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1. INTRODUCTION 

Manufacturing activities have been off-shored (and, often, 
also out-sourced) for a long time. Such location decisions have 
been motivated primarily by efficiency seeking, and they have 
therefore generally involved low-cost countries (e.g. Eastern 
Europe and Asia). However, in the last two decades, companies 
have been increasingly re-evaluating their previous off-shoring 
decisions having encountered several off-shoring pitfalls [1]. As 
a consequence, they have implemented decisions on relocations 
of second degree (RSD) [2], also referred to as reshoring [3], that 
consist of the relocation of manufacturing activities either to the 
home country (relocation to the home country [RHC] or back-
shoring) or to another host country (relocation to a third country 
[RTC]). In the case of RTC, the relocation may be either to a new 
host country in the home region (near-shoring) or to a far-away 
host country (further off-shoring) [3], [4]. We recognise the term 
‘reshoring’ has often been adopted with very different meanings, 
ranging from the ‘generic change of location with respect to a 
previous off-shore country’ [3] to the relocation to the home 

country [5], [6]. However, in this paper, we use the term 
reshoring to refer to a generic RSD decision that is, 
independently of the governance mode (in- vs out-sourcing), 
adopted to manage relocated manufacturing activities. We also 
recognise that the term ‘near-shoring’ has been adopted to refer 
to the initial off-shoring in countries located in a company’s 
home region [5]. However, in this paper, we use the term near-
shoring to refer to an RSD in a second host country located in a 
company’s home region.  

Among the three RSD alternatives (back-shoring, near-
shoring and further off-shoring), RHC has attracted the attention 
of several scholars over the last ten years [7]-[9]. More 
specifically, the phenomenon has been investigated in-depth 
from the perspective of motivations, i.e. drivers that induce 
companies to revise their initial off-shoring decisions. Among 
such motivations, a growing relevance has been assumed of the 
adoption of automated production systems (see, for instance, 
[10], [11]) and additive manufacturing [12]-[14]. Both these 
production technologies are included in the set of Industry 4.0 
technologies, i.e. those based on cyber physical systems, which 
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include ‘smart machines, warehousing systems and production 
facilities that have been developed digitally and feature end-to-
end ICT-based integration, from inbound logistics to 
production, marketing, outbound logistics and service’ [15]. 

In the international business literature, it is widely recognised 
that information and communication technologies (ICTs) may 
have a relevant impact on the company’s internationalisation 
since they allow for remote coordination, extending the span of 
control and reducing its cost [16]-[18]. Moreover, such 
technologies permit companies to ‘fine slice’ their value-adding 
activities and to locate their production in different places, as in 
the ‘global factory’ scenario [19], [20]. However, technologies 
embedded in Industry 4.0 may also promote a reconfiguration of 
the company production footprint, since they increase a 
company’s productivity [21], [22], which, in turn, weakens (if not 
eliminates) the location advantages of low cost countries [10], 
[11], [23]. At the same time, Industry-4.0-enabling technologies 
support a higher level of flexibility in manufacturing processes, 
allowing companies to be more responsive to clients’ needs and 
to offer them customised products [10]-[14], [23], [24]. In this 
respect, it is worth noting that the influence (if any) of Industry 
4.0 technologies on back-shoring decisions has been increasingly 
proposed as a future research avenue (e.g. [7], [9], [25], [26]). 
Therefore, it is time to define the state of the current academic 
debate on Industry 4.0 technologies and second-degree 
relocations to the home country. Consequently, this paper is 
based on the following research questions: 

a) Does Industry 4.0 represent a driver/motivation [27]-[28] for 
companies that are evaluating RSD alternatives?  

b) Does Industry 4.0 represent an enabling factor [26], [28] for 
companies that are evaluating RSD alternatives? 

