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ABSTRACT

The baseline for the state of implementation of Indus-
try 4.0 technologies in the Catalan chemical industry 
in 2020 is established using the model proposed by the 
Industry 4.0 Commission of the Institution of Engineers 
of Catalonia. Two panels are convened, one comprising 
AIQS experts and the other industry executives. The 
responses from both panels exhibit similar trends. 
Among the levers used by the model, Inventory Con-
trol emerges as the most successfully implemented in 
the industry, followed by Cybersecurity, Production 
Planning, Monitoring and Control, and Environmental 
Efficiency. However, certain deficiencies are noted in 
the implementation of advanced maintenance practices. 
Industry executives generally express satisfaction with 
the current level of Industry 4.0 technology implemen-
tation. However, they exhibit lower satisfaction levels 
with levers such as Relationships with Suppliers, Data 
Collection, and Process Modelling. Anticipated impacts 
of Industry 4.0 technology implementation are expected 
to be highly favourable and desirable, particularly in 
the realm of manufacturing processes. Additionally, a 
projection of Industry 4.0 technology implementation 
with a horizon extending to 2025 is conducted, which 
will require comparison with future studies.

Keywords: Industry 4.0, Survey, Chemical Industry, 
Catalonia, 2020 Background, 2025 Horizon

RESUMEN

La línea de base para la implantación de tecnologías 
de Industria 4.0 en la industria química catalana en 
2020 se establece a partir del modelo propuesto por la 
Comisión de Industria 4.0 de la Institución de Ingenieros 
de Cataluña. Se convocan dos paneles, uno compuesto 
por expertos de AIQS y el otro por directivos de la 
industria. Las respuestas de ambos paneles muestran 
tendencias similares. Entre las palancas utilizadas por el 
modelo, el Control de Inventarios emerge como la más 
implementada con éxito en la industria, seguida de la 
Ciberseguridad, la Planificación, Monitoreo y Control 
de la Producción y la Eficiencia Ambiental. Sin embargo, 
se notan ciertas deficiencias en la implementación de 
prácticas de mantenimiento avanzadas. Los gerentes 
de la industria generalmente expresan satisfacción con 
el nivel actual de implementación de la tecnología In-
dustria 4.0, aunque exhiben niveles de satisfacción más 
bajos con palancas como la relación con proveedores, 
la recopilación de datos y el modelado de procesos. Se 
espera que los impactos previstos de la implementación 
de la tecnología Industria 4.0 sean muy favorables y 
deseables, particularmente en el ámbito de los procesos 
de fabricación. Además, se realiza una proyección de 
la implementación de la tecnología Industria 4.0 con 
un horizonte que se extiende hasta el año 2025, lo que 
requerirá comparación con estudios futuros.

Palabras clave: Industria 4.0, Encuesta, Industria 
Química, Cataluña, Antecedentes 2020, Horizonte 2025
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RESUM

La línia de base per a la implantació de les tecnolo-
gies de la indústria 4.0 a la indústria química catalana 
l’any 2020 s’estableix a partir del model proposat per 
la Comissió d’Indústria 4.0 de la Institució d’Enginyers 
de Catalunya. Es convoquen dues comissions, una 
formada per experts de l’AIQS i l’altra per responsa-
bles del sector. Les respostes dels dos panells mostren 
tendències similars. Entre les palanques utilitzades 
pel model, el Control d’Inventari emergeix com el que 
més s’ha implementat en el sector, seguit de Ciberse-
guretat, Planificació de la Producció, Monitorització i 
Control i Eficiència Ambiental. Tanmateix, s’observen 
certes deficiències en la implementació de pràctiques 
de manteniment avançades. Els directors del sector 
generalment expressen satisfacció amb el nivell actual 
d’implementació de la tecnologia Indústria 4.0, tot i que 
mostren nivells de satisfacció més baixos amb palan-
ques com la relació amb els proveïdors, la recollida de 
dades i la modelització de processos. S’espera que els 
impactes previstos de la implementació de la tecnolo-
gia Indústria 4.0 siguin molt favorables i desitjables, 
especialment en l’àmbit dels processos de fabricació. 
A més, es realitza una projecció de la implantació de la 
tecnologia Indústria 4.0 amb un horitzó que s’estén fins 
al 2025, que requerirà comparació amb estudis futurs.

