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Abstract: Industry 4.0 and lean production are two key topics in manufacturing in the last decades, and they 
have attracted a great interest both from practitioners and researchers, as it is testified by the great number of 
studies and projects on those two topics. The diffusion of lean principles has revolutionized the industrial 
context, both from a manufacturing and from a logistics point of view. Several studies suggest that the right 
way to achieve the main goals of lean, i.e. reducing wastes and increasing value through the five concepts that 
aim at perfection, lies in the integration of physical machines and electronic devices through networks of 
sensors and software to forecast, plan, manufacture, and control products in a ‘digitised’ way. It is generally 
agreed that the digitisation of firms needs the adoption of key enabling technologies. What is not clear is which 
of these key enabling technologies are ‘lean enablers’, in the correctly redesigned business processes of a lean 
organisation. The objective of this article is to identify and analyse which key enabling technologies can be 
considered in a lean-oriented future state process or, alternatively, which other context of application is suitable 
for those technologies. The analysis is based on published literature, and it makes use of a quantitative 
systematic method known as meta-analysis, aimed at identifying future topics and research trends concerning 
Industry 4.0, its key enabling technologies and their implementations as possible enablers of lean thinking and 
lean manufacturing. 
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1. Introduction 

Lean production and the Toyota Production System (TPS) 
are today very successful business strategies to improve the 
competitiveness of organizations (Gavriluta, 2019). The 
diffusion of lean principles has revolutionized the industrial 
context from different points of view, such as 
manufacturing and logistics. In particular, the concepts of 
one-piece-flow and wastes, such as inventory, over-
production and over-processing, have led to a continuous 
decrease and a greater variability in purchase and shipping 
lot sizes (Bertolini, Romagnoli and Zammori, 2017). This 
market context has led to a greater number of daily order 
lines to be processed and to a greater need for flexibility. 
The appropriate way to achieve this flexibility goal with a 
limited impact of human errors seems to be the integration 
of physical machines and devices through networks of 
sensors and software to forecast, plan, manufacturing and 
control industrial production. In one word, ‘digitalization’ 
(Erol et al., 2016). Key Enabling Technologies (KET) such 
as digital technologies, integrated automation, and remote 
data exchange anticipated and fostered concepts such as 
cyber-physical systems (Jazdi, 2014), Internet of Things 
(Uckelmann, Harrison and Michahelles, 2011), cloud 
computing (Buyya, 2009), and cognitive computing 
(Modha et al., 2011). Generally, the implementation of 
most of these KET requires important investments and it 
is not always clear what is the value added, in quantitative 
terms, that these technologies can give to those who decide 
to implement them. Focusing on the context of lean 

manufacturing applications, the objective of this article is 
to understand the main research trends of I4.0-related 
technologies, and to provide an overview on these 
technologies, on the way they can be applied to lean 
manufacturing, and on added value they can deliver as 
enabler of lean principles applications. The aim is therefore 
to highlight the new Industry 4.0 technologies which could 
fit in a lean scenario, distinguish also between consolidated, 
failing and promising ones. 

The reminder of the paper is organised as follow. In Section 
2 we report an analysis of the existing literature to extract 
current and future research topics in terms of Industry 4.0 
(I4.0) applied to lean production. In Sections 3 and 4 we 
propose a systematic analysis on the solutions available in 
the literature and their implementation. Conclusions and 
prospects are reported in Section 5. 

2. Meta-analysis 

To analyse the literature concerning the topics, we adapted 
the meta-analysis approach proposed by Kulik, Kulik and 
Cohen (1980). The research database used for collecting 
information is Scopus (www.scopus.com), which claims to 
be “the largest abstract and citation database of peer-reviewed 
literature”. The extraction was made on November 2018, 
and the search query looked for papers reporting following 
words in title, abstract or keywords: (“Industry 4.0” or 
“Industry4.0” or “Industry 40” or “Industry40” or 
“Industry 4/0” or “Industry 4” or “Industry4” or 
“Industry-4.0”) and (“lean production” or “lean 

