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Introduction

The concept of Industry 4.0 was first officially recognized in 
April 2011 at the Hannover Trade Fair, where industry, politics 
and academic representatives came together to develop a strategic 
plan for the strengthening of the German national industry [1]. It 
is a new industrial revolution that is integrated with information 
technology and directly linked to changes in automation areas. 
Industry 4.0 aims to reach smart factories by encouraging 
production automation and thus increase productivity and can 
be characterized by the integration between the internet and 
production processes with the help of artificial intelligence by 
adding sensors to the machines used [2]. The aim here is to 
provide effective communication between all units involved in 
the production process, to be able to follow the data in real time  

 
and to make process improvements in light of this information [3]. 
Industry 4.0 consists of components such as the internet of things, 
cyber-physical systems, big data, autonomous robots, integration 
of systems, virtual reality, augmented reality, cloud computing 
system, additive manufacturing and smart factories [3]. Thanks 
to these components, all steps related to production can be in 
communication with each other and with people [4]. 

In recent years, Far East Asian countries and developing 
countries with cheap labor have come to the fore and have gained 
a competitive advantage in the world of production. Turkey is one 
of these countries. However, systems using advanced technologies 
such as Industry 4.0 will provide a competitive advantage to 
countries such as Germany, America and Japan again. This is a 
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disadvantageous situation for developing countries, including our 
country [4]. When the current situation of Turkey is examined, it is 
stated that it is still at a point between Industry 2.0 and Industry 3.0 
revolution, and even that it has not yet fully transitioned to Industry 
3.0, and will have difficulties in transitioning to Industry 4.0. If the 
necessary investments are not made on time, it is predicted that 
labor-intensive production will continue, the products produced 
will be sold cheaply and competition will be avoided [5]. In our 
country, the subject of Industry 4.0 has gradually started to take 
place in state policies, but the new industrial revolution must be 
truly recognized and given the necessary importance [4].

Industry 4.0, as in other sectors, includes the use of technologies 
that aim to improve business management by increasing 

productivity in the textile and ready-to-wear sectors in general. 
In the textile and ready-to-wear sectors, automation, traceability 
and process control are highlighted by IoT (internet of things), 
RFID (radio frequency identification technology), QR code, sensors 
and actuators; software for planning, control and management 
of the production process and integration of robotic systems into 
production processes. [6-9] (Figure 1). Some textile industries 
that have passed this stage are using applications such as Big Data, 
cloud computing, horizontal and vertical integration of systems 
and cybersecurity to strengthen the connection between processes, 
products and people. The aim is still automation and control, but 
with the contribution of the additional technologies mentioned, 
there is a possibility of creating smart products, smart factories and 
smart retail [10].

Figure 1: The main technology supporting Industry 4.0 [8,9].

In this study, a survey was conducted to determine the Industry 
4.0 compliance of textile enterprises exporting in Denizli and the 
use of Industry 4.0 technologies by these enterprises and their 
contributions to their companies were investigated.

Materials and Methods

Denizli, known especially for its products such as towels, 
bathrobes and home textiles, became one of the largest export cities 
in Turkey with textile exports of approximately 1.4 billion dollars in 
2024. According to 2023 data, Denizli’s textile and apparel exports 
constitute 8.3% of Turkey’s total textile exports, revealing its power 
in the sector [7, 10]. This study aims to examine the adaptation of 
textile enterprises operating and exporting in Denizli to Industry 
4.0. Companies registered with the Denizli Chamber of Commerce, 
which has the most comprehensive list operating in the textile sector 
in Denizli, that are both producing and exporting were included in 
the scope of the study. In order to determine the impact of Industry 
4.0 on companies in Denizli in terms of sales, competitiveness and 
marketing, companies that both export and produce textiles were 
selected as the research group. Denizli Chamber of Commerce has 

a total of 544 companies exporting textile products. However, not 
all of these companies produce textiles. Companies that actively 
export with their own production activities were also determined 
with the help of NACE codes and the number was found to be 308. 
The groups that are not included are the groups that only trade 
without producing. The NACE codes and fields of operation of the 
companies that export and are registered with Denizli Chamber of 
Commerce are given in Table 1. According to this list, companies 
that only trade (starting with NACE codes “46” and “47”) are 
excluded from the scope.