Paraules clau: Indústria 4.0, Enquesta, Indústria 
Química, Catalunya, Antecedents 2020, Horitzó 2025

INTRODUCTION

Currently, Industry 4.0 has emerged as a transfor-
mative paradigm in the industrial sphere, generating 
a significant impact across various economic sectors. 
This article focuses on the application and evaluation 
of Industry 4.0 in the chemical sector of Catalonia, 
with a particular emphasis on the study started by IQS 
in 2019. We analyse the level of adoption, its potential 
benefits, associated risks, and future outlook, providing 
a detailed perspective on the evolution of the chemical 
industry in the era of digital connectivity. This work 
establishes a baseline that will serve as a reference for 
subsequent studies.

To fully understand the relevance of Industry 4.0, it 
is essential to contextualize it within the framework 
of previous industrial revolutions. It all began with the 
so-called 1st Industrial Revolution in the second half of 
the 18th century in Great Britain, with the invention of 
the steam engine by James Watt (1769), which meant the 
substitution of the human labour force by the machine. 
Between 1870 and 1914 these technological-industrial 
advances spread to other countries like Germany, the 
United States of America and Japan, and other advances 
also arose: mass production (assembly line), steel pro-
duction, the use of new materials (steel and oil), the 
appearance of new energy sources (gas and electricity), 
and new transport systems (airplanes and automobiles), 
the development of chemistry and the invention of the 
telephone and the radio. This period is known as the 2nd 

Industrial Revolution. Later, around 1969, the so-called 
3rd industrial revolution emerged with the irruption of 
information technologies, followed by communication 
technologies, the development of the Internet at the 
end of the 20th century, digitalization, and the so-called 
renewable energies. And now we are in a new stage of 
the industrial and technological evolution of society, 
the so-called 4th industrial revolution, named Industry 
4.0 by Klaus Schwab in 20161.

Industry 4.0 involves the interconnection of sen-
sors, machines, and information technology systems, 
encompassing all entities in the supply chain (suppli-
ers, manufacturers, distributors, and retailers). These 
interconnected systems can interact using standard 
internet protocols and, by analysing the data they col-
lect, provide benefits to companies by adapting more 
swiftly, flexibly, and efficiently to changes.

The prevailing trends today, such as customization, 
automation, globalization, digitization, and sustain-
ability, outline the trajectory of Industry 4.0. These 
elements manifest with greater emphasis in the chemical 
industry, where resource optimization and improved 
sustainability have become imperatives. The implemen-
tation of the technologies associated with Industry 4.0 
has turned into a tangible reality in several industries 
including the chemical industry, and its impact is re-
flected in operational efficiency and the reduction of 
environmental footprints.

In this context, this paper specifically addresses the 
implementation of Industry 4.0 in the Catalan chemi-
cal sector. Key aspects will be explored, including the 
satisfaction level of companies regarding the imple-
mentation of the technologies associated with Industry 
4.0, emerging trends, and the overall impact in terms 
of digitization. The model proposed by the Industry 4.0 
Commission of the Institution of Engineers of Catalo-
nia1 in 2018 2 serves as a reference for this analysis (the 
currently available version is referenced). This analysis 
aims to establish the groundwork for a deeper under-
standing of the ongoing industrial breakthrough and 
to anticipate its potential implications for the Catalan 
chemical sector.

THEORY

The utilized model comprises four dimensions en-
compassing 46 levers and 11 technologies (Figure 1). 
To streamline the questionnaire administration pro-
cess, the number of levers was reduced to 34 (Table 1), 
excluding items typically unrelated to chemicals, such 
as ‘personalization’ or ‘interoperability’. The model 
also includes ‘Blockchain’ as an independent technol-
ogy, but in the present study, it has been encompassed 
within ‘Cybersecurity’. The level of operation for each 
lever serves to establish the degree of implementation 
of Industry 4.0 within a company. The 4 dimensions 
are as follows:

 

1 Col·legi Oficial d’Enginyers Industrials de Catalunya.
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• Strategy and Business Model. In a fiercely com-
petitive market where we are nowadays, char-
acterized by volatility, uncertainty, complexity, 
and ambiguity (VUCA), companies can (and, in 
fact, should) leverage Industry 4.0 technologies 
to enhance their competitive position. Leading 
companies must determine how to utilize these 
technologies to compete in the market, not only 
by improving existing business models but also 
by identifying new business models based on 
these technologies.

• Products and Services. These technologies assist 
companies in the customization of the products 
and services they offer to customers, thereby 
enhancing their value proposition in the market.

• Manufacturing Processes. The utilization of 
these technologies aids in improving respon-
siveness (lead time) to unexpected changes in 
demand, enhancing product quality, and increas-
ing production flexibility and efficiency.

