agreement on picking accuracy. In the 

sustainability pillar, there is full consensus on the level of automation, 

picking accuracy, picking time and picking productivity. However, the 

latter is not included in the technologies.  

On the other hand, in the resilience pillar, there is full consensus in both 

approaches and technologies for the level of automation, picking 

productivity and picking accuracy. There is also full agreement on 

operating costs, but only in the technologies side. 

The results show that some parameters, such as the level of automation, the 

picking accuracy and the picking productivity, maintain a stable consensus 

across all pillars, while others, such as the picking productivity, are 

recognised mainly in the approaches and rather than in the technologies. 

The level of automation, picking accuracy and picking productivity are 

considered essential for improving efficiency and reducing errors, so they 

find consensus in all pillars. However, picking productivity is mainly 

associated with the approaches, as it depends more on management and 

organisational strategies, such as process optimisation, rather than the 

adoption of specific technologies. 

2. Storage systems: all three pillars, in both approaches and technologies, 

show some parameters that remain in full consensus in both rounds, 

including storage depth, storage height, speed, storage density and storage 

capacity. However, there are some exceptions. Productivity is only present 

in approaches in the resilience pillar, while it is recognised in both 

approaches and technologies in the sustainability and human-centricity 

pillars. On the other hand, scalability is present in technologies as far as 

concerning the resilience pillar, but in both approaches and technologies as 

far as concerning the human-centricity pillar. System lifetime is fully 

accepted in all approaches in all three pillars, while for technologies it is 

only recognised in the human-centricity pillar. Utilisation rate is present in 

both approaches and technologies in the sustainability and resilience 

pillars, while operating costs are fully accepted in the resilience and human-

centricity approaches and in the resilience and sustainability technologies. 
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In general, the full consensus on these parameters reflects their crucial 

importance for the operational efficiency and sustainability of storage 

systems, regardless the pillar. However, the differences found, such as in 

the case of productivity, which is recognised mainly in the approaches in 

resilience and in both areas in sustainability and human-centricity, indicate 

that some parameters are influenced more by management strategies 

(approaches) than by technologies. On the other hand, parameters such as 

scalability and system lifetime, which depend heavily on technological 

capabilities and the durability of solutions, show divergences between the 

pillars according to their emphasis on technological innovation and long-

term management. 

3. Material Handling systems: in the material handling system, parameters 

with full consensus in both approaches and technologies are present in the 

three pillars in both rounds, including load capacity, speed and operating 

costs. Cycle time and system lifetime, on the other hand, are only present 

in the Sustainability approaches, but the latter parameter is considered with 

full consensus in both approaches and technologies in the resilience pillar. 

Other common parameters between sustainability and resilience in both 

approaches and technologies include level of consumption, scalability, 

utilisation rate and level of automation. However, these last three 

characteristics are also shared by technologies in the human-centricity 

pillar. 

These similarities between the pillars indicate that parameters such as level 

of consumption, scalability, utilisation rate and level of automation are 

considered crucial to improving the operational efficiency, sustainability 

and resilience of material handling systems. Their transversal presence in 

all three pillars suggests that these factors are considered crucial from both 

an operational and technological perspective to optimise processes, reduce 

costs and ensure flexibility to the systems. In contrast, cycle time and 

system lifetime are more focused on specific aspects of sustainability and 

resilience, and this points out the importance of time management and long-

term durability to ensure an effective implementation of solutions. 
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In the first round of the study, there were cells with no or moderate agreement 

within the different storage systems for both approaches and technologies. 

However, following the submission of the summary, respondents reconsidered 

some of their assessments, and this resulted in a greater degree of agreement on 

several performance and design parameters. For example, in the human-centred 

context of order picking and material handling, investment and operating costs 

received strong agreement for all approaches and technologies. Similarly, in the 

context of storage systems, resilience-related technologies achieved full consensus 

on all design and performance parameters. 

3.5.2 Medians calculation 

To complete the analysis of Domain Mapping Matrices, we defined five different 

ranges of median values (Table 29) to ensure a homogeneous distribution of the 

data. Each range was structured so that the distance between the minimum and 

maximum values from the median was the same. In addition, to each range was 

assigned a specific colour, which was used to highlight the cells of the DMMs 

corresponding to each pillars. 

 

 

The same format was applied to both rounds of the Delphi study. After calculating 

the medians for each relationship between approach/technology and 

performance/design parameter, the data were formatted by assigning different 

colours to the cells according to the obtained range. Specifically, in the second 

round, after formatting, all cells that did not reach full agreement according to the 

IQR of the second round, were crossed out in all DMMs of the three pillars. In this 

section, the comparison only concerns cells that reached full agreement in both 

rounds. 

