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Abstract 

The project discusses a case study on evaluating Industry 4.0 (I4.0) readiness in manufacturing companies in 
Kuwait. To assess the I4.0 readiness of the firms, the IMPULS I4.0 readiness survey was distributed to 
manufacturing companies. The purpose of the survey is to determine the readiness level and the progress of 
companies on their journey towards I4.0. Survey results were then analyzed and showed that the readiness in the 
Data-Driven Services dimension was around 60% and is considered the highest percentage in the analysis. On the 
other hand, the Employees dimension had the lowest readiness percentage of 23%. The results illustrated that 
Kuwaiti manufacturing companies need the most improvements in the Employees dimension. Based on the survey 
results, the ABC Company was selected as a case study for I4.0 digital twin implementation. Two simulation models 
were created for the production line of blue plastic drums in the company, one for the current line and another for 
after the implementation of I4.0. The results indicated that the throughput of the ABC Company will improve 228% 
with the I4.0 implementation and the investment will be recovered in 4 years. 
Keywords 
Industry 4.0, Readiness, IMPULS survey, Manufacturing 

1. Introduction
Industry4.0 (I4.0) is the current trend of data exchange and automation in manufacturing technologies. It includes 
cyber-physical systems (CPS), the internet of things (IoT), augmented reality, cognitive computing, and several 
other technologies. The new world industry is driven by data and the internet connected by devices that are capable 
of processing ever-growing amounts of information. The fourth industrial revolution is moving to create more 
flexible, efficient, and productive manufacturing. There are many benefits of I4.0 such as the ability to produce huge 
amounts of products, clarifications to eliminate errors and waste, high-speed manufacturing, high-quality products, 
and software defects prevention. Industry 4.0 can provide manufacturers with many benefits such as improved 
efficiency, lower costs, higher revenues, and increased innovation. 

I4.0 has nine technological pillars which are: internet of things (IoT), cybersecurity, additive manufacturing 
(3D printing), simulation, autonomous robots, augmented reality cloud computing, horizontal and vertical system 
integration, and big data. The corporations have to advance in these dimensions for a successful I4.0 deployment. In 
this context, the term readiness refers to the state of being familiar with the I4.0 concept but not being capable to 
implement it, and its purpose is to know the starting point and allow the development process. On the other hand, 
maturity is the state of being complete, perfect or, ready, but may involve some progress in I4.0 system 
development. The role of maturity models is usually a tool for understanding and measuring the maturity of an 
organization or process for certain target situations. The difference between readiness and maturity is that the 
assessment of readiness occurs before the maturation process. With regards to Industry 4.0 IMPULS, Empowered 
and Implementation Strategy, Digital Operations Self-Assessment, and The Connected Enterprise are some models 
for assessment of readiness or maturity. 

In the past few years, several studies have been conducted to measure the maturity and readiness level in 
Industry 4.0 on manufacturing companies from countries all over the world. So far, we couldn’t find any study that 
shows the maturity level of Kuwait’s manufacturing and mechanical companies, which is resulting in the uncertainty 
of Kuwait’s current state and level of I4.0 implementation. 

There are several objectives o this work: 
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• Have a clear and understanding background about I4.0’s readiness models. 
• Collecting data about the readiness and maturity of the manufacturing companies in Kuwait to adopt the 

idea of industry 4.0. 
• Understand the impact of successful I4.0 deployment. 
• Recognize the benefits of the concept of I4.0 in engineering and business fields. 
• Prepare action items depending on the readiness outcomes. 
• Help companies overcome the limitations and constraints they are facing in implementing I4.0. 
• Create simulation models before and after the effect of I4.0 implementation. 

The rest of the paper is structured as follows. The next part reviews I4.0 readiness and maturity models and 
their dimensions. The third part discusses the methodology including the survey and the simulation models. The 
fourth part documents the survey findings and simulation results. Finally, conclusions are given in the last section. 

2. Background and literature review 
2.1 Industrial revolutions: 
Industrial production needs to adapt rapidly to the ever-changing market requirements. Industry 4.0 is a present and 
a promising future for business integration and manufacturing. The development of industrial manufacturing 
systems can be presented as a path through the four revolutions (Figure 1), where this path evolves from manual 
work towards Industry 4.0 concept. First, in the 1800s the first industrial revolution (Industry 1.0) began with 
mechanical power and mechanization. It has moved the industry from manual work to the first manufacturing 
processes. Then, the second industrial revolution (Industry 2.0) has enabled manufacturing and mass production, 
because it was triggered by electrification. It combines the introduction of mass production without the allocation of 
products. After that, the third industrial revolution (Industry 3.0) occurs through the introduction of microelectronics 
and this is called digitization. In this manufacturing, production lines are flexible, and a variety of products are 
manufactured using programmable machines, but their flexibility is linked to the quantity of production. We are now 
in the fourth industrial revolution (Industry 4.0) which has been developing of Information and Communications 
Technologies (ICT). It has decentralized control and advanced communication (IoT) through a technological basis 
of smart automation of cyber-physical systems. The reorganization of classical hierarchical automation systems into 
a self-organized cyber material production system is the result of this new technology of industrial production 
systems. Moreover, that allows the flexibility of both of mass custom production and production quantity (Rojko, 
2017). 

