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Abstract: It is necessary to adapt constantly to the business environment with its changing demands.
Understanding the objectives, scope, and limitations of actual process changes is crucial, and can
be achieved with numerous measures, methods, and techniques. This research demonstrates an
innovative approach to organizational changes to enable sustainable processes. In the first part of
this research, relevant measures, methods, and techniques are selected through an in-depth literature
review. Then, an international online questionnaire is executed among 213 enterprises from four
countries. In the last part of this research, the developed approach is tested for the example of waste
minimization in the process of developing coatings. Based on the analysis of the survey questionnaire,
the usability and benefits of various measures are demonstrated, namely from the point of view of
their positive impact on structural and operational efficiency indicators. At the end of the article, a
case study presents the success of the innovative approach in terms of 88% waste minimization and
up to 48% time and cost reductions in the process of developing coatings. The proposed approach
enables better choices to be made and the more efficient use of various measures, which can lead to
more sustainable processes and improve the efficiency of enterprises.

Keywords: organizational changes; key performance indicators; measures, methods, and techniques;
sustainable processes; waste minimization

1. Introduction

Adapting enterprises to changes in the environment is a necessary constant. Orga-
nizational changes require time and resources that could otherwise be used to carry out
the core business. Questions are raised about the impact of organizational changes on the
competitiveness of enterprises [1]. The first question to be answered is as follows: can it
be determined with a high degree of certainty before implementation whether or not the
organizational change will be met with success?

Furthermore, key performance indicators (KPIs) relating to competitive advantage
dimensions [2] are frequently used in organizational changes. It often remains unclear how
research findings on reorganization projects and applied business process management
technology specifically contribute to better KPIs. After defining KPIs, the following question
remains: how can the process be improved to improve the KPIs, or how can the KPIs of
the process be improved to achieve set objectives [3]? It is often unknown which approach,
measures, or forms of organizational restructuring will provide the best results in a given
situation. Therefore, Vos et al. [4] suggest that new research should contribute to a better
understanding of the conditions and possibilities in applying change implementation
approaches and organizational systems’ process orientations.

The answer can be found in different change implementation approaches [5–8]. We
focus on process approaches [3,6], where business processes are analyzed and improved,
followed by the implementation of organizational changes and digital transformation of
processes [9]. Against the backdrop of changing business requirements and recurring
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issues [1], it is necessary to understand the objectives of changes and the actual changes in
business processes achieved through measures, methods, and techniques within different
business process improvement approaches [10]. This research presents an innovative
approach to implementing organizational changes to create sustainable processes that
combine the process aspect, various measures to improve them, and associated KPIs. The
innovation of the approach lies in the integration of the project approach and the prediction
of the impact of organizational changes on process efficiency using efficiency indicators.
The advantage of the approach is the connection between the purpose of reorganization
and its results through various KPIs [11], and the evaluation of its success based on the
measured values. On this basis, the approach is aimed at all those involved in implementing
and reviewing the impact of organizational changes on system efficiency and predicting
the impact of planned changes.

Organizational change is a one-time, time-limited endeavor with many stakeholders,
limited resources, and associated risks. These are just some of the characteristics common
to projects [12]. It is also possible to improve enterprises continuously, but there are cycles
with the same characteristics as those of phases in a project. In this case, the changes
are not radical, and the risk is usually lower [6]. Therefore, organizational change can
be considered a project and can be prepared and managed like a project. The execution
of a project has a defined start, phases, activities, milestones, and a conclusion with a
confirmation that the set objectives have been achieved [13]. However, a project must be
prepared before it starts since it is a unique process. Therefore, a project has an executive
part (the fundamental transformational processes) and an organizational part (project
management processes—planning, organizing, controlling, and leading) [14], which is the
focus of the following section.

1.1. Project Initialization: Definition of Requirements and Boundary Conditions

The project preparation phase is a prerequisite for starting an organizational change
project [13]. The first part of the preparation process is the initialization phase, where the
problem state is identified and defined. Organizational change can affect a single business
process, multiple business processes, part of a business system, or the entire business
system. Scoping is the responsibility of decision-makers who identify a deviation in the
efficiency and effectiveness of the system. System deviations are detected by monitoring
the operational indicators of one or more dimensions of competitive advantage of the
devil’s quadrant [15,16]. The devil’s quadrant includes the following dimensions with their
associated operational indicators:

• Time (e.g., throughput time [17], process cycle time [18–20] or process waiting time [17,21,22]);
• Cost (e.g., activity cost [17], process cost or cost of quality [19,23,24]);
• Quality (e.g., quality of external outputs [25–27], rework time [19,28,29] or compliance

with regulation [19,26,27]);
• Flexibility (e.g., process flexibility [30,31], product or service variety [27] or special

request [18]).

Based on this, the purpose of the organizational change is defined, typically addressing
one of the dimensions and quantifying its value (e.g., throughput time from demand
to supply is reduced by “x” units of time). Boundary conditions are also defined by
quantifying and typically weighting the other dimensions.

1.2. Project Conception: Definition of the Organizational Change Content

Project preparation is accomplished through two project management processes. The
first is the conceptualization process, where the team decides, based on analysis, which or-
ganizational change approach will be chosen and which measures, methods, or techniques
will be used [10]. Research [10] shows that different approaches often use the same methods
and techniques but in various combinations. To calculate the costs and benefits, we need to
know which processes will be subject to organizational change and with which measures.
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The evaluation of structural efficiency is the basis for process selection [32]. From
the process models and the attributes of the business objects in processes, it is possible to
derive complexity/structural efficiency indicators [33–38]. They can be used to calculate
unrelated structural efficiency indicators and evaluate individual processes’ structural
efficiency [39]. Comparing the structural efficiency assessments of processes indicates
which processes have the most significant potential for improvement and are usually
prioritized. A prerequisite for the optimal selection of processes is an organized business
repository with up-to-date models and business objects [40].