The paper aims to shed new light on this issue, adopting an 
explorative approach based on a variety of data sources. More 
specifically, a two-step explorative research method will be used. 
In the first step, a theoretical approach is followed by developing 
a structured literature review based on 115 Elsevier Scopus-
indexed journal articles published before August 2019. The 
second step of the paper methodology is based on empirical 
evidence from the UnivAQ manufacturing reshoring dataset 
(UMRD), which has already been adopted in previous back-
shoring research [10]-[13], [29]-[31], since it is recognised as the 
most comprehensive set of data at a global level. Since Industry 
4.0 phenomenon may have dissimilarities among different 
geographic areas, attention has been focused on reshoring 
evidence from European countries.  

Findings obtained from the two-step methodology described 
earlier provide evidence of the growing interest of scholars in the 
impact of Industry 4.0 enabling technologies on manufacturing 
reshoring decisions. However, attention has primarily focused on 
two single technologies, production automation (42 out of 115 
sampled Elsevier Scopus-indexed journal articles, published 
between 2014 and 2019) and additive manufacturing (10 
documents published in the last two years). Moreover, only four 
journal articles (of which three were published in 2019) 
specifically investigated the causality (if any) of Industry 4.0 
technologies on back-shoring. However, the research findings 
emerging from these four articles are quite differentiated and not 
definitive. Finally, it is worth noting that, while the majority of 
sampled articles conceptualise Industry 4.0 technologies as a 
driver [7], these technologies have also been viewed as an 
enabling factor [26], [28]. 

The paper is structured in three sections, the first of which 
describes the two-step methodology adopted. In the following 

section, findings obtained through the chosen methodology are 
presented and discussed. Finally, the third section contains 
conclusions, implications and limitations. 

2. METHODOLOGY 

As outlined above, in order to examine the investigated 
research questions, a two-step explorative methodology has been 
applied. The first one is based on a structured literature review, 
e.g. ‘a systematic, explicit, and reproducible design for 
identifying, evaluating, and interpreting the existing body of 
recorded documents’ [32] regarding back-shoring decisions. It 
has been performed according to the process model for content 
analysis described by [33], which has already been adopted to 
conduct literature reviews on back-shoring [7], [9]. Attention has 
been focused on Elsevier Scopus-indexed journal articles 
published before August 2019. This source has been chosen 
since it is widely recognised as one of the top business and 
management databases [34]. The following research criteria have 
been adopted: 

a) English language 
b) publication date before August 2019 (although no limits 

have been applied for the starting date given the novelty of the 
investigated phenomenon) 

c) containing at least one of the following sets of terms in the 
title, abstract and/or keywords: “reshor*”, “re-shor*”, 
“backshore*”, “back-shor*”, “back-reshor*” and “back-sourc*”  

We found a total number of 177 journal articles. After all the 
co-authors had carefully read the full text of these articles, the 
following excluding criteria were adopted: 

- journal articles focusing on the back-shoring of companies 
operating in industries not related to manufacturing (e.g. ICT 
companies)  

- documents published in sources without peer review 
systems 

- journal articles in which the searched terms are used to 
indicate a different concept from the one of interest (for instance, 
some of the keywords belonging to the reshoring concept are 
used with different meanings in the maritime and building 
engineering research fields) 

- documents referring to functions other than operations (e.g. 
human resources and research and development [R&D]). 

Based on these criteria, 62 documents were eliminated; 
therefore, the total number of sampled documents was 115.  

The second step of the methodology is based on empirical 
evidence from the UMRD dataset that contains data from the 
Uni-CLUB MoRe reshoring dataset, already adopted for use in 
the research on manufacturing back-shoring (see, among others, 
[4], [10]-[13], [27], [29]-[31]), and the European Reshoring 
Monitor dataset by the EU foundation, Eurofound, used in 
several recent studies [11], [30], [31]. 

Up to the end of December 2018, the UMRD dataset 
contained a total of 1,279 instances of evidence regarding back-
shoring decisions implemented at the global level. Among them, 
814 are related to RSD decisions implemented by European 
companies. 