 
Figure 1. The four industrial revolutions (Source: Rojko, 2017) 

2.2 Industry 4.0: 
The dynamic business world has an increased demand for transforming the products in order to compete with highly 
advanced economies. Hence, it has automated the demand for highly advanced and digitalized goods for the 
progress of an economy. This whole scenario leads the economies to move towards the new revolution called 
industry 4.0. This revolutionary transition represents the fourth generation in the manufacturing world, the more 
advanced and digitalized business world. Hence this movement from the first generation towards the fourth 
generation leads the economies to adopt the use of computers and automated the whole manufacturing process; it 
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consequently enhances the smart data for industries. Since the concept of industrialization has evolved, the 
technological paradigms have substantially shifted the progress in mechanization, electrical synergy, and the 
extensive use of digitalization (Brandherm and Kröner, 2011, p.376). Nowadays I4.0 is used to define the vast range 
of present concepts about the use of smart factory. In such situations manufacturing in the factories is completely 
automated and is equipped with sensors and autonomous systems. Lasi et al. (2014) said that this concept of I4.0 
was firstly introduced by a German government, whereas later on it was widely known for future high-technology-
based strategy. With the increasing trend of I4.0, the technology providers need to foster the industries to face the 
challenges and overcome them by embracing the opportunities. So I4.0 is the new trend of robots arises who work 
with the workers in the factories. Meanwhile, autonomous pieces of machinery and vehicles are modifying and 
facilitating the production line workers. Moreover, sensor networks are used to connect the designers to the workers 
of the factory, which replenishes the machines and software, and hence the suppliers are directly connected to the 
customers (Stock and Seliger, 2016). 
2.3 IMPULS-Industry 4.0 Readiness 
Lichtblau et al. (2015) stated that the readiness model, IMPULS, depends on the following six dimensions of I4.0 
(Table 1). Each dimension involved a different set of questions that were collected from the survey to measure the 
readiness of the companies. The first dimension is strategy and organization. I4.0 is beyond developing current 
processes and products using advanced digital technologies. It attempts to provide a chance to grow by developing a 
new business model, it has a great implementation of strategic importance (Lichtblau, et al., 2015). 

The second dimension is Smart Factory. A highly automated smart workpiece will control and monitor the 
production process, systems that organize themselves and guide without the interference of humans because it 
provides sensors and integrated for greater transparency and planning capabilities, information that is being 
delivered and resources are used more efficiently by involving digital modeling to smart storage, gathering and 
processing data. The smart factory depends on cyber-physical systems (CPS) which link the physical and virtual 
worlds by transferring through an IT infrastructure that is called the Internet of Things (Lichtblau, et al., 2015). 

The third dimension is Smart Products. Its characteristics are to think for itself, production efficiency, 
collects data, monitor and optimize the status of the product from communicating with the customers and 
manufacturers because of the physical products that it provides the ICT components (sensors, communications 
interface, RFID, etc.) (Lichtblau, et al., 2015). 

The fourth dimension is Smart Operations one of the important I4.0 pillars. It is recognized as the self-
controlling workpiece it checks if the processes and products are completed smartly, and it's known in 
synchronization of production planning systems and supply chain systems (Lichtblau, et al., 2015). 

The fifth dimension is Data-driven services. The main objectives in this area are to arrange the future 
business models and to increase customers' benefits. It will rely on evaluation, analysis of the collected data, and 
enterprise- wired integration. It can receive, send process information for operational processes, and have physical 
and digital components because of the equipped physical IT (Lichtblau, et al., 2015). 