The following measures, methods, and techniques should be selected for each pro-
cess [10] and can be combined to achieve the desired results:

• Measures (e.g., merging activities, increasing parallel activities, and empowering
employees [16,41]);

• Methods (e.g., process modeling [16,42], benchmarking [43,44], and brainstorming [44,45]);
• Techniques (e.g., FMEA [46,47], EPC [48], and cause and effect diagram [16,44]).

In the next step, operational indicators are defined for each selected process to measure
the impact of organizational change [15,49]. Achieving the operational indicators means
that the objectives of the project are met. A description, measurement unit, and target
gradient (e.g., reduction) are defined for each operational indicator. For each operational
indicator, a value is measured before the start of the project (AS-IS value), and an expected
(desired) value after the end of the project (WISH-TO value) is defined.

For each selected process, the weights are checked, and if necessary, the balance is
changed concerning the other processes. Similarly, the weights between the operational
indicators of each dimension and between the operational indicators of all dimensions
are determined.

The project’s economy is also calculated as part of the conceptualization process.
The expected impact of organizational change is the difference between the values of the
selected operational indicators of the current state (“AS-IS state”) and the values of the
same operational indicators of the expected state (“WISH-TO state”). The predicted impact
of the organizational change can be direct (cost), indirect (time, quality, flexibility), or
a combination.

To calculate the impacts of an organizational change, we need to add the direct and
indirect impacts for each iteration of the process and calculate the impacts for a selected
unit of time based on the number of iterations. The activity described above is repeated for
all processes subject to organizational change.

When interpreting the calculation results, it must be taken into account that the AS-IS
values of the operational indicators are measured, while the WISH-TO values are assumed.
The latter poses a risk to the accuracy of the calculation. However, this risk can be mitigated
if the right processes are selected for redesign based on structural efficiency, and proper
measures are selected based on structural indicators.

1.3. Organizational Change Project Planning

Project planning is teamwork. The team should include experts involved in the
process’ redesign. It should also include experts from the organization, and from the fields
of information technology (IT) and human resources (HR). The scope and content of the
project are derived from the purpose and objectives, and the boundary conditions provide
the framework for the execution plan. The execution part of an organizational change
project is usually divided into the following phases [6,14]:

• Preparation for improvement;
• Process mapping/process modeling (if we do not have an up-to-date business repository);
• Process analysis;
• Key process improvement through selected measures;
• Solution implementation/system adaptation (the adaptation of an organizational

structure, IT system, and HR system to the improved process);
• Process monitoring and control.
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The activities within the phases depend on the selected measures, methods, or tech-
niques and must be well defined in the plan. The objective, execution method, duration,
experts, and other assigned resources, results, and possible risks must be anticipated.

The suitability and effectiveness of the presented approach for designing sustainable
processes are tested in this research through the following methods:

• Demonstrating the usefulness and benefits of process improvement methods and
techniques through their impact on performance indicators (Section 3.1);

• A case study of waste minimization in the development process (Section 3.2).

2. Research Procedure

The overall research on the suitability and effectiveness of the innovative approach
was conducted in three phases:

• An overview of the theoretical background (Section 1);
• A verification of the suitability of the innovative approach through considering evi-

dence of the usefulness and benefits of the methods and techniques (the determination
of a representative sample, Section 2.1, and a survey questionnaire, Section 2.2);

• A verification of the effectiveness of the innovative approach through a case study of
waste minimization in the development process (Section 2.3).

2.1. Determination of the Representative Sample

The representative sample for the survey was determined based on Eurostat statistics
for the most recent years available [50–54]. Due to the volume of available data, we focused
on four European Union countries: Slovenia, Croatia, Germany, and Sweden. The relevance
of the countries’ selection was ensured via a preliminary review of Eurostat statistics,
which confirmed that the selected countries are similar in some criteria (e.g., geographical,
historical, cultural—Slovenia and Croatia); in other criteria, they represent good practice
examples (Germany and Sweden) of enterprise effectiveness.

Based on a review of enterprises by size [50], it was found that two criteria can be used
for sampling: the proportion of the enterprise size and the gross value added (GVA) of the
enterprise size. It is reasonable to consider GVA as the primary criterion for sampling. This
decision is based on the realization that we should focus on micro and small enterprises if
we select enterprises based on the size proportion criterion alone. These enterprises often
do not use business process improvement methods, techniques, or approaches and are less
relevant to research. Furthermore, considering GVA, medium and large enterprises cover
at least 56.8% of the GVA in all selected countries. However, we also included medium
enterprises in the research, as some studies show the peculiarities of the newly joined
countries of the European Union [55].

Based on a review of enterprises by business area [51–53], it was found that six busi-
ness areas stand out across all criteria (e.g., portion, gross value added, and employment),
namely manufacturing (including the coatings industry, which is the subject of the case
study); wholesale and retail trade, the repair of motor vehicles and motorcycles; construc-
tion; professional, scientific and technical activities; information and communication; and
transportation and storage). These business areas stand out, whether they are compared
overall or country-by-country.

To determine the sample’s representativeness, we were interested in more detailed
information on the suitability of the selected enterprises. Based on the data obtained, we
calculated the proportion of enterprises the research would cover if we focused only on the
six outstanding business areas (Table 1).