Table 29: Median values colour association 
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The following considerations emerge from an analysis of the different storage 

systems and a comparison of the three pillars: 

1. Picking systems: in round 1, under human-centricity, neither approach nor 

technology had a positive impact on the design and performance 

parameters, with the exception of intelligent smart wearables (ISWs) and 

exoskeletons, which showed an increase for all parameters considered. 

However, in round 2, neither technology nor approach maintained a 

positive impact, as ISWs and exoskeletons did not gain full acceptance in 

relation to picking operation time.  

In terms of sustainability, the 6Rs policy and predictive maintenance 

approaches contributed to the reduction of operating costs in both rounds, 

with a more pronounced reduction in the second round for the 6Rs policy. 

In addition, the level of automation had a positive impact for all 

technologies and remained constant in both rounds. In general, the 

approaches did not significantly affect the benchmarks in round 2, while 

the technologies maintained or increased their impact relative to the 

benchmarks. 

Within resilience, all technologies had a positive and constant impact on 

the level of automation in both rounds, just like it was for the sustainability. 

However, the main difference between the two rounds is that in the second 

round, a greater number of approaches (cognitive resilience, psychological 

resilience and physical resilience) and technologies (Machine Learning, 

Artificial Intelligence, cyber-physical systems and IoT) had a positive 

impact by leading to a reduction on the picking time. 

These results show how the integration of advanced technologies and 

robust approaches in round 2 led to an improved operational performance, 

to a reduced picking times and optimised automation.  

2. Storage systems: within human-centricity, in round 1 all approaches had a 

positive impact on the productivity and utilisation rate parameters. 

However, in round 2, while the positive impact on utilisation remained 

unchanged, the strong consensus shifted to the investment costs. With 

regard to technologies, in both rounds a positive impact was observed on 

the level of automation and investment costs, with the difference that 
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instead of reducing some operating costs, they remained unchanged or 

increased.  

For sustainability, the approach with the greatest impact on the design and 

performance parameters in round 1 was the 6R policy. In round 2, however, 

no approach had a significant impact on the parameters. In addition, most 

of the operating costs associated with the approaches decreased in round 1, 

whereas they remained the same in round 2. In terms of technologies, a 

positive impact on the level of automation was confirmed in both rounds. 

However, as with the approaches, the operating costs decreased more in the 

first round than in the second. 

In the area of resilience, no parameter had a positive impact on all 

approaches in both rounds. However, for technologies, the level of 

automation and scalability maintained a constant positive impact, with no 

major variations between the two rounds. 

In conclusion, the analysis of the two rounds shows that the positive impact 

of the approaches tends to decrease or stabilise over time, while 

technologies continue to play a key role in improving automation and 

scalability. 

3. Material Handling systems: within human-centricity, all approaches had a 

positive impact on utilisation rate and scalability parameters in round 1. 

However, in round 2, the positive impact remained only on the utilisation 

rate. For technologies, none of the approaches showed a positive impact on 

all design and performance parameters, in both rounds. 

For sustainability, no parameter was found to be positively affected by all 

technologies or approaches. A similar trend was observed for resilience, 

where in the table of approaches no parameter had a positive impact on all 

analysed elements. However, in the first round, all technologies in 

resilience had a positive impact on scalability and operating costs, by 

reducing them. However, this trend was not confirmed in round 2.  

The analysis shows how the positive impact of some approaches and 

technologies tends to mitigate in the transition between the two rounds, 

suggesting greater selectivity in the evaluations. 
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3.6 SECOND ROUND RESULTS 

In this section, we focus in particular on the results obtained in the second round, 

which were decisive in leading us to close the process at the end of this phase of 

the Delphi study. 

3.6.1 Interquartile range results 

From the results of the interquartile range tables (from Table 30 to Table 47), we 

can see that by keeping the pillar fixed and by varying the intra-logistics system, a 

comparison of the DDMs of approaches and technologies shows a greater or 

smaller consensus on approaches versus technologies. 
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Table 30: DMM between human-centricity approaches and parameters IQR results of picking systems  

Table 31: DMM between human-centricity technologies and parameters IQR results of picking systems  
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Table 32: DMM between human-centricity approaches and parameters IQR results of storage systems  

Table 33: DMM between human-centricity technologies and parameters IQR results of storage systems  
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Table 34: DMM between human-centricity approaches and parameters IQR results of material handling systems  

Table 35: DMM between human-centricity technologies and parameters IQR results of material handling systems  
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Table 36: DMM between sustainability approaches and parameters IQR results of picking systems  