The sixth dimension is the Employees; the working environment is important. It requires the workers to 
have new skills and also qualifications companies have to prepare their employees by training and education 
(Lichtblau, et al., 2015). 
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Table 1: I4.0 IMPULS Dimensions (Source: Lichtblau et al., 2015)

Based on the six levels of the readiness assessment, companies can be grouped into three types of groups, which 
makes it more professional, easier to draw conclusions, check progress, condition, summarizing results relating to 
I4.0 (Lichtblau, et al., 2015). The three levels are provided in Figure 2 below: 

 

 
Figure 2. IMPULS six levels readiness 

A comparison of the four maturity and readiness models is shown in Table 2 below. There is only one 
model that represents readiness which is the IMPULS model and the rest of the models represent Maturity which are 
Digital Operation Self-Assessment, The Connected Enterprise, and Industry 4.0 Maturity, (Akdil et al., 2018). 
 

Table 2. Comparison of Industry 4.0 maturity and readiness models 
Maturity/readiness 

Model 
Maturity/readiness dimensions Industry Scope 

IMPULS- Industries 
4.0 Readiness 
(Lichtblau et al., 

It includes a 5-stages readiness model with 
6 dimensions and 18 criteria. 
Each stage is defined clearly with its’ 

This model’s main concern is the 
manufacturing, engineering industries. Has 
a limited application area. 

Dimensions Associated fields 

Strategy and organization * Implementation status of Industry 4.0 strategy 
* Operationalization and review of strategy through a system of indicators 
* Investment activity relating to Industry 4.0 
* Use of technology innovation management 

Smart factory * Digital modeling 
* Equipment infrastructure 
* Data usage 
* IT systems 

Smart products * Data analytics in usage phase ICT add-on functionalities 
 

Smart operations * Cloud usage 
* IT security 
* Autonomous processes 

Data-driven services * Availability of data-driven services 
* Share of data used 
* Share of revenues derived from data-driven services 

Employees * Skill acquisition 
* Employee skill sets 

 

 

New comers  (Level 0 to level 1)
Companies that have never created projects or studied very 

little  that deals with  I4.0

Learners (Level 2)
Companies first step in I4.0 has been taken

in creating projects 

Leaders (Level 3 up)
companies that are well at implemnting I4.0 and ahead

of most companies 
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2015) hurdles and action plans. It measures companies' readiness to 
implement and integrate the industry 4.0 
concept. 

Industry 4.0/Digital 
Operation Self-
Assessment 
(Schumacher et al., 
2016) 

It includes a 4-staged maturity model with 
7 dimensions and 6 steps. Criteria are 
undefined in this model. 
It provides short action plans and 
comments resulting in online assessment. 

This model includes digitization of 
horizontal and vertical value chains, 
focusing on how to develop the company 
products and services aiming to have new 
business models to implement. Has wide 
application area. 

The Connected 
Enterprise Maturity 
Model (Rong, 2014) 

It includes a 5-staged maturity model with 
5 dimensions. Maturity criteria are 
undefined in this model, and it lacks an 
assessment tool. 

This model focuses on the information and 
operation technologies of companies. What 
happens if an organization has a lack of 
operations dimension and a limited 
application area? 

Industry 4.0 
Maturity Model 
(Schumacher et al., 
2016) 

It includes a 5-staged maturity model with 
9 dimensions and 62 items. Maturity is 
examined under 5 levels. It uses a basic 
formula for calculating maturity level and 
assessment. 

This model focuses on the manufacturing 
industry, comprehensive maturity model. 
Has a limited application area. 

3. Methodology 
 
In this part, we will be explaining our methodology and the steps we are going to use in detail. Our process design 
will be the steps in the survey research process, as well as the steps of the simulation, each explained clearly, and 
fully. 
3.1 Survey 
The following will be the steps in the survey research process: 
1) Define the problem 
In this case, the problem is to assess Kuwait’s manufacturing companies’ readiness level in implementing I4.0. 

2)  Develop research questions 
For this step, we did our researches on a specific model which is IMPULS – Industry 4.0 Readiness, that will help us 
evaluate and measure the level of readiness in the manufacturing companies chosen for the study. 

3) Literature Review (acquire knowledge about research issues) 
In the literature review, we have gathered information and did several pieces of research on our main topic, which is 
I4.0 readiness, and its main four models. Explaining each model specifically and creating a comparison between them 
in the end, so we can choose the model that is mostly related to the manufacturing industry. 

4) Defining and operationalizing concepts 
Readiness is the state of being familiar with the concept of I4.0 but not being capable to implement it. This state 
comes before engaging in the maturing process. 

5)  Deciding on a survey approach 
For our survey approach, we are going to meet with companies, face-to-face, as it is the best way to accomplish 

the survey, to avoid some questions being misunderstood, or getting poorly filled surveys. 

6) Pretesting questionnaire (and revising as necessary) 
In this step, as a group, we all fully revised and understood the surveys chosen and made some necessary 
improvements. After that, we handed it to experts in the industrial field to look at it and make sure all the questions 
are clear and understandable before handing it out to companies. 