3. FINDINGS  

3.1. Findings from the extant literature 

An analysis of the 115 sampled journal articles clearly shows 
that the relationship (if any) between Industry 4.0 technologies 
as a whole and back-shoring has been addressed by only four 
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journal articles (namely, [10], [11], [23], [35]). However, wider 
attention has been given to some specific Industry 4.0 
technologies, including automation and three dimension (3D) 
printing/additive manufacturing (Table 1). More specifically, 
reshoring scholars have been increasingly conceptualising 
automation as a back-shoring driver and/or an enabling factor 
since 2014. In the sampled literature, we found a total of 42 
documents referring to this issue. In contrast, attention on the 
role of additive manufacturing/3D printing technologies has 
only arisen in the last two years (2018 and 2019). This finding 
may be at least partially explained by the infancy of the additive 
manufacturing technologies [12], [13]. Finally, one contribution 
[10] specifically refers to another two Industry 4.0 technologies, 
sensors and simulation. At the same time, [11] investigated the 
opportunity for adopting cyber physical systems to connect 
production and development and/or buyers and suppliers.  

As far as production automation technology is concerned, the 
first evidence in the sampled journal articles is proposed by [36], 
who found that 47.5 % of Danish companies that off-shored 
production activities between 2009 and 2014 found the same 
activities could be back-shored as a result of the advances in 
automation. Similarly, [37] and [38] found, in a sample of Danish, 
Finnish and Swedish companies, that access to technology 
(including production automation) is one of the ‘significantly 
more important drivers for back-shoring than for off-shoring 
(p ≤ 0.001)’ [38]. Moreover, [39] and [40] found, on the basis of 
a Swedish sample, that companies that had both off- and back-
shored during the investigated period considered access to 
technology to be of a slightly lower level of importance than 
companies implementing only back-shoring strategies. Finally, in 
their qualitative study, [28] found that several companies decided 
to back-shore in Sweden due to the benefits offered by 
production automation. However, the huge contribution of such 
an enabling technology to the relocation of manufacturing 
activities in the home Nordic countries seems to be questioned 
by scholars who investigated other geographic areas. For 
instance, [10] point out that only 13.6 % of the 840 back-shoring 
decisions made by the EU and US companies they analysed 
specifically declared at least one of the Industry 4.0 technologies 
as a relocation driver. At the same time, [41] found that robotics 
has a negative impact on off-shoring decisions (at least for 
companies located in developed countries), but it does not yet 
trigger back-shoring decisions. 

Production automation has usually been seen as a driver for 
relocation to the home country since it reduces labour costs and 
increases productivity [42]. This, in turn, ‘makes it more viable to 
produce in high cost environments’ [26]. Another benefit offered by 
production automation is regarding the reduction of costs in 
order to implement a flexible production system [43], allowing 
companies to customise products for different customers’ targets 
and, in turn, improve companies’ responsiveness [14]. Based on 
this, [10] state that production automation may support two 
types of back-reshoring strategy: ‘cost-oriented’ (i.e. relocation 
aimed at reducing production and logistics costs) and ‘flexibility-
oriented’ (aimed at improving a company’s responsiveness to 
customer needs).  

This evidence is quite relevant since, according to these two 
authors, the two typologies of reshoring decisions are the most 
diffused among the 840 global-level back-reshoring initiatives 
they analysed. In contrast, ‘quality-oriented’ back-shoring 
strategies, i.e. when the relocation to the home country is aimed 
at implementing product upgrade strategies [44], are less relevant. 
This finding is quite at odds with the previous evidence collected 

by [10] and [24] with respect to UK back-shoring companies. A 
final question on the role of automation in back-shoring 
decisions is that posed by the research of [26]: ‘if the level of 
automation should be seen as a factor acting as a barrier or driver’, i.e. if it 
either boosts the back-shoring decision or its lack hinders a 
relocation to the home country. 

As far as the 3D/additive manufacturing technologies are 
concerned, it is expected they will have a disruptive impact on 
global value chains (GVC), thereby also supporting back-shoring 
decisions [45], [46]. In this respect, it is worth noting that [14] 
found that 72 % of the 50 companies investigated that were 
adopting additive manufacturing technologies positively 
evaluated the contribution it makes to back-shoring decisions. In 
addition, [47] states that 3D printing technologies will induce 
firms to locate manufacturing activities closer to customers; 
hence, its adoption would boost reshoring decisions. However, 
[10] adopt a more restrictive position, stating that this technology 
may support the implementation of only quality-oriented back-
shoring decisions. 