Table 37: DMM between sustainability technologies and parameters IQR results of picking systems  
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Table 38: DMM between sustainability approaches and parameters IQR results of storage systems  

Table 39: DMM between sustainability technologies and parameters IQR results of storage systems  
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Table 40: DMM between sustainability approaches and parameters IQR results of material handling systems  

Table 41: DMM between sustainability technologies and parameters IQR results of material handling systems  
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Table 42: DMM between resilience approaches and parameters IQR results of picking systems  

Table 43: DMM between resilience technologies and parameters IQR results of picking systems  
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Table 44: DMM between resilience approaches and parameters IQR results of storage systems  

Table 45: DMM between resilience technologies and parameters IQR results of storage systems  
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Table 46: DMM between resilience approaches and parameters IQR results of material handling systems  

Table 47: DMM between resilience technologies and parameters IQR results of material handling systems  
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By looking at the tables on the target dimension of human-centricity, we can see 

that, in the three intra-logistics systems, the relationships between the technologies 

and the design and performance parameters receive less acceptance than the 

relationships between the approaches and those same parameters (Table 48). The 

lower consensus on the relationship between technologies and design and 

performance parameters compared to approaches is due to the greater flexibility 

and adaptability of the approaches, which are perceived as easier to integrate into 

existing processes. Technologies, on the other hand, may present challenges related 

to their implementation, resistance to change or lack of maturity just to name few, 

that will result in reducing the overall consensus. 

Regarding sustainability instead, the relationships between technologies and design 

and performance parameters, are more strongly supported than those between 

approaches and design and performance parameters (Table 49). This happens 

because technologies provide concrete and measurable solutions to reduce the 

environmental impacts, while approaches often remain conceptual and generic and 

therefore, their effectiveness depends on organisational, regulatory and cultural 

factors, that makes them less immediate and standardised. 

Table 48: Relationship between human-centricity approaches/technologies and parameters that did not 
receive strong acceptance in the three intralogistics systems  

Table 49: Relationship between sustainability approaches/technologies and parameters that did not 
receive strong acceptance in the three intralogistics systems  
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With regard to resilience, a different dynamic can be observed in relation to the 

other pillars, as shown in the table (Table 50): 

1. Picking systems: the number of reports that do not reach a strong 

consensus is the same for both technologies and approaches. In fact, both 

present an obstacle related to the evaluation of the cost-benefit ratio of 

implementing and managing advanced adaptive systems. 

2. Storage systems: all relationships between technologies and design and 

performance parameters are strongly supported, unlike those related to 

approaches. This is because technologies allow faster and more effective 

responses to disturbances and variations in demand. 

3. Material Handling systems: only one relationship between approaches did 

not receive full consensus, while technologies were more criticised. This is 

due to the ongoing operating costs associated with digital infrastructure, 

maintenance and data management. In contrast, renewable resources require 

a higher initial investment, but offer more stable and predictable operating 

costs over time.  

In general, the three tables above (from Table 48 to Table 50) show that most of the 

moderate consensus or lack of consensus concerns investment and operating costs. 

This is particularly evident for storage and material handling systems, which 

require more complex and expensive technological infrastructures. Instead, for 

order picking systems, lack of full consensus results is spread across a wider range 

of parameters, suggesting that critical issues are not related only on costs, but also 

on other aspects of the technology implementation and integration. 

Table 50: Relationship between resilience approaches/technologies and parameters that did not receive 
strong acceptance in the three intralogistics systems  
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3.6.2 Median results  

We can make a more detailed analysis by considering the results of the second 

round, as shown in the tables (from Table 51 to Table 68). 

From the defined format (Table 29), we can identify, for each dimension of 

Industry 5.0, the main design and performance parameters whose value has 

improved in picking, material handling and storage systems. We have summarised 

these parameters in the table (Table 69), a more detailed analysis regarding each 

storage system can be found in Appendices 3A, 3B and 3C. 
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Table 51: DMM between human-centricity approaches and parameters median results of picking systems  

Table 52: DMM between human-centricity technologies and parameters median results of picking systems  
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Table 53: DMM between human-centricity approaches and parameters median results of storage systems  

Table 54: DMM between human-centricity technologies and parameters median results of storage systems  
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Table 55: DMM between human-centricity approaches and parameters median results of material handling systems  

Table 56: DMM between human-centricity technologies and parameters median results of material handling systems  
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Table 57: DMM between sustainability approaches and parameters median results of picking systems  

Table 58: DMM between sustainability technologies and parameters median results of picking systems  



80 
 

 

 

 

 

 