150



XXIV Summer School “Francesco Turco” – Industrial Systems Engineering  

management” or “lean manufacturing”). The query used 
has been thought not to miss any paper even considering 
typing errors. It has also been ascertained that, by adding 
synonyms such as “Industrie 4.0” or “Toyota Production 
System” to the search string, the number of extracted 
papers was not changing significantly. Furthermore, in 
order to justify the specificity of string, we clarify that 
Scopus’ search program is not case sensitive. Papers 
collected in this phase were classified as seed1. Then, all the 
papers cited by them have been collected too and classified 
as seed0. Thus, we achieved two subgroups of documents: 
seed0 and seed1. This process provided 915 results (61 seed1 
and 854 seed0): however, those results were containing 
inaccuracies and missing fields such as keywords, abstract, 
DOI, publication year or other fields, and this could have 
affect the trustworthiness of results. For this reason, we 
refined results to achieve a ‘clean’ database containing 376 
documents, of which 51 seed1 and 325 seed0. The first study 
made on these papers is a keyword-based analysis adapted 
by Fadlalla and Amani (2015) and based on a matrix like 
that one described in Figure 1. To reduce the number of 
keywords expressing similar concepts, a weak clustering 
was made according to co-word algorithm proposed by 
(Coulter, Monarch and Konda, 1998), and well described 
also by (Cobo et al., 2011). The algorithm was coded in 
Python 3 and, to avoid a too strong clustering, the value 
called by Cobo et al. (2011) “co-occurrence minima” was 
set close to 1. The obtained keywords were classified in the 
matrix according to their ‘frequency’ (i.e. the number of 
times they occur), reported on the y-axis, and their ‘age’ (i.e. 
the difference between the current year and the year when 
they appeared for the first time), reported on the x-axis. On 
each axis, values range from the minimum to the maximum, 
and the values of transition between different quadrants 
(e.g. left-right or bottom-up) has been defined using the 
average value. The analysis has been repeated separately, 
both for the keywords reported in seed1 and seed0 papers. 
To carry out selection and classification of keywords, we 
used a program we had written in Python 3, which was 
doing the steps described above. The results are reported 
in Table 1 and Table 2. Figure 1 can be read as follows: 

- In the lower right quadrant (Neglected) there are the 
keywords that have been in use for a long time but have 
only been cited below the average and have therefore 
received little attention in the literature. 

- In the upper right quadrant (Solid) there are the keywords 
that have existed for a long time and have received a great 
deal of attention. They can therefore be interpreted as 
keywords that represent well-known topics. 

- The upper left quadrant (Trendy) holds the hot topics of 
the moment. Age of keywords in this quadrant is under the 
average, but their number of occurrences is considerably 
high. These are the topics on which it is worth encouraging 
research and whose progress has being quicker. 

- In the lower left quadrant (Newborn) there are the more 
recent keywords that have been cited only a few times. They 
could reasonably evolve into Failures or Trendy, according 
to the number of citations. The topics represented by these 

keywords are characterized by a strong uncertainty: they 
could be promising research topics, as well as failures. 

 
Figure 1: the matrix used for evaluating keywords 

Table 1 reports the matrix of keywords that can be found 
in seed1 literature. In this table, it is possible to see that: 

- The Neglected category contains several different and 
rather disconnected keywords (e.g. accounting for lean; 
capacity management; eco efficiency; intra logistics; layout 
planning; risk-based maintenance; et cetera). 

- As expected, in the Solid category we find consolidated 
themes, both in lean and I4.0 literature (e.g. cyber physical 
systems; iot; industrie 4.0; industry 4.0; internet of things; 
just in time; lean manufacturing; lean production; lean 
production systems; toyota production system). 

- It is interesting to note that the Trendy category seems 
populated by keywords that are strongly connected to the 
Solid ones, but with a stronger emphasis on digitization 
(e.g. cyber physical production systems; digital lean 
manufacturing; digitization; manufacturing industry; 
model). 

- The Newborn category consists of keywords whose 
future is unwritten, but whose integration with lean 
production could be interesting, at least for some keywords 
such as neural networks for decision science, RFID for 
work-in-progress monitoring and location, big data, value 
stream mapping for process analysis. Also, we find in here 
young and under-researched topics related to digitization 
(e.g. digitalization waste, digital maturity index, 
digitalization effects). 