The results in the table confirm that the sample covers at least 71.8% of large enterprises
and at least 74.7% of medium enterprises in all selected countries. It is also important to
note that detailed data for other business areas were unavailable during the research.
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Table 1. Calculation of the medium and large enterprises covered (source: own elaboration).

Country
Six Business

Areas (Medium
Enterprises)

Six Business
Areas (Large
Enterprises)

Medium
Enterprises

Large
Enterprises

Percentage Covered
Medium

Enterprises

Percentage
Covered Large

Enterprises

Slovenia 1001 188 1182 233 84.69% 80.69%

Croatia 1525 329 1861 416 81.95% 79.09%

Germany 46,031 8715 61,634 12,139 74.68% 71.79%

Sweden 4466 779 5527 1031 80.80% 75.56%

However, before the final calculation of the representative sample, it is useful to
adjust it to be consistent with one of the research aims (the analysis of differences between
countries). For this reason, the calculation is based on the assumption of the equal coverage
of enterprises in all countries. As a result, the calculation is performed for 30 enterprises
per country and assumes a sample of 120 enterprises. The calculation consists of two parts:
the ratio between medium and large enterprises and the ratio between the predominant
purpose of enterprises (material and non-material (service) production) by country. Table 2
shows the representative sample by country, size, and the purpose of enterprises.

Table 2. Representative sample by country, size, and the purpose of enterprises (source: own elaboration).

Country Medium
Enterprises

Large
Enterprises

Material
Enterprises

Non-Material
Enterprises

Slovenia 24 6 16 14
Croatia 24 6 13 17

Germany 25 5 12 18
Sweden 27 3 9 21

Thus, the representative sample allows comparisons based on two criteria, but when
using specific statistical tests, it prevents comparisons of the size of enterprises. When
considering additional options, it should be noted that the sample can be adjusted (partially
in terms of size or entirely in terms of size and purpose).

As a result, sample adjustments would eliminate the inability to perform statistical
tests, but the sample’s representativeness would deteriorate with each additional adjust-
ment. At the same time, individual statistical tests are based on certain assumptions
(e.g., normal distribution, homogeneity of variances, etc.) that are not necessarily achieved
because they depend primarily on the respondents’ answers. Considering the above
possibilities and limitations, this research used a baseline calculated representative sample.

2.2. Survey Questionnaire

We found that a survey is the only appropriate research method to conduct the research
with, so we created a questionnaire for the following reasons:

• It covers the scientific and professional needs in the research field;
• It covers the purpose of this research;
• It covers performance indicators and relevant process improvement methods and

techniques (based on a review of the available literature);
• It enables a comparison of results according to the enterprise classification criteria.

The survey questionnaire consisted of six sections. The questionnaire was available
in four languages. The anonymous survey questionnaire did not ask for respondents’
personal information. It was created using the “1 ka tool” [56]. Before starting the research,
the questionnaire was validated for its content and technically validated by nine employees
in different enterprises.

Each enterprise first received an e-mail invitation to participate in the international
research, followed by two reminders on predetermined dates. In addition, the invi-
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tation was forwarded to a new contact for each returned e-mail (e.g., technical prob-
lems, non-existent e-mail address, etc.). The research was carried out during the period
1 April 2021–15 July 2021, with the questionnaire available for exactly 90 days.

Based on the number of questionnaires completed after the initial transmissions, it
was determined that a close follow-up of a representative sample did not yield the expected
distribution of responses. Consequently, the sample was slightly adjusted in the follow-ups
as more material enterprises were added. The questionnaires for the Slovenian and German
enterprises were also published on social media.

After data collection, respondents’ responses were reviewed, and all adequately com-
pleted questionnaires were included in the analysis. Based on the responses, a detailed
analysis of the response rate was prepared and is shown in Table 3. The analysis shows
the highest response rate in Slovenia (14.7%) and the lowest in Sweden (0.8%). The overall
response rate of the questionnaires was 7.6%. In some countries, we noticed a lower re-
sponse during the survey. Therefore, we also conducted the 2nd and 3rd rounds of sending
invitations and reminders, where we tried to replace non-responding enterprises with
others with the same characteristics. The General Data Protection Regulation also affected
enterprises’ willingness to respond in some countries.

Table 3. Response rate by country (source: own elaboration).

Country Total Number of
Enterprises Response Rate

Slovenia 879 14.7%
Croatia 503 12.1%

Germany 797 2.3%
Sweden 633 0.8%

Total 2812 7.6%

However, the results of the response rate analysis were in line with expectations. After
reviewing research, we found lower response rates reported by Sivo et al. [57] and Baruch
and Holtom [58]; they are 3% or more for data obtained from individuals and 10% or more
for data obtained from enterprises. A recent review of the research with response rates
of 5% and above has shown that studies with lower response rates are often slightly less
rigorous than those with higher response rates [59].

We calculated the sample size’s adequacy using a freely available calculator [60]. We
assumed that the achieved sample size was adequate for the research, knowing that a
sample size between 30 and 500 is sufficient for most research [61]. However, we wanted
to know with what level of confidence and under what conditions we could say that
the achieved sample size is adequate. Therefore, the size of the selected population of
63,034 medium and large enterprises in the six selected business areas was entered into the
calculator. Using an alternative scenario, we found that the margin of error for the achieved
sample size was 6.70%. Based on the calculator, it was confirmed that our responses can
tolerate the achieved margin of error. According to the calculator’s recommendation,
based on the most conservative assumptions for statistical tests and assuming a normal
distribution, we left the normal distribution at 50%. A confidence level of 95% was used for
the calculation. The calculator recommends a sample of 196 enterprises based on the above
conditions. We have exceeded the recommended sample and can state, with a confidence
level of 95%, that the achieved sample (213 enterprises) is adequate and representative of
the selected research population.

