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1. Support Infrastructure Matrix 
 

Support Infrastructure Matrix represents a general database of provided digital technologies by 

different operations in Industry. To gather the available support structure for reaching a higher 

level in Industry 4.0, a survey was made to gather plenary information regarding service 

providers and operational digital technologies in manufacturing and mechatronic industries in 

the Baltic sea. 

The matrix contains three sections: information, field of operations, and technologies or related 

services. It is a 2D table, with each row representing a separate entity and each column 

representing data related to the entity. The sections can be described as follows:  

1. Information section contains general information of an example organization or 

company. The country of operations, location of offices (typically headquarters in the 

country), the type of the company, and if possible, company ownership type. The main 

field of activity of the company should also be listed. This information gives us an 

overview about the company.  

2. Field of operations show the operation fields in seven main categories and each 

category divided to its subgroups. The seven main categories are engineering, IT, 

Educational institute, competence center, digital innovation hub, public organization, 

industrial association. The subgroup of each category is like IT is divided to software 

and hardware; competence center is divided to three different competence centers area 

which are related to the research environment. This information will be used in 

classifying the type of service provided by the entity. 

3. Technology or related services contains fourteen services which may be offered by the 

entity such as CRM, Digital product Data, V & H value chain integration through 

computer networks, CAQ, MES, ERP, CPS; WMS, CMMS and maintenance, LIMS, 

Marketing, Funding, and training. Chapter 6 expresses these services and technologies. 

Each service has some subset to analysis the functionality of the digital services.  

2. Data collection strategy  
 

The method of sampling can be a combination of clustered sampling and Convenience 

sampling. Because the subgroups of the population are used as the sampling unit, so the 

population is divided into subgroups, known as clusters, which are randomly selected to be 

included in the study. Furthermore, the randomly selection is based on the popularity and 

availability.  

First, the operating field is divided into seven main groups call sampling units. We tried to find 

some samples for each group. Each category contains subsets. The services and technology are 

divided into 14 main categories and each category has its subsets as well. It is mostly demanded 

to collect entities through the whole country, however normally they are from big regions. Four 

following principles were used to fill out the matrix. These principles show that we don’t claim 
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the matrix contains the accurate information and represent the exact level of digitalization, but 

it can be used to show the estimation of the industrial digital level in some famous industry 

regions in the Baltic sea region.  

First principle:  

Find at least one organization for each main category.  

Second principle: 

The entities involved in categories: educational institutes, competence centers, DIH, public 

organization, and industrial associations are selected based on their focused activity area. That 

means if a group of universities initiated a DIH, we do not consider each university under the 

DIH category and only the specific initiated DIH is considered under DIH category.  

Third principle: 

There are many manufacturing and mechatronic companies which provide engineering and IT 

services. Therefore, the number of IT and engineering is the highest. On the other hand, there 

are many IT services in service and technology tab which are offered by IT companies.  

Fourth principle: 

For the IT and program services, it is expected that there are at least three types of entities: 

1. Software vendors. For example, the company develops CRM or ERP software suites.   

2. System vendors focusing on selling equipment used to implement the function.  

3. Vendors which provide both software, hardware, and possibly related services. 

In filling the services and technologies it might be conflict among two or more subset. For 

example, equipment can be in CPS and MES that are checked in both services. This is the 

reason that in some cases the sum of the subsets and categories is more than 100%.  

3. Role of the matrix as a database 
 

Finding an ideal relation operation to suggest suitable suppliers for different use cases requires 

further research. There are at least three potential use cases: Companies who are interested in 

a specific technology provided by a specific supplier, companies who are interested in a number 

of technologies which could be provided by a single supplier, and companies who are interested 

in a number of technologies which need to be provided by several suppliers. In the last case, 

an additional actor may be necessary to act as a technology integrator. 

The matrix can be used in 2 cases as a database: 

 

1. The matrix in WP2.2 shows the available organizations, services, and technologies. We 

have results from questionnaire in WP 2.1 that show needs of companies in each 

country. For instance, in Finland, many companies use ERP, but they have problem in 
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using all its facilities that means in this case there is a need of training in ERP. Analysis 

the support structure matrix provides 2 types of information: 

⮚ How many companies are active (use or offer) needed services?   

⮚ In case of the example, how many and which companies provide training in 

ERP. 

2. Comparison of the support structure matrixes of all partners give general overview of 

the availability of services, technologies, and support operators. Then, we can suggest 

how a partner can cover a gap for another partner in necessary occasions.  

 

4. Information section description 
 

The information section shows the distribution of manufacturing and mechatronic companies 

in each country which particopated in this research. Denmark, Estonia, Finland, Latvia, 

Lithuania, and Poland are six coutries in the Baltic sea region. The ownership of the entities is 

studied to find the most active sectors. The field of the company activity studied the distribution 

of operators in this research. For example, the results are demonstrated in bar charts which 

shows how many of entities are active in education field, how many are in IT services, how 

many or in membership organization, and how many are active in manufacturing. As well, 

these fields represent the manufacturing fields in detail.  

 

4.1 Type of business organization 
 

This section discusses the type of business organization. The business organization expresses 

the structure of the business. It demonstrates the goal of the business to generate profit or 

improve society. If the business is designed to make profit it calls a for-profit organization. 

When the business goal is improving the social good, it is known as a nonprofit organization. 

The other categories of the business organizations describe how the business is established, 

owned, and operated. These categories are in four main groups sole proprietorship, partnership, 

and corporation and Limited Liability Company (LLC).  

The sole proprietorship is the most common business ownership which means the company 

runs by someone for its own benefit. In this type the owner is in responsible of profits and 

debts. The partnership divided to two types: general and limited partnership. General 

partnership is between two business owners and both owners invest their money and properties. 

There is no need for formal agreement in general partnership. In contrast, the limited 

partnership requires a formal agreement between the owners. According to the share of the 

ownership the partners are responsible for the depts. Corporation organization has a separate 

legal personality from its owners. Stockholders have limited involvement in company’s 

operations. Profits and losses belong to the corporation. Limited Liability Company (LLC) is 
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a hybrid structure business that provides the limited legal liability of a corporation and the 

operational flexibility of a partnership or sole proprietorship. However, the formation is more 

complex and formal than that of a general partnership.  

Limited company is a general form of incorporation. The limited company is the legal structure 

which limited the liability. In this type the income and depts of the company are separated from 

shareholders. It is easy to transfer the ownership of the limited company. Membership in a 

limited company is governed by a company's rules and law. Network-based consortium is a 

grouping of two or more organizations with a common business objective that is realized 

through the business network. These organizations will often be in the same industry or in 

closely related industries. The point is that their association is derived from a level of synergy 

in their processes and a common/shared benefit in cooperating through the consortium. 

Public Limited Company (PLC) offers share of stock to the public. The buyers of the share do 

not have responsible for business losses. PLC grants the ability to raise capital by issuing public 

shares. An association is an independent legal company. Association members are not 

personally liable for the association’s debt. Figures 13 to 16 depict the company ownerships in 

each partner region.  

 

5. Operation fields section description 
 

The second section of the structure matrix is operation field. Seven fields are considered as 

operators. Engineering, IT, educational institutes, competence center, digital innovation hubs 

and industrial association. In below there is expression of these operators: 

1. Engineering includes manufacturers or vendors, and manufacturing or mechatronic 

systems designers. It can be manufacturing companies, educational institute, or company uses 

design software.  

2. IT comprises entities providing supporting software or hardware, including software as 

a service (SaaS) and cloud models. 

3. Competence centers provide expertise for project or program support and typically are 

skill-based or network-based centers. They can be in contact or integrated with other operations 

like universities or innovation hubs. There are three subcategories: integration, business 

intelligence, and industry-lead. 

