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Abstract: In the present publication, a study of Bulgarian SMEs learning needs and
requirements in the field of Industry 4.0, digitalization and Lean 4.0 principles is presented.
The main objective of the survey is to provide a comprehensive basis for elaborating an
adequate and helpful learning program to enable SMEs to successfully implement and use the
basic pillars of Industry 4.0 and Lean Manufacturing. The present survey is a part of a bigger
one, performed under an EIT Manufacturing project titled “Skills for digital transformation
of manufacturing empowered by Artificial Intelligence and Lean 4.0

INTRODUCTION
This survey was conducted as part of an EIT Manufacturing project “Skills for
Digital Transformation of Manufacturing Empowered by Artificial Intelligence and Lean 4.0
— Alskills4Lean.
The main academic partners in this project are: Technical University of Vienna (TU
Wien) — the project leader, University “St. St. Cyril and Methodius” — Skopje and Technical
University of Sofia (TU-Sofia). The main objective of the Alskills4Lean project is to provide
organizations in South-East Europe with the knowledge needed to successfully integrate
Artificial Intelligence (Al) and Lean 4.0 principles into their manufacturing work systems.
One of the basic work packages of the project is aimed to study the state of the art and
learn about the Bulgarian and North Macedonian SMEs’ needs in the field of Industry 4.0
with a particular focus on Lean Manufacturing and Artificial Intelligence. In order to fulfil
this objective, a broader questionnaire was developed, covering areas, such as:
e Ongoing digital transformation and Industry 4.0 components implementation
status,
e Lean 4.0 principles,
e Integration of the Artificial Intelligence (Al), such as Voice Assistant Systems
(VAS) use in managing company operations, providing the information
necessary for task execution and mistake reduction while simultaneously
gathering crucial data related to the production process.
In addition, the aim of the present paper is to focus on the first two bullets, concerning
Bulgarian SMEs.
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1. RESENT RESEARCH IN BULGARIA

1.1. Project RESTART 4.0 — Digital Training Toolbox to FosteR EU'S IndusTry 4.0
RevoluTion (https://restart-project.cu/)

A report for Bulgarian Industry with the main conclusions of the 2018 Survey of
Digital Technologies in Industry 4.0 in Bulgaria is presented by RESTART 4.0 [1]. Partners
from Spain, Italy, Scotland, Greece, and Malta also conducted a survey to establish the initial
digital business assessment to capture the level of digital skills among local and national
companies and to measure the level of digital skills of staff in each country. This training
needs report is designed to explore both the use and perception of digital technologies and e-
skills and the benefits of digital technologies through training in traditional industries with a
view to the growing portfolio of services, products and manufacturing in each of the partner
countries in the project.

Among the main conclusions of the analysis, which are actual enough nowadays, are
following [1]:

e The level of Vocational and Education Training (VET) for digital skills varies
widely across project partner countries;
e There is a gap in digital VET consisting of available training and employer
needs;
VET for digital skills also varies significantly by manufacturing sector;
Regular workers have less formal digital qualifications;
Many businesses (30%) report difficulties in hiring better trained employees;
Larger enterprises provide their employees with a higher level of training
related to digital skills;
Digital learning is not meeting demand needs;
e Great importance, both at the national and international level of
competitiveness, is attached to the results of digitization;
e Digitalization would increase productivity in most engineering and
manufacturing firms/enterprises;
e There is a huge demand for employees to acquire digital skills at every level,
e Demand for digital training is mostly in SMEs;
e Through improvements in their processes, companies are required to invest less
and achieve higher productivity;
e There is a mismatch between demand and supply of the necessary digital skills;
e Enterprises and firms still report a low level of digital competencies.

1.2. Bulgarian Industrial Association

Bulgarian Industrial Association (BIA) is one of the small number of Bulgarian
institutions that have made and posted recent survey(s) in the field of digitalization progress
of manufacturing companies — both large ones and SMEs. On its site https:/digital.bia-
bg.com/en/analyses/roundtable/, BIA has posted such surveys in 16 different industry sectors
in Bulgaria. Concerning the attitude of the present publication, a particular attention is worth
to be placed on the training needs analysis of the companies from the following sectors:
Manufacture of Electrical Equipment, Manufacture of Basic Chemical Substances and
Manufacture of Transport Vehicles and Equipment.

