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A B S T R A C T
Industry 4.0 (I4.0), driven by the need to access real-time insights and information 
across the manufacturing process, creates a disruptive impact on industries. Large-
scale machine-to-machine communication, virtual reality (VR), the Internet of Things 
(IoT), simulation technologies and network management are integrated for increased 
automation, machine learning, self-controlled social and technical systems (Smart 
Factories). The uptake of advanced manufacturing solutions represents a challenge for 
businesses and SMEs in particular. SMEs possess neither the organisational capability 
nor financial resources to systematically investigate the potential and risks of 
introducing Industry 4.0. However, the so-called Fourth Industrial Revolution is  
a matter of technology and cooperation between European regions to share knowledge 
concerning alternative regional and national approaches to reinforcing the I4.0 uptake. 
Therefore, this paper primarily aims to analyse practical experience on how European 
policies related to the European Regional Development Fund (ERDF) can unlock the full 
potential of Industry 4.0 and overcome the fragmentation of Industry 4.0 solutions. 
Case studies of successful transfer of I4.0 to SMEs in Europe and supporting regional 
policy instruments presented in the paper could inspire and enable the potential of 
digitalisation by dealing with main challenges hampering their diffusion into the 
business ecosystem. 
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Introduction 

The transformation of industrial production is  
a new economic paradigm in which material wealth 
is not delivered perforce at the expense of growing 
environmental risks, ecological scarcities and social 

disparities (United Nations Environment Pro-
gramme, 2011). Industry 4.0 might offer an enormous 
chance to align the sustainable development goals 
with the ongoing digital transformation in industrial 
development (Beier et al., 2020). It is expected that 
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the development of Industry 4.0 will contribute to 
tackling global challenges by achieving better 
resource- and energy efficiency and strengthening 
the competitiveness of high-income countries (Rauch 
et al., 2018). 

The core principles of I4.0 are modularisation, 
self-regulation, and digital integration across busi-
ness functions and within and beyond the organisa-
tional boundaries (Prause, 2019) based on the 
Internet of Things (IoT) (Atzori, Iera, & Morabito, 
2010) and cyber-physical systems (Khaitan & McCal-
ley, 2015). 

With the advent of newer developments, includ-
ing artificial intelligence, 3D printing and robotics, 
yet more profound changes are anticipated in the 
years and decades to come (Ramalingham et al., 
2017). 

Companies across the globe are digitally trans-
forming as they are challenged to improve processes 
and develop new capabilities and business models. 
Large companies are anticipating the changes arising 
from the digital revolution in the production and 
value creation process more easily, while small and 
medium-sized enterprises (SMEs) are struggling to 
embrace the Industry 4.0 revolution (Azevedo  
& Almeida, 2021). 

Only 17 % of SMEs have successfully integrated 
digital technologies into their businesses, compared 
to 54 % of large companies (Digital Innovation Hubs 
Working Group, 2018). And yet, the successful 
implementation of an industrial revolution has to 
occur not only in large enterprises but in SMEs in 
particular (Sommer, 2015). 

However, the transformation of the European 
manufacturing business towards I4.0 is not only  
a matter of technology but also a matter of coopera-
tion between regions to share knowledge concerning 
policy instruments at the regional and national level 
to assist this process, especially in small and medium 
enterprises. Several different types of constraints can 
affect this process in SMEs and should be considered. 

The paper’s author wishes to present inspiring 
good practice on policy instruments supporting the 
transfer of digital development in SMEs that is critical 
to achieving the competitiveness and vision of accel-
erating sustainability and building a green economy. 
The research presented in the paper intends to analyse 
experience on how policy related to Structural Funds 
can unlock the potential of Industry 4.0 in SMEs and 
answer the key question: What are effective policy 
instruments to reinforce the Industry 4.0 uptake in 
SMEs? 

1. Literature review 

Small and medium-sized enterprises are the 
foundation of the growing economy. The European 
Commission considers SMEs and entrepreneurship 
essential in ensuring economic growth, innovation, 
job creation, and social integration in the EU (Papa-
dopoulos et al., 2020; European Commission, 2021). 
SMEs create two out of three jobs, generate 50 % of the 
EU’s GDP and play a crucial role in adding value in 
every economic sector (Borowicz, 2021). 