The survey method was preferred to obtain data in the research. 
The research questions to be applied to the companies were 
designed via “Google Forms” and remained online in the system for 
a month. In the first part of the survey; there are 9 questions about 
the person who filled out the survey and their business. In the 
second part; 6 questions were asked in the multiple choice group 
to analyze the perspective of textile businesses on Industry 4.0, the 
Industry 4.0 technologies they use, their expectations from these 
technologies and the current situation. As a result, survey questions 
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were sent to all 308 companies that constitute the main population 
of the research and responses were received from 96 businesses 

(31% of the research population). The data obtained from the 
relevant surveys are included in the findings and discussion section.

Table 1: Production areas of companies exporting textile products according to NACE codes [11].

NACE Code NACE Definition

13.10.12 Twisting and spinning of cotton fibers

13.10.15 Twisting and spinning of man-made fibers (excluding filament yarn and rayon fiber manufacturing)

13.20.03 Wool fluff or silk or cotton cord (fringe) fabrics, towels, terry cloth, cheesecloth, etc. Manufacture

13.20.16 Manufacture of cotton woven fabric (including cotton woven tulle fabric) (excluding pile or chenille fabric, terry cloth, muslin, plush, etc. 
uncut loop fabrics and denim, velvet and tufting fabrics)

13.20.21 Manufacture of pile, chenille, terry, plush, caterpillar and similar uncut loop woven fabrics and tufting fabrics

13.20.22 Manufacture of woven fabric from artificial and synthetic filaments and discontinuous fibers (including woven tulle fabric from artificial 
and synthetic fibers) (pile or chenille fabric, terry cloth, muslin, plush, etc. uncut loop fabrics and denim, velvet and tufting fabrics

13.91.01 Manufacture of knitted and crocheted fabrics (including combed and pile fabrics and tulle fabric knitted with raschel or similar machi-
nes, curtain fabrics, etc. knitted or crocheted fabrics)

13.92.01 Bedding sets, bed sheets, pillow cases, tablecloths and toilet and manufacture of kitchen covers (including hand and face towels)

13.92.10 Manufacture of covers and covers from textiles (for cars, machines, furniture, etc.)

13.96.02 Manufacture of piece cords from textile materials; unembroidered ribbon goods and similar ornaments

13.96.04 Manufacture of woven labels, badges, emblems and other similar items from textile materials

13.96.05 Manufacture of textile products and goods for technical use (including wicks, luxury lamp covers, hoses from textile materials, conveyor 
or conveyor belts, sieve cloth and filter cloth)

13.99.02 Manufacture of lace, lace and embroidery (including collars, festoon collars, lez, applique, motifs, quilted products, etc.) and manufacture 
of tulle and other net fabrics (excluding those woven, knitted (tricot) or crocheted (crochet))

13.99.03 Manufacture of felt, pressure sensitive garment fabrics, shoelaces from textiles, powder puffs, etc.

14.13.05 Manufacture of outerwear by taking measurements according to order, woven, knitted (tricot) and crocheted (crochet), etc. those made 
of fabric (tailors’ activities) (excluding clothing repair and shirt manufacturing)

14.14.01 Manufacture of clothing that can be worn under jackets such as shirts, t-shirts, blouses, etc. (woven, knitted or crocheted fabric)

14.14.02 Manufacture of nightgowns, dressing gowns, pajamas, bathrobes and dressing gowns (woven, knitted or crocheted fabric)

14.14.03 Single-shirts, undershirts, panties, slips, petticoats, petticoats, petticoats, petticoats, bras, corsets, etc. underwear manufacturing (woven, 
knitted or crocheted fabric)

14.31.01 Socks manufacturing (knitted and crocheted pantyhose, tights, short women’s socks, men’s socks, booties and other socks)

15.11.10 Leather and fur leather manufacturing (tanning, tanning, dyeing, polishing and processing of fur and leather) (excluding ironing and 
drying of processed leather in a drum without further processing)

22.22.43 Manufacture of packaging materials such as plastic bags, garbage bags, bags, sacks, nets, crates, boxes, cases, demijohns, bottles, cans, 
reels, bobbins, coils, stoppers, lids, capsules etc. (including urine bags)

46.16.04 Agents who wholesale textile products on a fee or contract basis (yarn, fabric, home textile, curtain, etc. products) (excluding clothing)

46.41.01 Wholesale of home textile sets, curtains and various textile material household goods (including sheets, bedding, pillowcases, tableclot-
hs, towels, blankets, quilts, other furnishings, etc.)