Similarly, Table 2 reports the matrix of keywords that can 
be found in seed0 literature (we chose to report in here only 
keywords that we considered relevant for the sake of 
conciseness, as the full list would not fit with space 
limitations of this paper). It is interesting to note the 
differences between Table 1 and Table 2. Although some 
keywords are common to the two tables, Table 1 (seed1) 
seems more dominated by propositions and their evolution 
over time, e.g. cyber physical systems; IoT; I4.0; internet of 
things; just in time; lean production. Table 2, instead (seed0) 
seems to give more space to the ‘practical’ tools concerned 
with the above-mentioned propositions, e.g. advanced 
manufacturing; artificial intelligence; augmented reality; big 
data analytics; collaborative automation; condition-based 
maintenance et cetera. Often, we notice that seed0 literature 
generally describes specific tools, such as cyber physical 
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systems, which are then used by seed1 studies for an 
application in a lean manufacturing context. 

The impact of digitization on lean implementations is also 
evident from Table 2, which organizes the keywords 
extracted from seed0 literature: 

- In the Neglected category there are instruments adopted 
just once and then abandoned because of their efficiency or 
probably because too complicated to be implemented in a 
production environment (e.g. web real time monitoring, 
meta-heuristic algorithms, skilled workforce, flow shop, 
workload control); 

- In the Solid category we note long-lasting tools of the 
lean toolbox (e.g. kanban; kanban system; lean engineering; 
multi agent system; simulation; six sigma; statistical process 
control; visual management); 

- In the Trendy category we can find innovative tools, 
especially those belonging to I4.0 literature, as an important 
topic of the present study (e.g. big data, artificial 
intelligence, augmented reality, collaborative automation, 
digital twin, demand forecasting, information sharing, rfid 

technology). We note that, in some cases, trendy tools are 
determined as the expected evolution of their solid 
counterpart (e.g. predictive maintenance from condition-
based maintenance; big data analytics from iot); 

- The Newborn category consists of even more innovative 
tools, which have not yet been sufficiently studied and that 
could become hot topics for future research (e.g. 3D 
sensors, 4D printing, cloud gateway, data mining). 

To provide a better insight on analysed literature, we 
performed a specific science mapping approach emulating 
the well-known co-citation analysis (Jacomy et al., 2014). 
The goal of our analysis is to determine the main topics of 
this field of research, as well as inter-relationships between 
topics by considering the recurrence of citations within 
different articles. In order to present the results, the articles 
and their citations, were placed in the graph shown in 
Figure 2 with the use of a commercial software (Gephi). In 
the graph the articles have been inserted in the form of 
nodes distinguishing them by seed (the green nodes are 
seed1 and the pink nodes are seed0) and by number of 
citations (the larger the size of the node, the greater the 
number of citations received on Scopus).

Table 1: Keywords classification for seed1 papers 

cyber physical production systems; digital lean manufacturing; digitization; 
literature review; manufacturing industry; model. 

cyber physical systems; iot; industrie 4.0; industry 4.0; internet of things; just 
in time; lean automation; lean management; lean manufacturing; lean product 
development; lean production; lean production systems; learning factory; 
production; production management; simulation game; smart manufacturing; 
supply chain; supply chain management; toyota production system. 

agile manufacturing; agile production; apparel industry; artificial neural networks; 
big data; bps; business experiments; capabilities development trajectory; competency; 
customized production; digital lean enterprise; digital manufacturing; digital shop 
floor management; digital transformation; digital waste; effects of digitalization; 
enterprise architecture; enterprise performance; enterprise resourse planning (erp); 
firm choices; framework industrie 4.0; furniture industry; future research avenues; 
glenday sieve; human resource development; human resource management; 
improvement cycle; industrial internet; industry development; industry 
transformation; innovation practice; key performance indicator (kpi); kpi; 
management; manufacturing execution system (mes); material traceability; maturity 
index; maturity models; medium enterprise (sme); multiple case method.; 
organisation strategy; pms; process control; product lifecycle; production efficiency; 
production planning system; production process; production systems; radio 
frequency identification; rami; readiness index; reference models; simulation 
modeling; small; status quo; survey; sustainability; sustainable value stream mapping; 
talent management; talent need; value stream; value stream management; value 
stream mapping; waste. 