1.2.1. Manufacture of Electrical Equipment Sector

The study of Bulgarian Industrial Association [2] shows that the enterprises from the
sector will need the most industry and production automation specialists (according to 86% of
the participants), and digital marketing specialists and conceptual planning specialists and
implementation (57% of participants). According to the number of employed of enterprises in
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the Manufacture of Electrical Equipment sector, only about 4% of the companies are large
enterprises, and the rest ones are small and medium-sized enterprises (SMEs). Although
companies are aware of the realities and that the need for digitization is a fact, there is a
significant difference between the implementations of digital technologies among different
companies. While large enterprises are the engine of digital transformation and they not only
create, but also successfully integrate new technological solutions, SMEs encounter more
difficulties due to lack of financial resources, as well as lack of capacity and there is a sensi-
tive deficit in the necessary digital skills. Despite these difficulties, during the last year, there
has been a tendency to perceive digitization as a key priority from SMEs. By number of spe-
cialists with digital competences, the level of Bulgaria is much lower than the EU average [2].

1.2.2. Manufacture of Basic Chemical Substances Sector

The survey used questions from a survey on the level of digitization in Bulgaria,
carried out jointly by Siemens Bulgaria and the German-Bulgarian Industrial Trade Chamber
during the period June-July 2021 [3].

To the question ,,What do you think will be the benefit of digitization for the
achievement of the listed corporate goals?“ the majority of the respondents pointed the
answers that are in line with the present paper priorities/targets:

e More efficient gathering and analysis of information (90,2%);
e Improved customer service processes (80,6%);

e Better planning and management (74,2%) and

e Improving the speed of operations (71%).

And the "Insufficient qualifications and skills of employees" were assessed as the
main difficulty for introducing new digital solutions in enterprises (83,9% of the respondents
consider it true or somewhat true). Also, it is pointed that the specialists in the field of
Industry 4.0 and automation are the most needed ones in the coming years (64,5%). While the
second most-needed ones are Business analysts, far behind at 38,7% [3].

1.2.3. Manufacture of Transport Vehicles and Equipment Sector

According to [4], in the Transport Vehicles and Equipment Sector, overall, most
employees do not master the core competency areas (from 25 to 36%) or master them at a
basic level (from 25 to 36%). At an average level, 18 to 21% of employees master the areas of
competence, at an advanced level — from 11% to 14% of employees, and at a highly
specialized level from 4 to 7% of employees.

According to the survey, the enterprises of the sector in the next five years will need
the most industry and automation specialists manufacturing (according to 67% of
respondents), business analysts, computer engineers and technicians and hardware engineers
(according to 33% of respondents). What employers from the sector also share is a shortage of
qualified personnel with digital competences. In particular, the ability to simultaneously use
multiple technology products and interconnect/multitask between them. It is necessary to train
employees in digital skills on the one hand, and on the other hand to educate them about the
usefulness of technology to achieve optimal business results. And according to about 50% of
the respondents who took part in the survey, the level of digitization of enterprises in the
sector is at a “moderately low level” of digitization, about 28% of them are at a "low level"
and about 20% are at a "moderately high”. Only about 3% of enterprises consider themselves
to be at a high level [4].

1.3. Summary

In Bulgaria, there are not many significant developments during last 3 years on a
national level, mainly due to the political situation in the country. The conditions and
characteristics in regard with the main research question of the current report, namely: “What
are the digital competences and learning needs in the field of using Al and Lean in the
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manufacturing operations?”’, remain poor and at an insufficient level — in general terms — the
way they have been described in above surveys.
According to surveys cited, one could make the following conclusions about the
digital competences in the Bulgarian manufacturing enterprises, and especially for the SMEs:
e The greatest need of manufacturing companies is declared to be for specialists
in the field of industry and production automation (on an average of 70-80 %
of respondents);
e '"Insufficient qualifications and skills of employees" was stated by more than
80% on average;
e Rapid and widespread digitization has changed the nature of work, making
digital skills one of the essential skills for the modern workforce.