46.41.03 Wholesale of fabrics (including draperies)

46.41.04 Wholesale of yarn (excluding haberdashery products and sewing thread)

46.41.05 Wholesale of other textile products (including fishing nets, sacks, sackcloth, ropes, lanyards)

46.42.05 Wholesale of outerwear (including work clothes and knitwear, excluding fur and leather)

46.64.01 Wholesale of textile industry machines and sewing and knitting machines (excluding household)

46.75.01 Wholesale of industrial chemicals (aniline, printing ink, chemical adhesives, fireworks, dyeing agents, synthetic resin, methyl alcohol, 
paraffin, essence and sweetener, soda, industrial salt, paraffin, nitric acid, ammonia, industrial gases etc.)

46.76.01 Wholesale of textile fibers (unspun raw silk, wool, animal hair, carded or combed cotton, etc.)

46.76.05 Plastic bags, bags, sacks, etc. for industrial use. wholesale of packaging materials

46.90.04 Wholesale trade with another country in non-specialized stores (wholesale of various goods)

47.51.03 Retail sale of haberdashery products in specialized stores (needles, sewing thread, orlon, buttons, zippers, snaps, festoons, lace, guipure, 
etc.)

47.51.04 Retail sale of basic materials for tapestry or embroidery in specialized stores

47.51.05 Retail sale of home textile sets and household goods made of various textile materials in specialized stores (sheets, bedding, pillowcases, 
tablecloths, towels, blankets, quilts, other furnishings, etc.)
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47.51.90 Retail sale of other textile products in specialized stores (excluding haberdashery and sewing thread; including other yarns, gauze fabri-
cs, gas lamp wicks, car covers, etc.)

47.71.04 Retail sale of other outerwear in specialized stores (coats, coats, anoraks, suits, jackets, trousers, shorts (textile fabric or knitted and 
crocheted))

47.71.04 Retail sale of other outerwear in specialized stores (coats, coats, anoraks, suits, jackets, trousers, shorts (textile fabric or knitted and 
crocheted))

Results and Discussion

There was a response from 96 of the 308 companies operating 
in Denizli that are both manufacturing and exporting. In order to 
increase the number of participants in the survey, companies were 
reached and some stated that they did not participate because 
they did not want to share private information. The answers 
to the questions are below. The positions of the participants in 
the companies participating in the survey are given in Table 2. 

Accordingly; 35 (36%) people are in marketing, 21 (22%) people 
are in human resources, 20 (21%) people are in the production 
department; managers, chiefs and responsible people, 9 (9%) 
people are company owners, 10 (13%) people are in the R&D 
department; managers, experts, engineers and support staff. 
Denizli textile industry has been producing home textiles (towels, 
bathrobes and sheets) for many years. As seen in Table 3, the 
majority of enterprises (65%) operate in the home textile sector.

Table 2: Position of Respondents in Their Companies.

Department (Position) Frequency %

Marketing 35 36

Human Resources 21 22

Production (Director, chief, responsible) 20 21

R&D (Director, expert, engineer, support staff) 10 10

Company Owner 9 9

Other 1 1

Table 3: Company Production Area.

Area Frequency %

Home textiles (bed linens, towels, bathrobes, etc.) 62 65

Outerwear (T-shirts, shirts, pants, etc.) sportswear, etc.) 26 27

Underwear 4 4

Children’s and baby clothing 2 2

Other 2 2

Table 4 shows the facility structure of the companies 
participating in the survey. Accordingly, 36 (38%) of the responding 
companies operate in the field of weaving - home textile apparel, 16 
(17%) only in home textile apparel, 15 (16%) in weaving-finishing-
apparel, 15 (38%) in weaving - apparel, 10 (10%) in integrated 

facilities, and 3 (3%) in knitting - apparel. According to Table 5, 
42 (44%) of the enterprises participating in the survey have 150-
299 employees. There are 34 (35%) enterprises with 300 or more 
employees. There are 18 enterprises (19%) with 50-149 employees 
and 2 (2%) with 1-49 employees.

Table 4: Company Facility Structure.

Structure Frequency %

Weaving – Home Textile Apparel 36 38

Apparel 16 17

Weaving – Finishing – Apparel 15 16

Weaving – Apparel 15 16

Integrated facility 10 10

Knitting (Flat / Round) – Apparel 3 3

Other 1 1
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Table 5: Total number of employees in the company.

Number Frequency %

150-299 people 42 44

300 people and more 34 35

50-149 people 18 19

1-49 people 2 2

According to Figure 2, most of the companies participating in 
the survey (76%) did not participated in the Industry 4.0 trend in 
any application.

According to Table 6, only 33% of the companies use a new 
technology that has not been available in the region in recent years. 

Figure 3 shows the technologies used by the companies. 