Additive manufacturing better supports product development 
processes and the integration of R&D, design, production and 
marketing functions [22]. Moreover, additive manufacturing 
allows companies to reduce prototyping costs and times [11]. In 
addition, [14] state that relocation to the home country is boosted 
by the following six benefits that additive manufacturing 
technologies offer in terms of supply chain management: ‘shorter 
lead time, responsiveness to the product and market changes, lower 
transportation costs, fewer miscommunications with suppliers, more 
customization options, fewer products stored in inventory’. At the same 
time, [12] and [13] present evidence that the technical and 
economic benefits provided by 3D printing represent an 
adequate response to several of the back-shoring drivers 
discussed in the extant literature [7]. Furthermore, [12] and [13] 
showed that industries in which additive manufacturing 
technologies are implemented are generally the same ones in 
which earlier empirical research found evidence of back-shoring 
strategies. This finding completes the previous evidence 
presented by [48], who classified manufacturing industries 
according to their propensity to adopt additive manufacturing 
technologies. 

As already noted, the attention paid by scholars to the 
relationship (if any), and even the causality, between 
manufacturing reshoring and the whole set of Industry 4.0 

Table 1. Breakdown of sample articles by year and article content. 

A Published articles; B Production automation; C Additive manufacturing;  
D Sensor; E Simulation; F Cyber physical systems; G Industry 4.0 impact on 
back-shoring  

Year A B C D E F G 

2007 1       

2009 1       

2011 1       

2012 1       

2013 6       

2014 11 3      

2015 8 1      

2016 23 12      

2017 16 6      

2018 24 13 8   1 1 

2019 23 7 2 1 1  3 

Total 115 42 10 1 1 1 4 
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technologies is still in its infancy. Among the few authors who 
have investigated such a linkage, [10] point out that ‘robotics is 
not a necessary ingredient of [back-]reshoring’, but ‘Industry 4.0 
supports manufacturing [back-]reshoring when design and 
product innovation are involved’. At the same time, [11] provide 
evidence that, at least until now, back-shoring decisions have 
been implemented without investing in new technologies, 
especially if the relocation was aimed at leveraging the ‘made in’ 
effect and/or shortening the lead time and improving the 
company’s responsiveness. However, authors expect Industry 
4.0 may, in the near future, play a specific role in supporting 
manufacturing relocation decisions, especially in the case of skill 
shortages, due to the previous de-industrialisation emerging after 
decades of manufacturing off-shoring and/or when companies 
aim to improve design and strengthen product-development 
linkages. These findings are also confirmed by [35], who analysed 
a sample of Danish manufacturing companies. They found that 
the investigated technologies had no impact on the decision to 
relocate manufacturing activities to the home country. In 
contrast, [23] found a positive and significant association 
between investments in Industry 4.0 technologies and back-
shoring decisions.  

Moreover, their study, which focused on manufacturing 
companies in Germany, Austria and Switzerland, shows that 
there is no causality between the two variables since both are 
driven by the research on higher levels of flexibility. It is worth 
noting that a previous investigation into a German sample 
conducted by [49] found that Industry 4.0 technologies played a 
role in supporting back-shoring decisions in only 13 of the 50 
sampled back-shoring decisions they analysed. Furthermore, the 
relationship between the two issues was not adequately 
corroborated by a quantitative analysis, since the mean value was 
below 3 on a Likert scale from 1 to 5 (specifically, 2.3 for 
companies implementing relocation to the home country 
coupled with in-sourcing, and 2.2 for those that out-sourced 
reshored production activities). Findings by [49] also show that 
the adoption of the investigated technologies is mainly related to 
companies declaring the following back-shoring drivers: 
innovation, testing of technologies and time-to-market 
reduction. Of specific note is the [23] study in which the authors 
point out that the higher level of responsiveness allowed by 
Industry 4.0 technologies may be carefully evaluated in terms of 
the geographical distribution of a company’s customers. More 
specifically, if company customers are located in 
countries/regions other than the home country, the adoption of 
Industry 4.0 technologies would induce companies to implement 
RTC strategies, either in the form of near-shoring or of further 
off-shoring.  