7) Sampling 
For the sampling step, we are going to choose a population size of 157 companies that have total finance of one 
million Kuwaiti dinars or above, and employees of one hundred or more. For our sample-size we are going to 
calculate it using the following formula: 

n=(t^2 p(p-1))/m (Equation 2; Sample size equation) 
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x = 157 companies 

n = required sample size 

t = confidence level at 95% (standard value of 1.96) 

p = estimated prevalence of the variable of interest (0.05) 

m = margin of error at 5% (standard value of 0.05) 

For calculating the sample size, we are going to use a confidence level of 95%, which means our t (standard value) 
will be equal to 1.96, and our margin of error will be 5%. For the estimated prevalence of the variable of interest, we 
chose 0.05, because we want our sample size to be as large as possible for the results to be more accurate. 

Calculation: 

n=((1.96)^2 (0.05)(0.05-1))/0.05≈19.208 ≈20  companies. 

We calculated the sample size to be approximately 20 companies, this means that from 157 companies we need to 
reach almost 20 companies. 

8)  Collecting data 
For this step, we are going to hand out the surveys to companies and then collect the data. We will be interviewing the 
company’s expert engineers who will understand the survey and fill it correctly. 

9)  Data coding and entry using Excel 
In the following step, we will be presenting the collected data in the excel software in a data sheet. Then we will be 
able to determine the scores of the companies chosen to choose one for our plan. 

10)  Plan 
After collecting the data and analyzing it well, we will check if we have a company that is ready, if we do, we will 
create either a roadmap or a simulation for this company or both together. If not, we will look for a company that is 
not ready and will provide awareness, create a roadmap, or create a simulation for the company with the choice of 
doing all three together. 

a) Awareness: 
If a company is not aware of the industry 4.0 concept, we will clearly explain it and make the company aware 

of all its’ benefits and importance by presenting the topic to them and showing them what this concept is changing 
in the industrial world. 

b) Roadmap: 
The roadmap plan is a way to improve the company’s maturity level or to make a company mature to implement 
I4.0. A roadmap is a strategic plan used to reach the desired goal by following major steps for that purpose. 

c) Simulation: 
The simulation will be used to simulate models and show companies the level of improvement they will face after 
implementing I4.0. It will show the company’s revenues before and after the implementation and how it will be 
increasing in the following years. 

11)  Analyses 
In this step, we will analyze the results, check if they are effective for our study, and can be written and presented to 
the companies chosen. 

12)  Writing up results 
In this step, we will gather the results and write them up in a report to be able to present our study in a professional 
understandable way for the following step. 

13)  Presenting/disseminating results 
In this step, we will present the written results and explain in detail all the steps taken in this process. After that, we 
will discuss and get feedback from experts to carry on with the project and to see if it can be implemented and shared. 

14)  Replication/extension 
If needed, we will replicate our study and apply it to several more companies, to improve and spread awareness about 
I4.0 which is our main topic in this project. 
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3.2 Simulation 
The following will be the steps in the simulation study: 

1. Understand the system 
2. Put a clear goal 
3. Formulate the model representation 
4. Collect the data from the chosen company 
5. Translate into modeling software (ARENA) 
6. Validate the model 
7. Verify the model 
8. Design experiments 
9. Make runs 
10. Analyze and document the results 

4. RESULTS 
Survey Results 
Table 3 below shows the results of the survey for each company. The table shows the score given in each dimension, 
the sum of all dimensions together, and the readiness level given to each company. Company names were switched 
to alphabets to keep their information confidential. ABC Company was selected for this case study which is why it 
is the only company shown with its’ name. Each level is represented with a specific color shown in the color legend. 

 
Table 3. The results of the survey for each company 

 
 
As shown in Figure 3, the radar chart represents the averages of each dimension of the I4.0 IMPULS model. These 
averages are calculated using the data collected from the manufacturing companies in Kuwait. Data-Driven Services 
seems to be had the highest average of 60% and is being strictly applied in most manufacturing companies in 
Kuwait. Next we have Smart products, Smart Factory, Strategy & Organization, Smart Operations with averages of 
59%, 55% 43%, and 41% respectively. The weakest and most poorly applied readiness dimension is in Employees 
with an average of 23%. 