Given that SMEs are a major driver of the Euro-
pean economy, accounting for most firms and creating 
large shares of employment and value-added, the digi-
tal transformation is a matter of their market position 
(European SME Survey, 2019). SMEs in Europe risk 
their future in the case of failure to embrace digitalisa-
tion, as more than one in two SMEs are concerned 
that they may lose competitiveness if they do not 
adopt new digital technologies (Azevedo & Almeida, 
2021). 

The digital revolution is still a challenge to SMEs 
as they are regarded as less well-prepared for the new 
technologies and standardisation problems and may 
face particular barriers in implementing I4.0. 

Researchers have indicated several barriers that 
could constrain SMEs in the adoption of innovations, 
including I4.0 solutions, for example, the lack of 
awareness concerning digital capabilities, cybersecu-
rity issues, limited financial resources, inflexibility to 
change, strategic aspects, technological intensity, aver-
sion to innovation, unclear I4.0 implementation 
details, insufficient or lacking capacity to test indus-
trial solutions, including limited access to facilities 
(Horvath & Szabo, 2019; Saunila, 2020; Prause, 2019; 
Alcacer & Cruz-Machado, 2019; Galati & Bigliardi, 
2019; Marchuk, 2021; Jovanovski et al., 2019). 

Another reason for SMEs to likely refrain from 
implementing I4.0 technologies is related to new pro-
duction and product development technologies and 
has a competence-based explanation (Yu & Schweis-
furth, 2020; Ingaldi & Ulewicz, 2020). Some decision-
makers renounce digital transition simply because 
they do not understand how it can be incorporated 
into the business (Azevedo & Almeida, 2021). 

The lack of support and guidance from the best 
practices in adopting new technologies in SMEs was 
also one of the main barriers. Traditional SMEs are 
often uncertain in their choice of digital business 
strategy, have problems tapping into large extensive 
data repositories available to larger companies and shy 
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away from advanced AI-based tools and applications 
(EU’s SME Strategy for a sustainable and digital 
Europe Communication, 2020). SMEs’ access to 
information must be improved to stimulate the trans-
fer of technology. 

The role of the government as an enabler of SMEs 
in the implementation process cannot be ignored 
(Jovanovski et al., 2019). The importance of I4.0 trans-
fer to SMEs has been recognised by the European 
Commission (EC) that has published numerous docu-
ments and studies on digitalisation (Davies, 2015; 
Probst et al., 2018; European Commission, 2018; 
European Commission, 2020). In addition, the EC has 
earmarked EUR 80 billion in the period 2014 – 2020 
for research and innovation, including help for the 
development of key enabling technologies to encour-
age local, regional, and national governments to 
develop different financial and non-financial support 
for reindustrialisation and increasing the competitive-
ness of the EU (Borowicz, 2021). 

Also, the European Regional Development Fund 
(ERDF), under the umbrella of the European Union 
programme Interreg Europe, co-funded the project 
entitled “Smart SMEs for Industry 4.0” (acronym 
SMARTY) to overcome the research gap and help 
regional and local governments across Europe to 
develop and deliver a better policy. The international 
research network is composed of EU regions: Tuscany 
(Italy), Flanders (Belgium), Lapland (Finland), Mazo-
via (Poland), Slovenia, Castilla y León (Spain), Catalo-
nia (Spain), Leeds City Region (UK). The paper 
presents research realised within the SMARTY project 
focused on sharing solutions and policy learning on 
alternative approaches to successfully implementing 
Industry 4.0 in SMEs.

2. Methodology

The main research method used in the paper is  
a case study based on an investigation of the regional/
national policy instruments that help to reinforce the 
Industry 4.0 adoption in small and medium manufac-
turing enterprises. The case study method was selected 
as its advantages overshadow the limitations of statis-
tics-based research methods, such as surveys, inter-
views or experiments, and it is suitable for developing 
theories in design research (Teegavarapu et al., 2008). 

The following steps were employed in the case 
study approach: (1) research justification, (2) the justi-
fication of the case study method, (3) criteria for 
selecting a case, (4) data collection, (5) case study 

analysis. A descriptive case study (Stake, 1995) was 
designed to answer the research question. 

The cases were identified in the learning process 
within the SMARTY project in the following thematic 
domains: (1) clusters and clustering initiatives, (2) 
Digital Innovation Hubs (DIHs), and (3) Digitalisa-
tion for Green Transition and Sustainability. The pre-
sented investigation was relevant because it fosters 
knowledge-sharing about alternative measures to face 
the challenges and overcome obstacles that hamper 
SMEs’ digital transformation. 