2.3. Case Study on Waste Minimization in the Development of New Products in the
Coatings Industry

We have chosen the coatings industry as a case study for an innovative approach
to organizational changes for sustainable processes. This is a significant segment of the
manufacturing area that is relatively weakly organized.
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The problem in the coatings industry is the increasing complexity of developing new
products that must meet numerous requirements. Coatings contain various ingredients,
such as resins, additives, pigments, fillers, catalysts, solvents, etc. In the classic devel-
opment of a new product, developers prepare and test many potential products in the
laboratory. Only technologically appropriate products (that protect the substrate, meet
esthetic criteria, etc.) are included in production and offered on the market. Due to the
many possible ingredients for formulation, creating new coatings involves complicated
systems [62,63]. The coatings industry adopts high-flow systems with computer simulation
to address product demands, following examples from other industrial sectors such as
pharmaceuticals [62,64–66]. Advances in laboratory equipment speed up testing and allow
more measurements to be taken in a specific period, reducing product development times.
However, to ensure safety and environmental considerations, it is crucial to evaluate the
hazards of a product based on ingredient data during formulation preparation [67]. Modern
information technology can significantly streamline these processes [68–70].

It is essential to redesign processes with chosen measures, methods, and techniques
to improve the coating development process radically. In this case, using digital transfor-
mation [71] in combination with other process reengineering measures (e.g., reducing the
number of activities, changing the sequence of activities, etc.) is appropriate.

The primary purpose is to optimize the number of tests in the laboratory. For this, the
formulator needs access to structured databases of ingredients. The databases should be
in the cloud and have up-to-date, precise ingredient data. Based on these databases, the
formulator can create a formulation suitable for the user from a functional, health, and envi-
ronmental perspective. Another benefit of this redesign is that all required documentation
(i.e., hazard labels, safety data sheets, and technical data sheets) can be generated. In this
way, unnecessary laboratory testing can be avoided. The reduced number of laboratory
tests could enable waste minimization. In addition, the development throughput time can
be shortened, and costs can be minimized.

The necessary precondition for the proposed improvement is process analysis, for
which we need relevant and up-to-date data, process models, and a “technical enabler” [72].

First, itis necessary to create AS-IS (process execution before redesign) and TO-BE
(process execution after redesign) models of the coating development process. The architec-
ture of integrated information systems (ARIS) methodology, specifically an event-driven
process chain model (EPC model type), was used for process modeling. Process modeling
is described in detail by Kern et al. [68].

Second, we have found the technical enabler used as a 4th-generation information
tool [73]. It is an “all-in-one” tool that enables real-time online searches for coating ingredi-
ents, virtual coating formulations, and digital technical and safety data sheet generation.

The proposed process redesign was tested in the selected enterprise. Based on the
results, its suitability was verified. To verify the process redesign, we conducted three
analyses using the following data:

• Waste minimization [74]:
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• Throughput time reduction, where the time for each process activity was moni-
tored [68]:
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tion. The calculation considered the following savings: fewer laboratory tests,
lower material consumption, and less labor (due to shorter activity times).

Achieving the specified results will confirm the suitability of the proposed coating
development process’ redesign and the presented approach’s success.

3. Results

This chapter analyzes the usefulness and benefits of process improvement methods
and techniques through their positive impact on efficiency indicators. The analysis involved
several steps:

• Descriptive statistics (averages; contingency tables);
• Conducting a proportion test;
• Conducting a population mean test.

All tests were conducted repeatedly, analyzing the impact of individual methods and
techniques and the impact of sets of process improvement methods and techniques on
structural and operational efficiency indicators.

The second part of the chapter presents the results of a case study on waste minimiza-
tion in the development process.

3.1. Analysis of the Usefulness and Benefits of Process Improvement Methods and Techniques

Briefly, 213 respondents from different enterprises completed the questionnaire. Most
respondents were from the following:

• Medium (55.9%) and large enterprises (41.8%);
• Material (60.6%) and non-material enterprises (36.6%);
• Enterprises from Slovenia (60.6%) and Croatia (28.6%).

In this context, respondents particularly highlighted the redesign of product and
service development and management processes (44%), out of which 49% represented core
(primary) processes in their enterprises.

The survey questionnaire and its analysis were intended to confirm the connection
between the purpose of reorganization, the measures in the organization (business process
improvement methods and techniques), and the performance indicators (KPIs). We veri-
fied the connection using the positive impact of the most commonly used methods and
techniques in practice on various performance indicators. Here, we used the proportion
test to check the positive impact (results in Tables 4 and 5) and the population mean test to
check the strength of the positive impact (results in Tables 6 and 7).

Table 4. Impact of methods and techniques on structural efficiency indicators (source: own elaboration).

Methods/
Techniques

The Number
of Activities

The Number
of Employees

(Positions)

The Number
of Documents

The Number
of Decision

The Percentage of
Activities Supported by
Information Technology

Methods (123) 1 <0.001 0.007 <0.001 <0.001 <0.001
Techniques (41) 0.004 0.270 0.270 0.013 <0.001

Benchmarking (32) <0.001 0.070 0.025 0.025 0.007
Brainstorming (47) 0.012 0.478 0.012 0.012 0.135

P. Mapping/
P. Modeling (17) 0.050 0.164 0.164 0.008 0.050

5S (14) 0.018 0.018 0.101 0.018 0.018
FMEA (11) 0.197 0.455 0.455 0.197 0.197

1 Numbers in parentheses represents the sample size for each test. In all the following tables, numbers in
parentheses represent the sample size for each test.
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Table 5. Impact of methods and techniques on operational efficiency indicators (source: own elaboration).