4. Educational institutions include universities, universities of applied science, and 

vocational schools.   

5. Digital innovation hubs refer to social communities or research centers that provide 

expertise on technology trends, knowledge and strategic innovation management, and industry-

specific insights. These hubs enable active knowledge transfer between researchers and 
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business experts, on the one hand, and industry, government, and representatives of academia, 

on the other hand. 

6. Industrial associations support employees and industry business. It consists of trade 

union, special interest groups, employer associations, chambers of commerce, SCORE (helps 

entrepreneurs through mentoring, workshops, and educational resources), NFIB (National 

Federation of Independent Business), and BNI (Business Network International). 

7. Public organizations include research organizations and various development 

organizations such as start-up incubators, Idea Labs, as well as regional and other development 

centers and fellowships 

An operator can be in one or more groups. Although an exhaustive search could not be 

completed in the time frame available, it was made sure that each group had representation and 

at least the most important entities were studied. 

6. Services and technologies section description 
 

In this section, the effort is to analysis the digital service and technologies which are needed to 

perform production, manage the factory or company, marketing, logistic, warehousing, 

communication and research and development. In general, there are 14 groups for services and 

technologies that each of them contains some subsets. The main groups are named in below: 

1. Digitalization in a Customer Relationship Management (CRM) 

2. Digitalization in Digital product data 

3. Vertical and horizontal value chain integration through Computer networks 

4. Digitalization in a Computer Aided Quality Control (CAQ) 

5. Digitalization in production monitoring, using manufacturing execution system (MES) 

6. Digitalization in production planning, enterprise resource planning (ERP) 

7. Using hardware for digitizing the manufacturing (towards Cyber Physical Systems – 

CPS) 

8. Digitizing the inbound logistics and warehouse management (WMS) 

9. Digitizing equipment maintenance process (CMMS) 

10. Digitizing quality assurance and laboratory information management (LIMS) 

11. Digitalization in Maintenance 

12. Digitalization in Marketing 

13. Funding 

14. Training 

 

Digitalization in a Customer Relationship Management (CRM): 

CRM is an approach to manage a company`s interaction with current and potential customers. 

It uses data analysis about customer`s history with a company to improve business relationships 

with customers, specifically focusing on customer relation and ultimately driving sales growth.  
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A CRM system includes following sections. Data collecting (customers, sales Marketing 

automation Sales force automation), Customer Service (organizing customer data, showing 

customer satisfaction level, management for tracking, updating, and resolving issues), history 

of warranty claims, Intelligent Production Planning (support production planning (knowing the 

amounts of each product ordered and when they were ordered), budget plan. 

Features: CPQ (configure-price-quote) application. In selling highly customizable products. It 

includes features such as a product catalog, quote management and inventory tracking. Channel 

management: Capabilities here range from activity streams to loyalty programs, enabling 

company to manage relationships with distributors and other partners. Forecasting tools: 

Algorithms can predict future demand so your operations stay on top of inventory needs rather 

than always being a step behind in the production process. predict sales projections. Integration 

options: connect CRM with ERP for a smooth data flow and holistic approach. Business 

process management (BPM): building workflows and automate processes for more efficient 

operations. " 

Digital product data consist the services to cover product entire life cycle of product from its 

conception, through design and manufacture, to service and disposal. Integrating services in 

digital product data helps companies to track the product life. These services are product life 

cycle management (PLM), product data management (PDM), product information 

management (PIM), computer aided design (CAD), computer aided manufacturing (CAM), 

and computer aided process planning (CAPP).  

PLM integrates people, data, processes, and business systems and provides a product 

information backbone for companies and their extended enterprise. Within PLM there are five 

primary areas: systems engineering, product and portfolio management, product design, 

manufacturing process management, product data management. With PLM is possible to mix 

the product data with the manufacturing data and to make suitable decisions for manufacturing 

new products based on previously obtained data. PDM manages design data and engineering 

processes in a central location. It provides organizing product relater information, tracking 

revisions, collaborating, managing change orders, generating bills of materials in one system. 

PIM is the process of managing all the information required to market and sell products. PIM 

solution provides a single place to collect, manage, and enrich the product information, create 

a product catalog, and distribute it to the sales and eCommerce channels. 

CAD systems provide a three-dimensional representation of a product for designer to simulate 

it in variety conditions. CAM uses this design to control automated machinery. CAM systems 

can be associated with numerical systems to maximize the lifetime value of the business. 

Horizontal and vertical integrations are strategies used by businesses in the same industry or 

production process. In a horizontal integration, a company takes over another that operates at 

the same level of the value chain in an industry. A vertical integration, on the other hand, 

involves the acquisition of business operations within the same production vertical. 
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Companies may choose to undergo horizontal integration to increase their size, diversify 

product or services offerings, achieve economies of scale, or reduce competition. They may 

also wish to gain access to new customers or markets, including overseas. For example, a 

department store may choose to merge with a similar one in another country to start operations 

overseas. 

The result of horizontal integration, when successful, is the ability to produce more revenue 

together compared to if they were to compete independently. In addition to this, a newly 

merged company can cut down on costs by sharing technology, marketing, research, and 

development (R&D), production, and distribution. 

Computer aided quality control refers to the use of computer in quality control of products. 

Inspection and test are two major tasks in quality control. Computer aided inspection (CAI) 

and computer aided testing (CAT) are two main part of the CAQ. Computer based- software 

are uses in CAI to help engineer and inspector to perform production precise and fast. New 

methods and technologies enhanced the CAI in industry 4.0. For example, non-contact sensors 

can be used by computer in production line. On the other hands, robot can be used for this 

purpose. D scanners collect data from the product and compare these data with the original 

CAD design. New methods like computer vision and pattern recognition make these process 

more accurate and faster to analysis.  

The aim of statistical process control in CAQ is identifying possible process disruptions and 

using the suitable correct action to improve the product quality. Failure mode and effects 

analysis is the approach to detecting potential failure that may exist within the design of a 

product. FMEA can be used as a tool for production development and quality improvement.  

Manufacturing execution system is a digital system to document and track the production plan 

from the raw material to the final product. MES works in real-time and show the current process 

condition to improve the production output. The MES collects data in production process about 

material management, performance, work in progress, inventory control and traceability. These 

data utilize in management of resources, scheduling. Production order, and production track 

and trace.  

Enterprise resource planning (ERP) refers to a type of software that organizations use to 

manage day-to-day business activities such as accounting, procurement, project management, 

risk management and compliance, and supply chain operations. A complete ERP suite also 

includes enterprise performance management, software that helps plan, budget, predict, and 

report on an organization’s financial results. 

ERP systems tie together a multitude of business processes and enable the flow of data between 

them. By collecting an organization’s shared transactional data from multiple sources, ERP 

systems eliminate data duplication and provide data integrity with a single source of truth.ERP 

provides an integrated and continuously updated view of core business processes using 

common databases maintained by a database management system. ERP systems track business 

resources—cash, raw materials, production capacity—and the status of business commitments: 



 
 

10 
 

  

orders, purchase orders, and payroll. The applications that make up the system share data across 

various departments (manufacturing, purchasing, sales, accounting, etc.) that provide the data. 

Cyber-physical system is the integration of the digital and physical process. The embedded 

systems control the process with a feedback to the physical space to improve production 

process. Sensors, industrial robots, industrial automation are some component to connect the 

computer space to physical production line. Some methods need for communication between 

two spaces. In the cyber space, integration of digital model with intelligent methods like cloud 

computing, machine intelligence and Internet of Things improve the product life cycle and 

product development.  