abc; accounting for lean; blue collar; capacity management; collaborative 
engineering; connected industry; control loop; cost models; crm; eco efficiency; 
efficiency assessment; emerging economies; empirical research; engineer to order; 
engineering management; global supply chain management; h2020 spire; idle capacity; 
industrial symbiosis; industry 4; industry 4 0; industry 40; information and 
communication technologies; integration; intelligent manufacturing; intelligent 
production logistics; intra logistics; jidoka; layout planning; lean and smart 
manufacturing; lean intelligent manufacturing model; lean six sigma; logistics model; 
manufacturing management; material flow technology; modular logistics; operational 
efficiency; pharmaceutical; predictive maintenance; process industries; process 
industry; process optimization; quality management system; remanufacturing; risk 
based maintenance; shopfloor management; small and medium sized enterprises; 
smart engineering; smart maintenance; smart product development; supply chain 
model; survey analysis; sustainable manufacturing; systems; tdabc; technology 
management; urban rail vehicle assembly; vocational education and training; worker 
participation. 

Table 2: Keywords classification for seed0 papers 

advanced manufacturing; artificial intelligence; augmented reality; big data; big 
data analytics; collaborative automation; cyber physical production systems; 
demand forecasting; digital twin; digitalization; digitization; distributed systems; 
eco industrial park; energy efficiency; engineer to order; industrial ecology; industrial 
internet; information sharing; intelligent manufacturing; postural analysis; 
predictive maintenance; rfid technology; smart manufacturing; waste; … 

condition based maintenance; cyber physical system; fuzzy logic; ict; internet of 
things; just in time; kanban; kanban system; lean engineering; lean manufacturing; 
lean production; lean thinking; meta-analysis; multi agent system; project 
management; simulation; six sigma; sme; statistical process control; traceability; 
visual management; … 

3d sensors; 4d printing; action-based learning; additive manufacturing; 
artificial neural networks; big data visualization; bottleneck detection; cloud 
gateway; computer graphics; conwip; cpps; crm; cyber physical manufacturing 
systems; data flow; data mining; dynamic flow shop; dynamic resource 
allocation; … 

best practice; chinese manufacturing; comparison; contingency research; 
contingency theory; customer and supplier relationships; cutting-stock; demand 
information sharing; diagnostics; digital factory; discrete simulation; empirical 
investigation; enterprise software; error prevention; execution system; extended lean 
enterprise; flow shop; global; hmi; innovativeness; insertations; internet-of-things; 
inventory; lean; longitudinal analysis; lot-sizing; manufacturing industry; 
measurement/methodology; media coverage; media; modularity; non-repetitive 
production; order picking; parameters; pick-by-vision; picking error; production 
control; prognostics; promotion investments; research criticism; research evaluation; 
research integration; research  methodology; research methods; research synthesis; 
robust optimization; sensor data fusion; signal processing; simulation; structural 
equation modelling; survey research; total quality management; war for talent; wireless 
network; wood sector; workload control … 
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Figure 2: graphical representation of research clusters 

The citations between articles, on the other hand, have 
been inserted in the form of branches. To facilitate the 
reading of the graph, an algorithm implicit in the program 
has been applied to bring together articles with several 
mutual quotations. 

In the graph in Figure 2, the clusters of nodes would 
therefore be representative of a cluster of articles dealing 
with the same topic. This analysis shows some outliers: 
smaller clusters of research that study a specific application 
of lean concepts or Industry 4.0 tools, and it can be found 
at the sides of Figure 2. We labelled those clusters as 
follows (clockwise order): dynamic VSM; data analytics for 
maintenance; Cyber-Physical Systems and e-kanban; 
simulation optimisation; augmented blue collar for 
monitoring of operations; shop-floor and workload 
control; artificial neural networks; electronically controlled 
systems and remanufacturing in I4.0. At the central part of 
the graph, however, we can find a consistent body of 
research with strong inter-relationships (i.e. articles often 
citing each other) and no clear definition of the research 
topics. 

3. Overview of technologies 

An excellent current picture of emerging technologies has 
always been given by the hype cycle (Figure 3). The hype 
cycle is a branded graphical presentation generated each 
year with the aim of presenting new technologies to the 
market and quantifying their maturity, adoption and social 
application. The hype cycle, also known as Gartner curve, 
provides a graphical and conceptual presentation of the 

maturity of emerging technologies through the following 
five phases: 

- Technology Trigger: Potential technologies which often 
do not exist and whose commercial viability is unproven. 

- Peak of Inflated Expectations: Possible technologies 
whose early publicity produces success stories often 
accompanied by scores of failures. 