To sum up, the structured literature review conducted offers 
a varied set of results that are not conclusive. While several 
authors recognise that individual Industry 4.0 technologies 
(mainly 3D/additive manufacturing and automation) may have 
an impact on manufacturing relocation decisions, their impact is 
highly dependent on the strategic aims pursued by the company. 
Moreover, analyses have been focused, until now, on a restricted 
number of countries, mainly in Europe. Therefore, further 
investigations are required; in this respect, evidence belonging to 
the UMRD, which will be discussed in the next section, may 
contribute to the academic debate. 

3.2. Empirical findings  

Given the lack of homogeneity in the results emerging from 
the extant literature and in order to investigate more deeply the 

proposed research question, attention is now focused on the 
empirical evidence collected from the UMRD. It contains 
secondary data belonging to back-shoring decisions 
implemented by companies at a global level. However, for the 
aims of this paper, attention has been focused on companies 
headquartered in Europe. Up to December 2018, the UMRD 
contains a total of 814 examples of back-shoring decisions 
implemented by companies headquartered in 24 European 
countries. Companies have been taking and implementing such 
decisions since the 1990s, but most of the examples are from this 
century. Before analysing the impact (if any) of Industry 4.0 
technologies on back-shoring decisions, it seems useful to point 
out the main characteristics of the sampled back-shoring 
decisions. 

As far as the geographical dimension (host country/region) is 
concerned, the evidence is homogeneously divided between Asia 
and Europe (Table 2). This finding is quite interesting and may 
be, at least partially, explained by the ‘region-centric’ approach 
often adopted by European companies when off-shoring their 
production activities. These location strategies were given a 
strong boost by the European Union enlargements in 2004 and 
2007, which generated an opportunity to produce in low-cost 
countries close to Western Europe. Finally, it is worth noting that 
the majority of intra-Europe relocations have been implemented 
among Western countries, i.e. between high-cost nations. This 
evidence seems to confirm the idea that production offshoring 
has not been aimed only at reducing production costs. 

The breakdown by company size shows that half of the back-
shoring decisions have been implemented by large companies. 
The other half is divided equally between medium and small and 
micro companies (Table 4). 

The equal distribution in terms of company size is consistent 
with some previous findings [9], [27], [50]. However, it must be 
acknowledged that the data related to Germany [23],  [51], [52] 
and the Scandinavian countries [38]-[40] shows a higher back-
shoring propensity among large companies.  

Table 2. Breakdown of back-shoring decisions by host region. Source: UMRD. 

Host region/country Decisions 

China 33.8 % 

Asia (other than China) 9.2 % 

Asia (not specified) 2.2 % 

Asia 45.2 % 

Eastern Europe & former USSR 17.6 % 

Western Europe 26.0 % 

Europe (not specified) 0.5 % 

Europe & former USSR 44.1 % 

North Africa & Middle East 3.7 % 

South Africa 0.1 % 

Africa (not specified) 0.2 % 

Africa 4.1 % 

North America 2.4 % 

Central & South America 1.5 % 

Americas 3.8 % 

Oceania 0.1 % 

Not available 2.7 % 

Total 100.0 % 
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The breakdown by industry (Table 3) shows that at least one 
back-shoring decision has been implemented in 24 different 
sectors. The industries with the highest representation (more 
than 10 %) are the ‘Manufacture of machinery and equipment 
not elsewhere classified’, the ‘Manufacture of leather and related 
products’ and the ‘Manufacture of computer, electronic and 
optical products’. Therefore, it seems the intensity of an 
industry’s technology is not relevant.  