Warehouse management system is an application to help control and manage the day-to-day 

operations in a warehouse. WMS software guides inventory receiving and put-away, optimizes 

picking and shipping of orders and advises on inventory replenishment. WMS provides 

facilities like manage inventory, schedule the staff for the cycle counts and optimize all the 

warehouse processes seamlessly.  

Computerized Maintenance Management System (CMMS) is a software to digitalize database 

of information about a maintenance operation in a company. Database is the core of the system 

and supports the functions of the system such as resource and labour management, asset 

registry, work order management, preventive maintenance, materials and inventory 

management, reporting, analysis, and auditing.  

Laboratory information management system is a software to improve laboratory productivity 

and efficiency by using tools to track data associated with samples, laboratory workflow, 

instruments and experiments, LIMS provides a digital reporting system and instrument 

integration. LIMS solution is able to integrate various instruments used in Lab with their results 

and return to the sample records. LIMS uses quality control to determine which samples meet 

expected criteria- It records the instrument calibration results and manage their maintenance 

plan. LIMS contains functions for data management, data analysis, sample management tools 

and statistical process control.  

7. Functionality analysis of the information section 
 

In this section, the outcome of the matrix is analyzed. The results presented in pie chart to show 

the percentage of the entities in each category and bar chart to show the number of entities. The 

results demonstrate the entity’s field of activity, the most industrial regions, and type of 

ownerships.  

Comparison of the support structure matrix and the state of the digitalization matrix, it is 

possible to spot deficiencies and potential solutions. It is also indicative of potentially efficient 

businesses. Deficiencies are perhaps the simplest to find out: Are there technologies in the 

digital toolchain which are not used by companies? Are there services or technology that is   

not available locally? It is also necessary to evaluate the field, including hardware, software, 

and labour and training. Solutions are the second most obvious connection. If some of the 
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services or technologies are not yet in use it can be pointed out how they could be acquired. 

The most complex analysis would be showing existing co-operation networks. As   the 

collected data show chiefly company numbers, it is not readily apparent in the data, though 

high availability of services and technologies combined with a high rate of adoption of the 

same suggests a well-functioning business. 

In following the functionality analysis results of each partner is expressed. Functionality 

analysis splits in three sections: entities information like type, field ownership and region, fields 

of operation, and technologies and services. Six partners from the Baltic sea region participate 

in the research (Denmark, Estonia, Finland, Latvia, Lithuania, Poland).  

The Kingdom of Denmark is a Nordic country in Northwest Europe. Denmark proper, which is the 

southernmost of the Scandinavian countries, consists of a peninsula, Jutland, and an archipelago of 443 

named islands with the largest being Zealand, Funen and the North Jutlandic Island. Denmark has a 

total area of 42,924 km2 (16,573 sq mi), land area of 42,394 km2, and a population of 5.8 million. 

This survey focused on Funen in Demark. Funen with an area of 3,099.7 square kilometers (1,196.8 sq 

mi), is the third-largest island of Denmark.  It is the 165th-largest island in the world. It is in the central 

part of the country and has a population of 466,284 (2013). Funen's main city is Odense. 

Estonia is a country on the eastern coast of the Baltic Sea in Northern Europe with 1,325,648 

population and 42,388 km2 land area. 14 cities of this country have more than 10000 

population. These cities are distributed in different county mostly in Harju, Ida-Viru, Viljandi 

and Tartu. In this survey, 27 Companies and organizations are studied in more important 

regions. Figure 2 depicts the distribution of these entities in different counties. As Tallinn is 

the capital and biggest city in Estonia and part of Harju so this county allocated 56% 

proportional among the other regions.   

 

Fig 2. Distribution of entities in different regions of Estonia 
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Finland is a Nordic country located in Northern Europe. Finland has a population of 

approximately 5.5 million, With an area of 338,455 square kilometers (130,678 sq mi). Finland 

consists of 19 regions, Finland's capital and largest city, Helsinki, along with the surrounding 

Greater Helsinki area located in Uusimaa region. Figure 3 shows the distribution of digital 

technologies in regions in Finland. While this chart is biased in favor of the Uusimaa region 

due to it containing the capital region and thus many company HQs it is still indicative of the 

distribution of companies outside of Uusimaa. The second most proportion of digital 

manufacturing companies belongs to Pohjanmaa and Päijät-Hame with 11%. The other eight 

regions have less than 10% of the digital manufacturing industry in Finland. Interestingly, the 

region of Varsinais-Suomi (Finland Proper) seems to be rather underrepresented, considering 

that the population of Finland is concentrated on a “growth triangle” including Varsinais-

Suomi, Uusimaa and Häme. 

 

Fig 3. Distribution of operators in regions in Finland 

 

Republic of Latvia is a country in the Baltic region of Northern Europe. Latvia has 1,957,200 

inhabitants and a territory of 64,589 km2. Latvia is divided into 6 regions: Kurzeme, Latgale, 

Pieriga, Riga, Vidzeme, Zemgale. Riga is the biggest with highest population among the others.  

In the matrix, 61 organizations and companies are chosen from Riga and Kurzeme. Figure 4 

shows the distribution of these entities in these two regions. As it is expected the headquarter 

of most (92%) companies are in Riga. 
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Fig 4. Distribution of operators in regions in Latvia 

 

the Republic of Lithuania is a country in the Baltic region of Europe. Lithuania has an estimated 

population of 2.8 million people and 65,300 km² area. 

Lithuania is divided in five ethnographic regions: Dzūkija, Samogitia, Aukštaitija, Sudovia and 

the Lithuania Minor. The capital city Vilnius is technically a part of Dzūkija whereas Kaunas 

is divided between Aukštaitija and Sudovia. Figure 5 shows 68% of operators and companies 

located in capital of Lithuania. 28% of entities are in Kaunas and 3% in Siauliai. The part chart 

shows the study have been done in 3 most industrial regions in Lithuania.  

 

Fig 5. Distribution of operators in regions in Lithuania   

 

Poland is a country located in Central Europe and bordered by the Baltic Sea. Poland has 

312,696 square kilometers area with a population of nearly 38.5 million people. Poland is 
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divided to 16 main regions. In this study the focus is mostly on Kuyavian-pomeranian, Lower 

Silsian, Lesser Poland, and Mazovian. 

Figure 6 shows most of the research focused on Kuyavian-pomeranian region by 87%. It 

reflects that this region is active in digital technologies and production.  

 

Fig 6. Distribution of operators in regions in Poland 

 

Figure 7 shows the ownership types of the studied entities in Denmark. In the survey, the focus 

is on Funen and 64 companies and organizations are chosen with three different ownerships. 

Most of the companies has private ownership 86%. 12% of the entities are public and 2% are 

the self-owned institution.  

 

Fig 7. The ownership type of the entities in Denmark 
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Figure 8 shows the ownership types of the chosen entities in Estonia. The entities of the matrix 

are chosen to satisfy defined operators such as educational institutes, competence centers, 

digital innovation hubs, public organizations, and industrial associations. According to the 

substance of these organizations, their ownership type is mostly public. The other entities are 

the IT companies and manufacturers which can be private, public, or other type of ownerships.  

 

Fig 8. The ownership type of the entities in Estonia 

Figure 9 depicts the ownership types of the manufacturing companies in Finland. At the first 

glance, the pie chart shows two major types calls private and public companies with 53% and 

43% respectively.  

 

 

Fig 9. Ownership type of the entities in Finland 

The entities of the matrix are chosen to satisfy defined operators such as educational institutes, 

competence centers, digital innovation hubs, public organizations, and industrial associations. 

The ownerships of these operators in Latvia are divided into public and private. As figure 10 

shows 58% are private companies and 42% are Public companies and organization.  
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Fig 10. Ownership type of the entities in Latvia 

 

Figure 11 demonstrates the ownership type of the entities in Lithuania. In this study, 60% of 

the entities are private and 32% are public, and 8% have general partnership ownership.  