The presented cases are based on the regional 
experiences on I4.0 transfer and were shared by their 
owners within international seminars to inspire other 
European regions and countries, so the interregional 
exchange of experience and transfer of knowledge can 
be applied in other regional and business systems. 
Each case was then reviewed and assessed by, among 
others, the representatives of those regions, entrepre-
neurs, stakeholders, I4.0 experts, career advisors, 
considering the following aspects: (a) the track record/
results/impact/success of a case, (b) the potential of 
transferability, and (c) special interest/relevance for 
other regions. Cases with the highest ranking were 
selected for detailed description, confirmed as good 
practice of I4.0 transfer to SMEs  and will be trans-
ferred to action plans and recommendations for public 
policies. 

3. Research results

The first policy instrument is an example of  
a cluster-centred approach that plays a significant role 
as a driver of regional innovation and the ability to 
increase collaboration in the Industry 4.0 ecosystems. 
The Future Industry Platform (https://przemyslpr-
zyszlosci.gov.pl) is a State Treasury Foundation estab-
lished by the Polish Ministry of Entrepreneurship and 
Technology in response to the low level of knowledge 
and awareness of the SMEs regarding the potential of 
digital transformation, especially new technologies in 
production processes and modern business models. 
The platform financing is based on the annual subsidy 
established by the Ministry.

The low level of knowledge and awareness of SME 
management regarding the potential of advanced 
technologies is one of the main barriers to the imple-
mentation of I4.0; therefore, the platform was created 
to strengthen the competences of I4.0 employees of 
enterprises operating in Poland. To reach this objec-
tive, the platform offers training programmes and 
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innovative ways to demonstrate and explain I4.0 
technological solutions to entrepreneurs. Free of 
charge, thematic workshops are organised in all 
voivodeships in Poland to provide access (for manag-
ers and business owners) to basic knowledge concern-
ing business models, change management at the 
strategic level and transfer of I4.0 solutions to produc-
tion. 

Creating knowledge and experience exchange 
processes that ensure access to the international com-
munity and experts in the field of digital transforma-
tion is one of the results achieved by the platform. 

The digital transformation towards I4.0 is also  
a matter of cooperation and co-creation of new values; 
therefore, the platform creates a network of partner 
organisations to scale its activities, for example, Regis-
tered Training Organisations (RTOs), clusters, cham-
bers of commerce, DIHs, and direct support for SMEs: 
training, consultancy, webinars, and expert studies.

To reinforce the uptake of digital transformation 
and implementation of digital products and services, 
in SMEs in particular, the platform also helps to intro-
duce business models based on intelligent data analy-
sis, automation, process virtualisation, and 
cybersecurity. 

Interestingly, the Future Industry Platform 
designed an online self-assessment tool to assess the 
digital maturity of companies (available in Polish  
at the Future Industry Platform web page: https://
przemyslprzyszlosci.gov.pl/) interested in digital 
transformation. The tool investigates the following 
key pillars of enterprise development towards Indus-
try 4.0: 
• Processes — scan questions refer to product life 

cycle integration, ecosystem integration, internal 
integration, and standardisation;

• Technologies — scan questions refer to connec-
tivity, automation, autonomisation, and intelli-
gent product; and,

• Organisation — scan questions refer to leader-
ship, employees, strategy cooperation, and pro-
jects.
The main aim of the scan is to determine the real 

level of digital transformation of the company, identi-
fication of challenges and necessary changes (individ-
ual recommendations for a company are prepared 
after the scan completion) to align standards in the 
context of I4.0. 

The case of the Future Industry Platform may be 
of interest to other regions because of its transferabil-
ity potential to different levels of application: national, 
regional, and organisational. The platform also builds 

the awareness of the Industry 4.0 benefits for SMEs, 
stimulates the activities of individual enterprises 
towards digitisation and integrates business units, 
especially SMEs, that can positively boost their capac-
ity to absorb I4.0 technologies. Moreover, the case 
presented strengths of the business sector by creating 
mechanisms for cooperation between different stake-
holders like RTOs, educational institutions, technol-
ogy providers and local governments by sharing 
knowledge and building trust in relationships between 
market entities involved in the digital transformation 
process.