When considering the back-shoring drivers (Table 5), three 
out of the four most cited belong to the ‘Customer perceived 
values’ quadrants of the [27] framework: ‘Customer 
responsiveness improvement’ (17.1 %), ‘Made in effect’ (19.5 % 
of total sample) and ‘Delivery time’ (17.3 %). ‘Logistics costs’ 

(16.3 %) belong to the cost quadrant. Therefore, back-shoring 
decisions seem to be aimed more at effectiveness than at 
efficiency. This finding is relevant to the theoretical positions 
found in the extant literature (e.g. [10]). 

It is worth noting that researchers have not yet conducted an 
analysis aimed at investigating the most relevant contingency 
factors (e.g. company size, geographic location, motivations) that 
characterise the back-shoring companies. Future research should 
investigate this issue, which could offer useful insights. 

Table 3. Breakdown of back-shoring decisions by industry. Source: UMRD. 

NACE 
code 

Description Decisions 

28 
Manufacture of machinery and equipment not 
elsewhere classified 

10.6 % 

15 Manufacture of leather and related products 10.6 % 

26 
Manufacture of computer, electronic and optical 
products  

10.1 % 

14 Manufacture of apparel 9.8 % 

27 Manufacture of electrical equipment 9.6 % 

32 Other manufacturing 6.6 % 

10 Manufacture of food products 6.0 % 

30 Manufacture of other transport equipment 5.9 % 

25 
Manufacture of fabricated metal products, except 
machinery and equipment  

5.2 % 

29 
Manufacture of motor vehicles, trailers and semi-
trailers 

4.8 % 

22 Manufacture of rubber and plastic products 4.5 % 

31 Manufacture of furniture 3.3 % 

20 Manufacture of chemicals and chemical products 2.3 % 

21 
Manufacture of basic pharmaceutical products and 
pharmaceutical preparations  

2.3 % 

24 Manufacture of basic metals 2.0 % 

13 Manufacture of textiles 1.8 % 

23 
Manufacture of other non-metallic mineral 
products  

1.2 % 

17 Manufacture of paper and paper products 1.0 % 

16 
Manufacture of wood and of products of wood and 
cork, except furniture  

0.6 % 

11 Manufacture of beverages 0.6 % 

18 Printing and reproduction of recorded media  0.6 % 

12 Manufacture of tobacco products 0.1 % 

33 
Repair and installation of machinery and 
equipment  

0.1 % 

62 
Computer programming, consultancy and related 
activities 

0.1 % 

Not available 0.1 % 

Total 100.0 % 

Table 4. Breakdown of back-shoring decisions by company size. Source: 
UMRD. 

Company size Decisions 

Large 52.2 % 

Medium 23.6 % 

Small & Micro 23.2 % 

Not available 1.0 % 

Total 100.0 % 

Table 5. Breakdown of back-shoring decisions by declared motivation. 
Motivations declared by at least 10 companies. Motivations belonging to 
Industry 4.0 in bold. Source: UMRD. 

Motivation Decisions 

Made in effect (home country) 19.5 % 

Company’s organisational restructuring  17.6 % 

Delivery time (including delays) 17.3 % 

Customer responsiveness/vicinity - higher service 
quality 

17.1 % 

Logistics costs (including freight costs) 16.3 % 

Off-shored poor product quality 16.1 % 

Adoption of automation and/or other innovative 
product/process technologies (excluding 3D 
printing/additive manufacturing) 

13.1 % 

Total cost of ownership  11.8 % 

Vicinity to engineering & production + company 
strategies focused on product and process 
innovations 

7.9 % 

Increasing labour cost in the host country (including 
higher productivity in the home country) 

7.6 % 

Organisational flexibility 7.4 % 

Cost and difficulties in controlling the host country 
activities 

6.8 % 

Government incentives (in the home country) 5.8 % 

Poor company performance and global financial and 
economic crisis 

5.8 % 

Availability of research centres and universities in 
the home country 

4.8 % 

Availability of production capacity in the home 
country 

4.5 % 

Host country employees’ low skills and ‘work 
attitude’ 