2. STUDY OF DIGITAL COMPETENCES REQUIREMENTS OF BULGARIAN
INDUSTRIAL SMEs
As mentioned in the introduction, the present survey is a part of a bigger one,
performed under an EIT Manufacturing funded project titled “Skills for digital transformation
of manufacturing empowered by Artificial Intelligence and Lean 4.0” (Alskills4Lean). In the
survey, Bulgarian and North Macedonian companies (mainly SMEs) have been interviewed
via Internet — Google Forms. Herewith enclosed, an evincible part of the study and
conclusions are presented.

2.1. Company Profiles

Twelve of the enterprises, which answered the questionnaire, were Bulgarian.
According to definition of European Commission Recommendation 2003/361 for the size and
economic weight of enterprises, more than 91% of the Bulgarian companies interviewed are
SMEs: 2 of them are Micro-, 3 — Small, and 6 are Medium-sized enterprises. All of them are
in the manufacturing sector.

2.2. Industry 4.0, Digitalization and Lean 4.0
In general, the nine different pillars of Industry 4.0 are of somewhat “evenly
dispersed” importance — Figure 1:

Which of the nine pillars of Industry 4.0are of most interest to you?

5
a
3
2
: I I N 1EEN IIAAN NHAEH NARR NARRN
0
laT Simulation Autonomrous  Big Data and  Cyber Security Additive Cloud Augmented  Vertical and
Robots Analytics Manufacturing  Computing Realty Horizontzl
m 1-lowest 2 2 | m5-highest Integration

Figure 1. Question: Which of the nine pillars of Industry 4.0 are of most interest to you?

Nevertheless, 10T, Big Data, Additive Manufacturing and Augmented Reality are of
the highest interest among the others.

However, only 45% (5 companies out of 11) have already implemented projects on
digital technologies (thoroughly or partially). Among them, 4 use integrated software
solutions (ERP/ PLM etc.) and one — office solutions with defined processes (e.g. approval
processes with corresponding format templates) — Figure 2. Also, 36,36% are planning to do
something, and 18% (2 companies) have even not planned anything yet.
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= [mplemented thoroughly

= Implemented partially

= Implemented
accidently/impulsively

= Planned

= Not planned

Figure 2. Question: How would you describe the status regarding the digitalization in your company?

And, looking at the big picture, one could conclude that only those companies, which
have already implemented ERP systems, have really done a more significant step to the real
integrated digitalization of business processes and production/manufacturing operations,
although all of them use digital technologies in one sphere or another (Figure 3):

= Level 1 - We use e-mail and office solutions without
standardization

= Level 2 - We use e-mail and office solutions with
defined processes (e.g. approval processes with
54,55% | corresponding format templates)

- Level 3 - We use integrated software solutions
across all business areas and processes (e.g. ERP,
CAD, PLM, etc.)

Figure 3. Question: To what level are your business processes digitized and standardized?

Currently, the most of the companies that have implemented digital solutions (72,7%),
use the production related data generated for performing planning-process or controlling-
process monitoring (Figure 4):

= Yes, the data is processed and used
= No, the data is only collected and/or stored

= No, the data is not collected and/or stored

Figure 4. Question: Is the production related data generated in your company processed and used for
processing planning-process or controlling-process monitoring?

Also, the companies are unanimous about the strengths and advantages of
digitalization (Figure 5). More than two thirds of them are aware that operations will be
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improved significantly: 36,4% are convinced that digitalization leads to increased productivity
and another 18,2% — to cost savings. Also, the beneficial influence on the customer
relationship will be a good result achieved: more than 36% know that the customer
satisfaction and faster time-to-market (the latter is an operations achievement too):

= Faster time-to-market

18,2

= Increased productivity
- Cost savings

= Enhanced customer satisfaction

18,2% |

= All above aspects are true and technologies should
provide advantage to the company. It is not enough
to cover only one of the mentioned selection.

Figure 5. Question: How do you measure the impact of digital technologies
on your company's performance?

Regarding training and qualification services, 36,4% of the companies use external
providers, 27,3% use in-house specialists, and the one thing to be concerned of is that 36,4%
of the companies don’t offer any (Figure 6):

= Yes, by internal experts
36,4%
= Yes, by external service providers

No

Figure 6. Question: Does your company currently offer qualification services, trainings, competence
development regarding digital technologies for your employees?