- Trough of Disillusionment: Technologies interest in 
which wanes as experiments and implementations fail to 
deliver. Investment in these products continues only if they 
are improved and they satisfy early adopters’ satisfaction. 

- Slope of Enlightenment: Technologies whose benefit they 
can ensure the companies start to crystallize and become 
more widely understood. 

- Plateau of Productivity: Technologies whose applicability 
and relevance to broad market are clearly paying off. 

Since both the Gartner Hype Cycle and the matrix that we 
used to classify keywords make use of time/age in the x-
axis and of expectations/frequency in the y-axis, we suggest 
hereinafter a possible similarity between the two 
approaches. The technologies in the first part of the curve 
(i.e. technology trigger) can be associated with Newborn 
keywords in the matrix of Table 2. Similarly, Trendy 
propositions can be associated with technologies currently 
in the peak of inflated expectations, and Neglected ones 
can be connected to the trough of disillusionment. Last, the 
far-right part of the Gartner curve (i.e. slope of 
enlightenment and plateau of productivity) can be 
associated with Solid propositions. Also, we note that the 
comparison between what emerged from the literature 
(keyword matrix) and what is represented in the Gartner 
curve does not present major inconsistencies. Of course, 
the Gartner curve mentions technologies that were not 
discussed in the literature because they are not linked with 
lean manufacturing (e.g. Carbon Nanotube, Connected 
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Home, Silicon Anode Batteries). On the other hand, the 
review of the literature proposes tools that are not 
mentioned in the Gartner curve, because they cannot be 
defined as new technologies, but rather methodologies or 
new applications of already-existing technologies. Matching 
technologies between the two sources of data are artificial 
intelligence, digital twins, deep learning, IoT and sensors 
for data collection, as well as clouds for their sharing and, 
more generally, all those enabling technologies of Cyber 
Physical Systems (CPS). The possible implementation of 
these technologies is suggested in the next Section. 

4. Implementation of technologies 

The implementation of CPS and their enabling 
technologies is mainly studied in context of resources 
training (in a productive, administrative or purely academic 
context). Learning Factory is based on the theory of 
learning by doing, according to which problem-solving 
skills, in certain contexts, can only be developed by actively 
working on them, i.e. doing. 

The importance of training for these technologies had 
already been identified in by Abele et al. (2015). In this 
study, the authors note that, through digitization, learning 
can take place remotely. A particular use of a digital twin 
for learning purposes are Serious Games (SGs) and training 
simulators. The difference between a SG and a simulator 
used for training purposes are rather vague, and mainly 
reside in their scope: the former, in fact, is often related to 
learning goals as it primarily aims at increasing user’s 
knowledge, whereas the latter is connected to training and it 
finds greater application for the improvement of practical 
skills (we also note that SGs usually put a greater emphasis 
on the pedagogical value of competition and fun). An 
example of SG applied to an industrial context was 
developed by Duin et al. (2017), whose experimental results 
demonstrate its usefulness. The effectiveness of a SG is 
difficult to quantify in terms of effective skill improvement, 
however, from the studies of Duin et al. it is evident how 
much it helps the worker to scale down her/his self-
assessment. 

With concerns to operational environment, real-time data 
sharing and data security play an essential role. In particular, 
the possibility of sharing data in a secure way through a 
cloud or through an end-to-end communication, without 
gateway and support server, as described by Burow, 
Hribernik and Thoben (2018), is discussed. Great attention 
to data security in a CPS and how this can be guaranteed is 
explained by Khalid et al. (2018). The usefulness of digital 
technologies in lean production is provided by three macro-
instruments: (i) Smart Product, (ii) Smart Machine and (iii) 
Augmented Operator. All three were described by 
Mrugalska and Wyrwicka (2017). Also, Kolberg, Knobloch 
and Zühlke (2017) clarified the need for a fourth element: 
Smart Planner. In a fully digitized system, in fact, the 
processes of optimization and correction of production 
parameters could also be carried out automatically. 