Cluster initiatives, such as the Future Industry 
Platform, must be focused on establishing a robust 
and regenerating ecosystem that produces the innova-
tion, talent, and economic opportunities that firms 
need to thrive. The focus is fostering innovation 
through the development of the ecosystem and sup-
porting SMEs for restructuring, modernisation and 
knowledge acquisition.

The following case of the regional and national 
facilitation of I4.0 transfer to SMEs describes the EC’s 
initiative, the Digital Innovation Hub (DIH). DIH is  
a regional-based platform that facilitates public-pri-
vate partnerships to co-design policy initiatives result-
ing from co-participation and negotiation of 
spatially-bound oriented initiatives for digitising. 
DIHs may offer several public–private collaboration 
models to its business partners (SMEs, entrepreneurs, 
large corporations), for instance: piloting and co-
design of new services (proof-of-concept work, proto-
typing), training and support (technical consultancy, 
commercialisation), visibility (networking to expand 
beyond local markets).

Catalonia’s Digital Innovation Hub (DIH4CAT) is 
a non-profit regional ecosystem led by the Generalitat 
of Catalonia through the Department of Digital Poli-
cies and Public Administration and the Department 
of Business and Knowledge. The Hub integrates the 
main parties involved in the digital transformation 
process and fits perfectly into the Catalan landscape as 
Catalonia has become a major European innovation 
hub for digital and biomedical technology. As a result 
of coordination actions and specific growing instru-
ments, over 1000 SMEs were technologically trans-
formed between 2019 and 2021. Pro-digital actions in 
Catalonia included: mapping of technology capacities 
and sector technological needs, coordination actions 
to improve players’ efficiency, mapping technology 
capacities and sector technological needs, and specific 
programmes to support SMEs in the digitalisation 
process.
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The DIH4CAT connects seven strategic nodes: 
• artificial intelligence (AI) — over 170 AI compa-

nies employing over 8 000 workers with a turno-
ver of EUR 1 358 million.

• supercomputing — the main objective is to cre-
ate a scientific infrastructure of excellence.

• cybersecurity — 356 companies specialising in 
cybersecurity in Catalonia employing over 6 000 
workers with a turnover of EUR 808 million.

• smart connectivity — 38 companies specialising 
in smart connectivity, 150 workers in 5G tech-
nology jobs, 251 IoT companies with over 3 000 
workers.

• additive manufacturing and 3D print — 118 
specialised companies employing over 1 300 
workers with a turnover of EUR 325 million.

• robotics and advanced manufacturing — 147 
robotics companies, 391 circular economy com-
panies with 70 419 workers; and,

• photonics — 60 laboratories and nine spin-off 
companies, Cluster SECPHO with more than ten 
partners.
Each node is coordinated by an RTO or a univer-

sity and offers a complete portfolio of technology and 
business services concerning awareness and diagnosis, 
transformation plan, training, prototype and testing, 
and networking. The DIH4CAT is a one-stop shop 
that supports all services along the commercialisation 
process, from the concept of innovation, through 
prototyping, training to market expansion. Primary 
Catalonia’s objective is to help SMEs become “digitised 
and connected, sustainable, and integrated”. The Hub 
works as a dynamic community integrating stakehold-
ers with capabilities in digital technologies and Indus-
try 4.0 and improves their skills and knowledge 
through its regional and international interconnection 
with ecosystem actors. 

The presented DIH4CAT helps foster the transi-
tion into Industry 4.0 and facilitates a new path 
development. Its ambition is not only to deliver user-
friendly and targeted advice on sustainability and 
digitalisation but also to connect support structures so 
that every SME has advice nearby. The DIH4CAT cre-
ates the ecosystem and works closely with other DIHs 
and stakeholders to ensure a seamless support and 
advice service, including with national, regional and 
local authorities and support structures.

Digitalisation for Green Transition and Sustaina-
bility refers to the process of digitalising the economy 
in a long-lasting, green, and organic way. The next 
policy instrument highlights incentives for R&D pro-
jects for the productive reconversion within the circu-

lar economy that has been introduced in Italy by the 
Ministry of Economic Development (MISE). The ini-
tiative’s main aim is to introduce innovative produc-
tion processes and solutions for the green transition in 
accordance with the circular economy and the digi-
talisation process in support of the green economy 
objectives. As a result, R&D projects leading to more 
efficient and sustainable use of available resources are 
co-financed.