4.4 % 

Minimum order quantity (including difficulties in 
forecasting sales volumes)  

4.3 % 

Intellectual property issues (including 
counterfeiting) 

3.4 % 

Entrepreneurs’ emotional attachment to the home 
country 

2.5 % 

Supply chain risks (different from exchange rate 
fluctuations) 

2.2 % 

Poor attractiveness of host country 2.2 % 

Social pressure in the home country (e.g. trade 
unions) 

2.2 % 

Duties and tariffs 1.8 % 

Physical distance 1.6 % 

Availability of suppliers in the home country 1.2 % 

Carbon footprint and other environmental issues  1.0 % 

Exchange rate risk 1.0 % 

Corporate social responsibility (e.g. with respect to 
work conditions in the host country) (this does not 
include environmental issues) 

0.7 % 

Adoption of 3D printing/additive manufacturing 0.5 % 

Energy Costs 0.1 % 
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Focusing attention on individual Industry 4.0 technologies, it 
is clear that production automation and additive manufacturing 
are the only two factors specifically cited by back-shoring 
companies. This finding is consistent with the previous 
statement by [11] and the results obtained by analysing the extant 
literature. However, while automation has been declared as a 
back-shoring driver in 13.1 % of the sampled decisions, the 
adoption of additive manufacturing technologies has been 
considered as a reshoring motivation in only 0.5 % of the 
sampled relocation decisions.  

It is important to note that, while [10] and [11] suggested that 
the adoption of production automation is more consistent with 
‘cost-oriented’ and ‘flexibility-oriented’ back-shoring decisions, 
our data shows that such technology has been cited jointly with 
drivers belonging to quality oriented relocation decisions. More 
specifically, the adoption of the investigated technology was 
coupled with the ‘Cost and difficulties in controlling the host 
country activities’, the ‘Made in effect’ and the ‘Delivery time’ 
(Table 6). 

Further insights regarding the role of production automaton 
emerge when considering contingency factors. Among them, the 
breakdown by company size unexpectedly shows this 
technology, which generally requires high levels of investment, is 
adopted primarily by medium-sized companies (18.2 % of total 
companies in the size range) and small/micro companies 
(12.2 %) rather than large ones (11.5 %) (Table 7). 

When considering the geographic contingencies (Table 8), 
data clearly shows that the adoption of automated production 
technologies is not influenced by the host region in which 
companies have previously off-shored their production activities. 
This finding is partially unexpected, since one would have 
expected that back-shoring decisions regarding production 
activities located in low-cost countries (e.g. Asia) would be largely 
supported by automation when compared with medium- and 
high-cost countries (e.g. Europe). Moreover, it is in contrast with 

the findings of [23] in terms of the higher ‘Industry 4.0 readiness’ 
of large companies with respect to small and medium ones. A 
possible explanation for this unexpected result may be 
represented by the latter-day implementation of automated 
production systems by medium-sized companies.  

Given that there is little evidence of back-shoring companies 
implementing 3D/additive manufacturing technologies, further 
characterisation of this technology is not relevant. 

4. CONCLUDING REMARKS  

This paper aimed to investigate the relationship (if any) 
between Industry 4.0 technologies and decisions to relocate 
previously off-shored manufacturing activities to the home 
country. To shed new light on this research question, an 
exploratory approach has been implemented adopting a two-step 
methodology. First, a structured literature review was conducted 
on a sample of 115 Scopus-indexed journal articles published 
between 2007 and August 2019. This research clearly shows the 
topic is attracting a growing interest among scholars (at least 
since 2014). However, they have focused primarily on specific 
technologies, namely production automation and 3D 
printing/additive manufacturing, and the findings that have 
emerged are still not sufficiently conclusive. Only four journal 
articles specifically address the relationship between Industry 4.0 
technologies and back-shoring decisions; moreover, their 
findings are somewhat different. For instance, [23] found a 
significant and positive relationship (but not also the causality) 
between the two, while [11] and [35] did not discover any 
connection. This finding might suggest that country-specific 
issues may have influenced the results, since [23] have focused 
on German, Austrian and Swiss companies, while [35] on Danish 
ones.  