Methods/
Techniques

The Process
Execution Time

The Process
Execution Cost

The Quality of
Process Execution

The Flexibility of
Process Execution

Methods (123) <0.001 <0.001 <0.001 <0.001
Techniques (41) <0.001 <0.001 <0.001 0.004

Benchmarking (32) <0.001 0.001 <0.001 0.001
Brainstorming (47) 0.004 0.032 <0.001 0.004

P. Mapping/
P. Modeling (17) 0.008 0.008 0.008 0.008

5S (14) 0.018 0.281 0.018 0.101
FMEA (11) 0.042 0.042 0.042 0.197

Table 6. Population mean tests for structural efficiency indicators (source: own elaboration).

Methods/
Techniques

The Number
of Activities

The Number
of Employees

(Positions)

The Number
of Documents

The Number
of Decision

The Percentage of
Activities

Supported by
Information
Technology

Methods <0.001 (117) 0.003 (104) <0.001 (112) <0.001 (115) <0.001 (112)
Techniques 0.077 (38) 0.006 (33) <0.001 (33) 0.015 (37) <0.001 (39)

Benchmarking 0.080 (32) 0.031 (28) 0.012 (29) 0.004 (29) <0.001 (30)
Brainstorming <0.001 (42) 0.076 (35) <0.001 (42) 0.005 (42) <0.001 (39)
P. Mapping/
P. Modeling 0.180 (16) 0.136 (15) 0.064 (15) 0.276 (17) 0.002 (16)

5S 0.037 (14) 0.146 (14) 0.003 (13) 0.108 (14) 0.002 (14)
FMEA 0.283 (10) 0.008 (9) 0.004 (8) 0.015 (10) 0.013 (10)

Table 7. Population mean test for operational efficiency indicators (source: own elaboration).

Methods/
Techniques

The Process
Execution Time

The Process
Execution Cost

The Quality of
Process Execution

The Flexibility of
Process Execution

Methods <0.001 (119) <0.001 (114) <0.001 (120) <0.001 (117)
Techniques <0.001 (40) 0.001 (39) <0.001 (41) 0.007 (38)

Benchmarking <0.001 (32) 0.045 (31) <0.001 (32) <0.001 (31)
Brainstorming <0.001 (43) <0.001 (41) <0.001 (44) <0.001 (43)
P. Mapping/
P. Modeling <0.001 (17) 0.010 (17) <0.001 (17) 0.054 (17)

5S 0.002 (14) 0.007 (12) 0.005 (14) 0.016 (13)
FMEA 0.012 (11) 0.003 (11) <0.001 (11) 0.019 (10)

At the beginning of the analysis, contingency tables were prepared to show the
number of respondents who selected a certain level of improvement of the indicator and the
percentage of the number of respondents who evaluated the same method or technique [10].
At least 75% of respondents selected a strong or very strong process improvement level.

Based on this and the recommended test conditions [76], we conducted the proportion
test with a 75% respondent condition. The proportion test was used to test whether or not
the population proportion of enterprises with a significant positive impact on improving a
particular indicator could be greater than 75%.

Tests were conducted for seven methods, six techniques, and individual methods and
techniques. We chose to test all methods and techniques for which at least ten respondents
evaluated impact. This decision was based on examples provided in several sources [76–78].
The results of all 63 tests are presented in Tables 4 and 5, with p-values reported in the tables.

Table 4 shows that all p-values of the tests conducted for the methods are less than 0.05.
Consequently, it can be argued that the population proportion of enterprises with a significant
positive impact of methods on all structural efficiency indicators is higher than 75%.
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It can also be argued that the population proportion of enterprises with a significant
positive impact of techniques on reducing the number of activities and decisions, and
increasing the percentage of activities supported by information technology is higher than
75%. However, this is not true for the positive impact of techniques on reducing the number
of employees (positions) and documents.

The table also shows that individually tested methods positively impact structural
efficiency indicators. The population proportion is higher than that of 75% of enterprises
that show a significant positive impact of the following methods:

• Benchmarking, with an impact of reducing the number of activities, documents,
and decisions, and of increasing the percentage of activities supported by informa-
tion technology;

• Brainstorming, with an impact of reducing the number of activities, documents,
and decisions;

• P. napping/P. modeling, with an impact of reducing the number of activities and
decisions, and of increasing the percentage of activities supported by informa-
tion technology;

• Finally, 5S, with an impact of reducing the number of activities, employees (posi-
tions), and decisions, and of increasing the percentage of activities supported by
information technology.

In contrast to these methods, the FMEA technique does not positively impact structural
efficiency indicators.

Table 5 shows that all the p-values of the tests conducted for the methods and tech-
niques are less than 0.05. Consequently, it can be argued that the population proportion of
enterprises with a significant positive impact of methods and techniques on all operational
efficiency indicators is higher than 75%.

The table also shows that individually tested methods and techniques positively
impact operational efficiency indicators. The population proportion is higher than that of
the 75% of enterprises that show a significant positive impact of the following methods:

• Benchmarking, brainstorming, and P. mapping/P. modeling, with the impact of short-
ening the process time, reducing the process costs, and achieving quality and flexibility
improvements in the process;

• The method of 5S, with the impact of shortening the process time and achieving quality
improvement in the process;

• FMEA, with an impact of shortening the process time, reducing the process costs, and
achieving quality improvements in the process.