The budget available for this measure is EUR 140 
million, of which EUR 100 million for the concession 
of subsidised loans and EUR 40 million in the form of 
direct contributions to the expenditure. The nominal 
percentage of the eligible costs for SMEs is 11 – 20 %, 
and 10 % for large companies. The projects eligible for 
subsidies must focus on industrial research and 
experimental development activities, aimed at the 
productive conversion of economic activities through 
the creation of new products, processes or services or 
to significant improvement of existing products, pro-
cesses or services, through the development of the key 
enabling technologies, including, among others, ICT, 
advanced manufacturing and processing. 

The main supported activities are as follow:
• product and process innovations based on the 

efficient use of resources and “zero waste” trans-
formation considering circular economy stand-
ards or/and environmental compatibility 
(eco-compatible innovations).

• experimental design and prototyping of a tech-
nological model aiming to enforce the dual 
industrial pattern. 

• innovative technological tools to increase the life 
span of products and the efficiency of the pro-
ductive cycle.

• smart packaging experimentation through the 
utilisation of waste material.

• systems, tools and methodologies for the devel-
opment of technologies for the supply, rational 
use and sanitation of water.

• systems for the selection of super-light material 
to enhance the recovery of and recycle small and 
light materials.
Submitted proposals are evaluated by the National 

Agency for Inward Investment and Economic Devel-
opment (Invitalia), and the technical-scientific evalu-
ation is made by the National Agency for New 
Technologies, Energy and Sustainable Economic 
Development (ENEA) and then recommended to the 
Ministry for financing. The incentives for R&D pro-
jects for the productive reconversion within the circu-
lar economy help companies invest and develop new 
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environmentally-friendly products, services and pro-
cesses using I4.0 technologies that respect green 
economy, green transition and sustainability concepts. 
The described initiative promotes the transition of the 
economic activities towards a circular economy-based 
model through the reconversion of the industrial 
productive activities with the support of the digitalisa-
tion process. 

Conclusions

Small and medium-sized enterprises are a focal 
point in shaping enterprise policy in the European 
Union, and they do need support in becoming more 
competitive by improving their business processes, 
products and services using digital technology. The 
article presented digital transformation towards 
Industry 4.0 from a regional innovation system (RIS) 
and policy perspective to improve regional innova-
tion. In the research process, the descriptive analysis 
focused on cases as examples of ERDF-based initia-
tives that support the Industry 4.0 transfer of busi-
nesses, SMEs in particular. 

Examples of effective policy instruments reinforc-
ing Industry 4.0 absorption by SMEs that have been 
already successfully implemented in European regions 
are Industry 4.0-oriented Platforms, Digital Innova-
tion Hubs and incentives for R&D projects focused on 
green and digital transformation.

SMEs might feel threatened by Industry 4.0 and 
related technologies. Educational activities of the 
knowledge platforms, also DIHs, are crucial for busi-
nesses to respond to external changes and understand 
the benefits of such technologies. Companies are 
likely to reject new technologies without such knowl-
edge since they fail to understand their potential and 
benefits. Therefore, it is important to develop the 
ERDF-based policy instruments to support entrepre-
neurs in the transition process and serve as a guide in 
the adjustment to the challenges of Industry 4.0, par-
ticularly in the area of staff training and the imple-
mentation of technological processes. 

Digital Innovation Hubs are another instrument 
for boosting the uptake of I4.0 among SMEs by pro-
moting multi-actor collaborative platforms and place-
based collaboration alliances that respond to local/
regional contextual specificities and demands. 

Also, the regional and national support financed 
from structural funds for R&D projects is an effective 
way to help regions/countries invest in the green and 
digital transition through adopting innovative and 

sustainable solutions aimed at reconverting produc-
tive and industrial activities within the circular econ-
omy. The projects and financial aid can boost the 
economic development and competitiveness of com-
panies, including SMEs, in need of investments and 
incentives for R&D activities.

It is significant to highlight successful cases of 
how specific policy instruments can help in boosting 
the digitalisation of SMEs and enable the transforma-
tion potential by dealing with main challenges ham-
pering their diffusion, new technologies, products, 
services, or business models. The learning potential 
and inspirations embedded in presented interregional 
exchanges could result in the uptake of good practice 
by SMEs and policymakers aiming to speed up the 
diffusion of I4.0 technologies and thus enable the 
delivery of innovation within regional supply chains. 
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