Company Name Strategy&Organization (25) Smart Factory (14) Smart Operations (10) Smart Products (19) Data Driven Services (14) Employees (18) Sum Level
A 14.24 8.73 6.25 16.63 10.50 6.43 62.78 Level 3
B 13.05 5.63 2.41 16.63 10.50 6.44 54.66 Level 3
C 12.33 8.64 4.98 14.25 7.00 4.17 51.37 Level 2
D 8.64 6.16 4.79 9.50 7.00 0.96 37.04 Level 2
E 7.23 6.74 4.88 11.88 7.00 2.89 40.62 Level 2
F 8.86 2.82 3.77 0.00 14.00 3.84 33.28 Level 1
G 1.25 0.58 1.90 11.88 0.00 2.88 18.49 Level 0
H 10.90 5.34 1.15 7.13 10.50 4.48 39.49 Level 2
I 10.53 10.67 5.37 9.50 14.00 8.38 58.45 Level 3
J 10.79 6.41 5.18 14.25 7.00 4.48 48.12 Level 2
K 15.39 12.04 6.23 14.25 14.00 5.79 67.70 Level 3
L 8.16 5.25 4.04 0.00 10.50 6.44 34.39 Level 1
M 15.29 8.24 4.50 16.63 10.50 4.50 59.65 Level 3
N 9.99 6.84 5.36 14.25 3.50 2.56 42.50 Level 2

ABC Company 12.59 11.45 5.79 19.00 10.50 3.21 62.54 Level 3
O 12.59 8.16 0.00 0.00 0.00 0.00 20.75 Level 1
P 3.95 3.78 2.52 11.88 3.50 0.64 26.27 Level 1
Q 16.02 10.58 5.29 11.88 7.00 1.60 52.36 Level 3
R 11.50 14.09 2.65 14.25 10.50 6.44 59.43 Level 3
S 13.87 13.08 4.56 10.00 10.50 8.08 60.09 Level 3

Average 10.86 7.76 4.08 11.19 8.40 4.21
Readiness Percentage 43% 55% 41% 59% 60% 23%
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Figure 3. Readiness Percentage 

 

 

Figure 4. Dimensions 
 

Figure 4 above, is another chart that shows the results of each dimension for each manufacturing company. 
This shows some companies have high scores such as K and ABC, which means they are ready and capable of 
implementing I4.0. 

Simulation Results 
Studying ABC Company performing before the usage of I4.0, and after implementing I4.0 in their 

production line. However, with collecting all the necessary data from the production area (number of machines, 
processing time, cycle time, defect rate, demand, raw material, the capacity of the machines, and number of products 
produced), two different simulation models will be created. 

Arena Model before implementing Industry 4.0 
The simulation will be applied for ABC Company that manufactures plastic drums with weight 9.8 kg that 

mainly focused on studying the process of manufacturing the plastic drums as shown in Figure 5 below. 
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Figure 5. Arena model before implementing I4.0 

 
Arena Model after implementing Industry 4.0 
The process of manufacturing the plastic drums after implementing I4.0 is shown in Figure 6 below. It will follow 
the same steps but with slight changes in the machines and process excluding the Blower process, Molding process, 
and Shredder process and their machines. We will have with 3D printer process instead of the three aforementioned 
processes. 

 
Figure 6. Arena model after implementing I4.0 

 
The key performance indicators chosen are the total time and number of good drums. Table 4 below shows the 
simulation results from both models before and after the implementation of I4.0. Results show that the total time 
before the implementation of I4.0 is 286 mins, and the number of good drums is 148 drums. After the 
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implementation of I4.0, the total time is 321 mins, and the number of good drums is 545 drums. The last row in the 
table shows the number of drums per minute. 
 

Table 4. Comparing Result Before & After Implement I4.0 
 Before Implementing I4.0 After Implementing I4.0 
Total Time 286 min 321min 
Number of Good Drums 148 545 
Drum per min 0.517 1.697 

 

The graph shown in Figure 7 below shows a bar chart that compares drums per min, before and after the 
implementation of I4.0, which shows a 228% improvement. 
 

 
Figure 7. Compares drums per min before & After implement I4.0 

5. CONCLUSION 
In conclusion, I4.0 is a term that refers to the Fourth Industrial Revolution focuses on connectivity altering the way 
the industry responds to society through the smart interconnected pervasive environment. Through the journey for 
successful I4.0 deployment, understanding all the four readiness and maturity models with their dimensions and 
choosing the best model that is applicable for Kuwaiti manufacturing companies was accomplished. Completing 
qualitative research after gathering the surveys and analyzing the levels and the dimension for manufacturing 
companies, ABC company was chosen with the highest score. After collecting information on the products the 
company manufactures, we created experimental research to identify ABC Company production departments’ 
complications and performance. In particular, two simulation models were built to simulate before and after the 
implementation of I4.0 relating to the manufacturing of drums (by using Arena Simulation software). The use of the 
3D Printer for the production of the drums increased productivity by 228%. 
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