 

Fig 11. Ownership type the entities in Lithuania 

 

Figure 12 shows the ownership types of the entities in Poland, most of the studied entities ate 

Private and only 10% are public. 42% are limited liability company and 9% are sole 

proprietorship.  



 
 

17 
 

  

 

Fig 12. Ownership type of the entities in Poland 

 

As figure 18 demonstrates the type of the entities, around 31% are universities. Association 

and non-profit association have the same percentage 23%. These results show, except the 

educational center and city government, most industrial and IT businesses in Estonia are non-

profit association, association. In addition, 7% of the businesses are network-based consortium.  

 

Figure13. Type of companies in percentage (Estonia) 

Figure 14 shows the type of companies and organization in Finland. Over half of the entities in 

the research are limited company which have private ownership, 18% are state university which 

are public, 10% are non-profit association which contains competence centers and digital 
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innovation hubs, 7% network-based organization, 5% are PLC, and 1% are proprietorship 

ownership.  

 

Fig 14. Type of companies in percentage (Finland) 

In Lithuania (figure 15), more than half of the companies in this study have limited company 

business. Public limited companies are the second type of business in Lithuania. Association 

is the third type of business with 14%. State university, science park, and industry park have 

7%, 5%, and 2% respectively.  

 

 

Fig 15. Type of companies in percentage (Lithuania) 
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In Poland (figure 16), more than 70% of the entities are limited company business. These 

businesses are mostly IT and digital companies and industrial manufacturing companies. After 

LC, proprietorship business has a share of 9%. State universities have 7%, Non- profit 

association and association have the same share (4%). PLC and network-based consortium 

have the minor percentage in this study in Poland. The pie chart shows that the private business 

is more interested in Poland.   

 

 

Fig 16. Type of companies in percentage (Poland) 

 

7.1 Companies fields 

 

In the matrix, we used NACE code to show the company filed of activity. the description of 

the codes is presented in the table 1.  

Table 1. NACE codes 

DL33 

Manufacture of medical, precision and 

optical instruments, watches & clocks 

DB17 Manufacture of textiles 

DD20 

Manufacture of wood & of products of 

wood & cork and of straw & plaiting... 

DJ.27 Manufacture of basic metals 

DJ.28  

Manufacture of fabricated metal products, 

except machinery and equipment 
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DK.29  

Manufacture of machinery and equipment 

n.e.c. 

DL.30 

Manufacture of office machinery and 

computers 

DL.31 

Manufacture of electrical machinery and 

apparatus n.e.c. 

DM.34 

 Manufacture of motor vehicles, trailers and 

semi-trailers 

DM.35 Manufacture of other transport equipment 

DN.37  Recycling 

G.50  

Sale, maintenance & repair of motor 

vehicles; retail sale of fuel 

G.51 

Wholesale trade & commission trade, 

except of motor vehicles & motorcycles 

J.65 

Financial intermediation, except insurance 

and pension funding 

J.67 

Activities auxiliary to financial 

intermediation 

K.72 Computer and related activities 

K.73 Research and development 

L.75 

Public administration and defence; 

compulsory social security 

M.80 Education 

O.91 

Activities of membership organization 

n.e.c. 

 

Figures 17 represents the field of entities in Denmark. In Denmark, 24 manufacturers of 

machinery and equipment and 14 computer companies involved in the matrix. The study 

contains 4 educational institutes and O91 activities of membership organization. There are 11 

and 2 manufacturers of fabricated metal and basic metal respectively.  
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Fig 17. Number of companies in different fields in Denmark 

Figure 18 demonstrates the field of entities as they are explained in table 1 based on the NACE 

codes. Organization like competence centers and DIH and public organization have the largest 

share in this study. Because universities are the important entities in this research which play 

an important role in developing digitalization in manufacturing. M80 take one third of whole.  

Five companies are in "business activities" field. three companies active in "Manufacture of 

wood & of products of wood". Each of "Manufacture of textiles", "Manufacture of fabricated 

metal products, except machinery and equipment", "Manufacture of machinery and equipment 

", and " Wholesale trade & commission trade" has 2 active organizations. One company is 

working in Manufacture of electrical machinery and apparatus. In addition, there is one 

company in field of "Public administration and defense: compulsory social security". 

 

Figure 18. The number of companies in different fields in Estonia 
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Lithuania region entities fields are expressed in figure 19. Computer and related activities have 

the largest amount of the entities in this research. Research and development, and education 

contain 12 and 10 entities. These results show the good level of digitalization and research to 

improve the industry in Lithuania. The results of O91 shows there is less focus on the support 

organizations in Lithuania. Manufacture of machinery and equipment, Wholesale trade & 

commission trade, Manufacture of medical, precision, and optical instruments, and 

Manufacture of other transport equipment have all eight companies in the research.  

 

Fig 19. Number of companies in different fields in Lithuania 

As figure 20 shows IT companies and manufacturers have the most share in this database with 

23 and 28 entities, respectively. Support organization and education organizations have the 

same five entities in Poland. The rest entities belong to the financial intermediation 

organizations. These results show the focus of Poland on digital development in manufacturing 

industry.  
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Fig 20. Number of companies in different fields in Poland 

Figure 21 shows the different fields of operations in Finland. The highest number of companies 

belongs to the operators which offer IT services. The IT services include three types of entities: 

companies chiefly in the software development business, manufacturers providing both 

software and machinery, as well as companies providing different Information and 

Communications Technology (ICT) services. 

The educational institutes include six universities, four universities of applied science, and 

three vocational schools. According to publicly available information, there are 11 competence 

centers in Finland. Eight digital innovation hubs are active in ICT, Smart, robotics, and EIT 

digital fields. 10 public organizations and 13 industry associations are considered in the matrix. 

Some organizations work on multiple fields, though mostly they were counted on their main 

operating field only. However, if the organization offered IT or engineering services 

developing or selling equipment, software, or complete systems – it or its relevant division was 

also counted in this category, slightly boosting numbers but answering the question if 

technology was available. 
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Fig 21. Number of companies in different fields in Finland 

Figure 22 shows the different fields of operations in Latvia. Financial intermediation is the 

most active entities. Activities of membership organization and education contains 13 and 10 

entities respectively. in the manufacturing field, manufacturer of machinery has the remarkable 

entities in Latvia.  

 

Fig 22. Number of companies in different fields in Latvia 
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8. Functionality analysis of operation fields entities in Partner’s region 
 

Support functionality analysis of each country in the study was evaluated by plotting the data 

of each group presented in 6.1 in the form of pie and bar chart. The differences in the support 

structures between the countries were evaluated. The support structure matrix and level of 

digitalization in companies in each country were compared to find the improvement areas of 

digitalization. Further the improvement areas were compared to countries support structure 

matrix to find the support to category from other countries in the study.  

Figures 23 to 25 illustrate the operators in Denmark. Engineering entities take 48% of entire 

operators more than the other operators. IT operators are less than half of engineering with 21% 

entities. Digital innovation hubs include 14% share and is the third highest between operators. 

There are 7% entities in educational institutes and competence centres. In this study, 3% public 

organizations involved. Denmark did not study industrial association.  

 

Fig 23. Proportion of seven operation categories in Denmark 
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Fig 24. Proportion of seven operation categories in Denmark 

 

Fig 25. Number of subsets of operations in Denmark 

 

Three following figures (25-27) show the analysis of seven operators in Estonia. The pie chart 

26 illustrates the engineering and IT contain wide range of companies from specific IT 
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company or software programming company or manufacturers who provide a software for their 

products. Therefore, these groups are shared between the other entities. As figure 26 shows 

engineering is in the highest level by 19 entities. IT is almost one third of the whole. 