To add to the above, the level of employees’ qualification in the field of application of
digital technologies is not too high — the estimate keeps a middle value across the different
operations knowledge areas (Figure 7):

5
4

3

DII||IIII|IIIIII III I|I III II| I||

Product design Procassplaming  Production Planning Manufacturing Assembly Quality mn-.pmmlm logshcs Masnianance
and Cortrol

m 1-lowest n2 3 md m 5-highest

Figure 7. Question: How well qualified are the employees in your company regarding to
the application of digital technologies?

To help with this, the following question is meant to address the development of
training programs targeted at digital competences improving and upgrading (Figure 8):
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Figure 8. Question: In which areas of your company would competences
regarding digital technologies be required?

Obviously, the companies need more training focused in the fields of operations (the
assessment scores in the areas of Research & Development, Product Design, Process
Planning, Production Planning and Control, Manufacturing, Maintenance and Quality are
oriented mostly to 4" and 5™ degree — the highest ones). And in the areas of Transportation
and IT the estimation is dominantly in the middle.

Among the respondents’ comments, the following details are worth to cite:

e Production Management / Supply Chain Management lack enough competence;

e In production and assembly, we need to improve our digital qualification to be
able to eliminate mistakes (pick to light, robots), improve quality and improve
productivity (MES);

e Information technology and cybersecurity.

Having in mind above, according to the respondents, the following are the
qualification trainings needed (Figure 9):

General benefits of implementing 14.0  E — —————

Road to [4.0 me—

Implementation framework

Lean 14.0

14.0 in Production Planning and Control

Performance Measurement/Management Systems and 14.0
14.0 in the Maintenance

Digital Twins

Quuality 14, () 1

1 2 3 4 5

(=]
[s7]

Figure 9. Question: Which of the following aspects seem suitable for training in your company?

Again the focus is on the digitalization in Operations Management: Production
planning and control was pointed out by 6 companies (55%). Apart from this, the following
particular components of Production planning and control were especially specified: Lean 4.0
— by 4 companies, PMS — by 5 and Quality 4.0 — again by 5 companies. The use of Digital
Twins is still not that much of interest among the SMEs.

3. CONCLUSION

The survey presented in this publication, although performed among not so big
number of companies to be representative enough for Bulgarian SMEs, is indicative enough
to show their specific learning needs and requirements with regard to Industry 4.0. The issues
discussed here, are common for the Bulgarian economy and are confirmed by much more
representative research conducted in Bulgaria during recent years, especially in the field of
Industry 4.0 and digitalization [2, 3, 4].

According to the results of the survey, the biggest training needs and requirements of
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Bulgarian manufacturing SME:s is in the field of Production/Operations Management:
e Production Planning and Control in general, and in particular

Lean 4.0,

Performance Management Systems in 14.0,

Quality 4.0 and

Total Productive Maintenance.
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Texnuuecku ynugeepcumem — Cogpus,
oyn. ,,Ce. Knumenm Oxpuocku“ Ne 8, Cocpua 1000,
BBJITAPUA

Knrwuoeu oymu: HUnoycmpus 4.0, Jlutin 4.0, Hueumanuzayus, Manku u cpeonu
npeonpusmus (MCII),

Pe3rome: B nacmoswama  nyoauxayus e  npeocmaseHo — uzciedeane  Ha
nompebnocmume u usuckeawuama Ha oOwvreapckume MCII om obyuenue 6 obracmma Ha
Hnoycmpus 4.0, oueumanuzayusma u npunyunume Ha Lean 4.0. Ocnosnama yen Ha
npoyyeamemo e 0a OCucypu uzyepnamenna OCHO8A 34 paspabomeane HA AO0eK8AMHA U
none3Ha npoepama 3a ooyuenue, koamo oa noseoau Ha MCII ycnewno oa eunedpam u
usnonzeam ocHosHume cmwiaoose Ha MUnoycmpus 4.0 u Lean npouszsodocmeo. Hacmosawomo
npoyueane e uacm om no-20asamo, nposedeno no npoekm na EIT Manufacturing, ozaeciasen
, YMenus 3a Oueumanna mpaHchopmayus Ha NPOU3BOOCMBOMO, HOONOMOSHAMU OM
uskycmeen unmenekm u Lean 4.0°.
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