To understand how real-time data transmission is applied 
to a production environment, Buer, Fragapane and 
Strandhagen (2018) present four different Kanban control 
scenarios with different levels of digitization. The first is 

the classic physical Kanban card system. The second is 
what is called e-Kanban where each step is still manual, but 
the card is in electronic or digital format. In the third 
scenario are implemented the iBins, which automatically 
records the material level and sends it to the inventory 
control system. And the last scenario, much more attractive 
than the two intermediate ones, is called self-optimizing 
Kanban and use collected data to analyse and prioritise 
improvements. A self-optimising Kanban system 
autonomously adjusts the bin size as well as the number of 
cards in circulation according to predefined objectives and 
constraints. The application of iBins, the sensors that 
would allow them to function and the study of how they 
could interface with the operator are described by Kolberg, 
Knobloch and Zühlke (2017). 

Two other production scenarios in which there is 
integration between the above technologies and lean 
production are described by Burow, Hribernik and Thoben 
(2018) and by Thoben, Wiesner and Wuest (2017). The first 
study considers the possibility of implementing sensors and 
end-to-end communication in real time (on-site 
connectivity) to ensure tracking and tracing of raw 
materials, incoming shipments and expected throughput 
time to improve real-time production planning and 
automate the process of scheduling orders, thus ensuring 
maximum flexibility and bypassing the need for a real Plan 
For Every Part. The scenario presented is also equipped 
with a cloud where customers are able to customize their 
product. The latter, on the other hand, uses simulation to 
demonstrate that the use of cyber physical logistics systems 
(CPLS) and cyber physical load carriers (CPLC), correcting 
planning errors in real time, would increase the flexibility of 
the entire system. In the scenario conceived, the demand-
driven milk run is based on information received in real 
time on the occupation of the delivery and the collection 
points. CPLCs would be able to communicate their 
position to collect information before each delivery cycle, 
so that they know exactly what is to be delivered, in what 
quantity and to which cell. This information would also be 
used to calculate the optimal starting time. The availability 
of this information in real time would allow workers to 
focus more on their core activities. 

Table 3 presents a schematization of the analysed literature 
and aims to present, for each technology emerged from the 
intersection of the Gartner curve with the study of 
keywords, which article describes its possible 
implementation in a context of lean manufacturing. For the 
creation of this table was already thought by Marra et al. 
(2018) and applied to product lifecycle management. 
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Figure 3: Gartner curve (Source: Gartner, Hype Cycle for Emerging Technologies, 2018, Mike Walker, 6 August 2018) 

Table 3: Schematic representation of I4.0's suitable technologies applied to lean manufacturing 

Paper iBin e-
Kanban 

Digital 
twin 

Deep 
learning 

Virtual 
Assistants 

Augmented/ 
mixed reality RFID Big 

data 
Informati
on sharing 

Cyber physical 
system 

End-To-End 
communication 

Bertolini et 
al. 2018   x    x  x x  

Khalid et al. 
2018   x  x x    x x 

Burow et al. 
2018        x x  x 

Duin et al. 
2017   x   x    x  

Kolberg et 
al. 2017 x    x x x  x  x 

Abele et al. 
2015   x  x x    x  

Mrugalska 
& Wyrwicka 

2017 
x x   x  x x x   

Buer et al. 
2018 x x     x    x 

Thoben et 
al. 2017    x  x   x x x 

5. Conclusions and outlook 

Lean production, also known as Toyota Production 
System, is a well-recognised and successful business 
strategy that has proven its merits in the last three decades. 
I4.0, on the contrary, started as an initiative of the German 
government whose first presentation was provided by the 
working group "Zukunftsprojekt Industrie 4.0" at the 
Hannover Fair, and it can be defined as the integration of 
complex machineries and devices with networked sensors 
and software to predict, control and plan the 
manufacturing of the future. As such, I4.0 makes intensive 
use of KET, but the question on which of these 

technologies better suits the needs of lean production is 
still open, and the status of their current implementations 
is still not clear. With this study, we provide a preliminary 
answer to those questions. The possible lean applications 
of the enabling technologies of Industry 4.0 are numerous. 
Our review showed that the most common 
implementations involve CPS, end-to-end 
communication, information sharing and augmented and 
mixed reality. Virtual assistants, RFID and digital twins are 
also commonly implemented topics. We note, however, 
that (i) few studies have considered the possibility of 
moving assembly activities downstream to the customer 
integrating them with a remote support service, and (ii) 
many solutions are limited to proposing an example 
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application without studying the performance benefits in 
a quantitative manner. The future developments of this 
study consist in the analysis, by simulative way, of the 
performance improvements that implementation of these 
technologies would entail the in a context of lean 
production. 
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