Educational institute has the least numbers by 6 however it is acceptable number by considering 

the size and population of the country. Industrial association has the same number as 

Educational institutes. Public organizations have entities because it contains some of the 

competence centers, DIH, and educational institutes.  Figure 28 shows the number of entities 

in subsets of each category. 

 

Fig 26. Proportion of seven operation categories in Estonia 

 

Fig 27. Number of organizations in each operation categories in Estonia 
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Fig 28. Number of subsets of operations in Estonia 

 

 

Fig 29. Proportion of seven operation categories in Finland 

As the pie chart 29 illustrates, there is almost same proportion among the other five groups. 

We need to mention that the real percentage of educational institute is higher than the other 

four operations, because in this survey, we presented just few main universities and applied 

science and vocational schools. Competence centers provide expertise for project or program 
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support and usually they are skill-based or network-based centers. They can be in in contact or 

integrated with the other operations like universities or innovation hubs. Digital innovation hub 

refers to social communities or research centers that provide expertise on technology trends, 

knowledge and strategic innovation management, and industry-specific insights. These hubs 

enable active knowledge transfer between researchers and business experts, on the one hand, 

and industry, government, and representatives of academia, on the other hand. We categorized 

the DIH based on their focused area. The most active DIH in Finland are working in 

information and communications technology and Intelligent manufacturing.  

 

Fig 30. Number of organizations in each operation categories in Finland 

 

Fig 31. Number of subsets of operations in Finland 
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As figure 31 shows IT software has the highest amount among operation fields. It is because 

manufacturer and educational institutes provide software. For the same reason design stands 

on the second level. In educational institutes, universities have more responsible than applied 

science and vocational schools. All branches of competence centers are almost in the same 

level so the distribution in business and industry led is steady. This plot shows the strength of 

Finland in ICT and Smart digital innovation hubs but needs more attention in robots, open data 

hubs. 

 

Fig 32. Proportion of seven operation categories in Lithuania 

Figure 32 and 33 demonstrate the IT entities have the most share in this research with 35 

companies. Then 16 engineering entities were studied. Digital innovation hubs with 14% share 

in this study shows the support association in IT and manufacturing industries. The other 

support entities like industrial association, competence centers, and public organization have 

21% together. Almost 10 universities are active in field of digital technologies and technical 

engineering in mechatronics and manufacturing in Lithuania. As figure 34 shows the operators 

in detail, IT software is the highest operation field. In engineering section vendors are more 

active than design entities.  
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Fig 33. Number of organizations in each operation categories in Lithuania 

 

Fig 34. Number of subsets of operations in Lithuania  

In Latvia, more than half operations are in IT and engineering. IT is more active than 

engineering. Industrial association has 15% share and competence center has 11% share in 

operation centers. Educational institute has 7% role among the others.  
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Fig 35. Proportion of seven operation categories in Latvia 

 

Fig 36. Number of organizations in each operation categories in Latvia 
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Fig 37. Number of subsets of operations in Latvia 

 

In Poland, the IT companies and engineering entities have the percentage close to each other. 

Like the other regions the software providers are the highest entities. However, there is not that 

much difference between vendors, designer, software, and hardware providers in Poland. Less 

than 20 educational states are studied. Public organization like centers, union, and start-up has 

7%. Moreover, minor percentage (about 7%) belongs to Competence center and industrial 

association. There is no digital innovation hub in the matrix for Poland region. The pie chart 

shows that Poland partner focuses more on the IT and engineering providers more than 

educational states and support associations.  
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Fig 38. Proportion of seven operation categories in Poland 

 

Fig 39. Number of organizations in each operation categories in Poland 
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Fig 40. Number of subsets of operations in Poland 

 

9.  Functionality analysis of Services and Technologies  

 

Figure 41 to 43 demonstrate the digital service and technology usage in Denmark. In Denmark, 

CPS is the most technology which is used in industry. Almost all of CPS technologies are in a 

higher quantity than the other services and technologies. In the second level MES has 20% 

share with performance indicators as the most usable function. There is a big gap between the 

highest function in MES and the lowest function which is collect data. There is impressive 

difference in using and providing services and technologies in this study. WMS and Digital 

product data both have 9% share with under 10 entities provider for their functions. CAQ is 

8% with the great offer in equipment and robots which are in common with CPS. ERP has 6% 

and scheduling the order has double amount of usage than the other functions in ERP. Vertical 

and horizontal value chain integration through computer networks has 6% share with uniform 

distribution in its sup services. LIMS and CRM have 4% and 1% providers, respectively. 

Maintenance sub functions have about 5 providers in Denmark. 
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Fig 41. Proportion of services and technologies categories in Denmark 

 

Fig 42. Number of services and technologies providers in Denmark 
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Fig 43. Number of components of services and technologies providers in Denmark 

Distribution of services and technologies are shown in figure 44 and 45. The pie show 

demonstrated the percentage of each group in Estonia. There is almost uniform proportion of 

each technology and services in Estonia. CPS with 16% and 55 companies (bar chart) is the 

most usable technology in manufacturing and robotics industry in Estonia. By looking on the 

figure 42. We can analysis in detail that which technology is more powerful and where there is 

a need to improve. Figure 42 reveals that the strong point of Estonia is in CPS hardware like 

equipment, industrial robot and industrial automation. In the usage of software and digital 

intelligence method are almost half of the hardware in CPS. ERP and digital product data, and 

Vertical and Horizontal value chain integration through computer networks have the same 

percentage (13%) in this research. As figure 46 shows scheduling and planning have the most 

amount in ERP functions with 11 entities.  Data management, project management, and supply 

chain management have 7,8, and 6 entities, respectively. In Digital product data, CAD and 

CAM have the highest usage among the other services. PLM, PIM, PDM, and CAPP belong 

the same share. As it expected LAN and wireless networks have the highest usage after training 

in this study. These services are the basic requirement in any company or factory to have a easy 

communicate and connect to the other services. Computer-aided quality control with 37 entities 

has 12% share among all services and technologies. CAD/Cam, equipment and robots which 

are the same in digital product data and CPS are used more than the other functions in CAQ. 

CAI, CAT, SPC, FMEA, and TRIZ have 2 entities each. Estonian industry needs to pay 

attention more on these areas. These result shows the quality control have been done mostly 

on digital model and compare the physical product by scanning. 35 entities (11%) use MES in 

the industry. Collect data and equipment are in the good level in MES, however, performance 

indicators, lean manufacturing instrument, production track and trace, and process scheduling 

each has under 6 providers in Estonia. WMS has 29 entities with 10% with strength in 
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automated transport, software, and hardware. Mobile computer and industry data base are both 

have only 2 entities which are the weakness of WMS. LIMS with 25 entities and has 8% share. 

Data management and quality control which are common with the other services are the most 

usable function among the other functions in LIMS. Although in the pie chart, CMMS has 1% 

but, in the bar, chart the maintenance has 10 entities. The least service usage belongs to CRM 

with only 3%.  

 

Fig 44. Proportion of services and technologies categories in Estonia 

 

Fig 45. Number of services and technologies providers in Estonia 
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Fig 46. Number of components of services and technologies providers in Estonia 

 

Figure 47 depicts the proportion of each service and technology in Finland. 144 entities are 

having activities related to ERP and 142 entities are having activities related to CPS, the most 

offered technologies. Based on the field of operations, these entities are located at various 

points in the supply chain. The laboratory information management system category is used 

and offered by various entities such as educational institutes and manufacturers. The collected 

data shows that after ERP and CPS, LIMS is the commonly offered service in Finland. 
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Fig 47. Proportion of services and technologies categories in Finland 

 

Fig 48. Number of services and technologies providers in Finland 
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Fig 49. Number of components of services and technologies providers in Finland 

 

Figure 49 illustrates the share of each component in technologies and services in detail. ERP 

and CPS with 22-21% are the highest provided technologies. ERP facilities such as scheduling, 

planning, data management, project management and supply chain management are almost at 

the same, high level, and thus further adoption of these features is most likely reliant on the 

availability of training. General word-of-mouth seems to provide subjective confirmation for 

the demand for training to use these systems, which should provide a low hanging fruit for 

improving the level of digitalization. This might be necessary even in national-level policy or 

education to drive further profitability. 