• Human Capital & Organization. It is often 
stated in management that staff is the most valu-
able asset of any organization. It becomes evident, 
then, that for the efficient and effective use of these 
technologies, the company’s personnel must be 
trained to successfully implement them. This, 
in turn, presents a challenge for companies to 
organize and manage the training, development 
and capacitation of their personnel effectively.

Figure  1. Model proposed by the Industry 4.0 Commission 
of the Institution of Engineers of Catalonia in 2018.

The 10 considered technologies are Robotics3,4, Ciber-
security5,6, Advanced Materials7,8, Additive manufactur-
ing (3D Printing)8–10, Artificial Intelligence11,12, Cloud 
Computing13,14, Data Analysis (Big Data)15,16, Simulation 
(Digital Twins)17,18, Augmented Reality19,20, and (IoT) 
Internet of Things21,22.

The questionnaire comprises one question per lever. 
Responses are categorized into four levels. The first, 
Level 1, indicates that the lever is not being utilized. 
Level 2 corresponds to the use of technologies or tra-
ditional techniques predating Industry 4.0. Level 3 
implies a significant level of digitization but lacks the 

advantages of interconnected technologies and their 
autonomy, which are present at Level 4. Additional 
questions about the estimated relevance of the lever 
for the chemical industry, the satisfaction with the 
implementation of each one, and a forecast with a 
horizon of 5 years are included.

Table 1. List of the 34 levers proposed by the model.

DIMENSION LEVER

Strategy and Business Model 1A Strategy 4.0
1B Internalization of Industry
1C Relationship with suppliers
1D Sourcing strategies
1E Product design
1F Relationship with customers
1G Demand Forecast

Products and Services 2A Products
2B Services
2C Maintenance of products

Manufacturing Processes 3A Equipment
3B Flexible Manufacturing
3C Production Planning (I)
3D Production Planning (II)
3E Inventory Control
3F Inbound Logistics
3G Cold Chain Logistics at 

controlled temperature
3H Outbound Logistics
3I Picking
3J Monitoring and control
3K Standard Operating Procedures 

(SOP)
3L Maintenance (I)
3M Maintenance (II)
3N Data Collection
3O Process Modelling
3P Process Analysis
3Q Energy Efficiency
3R Environmental Efficiency

Human Capital and Organization 4A Information Systems
4B Data Management
4C Human Capital
4D Staff Monitoring
4E Cybersecurity
4F Teamworking

METHODOLOGY

To prepare the questionnaire administration, inter-
views were conducted with seven experts in different 
technologies belonging to the Industry 4.0 Commis-
sion of the Institution of Engineers of Catalonia. The 
objective was to ensure the clarity of each of the posed 
questions. Such experts were the heads or relevant mem-
bers of the working parties on Robotics, Intralogistics, 
Additive Manufacturing, Software and Integration, 
Artificial Intelligence, and Embedded Systems & IoT. 
This panel of experts also gave its opinion on Augmented 
Reality, Simulation and Digital Twins, Data Science, 
and Cybersecurity.



 AFINIDAD LXXXI, 601  77

The classification of the commercial activity of the 
various chemical industries to be interviewed was 
carried out according to the classic Kline matrix23,24 
into True Commodities, Branded Commodities, Fine 
Chemicals, and Specialty Chemicals.

Secondly, to establish a framework of reference, 36 
experts from the chemical sector of AIQS, the alumni 
association of IQS, were interviewed; 6 belonged to the 
True Commodities segment, 3 from the Branded Com-
modities segment, 6 from the Fine Chemicals segment, 
and 21 from the Specialty Chemicals segment. They 
were asked to rank the relevance of each lever in the 
questionnaire and its expected level of implementation 
in the industry.

Finally, online, and in-person surveys were conducted 
with senior executives from 26 chemical companies with 
production in Catalonia. It should be noted that some of 
the companies have commercial activity in more than 
2 market segments, so they appear duplicated in the 
following list: 7 companies in the True Commodities 
segment, 5 in the Branded Commodities segment, 6 in 
the Fine Chemicals segment, and 14 in the Specialty 
Chemicals segment.

RESULTS AND DISCUSSION

In response to the question of whether a dimension 
or a lever is relevant or not to the chemical industry 
(Figure 2), industry executives are far more radical than 
experts from AIQS. Nevertheless, when considering that 
a 75% affirmative response rate marks the threshold for 
a lever to be significant, both expert groups concur that 
Dimension 2 and Lever 3G are not relevant to most of 
the chemical industry.