• Therefore, based on the tests conducted, we can confirm the following:
• The use of individual process improvement methods has a positive impact on opera-

tional efficiency indicators (14 out of 16 tests conducted);
• The use of individual process improvement methods has a positive impact on struc-

tural efficiency indicators (14 out of 20 tests conducted);
• The use of process improvement methods has a positive impact on operational effi-

ciency indicators (four out of four tests conducted);
• The use of process improvement methods has a positive impact on structural efficiency

indicators (five out of five tests conducted);
• The use of FMEA has a positive impact on operational efficiency indicators (three out

of four tests conducted);
• The use of FMEA has no positive impact on structural efficiency indicators (zero out

of five tests conducted);
• The use of process improvement techniques has a positive impact on operational

efficiency indicators (four out of four tests conducted);
• The use of process improvement techniques has a positive impact on structural effi-

ciency indicators (three out of five tests conducted).
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To conclude on the analysis of the positive impact of the methods and techniques on
the efficiency indicators, a population mean test was used to test the strength of the positive
impact on each indicator (Tables 6 and 7). We were interested in whether or not the future
application of the methods and techniques could lead to at least a moderate improvement
in the process. First, we estimated that the hypothetical value was 2.5 based on the
questionnaire’s content, where this value represented a 50% improvement in the process.

Table 6 shows that most p-values of the tests are less than 0.05. Consequently, it can be
argued that the average improvement in structural efficiency indicators related to using
methods is higher than 2.5. Similarly, it can be argued that the average improvement in the
last four structural efficiency indicators related to using techniques is higher than 2.5. An
exception is the p-value of the test for the average improvement in the number of activities
(reduction). In this case, the p-value is 0.077 > 0.05, meaning we cannot confirm that the
improvement in the number of activities due to the use of techniques is higher than 2.5.

Table 6 also shows that the average improvement of structural efficiency indicators re-
garding most of the following individual methods and techniques tested is higher than 2.5:

• Benchmarking and FMEA have an average improvement of above 2.5 for reducing the
number of employees (positions), documents, and decisions, and for increasing the
percentage of activities supported by information technology;

• Brainstorming has an average improvement of above 2.5 for reducing the number of
activities, documents, and decisions, and for increasing the percentage of activities
supported by information technology;

• P. mapping/P. modeling has an average improvement of above 2.5 for increasing the
percentage of activities supported by information technology;

• The method of 5S has an average improvement of above 2.5 for reducing the number
of activities and documents, and for increasing the percentage of activities supported
by information technology.

Table 7 shows that almost all the p-values of the tests are less than 0.05. As a result, it
can be argued that the average improvement in operational efficiency indicators related to
using methods and techniques is higher than 2.5.

The detailed validations of each test are described in the following lines.

• Benchmarking, brainstorming, 5S, and FMEA have an average improvement of above
2.5 for shortening the process time, reducing the process costs, and achieving quality
and flexibility improvements in the process;

• P. mapping/P. modeling has an average improvement of above 2.5 for shortening
the process time, reducing the process costs, and achieving quality improvements in
the process.

Based on the tests, we confirm that the following moderate process improvements can
be expected in the use of the following:

• A range of methods:
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At the end of the first part of this research, to validate the approach, it was also
necessary to test the potential and strength of the simultaneous positive impact of the
methods and techniques on the structural and operational efficiency indicators, as shown
in Figures 1 and 2. Descriptive statistics were used for analysis, and Tables A1 and A2 in
Appendix A present the overall analysis results regarding the average improvement in
efficiency indicators. This analysis uses a five-point scale, with a score of 1 representing
a slight improvement, a score of 3 representing a moderate improvement, and a score of
5 representing a very strong improvement for each indicator. At the end of this analysis,
the average positive impacts of the methods and techniques from the same group on each
indicator are compared and ranked. The ranking of impacts is color-coded in the tables
from white (lowest positive impact) to dark gray (highest positive impact).
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From the analysis results presented in Appendix A, it was not possible to conclude
which method or technique is more or less appropriate within its group in terms of the
positive impact on efficiency indicators because the number of respondents involved varied
too much for each method and technique (e.g., comparing PDCA and benchmarking).
However, it can be concluded from the tables that the methods and techniques have at
least a light (or higher) impact on improving efficiency indicators. When looking at the
individual groups, it is confirmed that, on average, the methods and techniques have a
moderate impact on the structural and operational efficiency indicators. At the same time,
the analysis results show that the methods are more effective in improving processes in
terms of structural and operational efficiency indicators.

Using descriptive statistics, we tested the simultaneous impact on several efficiency
indicators. We confirmed that the use of individual process improvement methods and
techniques can have a positive impact on structural and operational efficiency indicators at
the same time.

Based on all the results presented in this chapter and the distribution of assessments
on the impact of methods and techniques on efficiency indicators, we can give the following
guidelines for the business industry:
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• To improve the percentage of activities supported by information technology (struc-
tural efficiency indicator), using 5S, P. mapping/P. modeling and benchmarking is
most appropriate;

• To improve the quality of process execution (an operational efficiency indicator), using
FMEA, P. mapping/P. modeling and benchmarking is most appropriate.
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3.2. Case Study on Waste Minimization in the Development of New Products in the
Coatings Industry

The research objective was to demonstrate that an innovative approach to organiza-
tional changes for sustainable processes can minimize waste and optimize the throughput
time and costs of the coating development process.

Different development processes can be divided into two variants of the process:

• The development of a new product without information communication technology
(ICT) support (classic process);

• The development of a new product with ICT support and a local database.

The dissection of these two process variants into key activities is presented in Table 8.
The process variants are the same regarding waste generation but differ in ICT support
for process activities. Waste is generated in three activities: product laboratory testing and
external and internal validation.