Accordingly, CAD/CAM systems (31.25%), cloud computing 
(26.25%), cyber security systems (25%) and ERP programs 
(22.5%) are the most used Industry 4.0 technologies in the 
companies. This is followed by ultrasonic and/or laser cutter usage, 
system integration and MRP programs with 13.75%. While other 
technologies are used in companies, albeit rarely, it is noteworthy 
that no business has an augmented reality application.

Figure 2: The company’s participation in the Industry 4.0 trend in any application.

Figure 3: Industry 4.0 technologies currently used in the company (%).

Table 6: The use of a new technology that has not been available in the region in recent years.

Status Frequency %

Yes 26 33

No 70 68
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Table 7 lists the factors that force companies to engage in 
innovation activities. These factors are listed as customer requests 
28 (%29), technological developments 26 (%27), reaching industry 

standards 25 (%26), competitor companies 6 (%6), in-house R&D 
5 (%5), company infrastructure and knowledge 4 (%4), and other 
reasons 2 (%2).

Table 7: The most important factor that forces the company to engage in innovation activities.

Factor Frequency %

Customer requests 28 29

Technological developments 26 27

Achieving industry standards 25 26

Rival companies 6 6

In-house R&D 5 5

Company’s current knowledge 4 4

Other 2 2

Table 8 shows the reasons why companies cannot innovate, 
respectively. Accordingly, most companies (27%) find innovation 
costs too high. Other answers; High economic risk with 21%, lack of 
qualified personnel with 21%, lack of necessary financial resources 

with 13% and lack of necessary knowledge about technology 
with 13%. In addition, 6% of companies do not see innovation as 
necessary.

Table 8: Reasons for failure to innovate in the company.

Reasons Frequency %

High innovation costs 41 27

High economic risk 31 21

Lack of qualified personnel 31 21

Lack of necessary financial resources 20 13

Lack of necessary knowledge about technology 19 13

Not seeing it as necessary 9 6

Evaluations regarding the applicability of Industry 4.0 
technologies to the textile sector are given in Table 9. Accordingly, 
while most of the companies think that Industry 4.0 technologies 

are applicable at medium level (64%), only 4% of the companies 
think that they are not applicable. 

Table 9: Applicability of Industry 4.0 Technologies to the textile sector.

Status Frequency %

Medium 61 64

Low 13 14

High 11 11

Very low 7 7

Not applicable 4 4

According to Table 10, 53% of the companies participating in 
the research stated that they do not have Industry 4.0 applications. 
This situation reveals that they could not see the effects of Industry 
4.0 on profitability and sales, which is the main purpose of the 

question. On the other hand, the rate of companies stating that 
productivity, profitability and sales increase even with the limited 
technologies they applied is 23%.
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Table 10: The effects of Industry 4.0 applications on productivity increase, profitability and sales increase in the company.

Status Frequency %

We do not have Industry 4.0 application 51 53

Increased 22 23

Unchanged 16 17

Increased a lot 7 7

Conclusion

In this period when we are on the verge of a new industrial 
revolution, it is very important to adopt the technologies brought 
by the new revolution as soon as possible in order to survive in the 
tough global competitive environment. Denizli, a textile city with a 
deep-rooted history and many years of experience, should turn the 
Industry 4.0 transformation process that is inevitably experienced 
in the world into an opportunity. It seems necessary for the sector to 
transition to Industry 4.0 applications in production by focusing on 
elements such as “speed”, “innovation” and “flexibility” that Industry 
4.0 technologies will bring, in order to continue for centuries. In the 
textile sector, thanks to Industry 4.0 technology applications, while 
the virtualization of prototype preparation will reduce stocks and 
waste, the use of artificial intelligence technologies in production 
will increase efficiency in terms of time, energy and material use, 
as well as quality. In addition, the use of important technologies 
such as wearable technology and 3D printer technology in textile 
production will open new horizons in the sector. 

On the other hand, when the disadvantages of Industry 4.0 are 
evaluated, it is thought that it will cause a decrease in the need 
for unqualified labor. However, the need for qualified labor will 
increase in order to use the technological infrastructure of Industry 
4.0, and labor with the necessary knowledge infrastructure will 
have the chance to receive higher wages. Technology is advancing 
at a dizzying pace all over the world. In today’s world where the 
transition to 5.0, the environmentally friendly transformation 
of Industry 4.0, has begun to be implemented, businesses that 
are deprived of these technologies and stay away from them are 
doomed to lose their competitive power day by day. In order for 
Denizli and Turkey to compete with other countries in the global 
economy in both textile and other sectors, great importance should 

be given to establishing the necessary technological and educational 
infrastructure on the road to Industry 4.0 and even Industry 5.0.
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