F igure 2. Relevance of model’s levers for the chemical 
industry.

For Dimension 2, Products and Services, the questions 
contained in the questionnaire for Lever 2A pertain to 
the connectivity of products. It seems evident that, at 
present, chemical products do not have or require this 
capability. Lever 2B queries whether post-sales services 

are digitized or if new business opportunities arise 
due to digitization. In this sense, it is known that few 
companies in the chemical sector are indeed capital-
izing on this possibility. Perhaps, companies supplying 
industrial gases are an exception. Therefore, it is logical 
that most of the chemical industry does not consider 
this aspect important because chemicals do not include 
digital devices. The same holds for Lever 2C, which re-
fers to product maintenance. In the chemical industry, 
it is not customary to employ Cold Chain Logistics at 
controlled temperatures (Lever 3G) for distributing 
industrial products; if a particular substance requires 
it, it is utilized, but such practices are not the norm. 
Consequently, and setting aside the aforementioned 
levers, it is acknowledged that the questionnaire aligns 
well with the chemical industry.
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Fi  gure 3. Mean of the responses considering the degree of 
implementation for each lever.

Figure 3 depicts the mean of the responses on a scale 
of 1 to 4 considering the degree of implementation for 
each lever. Some differences can be detected between 
the opinions of senior executives from the industry 
and experts from AIQS. However, the trends are es-
sentially the same.

Regarding Dimension 1 (Strategy and Business Model), 
all results are above 2 on a scale of 1 to 4, except for lever 
1C (Relationship with suppliers). It could be said that 
this dimension is weakly implemented in the chemical 
industry. The highest value corresponds to lever 1D 
(Sourcing strategies).

Dimension 2 (Products & Services) has been previ-
ously noted as not significant both for the executives 
and the experts.

In dimension 3 (Manufacturing Processes), all values 
are above 2, except for levers 3L (Maintenance (I)) and 
3M (Maintenance (II)). The highest value is attributed 
to lever 3E (Inventory Control) which, according to 
the panel from the industry, is followed by lever 3C 
(Production Planning), 3J (Monitoring and Control) 
and 3R (Environmental Efficiency).

In dimension 4 (Human Capital and Organization), 
all levers have a score above 2, with the highest scores 
being for levers 4E (Cybersecurity) and 4F (Teamwork-
ing). Experts from AIQS include 4B (Data Management) 
as potentially relevant.

Figure 4 illustrates the breakdown for each mar-
ket segment to which the survey participants belong. 
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According to AIQS experts (Figure 4A), in the True 
Commodities segment (red columns), Dimension 3 
(Manufacturing Processes) is the most important, 
followed by Dimension 1 (Strategy and Business), and 
Dimension 4 (Human Capital and Organization). For 
the Branded Commodities (yellow columns) and Fine 
Chemicals (green columns) segments, Dimensions 3 and 
4 are the most crucial. As for the Speciality Chemicals 
segment (blue line), all three dimensions (Strategy and 
Business Model, Manufacturing Processes, and Human 
Capital and Organization) are equally important. It is 
emphasized once again that Dimension 2 (Products and 
Services) is not significant for any segment.

Figure 4B presents the same breakdown of industry 
executives’ responses for each market segment they 
belong to. For the True Commodities segment, the 
order of importance of dimensions from highest to 
lowest is Dimension 3, Dimension 4, and Dimension 
1. The other three segments, Branded Commodities, 
Fine Chemicals, and Speciality Chemicals, all agree 
that they give the highest importance to Dimension 
3, followed by Dimension 4, and lastly Dimension 1.
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Fig ure 4. Breakdown responses from AIQS experts (A) and 
chemical industry executives (B) concerning the imple-

mentation of Industry 4.0 for each market segment.

The panel of industry executives was asked about 
satisfaction levels regarding the use of these technolo-
gies in the range from 0 to 5; the results are shown in 
Figure 5. The vast majority of the levers fall within a 
favourable satisfaction level, ranging between 3.5 and 
4.5 out of 5. The levers with a lower satisfaction level 
among companies are 1F (Relationship with custom-
ers), 3N (Data collection), and 3O (Process Modelling).
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Figu re 5. Satisfaction levels regarding the use of Industry 
4.0 technologies.