Regarding the research objective, data were collected on the amounts of waste gener-
ated during the laboratory testing of each coating sample. The average amount of waste
generated during a test is 1 kg. This is assumed based on the average amount of ingre-
dients in a sample, which is from 0.25 to 2.5 kg. In a laboratory test, 20–50 samples are
examined. Therefore, 35 samples can be considered an average number for calculating
waste minimization. The calculation also considered the number of repetitions of each
activity for successful development. Based on the data obtained, it was calculated that the
average amount of waste in laboratory testing is 467 kg. The total amount of waste for
successful product development must also consider the waste from internal and external
product validation. In this case, the total amount of waste is 470.55 kg.
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Table 8. Breakdown of the AS-IS development process into key activities (source: own elaboration).

New Product Development Process
(Without ICT Support or

with ICT Support and a Local Database)

## Process Activity

10 Creating a new product idea
20 Market analysis of existing products
30 Searching for suitable binders
40 Study of binders’ properties
50 Searching for pigments
60 Searching for additives
70 Searching for solvents
80 Searching for fillers
90 Formulation of (modified) formulations

100 Ordering samples
110 Product laboratory testing
120 Product parameter measurement
130 Product hazard identification
140 Product price calculating
150 Internal validation
160 External validation
170 Preparation of documentation draft
180 Creating documentation

We used the process modeling method to redesign the process and implemented a
technical enabler. As a result, we executed measures in the development process to reduce
the number of activities and change the sequence of activities. A comparison of the changed
state of the development process, which is the result of the executed measures, is shown
in Table 9.

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source:
own elaboration).

New Product Development Process
(with ICT Support and a Cloud-Based Database)

## Process Activity ## 2 ICT

10 Creating a new product idea 10
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leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

70

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

90 Formulation of (modified) formulations 90

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

80

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

100 Ordering samples 100

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

130

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

110 Product laboratory testing 110

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

140
120 Product parameter measurement (calculation) 1 120

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

90

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

130 Product hazard identification 130

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

100

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

140 Product price calculating 140

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

110

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

150 Internal validation 150
160 External validation 160
170 Preparation of documentation draft

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

3

180 Creating documentation 180

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

120

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

Table 9. The sequence of process activities after digital transformation (TO-BE process) (source: own 
elaboration). 

New Product Development Process 
(With ICT Support and a Cloud-Based Database) 

## Process Activity ## 2 ICT 
10 Creating a new product idea 10  4 
20 Market analysis of existing products 20  
30 Searching for suitable binders 30  
40 Study of binders’ properties  3  
50 Searching for pigments 5040  
0 Searching for additives 6050  

70 Searching for solvents 7060  
80 Searching for fillers 8070  
90 Formulation of (modified) formulations 9080  

100 Ordering samples 100130  
110 Product laboratory testing 110140  
120 Product parameter measurement (calculation) 1 12090  
130 Product hazard identification 130100  
140 Product price calculating 140110  
150 Internal validation 150  
160 External validation 160  
170 Preparation of documentation draft  3 
180 Creating documentation 180120  

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed se-
quence (number) of activities in the redesigned process. 3 Activity is not required in the redesigned 
process. 4 Activity execution is supported by ICT. 

The innovative approach to organizational changes for sustainable processes signifi-
cantly influenced the number of laboratory tests and the time required to execute the re-
designed process (time advantage) successfully. A reduced number of laboratory tests 
leads to an efficient minimization of waste generated by laboratory tests. 

After the redesign of the process, the average amount of ingredients in a tested sam-
ple remained the same. However, the average number of samples for calculating waste 
minimization was reduced to 10. This is based on the lower number of samples in each 
test (5–15) due to the change in the sequence of activities (digital pre-testing of formula-
tions). Thus, the average amount of waste in the redesigned development process was 
reduced to 53 kg. 

The comparison of the amount of waste generated between the classic and the rede-
signed process is shown in Figure 3. 

1 Product parameters can be calculated instead of measured using the ICT solution. 2 Changed sequence (number)
of activities in the redesigned process. 3 Activity is not required in the redesigned process. 4 Activity execution is
supported by ICT.



Sustainability 2023, 15, 15706 15 of 22

The innovative approach to organizational changes for sustainable processes signif-
icantly influenced the number of laboratory tests and the time required to execute the
redesigned process (time advantage) successfully. A reduced number of laboratory tests
leads to an efficient minimization of waste generated by laboratory tests.

After the redesign of the process, the average amount of ingredients in a tested
sample remained the same. However, the average number of samples for calculating waste
minimization was reduced to 10. This is based on the lower number of samples in each test
(5–15) due to the change in the sequence of activities (digital pre-testing of formulations).
Thus, the average amount of waste in the redesigned development process was reduced to
53 kg.

The comparison of the amount of waste generated between the classic and the re-
designed process is shown in Figure 3.
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In addition, several other benefits of the redesigned process were noted: environmental
friendliness, shorter throughput times, lower costs, innovations, broader offerings, the
ability to produce optimal products, the ability to track progress, and a greater probability
of producing niche products in smaller series.

Therefore, the proposed improvement helps to minimize the pollution level (environ-
mental advantage). Laboratory testing is more expensive than computer simulations are
because of the price of equipment, human labor, energy, and materials (cost–benefit). Repet-
itive laboratory work is time-consuming. However, fewer test repetitions leave formulators
more time to develop new products (innovative advantage).

The proposed improvement in the coating development process provided significant
savings, summarized in Table 10 and graphically presented in Figure 4.
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Table 10. Summary of key savings from the redesigned development process (source: own elaboration).