Table 60: DMM between sustainability technologies and parameters median results of storage systems  

Table 59: DMM between sustainability approaches and parameters median results of storage systems  
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Table 61: DMM between sustainability approaches and parameters median results of material handling systems  

Table 62: DMM between sustainability technologies and parameters median results of material handling systems  
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Table 63: DMM between resilience approaches and parameters median results of picking systems  

Table 64: DMM between resilience technologies and parameters median results of picking systems  
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Table 65: DMM between resilience approaches and parameters median results of storage systems  

Table 66: DMM between resilience technologies and parameters median results of storage systems  
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Table 67: DMM between resilience approaches and parameters median results of material handling systems  

Table 68: DMM between resilience technologies and parameters median results of material handling systems  
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Table 69: Improved parameters of both approaches and technologies for each storage system 
considering all pillars of Industry 5.0 

Target dimension Type of intra-logistics system

- Level of automation 

- Operating costs

- Picking productivity
- Picking operation time
- Picking accuracy

- Operating costs

- Picking productivity
- Picking accuracy
- Level of automation
- Picking operation time
- Operating costs
- Scalability 
- Level of automation
- Productivity
- Utilisation rate 
- Operating costs

- Level of automation

- Level of automation
- Speed
- Utilisation rate 
- Scalability 

- Battery life
- System lifetime
- Utilisation rate
- Level of energy consumption 
- Level of automation
- Scalability
- Speed
- Operating costs

Material Handling Systems 

Parameters improved by both 
approaches and technologies

- Picking productivity
- Picking accuracy
- Level of automation
- Picking operation time
- Utilisation rate
- Level of automation
- Productivity
- Scalability
- Speed
- Scalability 
- Speed 
- Cycle time
- Level of automation

Resilience

Picking Systems

Storage Systems

Material Handling Systems 

Sustainability

Picking Systems

Storage Systems

- Level of energy consumption 
- Operating costs
- Utilisation rate

- Utilisation rate 
- Operating costs
- Speed
- Storage depth
- Scalability

Human centricity

Picking Systems

Storage Systems

Material Handling Systems 
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3.7 PRATICAL SUGGESTIONS FOR DEVELOPERS AND 

USERS 

Some practical suggestions for storage system developers, based on the analysis, 

could relate to human-centric technologies. In particular, it is recommended to 

focus on Artificial Intelligence (AI), which not only enables the development of 

more sophisticated warehouse systems, but also improves fundamental parameters 

such as the level of automation and speed. Indeed, AI makes it possible to automate 

complex decisions such as resource allocation and material flow management, 

reducing human intervention and speeding up the entire process. 

Next, the most relevant technologies for warehouse systems that emerged from the 

study are augmented reality (AR) and sensors. AR can provide operators with real-

time information about warehouse operations, improving efficiency and reducing 

errors. Sensors, on the other hand, allow continuous monitoring of conditions and 

movements within the warehouse, gathering critical data to optimise space 

management and material flow. 

A suggestion for users the human-centric approach to adopt picking systems is 

essential to ensure a more efficient and intuitive user experience. By integrating 

collaborative robots with human operators, operations can be streamlined by 

increasing accuracy and decrease operation time. Cobots assist operators with the 

most tiring and repetitive tasks, allowing them to focus on more complex and value-

added tasks. This will not only increase efficiency, but also reduces the margin for 

errors and improves the overall working conditions. Another important aspect for 

the users, is the traceability of products during picking. Real-time tracking of 

picked items ensures more accurate inventory management, minimises errors and 

provides a clear and transparent view of the workflow. Thanks to these innovations, 

users can work in a more organised, safe and efficient environment, with greater 

control over operations. 

A proposal for the developers, concerning sustainable technologies, could be the 

use of the Internet of Personalized Products (IoP^2), which is based on the 

exchange of information via the Internet and connected systems, and that can bring 

numerous benefits. By linking the three intra-logistics systems, design and 
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performance parameters are optimised, and therefore improving the overall 

efficiency of the system. 

A proposal for users of intra-logistic systems concerning sustainability, is the use 

of predictive maintenance and the 6R policy since they directly contribute to 

operational efficiency by reducing wastes, consumptions and mitigate the impact 

on the environment of the three intra-logistic system.  

It is critical for storage system designers to invest in technologies based on Machine 

Learning and Artificial Intelligence, the pillars of resilience. These solutions 

improve operational efficiency, increase accuracy and enhance process automation, 

making storage systems more adaptable and efficient. 