Different Internet of Things (IoT) solutions for networking devices are the most available of 

the CPS technologies. Various kinds of general equipment are the next most commonly 

available and followed by industrial automation and machine intelligence solutions. However, 

there are few companies working on industrial robotics. 

Warehouse Management System (WMS) allocated 10% in this study. These results come from 

the communication technologies, mobile computers and industry database which are provided 

by several (different) manufacturing companies. Digital product data contains product lifecycle 

management, product information management, product data management and the other parts 

that have a 9% share in industry digitalization in this study. However, it is expected that these 

features are both available and in use, though part of an ERP system. In this area, there is no 

drive from the software or systems side. However, the digitalization could be improved by 

training and up to date knowledge in companies. The level of knowledge in companies could 

be improved by arranging training sessions provided in cooperation with service or system 

providers and innovations hub or universities. 
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Manufacturing execution system (MES) and vertical and horizontal value chain integration 

through computer networks have quite similar proportions (8%). Collecting data, general 

equipment, and process scheduling in MES allocated the most share of this group. Again, there 

is an overlap among the adoption of these services in MES and services in CPS and ERP. 

Simultaneously, the same happened in computer-aided quality control and quality control in 

LIMS. 

MES, CPS and LIMS categories had a good number of providers, and the companies that were 

needing the services had the services needed. The smaller companies did not need any of the 

systems, but the knowledge where to find the service if needed was existing. Therefore, it 

appears that knowledge of the technologies has been shared appropriately.  

The CAQ category was not widely used in the SMEs. CAQ for adaptivity and automated 

measurements were used, however, in the traditional hard automation used by companies 

having large batch sizes. This is not common for Finnish SMEs. There are service providers in 

Finland, but some parts of the services are missing. Therefore, if the companies would need 

such services, they would need to contact suppliers abroad. 

Networks, CPS, PLM and CRM categories were well used in the companies, and there were 

service providers in each category as well as support and training sectors. Therefore, there is 

no need for actions related to improving the digitalization in these sectors.  

It can be stated that the companies were aware of the technologies that could be implemented 

in their production. However, there was a lack of knowledge about the benefits of 

implementing Industry 4.0 related technologies. Also, there was a lack of knowledge in the 

tools already in use (mainly ERP systems). With improving the knowledge about the Industry 

4.0 technologies and training of the data management tools, the systematic data management 

could be achieved. Thus, increasing the profitability of the production industry in Finland. 

Figures 50 to 52 illustrate the services and technologies in Lithuania. The most share belongs 

to CPS with 170 entities and a quarter of the entire. Communication network has the most 

effect in CPS, Industrial automation, integration components and software each has 20 entities. 

MES has 15% share with uniform distribution in its function. The most effective function is 

collecting data and the weak is equipment which needs to be improved. WMS and CAQ are 

both 12% with over 80 entities. There is a fluctuate distribution in their functions. As a good 

CAQ needs, the most providers are in CAD/CAM, CAI, CAT and SPC. FMEA and TRIZ are 

the less share in Lithuania, but these function does not play the significant role in CAQ. 

Communication technologies, automatic ID technologies and software are the more usable 

services in warehouse management system. The weakness of the WMS in Lithuania is in 

automation transport, hardware and industry database which influence the performance of 

WMS. ERP is used and provided in Lithuania by over 60 companies. All the ERP functions 

are in the same level of use. Vertical and Horizontal value chain integration through computer 

networks has 10% proportion among the services and technologies. LAN, wireless networks 

and IoT are the most used function, but vertical and horizontal flow have one third of the other 

functions. Digital product data is 9% with almost same share in the components like PLN, PIM, 
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PDM, CAM, CAD, And CAPP- supply chain has the minimum role in digital product data in 

Lithuania. LIMS, CMMS, and CRM have 3 and 2 percentage in this study. 

 

 

Fig 50. Proportion of services and technologies categories in Lithuania  

 

Fig 51. Number of services and technologies providers in Lithuania 
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Fig 52. Number of components of services and technologies providers in Lithuania 

 

In Poland like the other partners the CPS has the most providers and companies which is using 

CPS in their production with 28%. In CPS, equipment, industrial automation, integration 

components, and software are the more useful technologies between all services and 

technologies. The usage of industrial robots, communication network, cloud computing, IoT, 

and digital models are almost half of the others. Machine intelligence is the weak point of CPS 

in Poland. MES with 16% is the second service In Polish industry. Equipment as a common 

technology between services is used in 17 companies. Collect data, performance indicators, 

production track and trace, and supply chain management are provided by over 12 entities. 

Lean manufacturing instruments need to provide more in Poland. WMS has 13% percentage 

with 55 entities share in digitalization in this region. Hardware and software WMS are the most 

applicable functions in WMS. Automatic ID technologies, mobile computers, and automated 

transport are provided half of the hardware. Industrial database needs to take more attention in 

this case. 
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Fig 53. Proportion of services and technologies categories in Poland 

 

Fig 54. Number of services and technologies providers in Poland 

 

Vertical and horizontal value chain integration through computer networks allocated 11% with 

45 function providers. Like the other partners, LAN and wireless network are strongly provided 

in Poland. however, in contrast the other regions, vertical and horizontal flow are presented 

with 11 entities. ERP with 39 function providers has 9% share. All of ERP functions are used 

in almost same level in Polish industry. Digital product data has 8% with 38 providers. 

Functions special tools and CAD are the strength of this service. The other functions such as 
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PLM, PDM, PIM, and CAM are offered by less than 4 entities. LIMS has 7% share with 

strength in data mining, electronic Lab notebook, and data analysis. there is no case in data 

management and less than 2 entities in instruments calibration and maintenance, sample 

management tools, and SPC. CAQ and quality control in LIMS are in very poor level in Poland. 

Maintenance functions such as corrective maintenance, preventive maintenance, condition-

based maintenance, monitoring equipment are provided by about 10 entities. There is need to 

work on predictive maintenance. CRM has 3% share in services and technologies. 

 

 

Fig 55. Number of components of services and technologies providers in Poland 

Generally, in Latvia, CPS, MES, and VH have the most entities in manufacturing industry. The 

distribution of the other services and technologies are in the almost same level except in CRM, 

and training. The most lack of services are in computer aided quality control.  

In Latvia, CPS has 23%, MES has 19% with the highest share in equipment. Vertical and 

horizontal chain integration through computer networks has 16% that IoT has the most share 

in it. Digital production data has 11%. The other services have less than 10% share among all 

the services which need to pay attention to them.  
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Fig 56. Proportion of services and technologies categories 

 

 

Fig 57. Number of services and technologies providers 
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Fig 58. Number of components of services and technologies providers 

 

10. Relationship Matrix Analysis 
 

In this section, there are comparison analysis between the usage of the services and 

technologies respect to the industrial field. Generally, Computer and related field and 

manufacturers of machinery and equipment have the highest number of entities. The digital 

technologies are compared between partners. In a glance, CPS has the highest level of 

digitalization in all partner countries. The following bar charts help to recognize the powerful 

partner in each technology and field.  