Upon detailed analysis of the meaning of the 34 le-
vers and comparing their implementation level, which 
constituted the first part of the interviews, with the 
companies’ satisfaction level, the results are consistent. 
We observed that Dimension 1 is not widely adopted 
in this sector. On the other hand, we believe that these 
technologies can help improve companies’ competitive-
ness and profitability by better understanding customer 
needs, even leading to the creation of new business 
models that expand the strategic offering of products 
and services.

We also noted that all companies and industry experts 
emphasized the importance of Dimension 3, but also 
identified areas for improvement such as maintenance. 
Now, we see that the satisfaction level regarding levers 
3N and 3O is low. We speculate that companies recog-
nize these as areas for improvement in the future, given 
the technological power of Industry 4.0 technologies. 
Therefore, enhancing data capture and modelling, 
coupled with maintenance using these technologies 
(predictive maintenance and the use of Digital Twins), 
will likely mark a significant step forward in improving 
the manufacturing processes of this industry.

Figure 6 depicts the current implementation level 
and the expected future utilization level of Industry 
4.0 technologies as indicated in Figure 1.

As expected, the industry thinks that the trend in the 
use of these technologies will increase in the future, 
foreseeing a greater increase in IoT, Big Data, Cloud 
computing and Artificial Intelligence technologies. We 
think, however, that the increase in the use of these 
technologies will be even higher than estimated by the 
industry executives interviewed.

Industry executives were also asked about the impact 
that digitization associated with Industry 4.0 will have 
on companies in the sector in terms of economic and 
competitive advantage. The response to this ques-
tion was unanimous, indicating that the impact will 
be highly favourable and desirable. Lastly, they were 
questioned about the impact these benefits will have 
on the four dimensions of our model. Figure 7 captures 
the responses to this question.

It can be observed that the dimension in which in-
dustry managers believe the impact of digitization will 
be greater is Dimension 3 (Manufacturing Processes). 
Nevertheless, the impact will be comprehensive across 



 AFINIDAD LXXXI, 601  79

the entire company, as the executives’ estimations for 
the other dimensions are fairly balanced.

Finally, it is worth highlighting that the implemen-
tation of Industry 4.0-associated technologies is not 
without risks, and to ensure the success of their imple-
mentation and practical application, certain aspects 
should be considered. These include the selection of 
technology providers, establishing relevant Key Perfor-
mance Indicators (KPIs) for monitoring implementation, 
ensuring the knowledge of these technologies among the 
personnel who will use and implement them, addressing 
resistance from staff (commonly known as resistance 

to change that always exists with any procedural or 
workflow changes), and last but not least, securing 
the support of the company’s top management for the 
implementation of such a project.

In conclusion of the research conducted, it can be 
stated that the final goal of utilizing Industry 4.0-as-
sociated technologies is not only to provide customers 
with products that meet their needs and expectations 
in terms of quality and service with the least invest-
ment and cost possible but also to improve the working 
conditions of employees, reduce the environmental 
impact of processes, and increase productivity. This, 
in turn, leads to an enhancement of sustainability and 
the so-called Triple Bottom Line, which simultaneously 
manifests as an economic improvement for companies 
(profitability) and social and environmental benefits 
for society, as depicted in Figure 8.

CONCLUSIONS

As a result of everything that has been discussed, the 
conclusions of this work are as follows:

The baseline for the implementation of Industry 4.0 
technologies in 2020 in the Catalan chemical industry 
is established, as the degree of satisfaction of companies 
in the sector regarding its use, the future trends, and the 
impact of the benefits for companies of digitization. The 
responses from the AIQS expert panel and the panel of 
directors of chemical industries follow similar trends.

According to the employed model, the dimension 
of Products and Services and the lever of Cold Chain 
Logistics at controlled temperature are not relevant for 
the majority of the Catalan chemical industry. The lever 
of Inventory Control is the most well-implemented in 
the industry, followed by Cybersecurity, Production 
Planning, Monitoring and Control, and Environmental 
Efficiency. Certain deficiencies are observed also in 
the implementation of advanced maintenance topics.

Industry managers are generally satisfied with the 
level of implementation of Industry 4.0 technologies, 
showing lower levels of satisfaction with the levers 
Relationship with customers, Data Collection, and 
Process Modelling.
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Figur e 6. Current implementation level and the expected 
future utilization level of Industry 4.0 technologies.

Figure  8. Economic improvement for companies and social and environmental benefits of Industry 4.0.
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Finally, a projection of the implementation of Industry 
4.0 technologies with a horizon of 2025 is carried out, 
which will need to be compared with future studies.
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