Finally, a resilience-related suggestion for users is the adoption of the human-

machine systems resilience approach. This approach aims to develop a production 

system that can quickly react to failures, variations and unforeseen events, resulting 

in reducing downtime and optimising the use of resources. By implementing this 

model, developers could create more robust and responsive internal intralogistics 

systems. 
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4 CONCLUSIONS 

This final chapter illustrates the innovative contribution and limitations of this 

work, and it also outlines future research developments.  

4.1 INNOVATIVE CONTRIBUTION 

The innovative contribution of this work lies in the fact that, in the current literature 

can be found researches mainly focused on a single (Yu and Sun, 2024) or multiple 

(Passalacqua et al., 2024) target dimension of Industry 5.0 without including intra-

logistics systems. Some research associates one, or at most two, target dimensions 

with one (Chivilò and Meneghetti, 2023) or two intra-logistics systems (Ashta et 

al, 2023 a) but there are no articles in literature that simultaneously address all 

Industry 5.0 target dimensions and the three considered intra-logistics systems. 

Therefore, the integration of these elements in this paper represents a significant 

contribution to the current state of the art. 

In addition to that, it provides insights of what characteristics internal logistics 

systems should have in order to effectively implement the target dimensions of 

Industry 5.0. It can also help to define guidelines for the implementation of 

approaches and technologies in the design and implementation of future internal 

logistics systems, by integrating features in line with the target dimensions and key 

concepts of this industrial evolution. 

4.2 LIMITS 

This thesis has some limitations that it is important to highlight. 

The first limitation concerns the number of intra-logistics systems that were 

analysed. We only considered automated systems, excluding manual systems, 

which are still widely used in several sectors. This limitation makes it difficult to 

apply the results to all manufacturing companies, as many still rely on manual 

solutions. 
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Another limitation is related to the Delphi method that was used to conduct the 

questionnaire. The sample consisted of only eight participants (Kumar and 

Anbanandam, 2019), which is a small number. The small number of participants 

increased the risk that the opinions of a few individuals would significantly 

influence the results. If the sample had been larger and included more users and 

producers of intra-logistics systems, the results would have been more balanced. In 

addition, the variety of roles played by the participants could have contributed to a 

more comprehensive view, as each role may bring a different perspective to the 

topic.  

Another critical aspect is the composition of the sample. Although the participants 

belonged to different categories, there was a numerical imbalance between them. 

This imbalance could have influenced the final consensus and reduced impartiality 

and fairness in the processing of the results. A more balanced representation of the 

different categories would have ensured greater fairness in the processing of 

opinions. 

The results of the two rounds of the Delphi study confirm what emerged from the 

literature review at the beginning of the thesis. The three target dimensions are 

indeed understood differently. Human-centricity, being a more tangible concept, is 

easier to apply to order picking processes rather than material handling and storage 

processes. 

The last limitation concerns the information available at the time of writing this 

thesis. This work focuses exclusively on the current knowledge related to Industry 

5.0 and internal intra-logistics systems. However, Industry 5.0 is still developing 

and evolving, and as technologies and practices advance, new information that has 

not been considered in this research, might emerge. Therefore, as the understanding 

of the topic and future developments increase, the results of this thesis may be 

incomplete or partial in the short term, as the evolution of the industry may lead to 

significant changes in the models and practices analysed. 



90 
 

4.3 NEXT STEPS 

The next steps should focus on the fourth and final stage of the DRM: the evaluation 

of the usability, applicability and effectiveness of the developed framework. This 

evaluation will be based on the results obtained in this thesis. 

The most efficient way to evaluate the impact of the developed framework is its 

implementation in reality. This means that it needs to test the framework on an 

appropriate number of developers and users companies. In particular, the 

developers of intra-logistics system should apply the developed framework to 

identify, evaluate and adopt the technologies that may make their systems more 

consistent with Industry 5.0 principles. In addition, by applying the proposed 

framework, they could and should understand which design and performance 

parameters will benefit the most from the implementation of those technologies. 

On the side, the company-users of the intra-logistics system should apply the 

framework to understand which managerial approaches could complement their 

picking, storage, or material handling systems in order to be coherent with Industry 

5.0 target dimensions and principles. Plus, the application of the framework might 

suggest them what technologies they should invest in and integrate in their intra-

logistics systems. The guide-line will drive both developers and users in the 

accomplishment of these tasks. The outcome of the test campaign so performed, 

will help evaluate the usability and the effectiveness of the proposed framework as 

well as its capability to be adapted to different business environments 

Finally, although Industry 5.0 is still an evolving field and future research could 

explore aspects that are not yet fully understood or addressed, this work represents 

anyway a comprehensive and useful base when applied to real-world contexts. 
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