10.1 Interregional comparison 

In this section, the availability of services and technologies respect to the company field is 

compared. This comparison shows the number of providers or users of the digital technology 

in each partner region.  
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Fig 59. Comparing fields vs services in Estonia (2D bar chart) 

 

 

Fig 60. Comparing fields vs services in Estonia (3D bar chart) 

 

Figures 59 and 60 demonstrate the percentage of the services and technologies are used or 

provided by different main entities. CRM is mostly (10%) provided by computer and IT 

companies and the share of educational institutes is 1%. The manufacturing and equipment 
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companies use and provide PLM in their production line or products for their clients. In 

Estonia, Digital product data is used 18% in manufacturer of machinery and equipment and 

14% is provided by computer and related activities entities. Educational institutes provide 3% 

facilities in teaching, development and improvement of Digital product data function. 1% of 

Support organizations like chamber of commerce, DIH, and public organizations are active in 

Digital product data. 

Because LAN and wireless network are the most provided services in VH, Computer and 

related activities are active 40% and support organization has 5% share in providing VH in 

Estonia. CAQ is provided by manufacturer of machinery and equipment about 20%. 

Educational institutes are 3% active in CAQ and only 1% of CAQ is provided by computer 

companies.  

Manufacturer of machinery and equipment and computer companies provide 30% MES 

approximately. There are 5 organizations and 4 educational institutes which Support and 

develop MES. 28 computer and related activities offer ERP in Estonia but there is no 

manufacturing company. 5 Educational institutes train and extend ERP systems and 5 

organization support ERP. Approximately 80 manufacturer companies use and offer CPS in 

Estonia. 40 computer related companies present some of technologies in CPS. The role of 

educational institutes and support organization is very low. 25 Manufacturers of machinery and 

equipment and 26 Computer companies Present WMS. 4 organization support the WMS in 

worker funding and business development. LIMS is offered by 10 manufacturer, 8 computer 

and related activity entities, and 5 educational institutes. 4 organizations support LIMS. As it 

is expected manufacturers provide good level of maintenance for their products and services. 

Financial intermediations mostly offer funding and training. 
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Fig 61. Comparing fields vs services in Lithuania (2D bar chart) 

 

 

Fig 62. Comparing fields vs services in Lithuania (3D bar chart) 

Figure 61 and 62 show five more active operation fields in providing services and technologies 

in Lithuania. Computer companies and educational institutes are two active entities in CRM. 8 

entities in each field present CRM. 29 computer companies work in providing the function for 

digital product data. 27 educational institutes pay attention to this field. VH is provided mostly 

by computer companies (32), and educational institutes (21). 10 companies use VH to 

communicate and expand their work. In CAQ, the providers pattern is almost as same as VH. 

40 computer companies present ERP, and 20 educational institutes teach and develop ERP. 

Under 10 manufacturers are active in ERP in Lithuania. Educational institutes (80) play a 

significant role in presentation and development CPS in Lithuania. 54 computer companies 

offer CPS technologies and 40 manufacturers of machinery and equipment use CPS in their 

production development. 40 computer companies present digital warehouse management with 

help of 22 educational institutes and 15 manufacturers using and providing WMS. CMMS and 

maintenance are mostly provided by manufacturer and educational institutes develop digital 

maintenance systems to track and manage the maintenance functions. 12 educational institutes 

are working on LIMS. Other business activities and activity of membership organization have 

the responsible of marketing, funding, and training in Lithuania.  
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Fig 63. Comparing fields vs services in Poland (2D bar chart) 

 

 

Fig 64. Comparing fields vs services in Poland (3D bar chart) 

 

In Poland, Manufacturer of textile and wood use CRM. 4 educational institutes and 4 support 

organizations are active in CRM. 15 educational institutes, 4 manufacturers of fabricated metal 
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product and 3 manufacturers of machinery and equipment offer digital product data function. 

8 other business organization and 8 membership organizations support digital product data in 

Poland. VH is provided and used in 15 educational institutes and 4 manufacturers in textile 

industry, 8 manufacturers in wood products, 4 manufacturer of fabricated metal products use 

VH. 5 business activities and 3 membership organizations support VH. 18 educational 

institutes, 5 manufacturer of machinery, 2 manufacturers of wood product offer CAQ. 8 

membership organizations and 2 other businesses support it.  10 educational institutes, 8 

manufacturers of wood product, 4 manufacturer of fabricated metal products, and 2 

manufacturers of textile products offer MES. 6 membership organizations and 3 other 

businesses support it. 7 educational institutes, 8 manufacturers of wood product, 6 

manufacturer of fabricated metal products, and 4 manufacturers of textile products offer ERP. 

6 membership organizations and 8 other businesses support it. 

18 educational institutes, 8 manufacturers of wood product, and 12 manufacturers of machinery 

and equipment offer CPS. 10 membership organizations and 4 other businesses support it. 8 

educational institutes, one manufacturer of wood product, and 6 manufacturers of machinery 

and equipment offer WMS. 7 membership organizations and one other businesses activity 

support it. CMMS and maintenance are mostly provided by manufacturers of machinery 

products and educational institutes and supported by membership organizations. 13 educational 

institutes, and 2 manufacturers of machinery and equipment offer LIMS. 8 membership 

organizations and 6 other businesses support it. Educational institutes have the responsible of 

marketing, funding and training with the support of the other business activity entities and 

membership organizations.  
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Fig 65. Comparing fields vs services in Finland (2D bar chart) 

 

 

Fig 66. Comparing fields vs services in Finland (3D bar chart) 

 

CRM is mostly provided by computer companies (13), 4 educational institutes offer education 

related to develop CRM from business and engineering point of view. Manufacturers of basic 

metals, fabricated metal products and machinery and equipment present CRM. 35 
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Manufacturers of machinery products, 10 manufacturers of fabricated metal, 8 manufacturers 

of basic metals offer and use digital product data functions. 23 computer companies present 

this service for industrial usage. All fields have share in vertical and horizontal value chain 

integration through computer networks. However, the computer related activities have over 30 

entities to provide LAN and wireless networks. 28 manufacturers of machinery use CAQ in 

their companies Less than 5 entities in manufacture of basic metals, manufacturer of fabricated 

metal have CAQ. 22 Educational institutes provide CAQ in Finland. Over 20 computer 

companies and manufactures of machinery offer MES. 10 Educational institutes help to 

improve MES. Less than 10 entities in manufacturer of basic metal and manufacturer of 

fabricated metal use MES in their organization. The highest provider in Finland belongs to 90 

Computer companies which provide ERP. 46 Educational institutes are active in the field of 

ERP. However, there are only 20 manufacturers of machinery, 4 manufacturers of fabricated 

metal, and 3 manufacturers of basic metals use ERP. 

70 Manufacturers of machinery and equipment use and offer CPS. 55 educational institutes are 

very active in CPS development, 40 computer activity entities offer different functions of CPS. 

20 manufacturers of fabricated metal product and 10 manufacturers of basic metal product use 

CPS in their production. 11 membership organization support actives in this service. WMS is 

provided with over 30 entities by Computer entities and educational institutes. Although, there 

are few manufacturer entities use WMS in their organization. maintenance and CMMS is 

mostly used by Manufacturers of machinery (20) and offered by 14 computer entities. 13 

educational institutes improve digitalization in maintenance and under 5 manufacturers in basic 

metal and fabricated metal use it. 

48 educational institutes, 33 computer activity, 15 manufactures of machinery, 6 manufactures 

of basic metal and 4 manufacturers of fabricated metal present LIMS. 2 membership 

organizations support LIMS. About 20 entities in computer related activity and educational 

institutes are active in marketing. The main share of funding belongs to membership 

organizations. Manufacturers, computer related activity and membership organizations offer 

training.    
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10.2 Relationship analysis 

 

The following bar charts express the comparison analysis of operator fields between all partner 

regions and services and technologies between partners. These bar charts show the number of 

entities and to have a fair compare they are expressed in the same scale (percentage). 