As clearly demonstrated by the data from the UMRD, the 
European companies that back-shored their production based 
on Industry 4.0 technologies are characterised by a lack of 
similarity, especially in terms of industry and adopted technology 
(production automation vs additive manufacturing).  

Another issue emerging as relevant is the one concerning size. 
While it is generally expected that Industry 4.0 technologies 
would be more readily adopted by large companies, an analysis 
of the UMRD data provides evidence that, at least for production 
automation, it is primarily medium-sized companies that have 
adopted them (Table 7). Future research should further address 
this aspect, given the implications for policymakers.  

A third question is still open as regards the relationships (if 
any) between the adoption of a specific Industry 4.0 technology 
and the strategic aims pursued by the back-shoring decision. 
While [11] and [10] suggest that production automation is more 
consistent with ‘cost-oriented’ and ‘flexibility-oriented’ back-

Table 6. Back-shoring motivations cited jointly with production automation. 
Only 10 most cited motivations. Source: UMRD. 

Motivations Decisions 

Cost and difficulties in controlling the host country activities 21.8 % 

Made in effect (home country) 18.9 % 

Delivery time (including delays) 18.4 % 

Vicinity of engineering & production + company strategies 
focused on product and process innovations 

17.2 % 

Off-shored poor product quality 13.7 % 

Customer responsiveness/vicinity - higher service quality 12.9 % 

Increasing labour cost in the host country (including higher 
productivity in the home country) 

12.9 % 

Total cost of ownership 12.5 % 

Company’s organisational restructuring 9.1 % 

Logistic costs (including freight costs) 8.3 % 

Table 7. Back-shoring evidence citing production automation: breakdown by 
company size. Source: UMRD 

Company size Decisions 

Large 11.5 % 

Medium 18.2 % 

Small & micro 12.2 % 

Not available - 

Total 13.1 % 

Table 8. Back-shoring evidence citing production automation: breakdown by 
host region. Source: UMRD 

Host region Decisions 

Asia 13.6 % 

Europe & former USSR 12.8 % 

Africa 21.2 % 

Americas 3.2 % 

Oceania - 

Not available 13.6 % 

Total 13.1 % 
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shoring decisions, data from the UMRD provides evidence that 
companies adopting this technology have been driven by 
motivations linked to the ‘quality-oriented’ back-shoring 
decisions.  

Support for the adoption of Industry 4.0 technologies can be 
given to companies by policymakers that should not only offer 
companies the possibility of reducing the fixed costs related to 
the adoption of Industry 4.0 technologies but also to develop ‘the 
necessary digital competencies for the successful exploitation of 
these technologies’ [11]. In this respect, [10] point out that such 
digital competences may also substitute for the manual skills no 
longer available in Western countries, given the de-
industrialisation resulting from decades of manufacturing off-
shoring. 

The previous discussion leads us to conclude that further 
studies are required to investigate the proposed research 
question. Our study has an explorative aim and is mainly based 
on secondary data; therefore, our conclusions are not 
generalisable. However, it may represent a useful summary of the 
academic debate and of back-shoring evidence that has been 
available up until now. In this respect, we suggest future research 
should couple a longitudinal case study approach with 
quantitative surveys. Moreover, this study offers some useful 
insights for policymakers since it clearly shows that Industry 4.0 
technologies may support the back-shoring phenomenon. 
Therefore, industrial policy aiming to support the diffusion of 
such disruptive technologies (e.g. ‘Industrie 4.0’ in Germany, 
‘HVM Catapult’ in the UK, ‘Industrie du Futur’ in France and 
‘Piano Nazionale Industria 4.0’ in Italy) might also have a positive 
effect in terms of companies implementing production 
relocations to their home country. Finally, this article provides 
support for managers of manufacturing companies by enabling 
them to better evaluate the benefits that Industry 4.0 
technologies may offer back-shoring strategies.  
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