 

 

Fig 67. Partners comparison- operation fields (in numbers) 
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Fig 68. Partners comparison- operation fields (in percentage) 

 

Figure 68 illustrates partners comparison in providers in percentage. the outcomes of this plot 

show the weakness and strengthens of each partner. In the engineering field, Denmark presents 

the most providers (55%) in engineering. Estonia has 52% in engineering, Poland has 40%, 

Finland has 28%, Latvia 25% and Lithuania has 22%. In the field of IT, Poland has the highest 

percentage (60%) in entire fields and between partners. Lithonia offers 54% IT companies. 

Finland stands in the third level with 50% entities in IT. Latvia offers 37%, Denmark 22% and 

Estonia 21%.   

In Estonia 38% of education institutes offer fields to improve digital level in manufacturing 

and robotics industry. 18% of education institutes in Finland, 17% of education institutes in 

Lithuania, 15% of education institutes in Latvia, 6% and 5% of education institutes in Poland 

and Denmark respectively are studied in this survey.  

Estonia has the highest number of competences centers with 38% to support the businesses. 

The competence centers active in Latvia is 13%, Lithuania is 10%, Finland and Poland are 

about 4%, and Denmark is 3%. The most percentage of Digital innovation hubs belongs to 

Estonia (30%), Latvia offers 16%, Lithuania 9%, Finland 8%, and Denmark has 3%. Poland 

did not study DIH in the manufacturing and robotics industry. 

52% public organizations in Estonia support businesses. Estonia has 5 times more than the 

other partners public organizations. The other partners have approximately 10% public 

organizations. The highest percentage of industrial association is for Latvia with (14%). 
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Finland and Estonia have almost 10% industrial association, Lithuania and Poland have 5%. 

There is no study on industrial association in Denmark. 

 

Fig 69. Partners comparison- Services and Technologies (in numbers) 

 

 

Fig 70. Partners comparison- Services and Technologies (in numbers) 
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Generally, the strength of Denmark is in CPS and MES, the strength of Estonia is ERP, the 

strength of Latvia is in MES and CPS, the strength of Finland and Lithuania is CPS. The 

relationship matrix expresses all partners are in the satisfied level of digitalization in MES, 

CPS, WMS, VH, and digital product data. Finland has over 20% in all services and 

technologies.  Estonia has over 20% in all services and technologies except maintenance. 

Poland, Latvia, and Denmark have 10% in ERP approximately. Poland, Latvia, Denmark, and 

Lithuania have around 10% in LIMS. 

 

 

Fig 71. Partners comparison- Services and Technologies (in percentage) 

Figure 71 demonstrates the comparison in services and technologies between the partners. In 

CRM, Estonia and Finland have the highest percentage about 30%. The lowest share is 12% in 

Latvia. Finland, Estonia, and Poland with over 30% proportion (40, 38,33% respectively) in 

digital product data. Latvia and Lithuania have around 24% share in this subject. The 

development of digital product data is in the almost same level for all partners. In vertical and 

horizontal value chain integration, Estonia has the highest share over 50%. After Estonia, 

Latvia has around 40%, Lithuania 35%, Finland 30%, and Poland has 20% share. There is 30% 

difference between Estonia and Poland in VH. As we discussed before that LAN and wireless 

network have important role in VH. Therefore, this difference shows the difference of the 

industry in these regions in using and providing LAN and wireless network. All the partners 

except Poland have over 20% in CAQ. All the partners have over 30% usage of MES and CPS 

and Denmark has the highest percentage about 75%. In ERP, Finland and Estonia have around 

50% users or providers, Lithuania has 30% and the others have only 10% share. In WMS, all 

the partners have 20 to 30% users. Finland and Estonia have over 30% LIMS providers. 

However, the other partners have almost 10% usage in LIMS. 
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Conclusion 
The research held in six countries in Baltic sea region. The aim of this study is to find out the 

active companies and providers the digital technologies aided manufacturing and mechatronics 

industry. The information gathered in a 2D matrix which contains the distribution of industry 

in a country region, field of activity, and the ownership type. This information show how 

industry and support organization are working in the country and where to start possible 

solutions. Bar charts are the analysis outcomes of the matrix related to the available services 

and industry. The bar charts express which technologies are more using and which one needs 

to pay attention. Relationship matrix demonstrates the comparison of countries technologies 

by 3D and 2D bar chart. The Relationship matrix provides simple and quick comparative 

analysis of the active fields in each country and illustrates the power and usage of the services 

and technologies. These information helps the project to identify the technology that their 

industry needs and how the other partners can help to improve the lack. 

The reliability of the study is dependent on the data gathered. The data does not represent the 

whole view of the companies nor service providers and therefore the results of the study does 

not give absolute result of the digitalization level of the companies in each country. However, 

the experts in manufacturing have been doing the surveys and questionnaires in each country 

and therefore the study presents a brief but easily generalized overview of the level of 

digitalization and support structure in Baltic region. 

The results of the study can be applied in the practice by acknowledging and sharing the 

information between the countries via e.g. digital platform offering easy access to companies 

for the information. Companies can find the suppliers, vendors and knowledge about the 

Industry 4.0 benefits as well as practical steps how to apply the theory in practice. Thus, the 

level of digitalization can be increased in the companies. By increasing the level of 

digitalization in companies the Industry 4.0 can be implemented further in practice. This can 

not only enhance the viability in the company level but also in national as well as EU level. 
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Appendix 

Fields of Operation Subgroup 

Engineering Manufacturers or Vendors 

Design 

IT Software 

Hardware 

Educational institutes University / Research, M.Sc., Ph.D. 

UAS/B.Sc., B.Eng. 

Vocational schools 

Adult education centers 

Other education 

 
Competence center 

Integration 

Business intelligence 

Industry-Led 

 
 

Digital innovation hubs 

ICT 

Smart 

Open data 

Robotics 

HPC 

EIT Digital 

 
 

Public Organisations 

research 

start-up 

IdeaLab 

Region 

Center 

Fellowship 

 
 
 

Industrial associations 

Trade union 

special interest group 

Employer associations 

Chambers of commerce 

Score 

NFIB 

BNI 

 

 

Services and 
technologies 

subgroup Services and 
technologies 

subgroup 

CRM  WMS communication technologies 

Digital product 
Data 

PLM Automatic ID technologies 

PDM Mobile computers 

PIM Automated transport 

CAD Software 

CAM Hardware 
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Supply chain  indastry database 

Special tools LIMS Data management 

CAPP Data mining 

V & H value chain 
integration through 
computer networks 

wireless Networks Data Analysis 

LAN Electronic Lab notebook 

IOT Quality control 

vertical flow Sample management tools 

Horizontal flow SPC 

CAQ CAD/CAM Instruments calibration and 
maintenance 

CAI Maintenance Corrective maintenance 

CAT Preventive Maintenance 

SPC Predictive Maintenance 

FMEA Condition-based maintenance 

TRIZ Monitoring equipment 

Equipment Marketing B2B 

Robots Contect marketing 

Computer vision Digital Advertising 

MES collect data video production 

Equipment Webinars 

Performance indicators Funding Innovation & Prototype 

Lean manufacturing 
instruments 

Pre-Seed / Seed 

production track and 
trace 

Venture 

process scheduling 

ERP Scheduling the order 

Planning 

Data Management 

project management 

Supply chain 
management 

CPS equipment 

industrial robots 

industrial automation 

integration components 

software 

Communication 
network 

machine intelligence 

cloud computing 

IOT 

Digital models 
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