Dimensions of
Competitive
Advantage

Total for One
Successful

Product Development
Process Waste

(kg)

Process
Throughput

Time
(h)

Process
Execution

Cost
(EUR )

Number of
Process
Variants

AS-IS 470.55 3853.46 50,326.83 2
TO-BE 57.33 2018.82 25,716.45 1

Quality Waste reduction (%) 87.82%

Time Throughput time
reduction (%): 47.61%

Cost Cost reduction (%) 48%

Flexibility Reduction in number
of process variants (%) −50%
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4. Discussion and Conclusions

This research presents an innovative approach to implementing organizational change
to create sustainable processes. The theoretical foundations are summarized from the
relevant professional and scientific literature. The empirical part is based on the experiences
of more than 200 realized organizational improvement implementations.

The literature review [3,4,11,79] and the approach developed suggest the need to
confirm a cause–effect relationship between the following:

• The purpose of organizational changes—operational efficiency indicators;
• Necessary organizational (process) changes—structural efficiency indicators;
• Essential process change measures—process improvement methods and techniques.

This research analyzes the experience of implementing organizational improvements,
with the following results:

• The positive impact of process improvement methods and techniques on structural
and operational efficiency indicators is confirmed. The results obtained are confirmed
by Bait et al. [70] and also by Griesberger et al. [80], who theoretically evaluate the
impact of methods and techniques on efficiency indicators. They estimate that, e.g., the
cause and effect diagram technique impacts individual elements, such as the resources
and process inputs involved.
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• The concurrent positive impact of process improvement methods and techniques on
structural and operational efficiency indicators is confirmed. The concurrent positive
impact is supported by Djordevic et al. [81] and by the finding [80] that no technique
can improve structural efficiency indicators without impacting the improvement of at
least one operational efficiency indicator.

The results also suggest that improvements in structural efficiency indicators impact
operational efficiency indicators [10], which is also discussed by Urh and Zajec [82], who
show that reducing the number of activities positively impacts the time and flexibility
of process execution. They also argue that optimizing employees (positions) positively
impacts the time and costs of process execution.

All of the evidence confirms the meaningfulness and suitability of an innovative
approach to creating sustainable processes. Its success is further confirmed by a case
study on redesigning a coating development process using digital transformation (with
the implementation of a technical enabler) and process modeling. The organizational
improvement purpose was achieved and exceeded, with an 88% reduction in waste and
up to a 48% reduction in time and costs. Conversely, flexibility decreased by 50% when
the number of process variants was reduced. This is the expected result since, in the
presented approach, we focus on the purpose of improvement and at least on preserving
the boundary conditions. It is practically impossible to improve all four dimensions of
competitive advantage in a single improvement. Similar results were found in other
industries [83] when they researched waste reduction.

However, it must be considered that the demonstrated approach is appropriate in the
following scenarios:

• The enterprise plans and implements organizational changes to improve performance
through more efficient processes;

• The enterprise has a system of operational indicators to measure the efficiency of pro-
cesses. Operational indicators must be measured across all dimensions of competitive
advantage for each process and the business system as a whole.

Under the above assumptions, i.e., when the enterprise is sufficiently mature [84,85],
the presented approach is suitable to assist management in making organizational change
decisions. The approach has the added value of enabling managers to quickly and efficiently
select appropriate measures, methods, and techniques that can lead to more sustainable
processes and improve the efficiency of enterprises. It also makes it possible to measure the
impact of organizational changes after the project is completed and the changes are finally
implemented in the enterprise.

The purpose of this research was fully achieved. However, due to the integration of
scientific and professional requirements with research and statistical methods, we had to
consider the following limitations:

• We used only the most relevant business process improvement methods and tech-
niques. We imposed this limitation due to the extensive literature in the studied field;

• We limited the sample of enterprises according to specific criteria for their classifica-
tion. This limitation was imposed due to the scope of the research and to meet the
requirements of statistical methods (e.g., several countries were not included in the
sample; enterprises were not divided by business area);

• Our research did not aim to examine differences between countries. Therefore, the
uneven rate of responses by enterprises to the survey by country is irrelevant;

• In selecting the statistical methods, we considered the limitations imposed by the
sample size. We also considered the assumptions of the statistical methods, such as the
normal distribution and homogeneity of variances, which depend on the distribution
of respondents’ answers.

For future research in this area, we recommend verifying the results obtained using a
second sample (expanding the sample size according to other criteria for classifying enter-
prises) and using other quantitative research methods (e.g., experiments). We also believe
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that the approach could be complemented in the future with the incorporation of artificial
intelligence [86]. The business repository contains a large number of process models and
business objects. The large amount of data over several time periods (longitudinal analysis)
undoubtedly makes it possible to predict organizational change’s impacts even better with
the help of machine learning.
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Appendix A

Table A1. Impact of methods on efficiency indicators.

Methods/
Techniques

Reducing
the Number
of Activities

Reducing
the Number

of
Employees
(Positions)

Reducing
the Number

of
Documents

Reducing
the Number
of Decisions

Increasing the
Percentage of

Activities
Supported by
Information
Technology

Shortening
the

Process
Time

Reducing
the

Process
Cost

Quality
Improve-

ment of the
Process

Flexibility
Improve-

ment of the
Process

Brainstorming
(47) 3.00 1 2.74 3.10 2.98 3.33 3.37 3.07 3.43 3.26

Benchmarking
(32) 2.81 2.89 3.00 3.03 3.57 3.53 2.87 3.53 3.39

P. Mapping/
P. Modeling (17) 2.69 2.80 3.00 2.65 3.31 3.59 3.12 3.65 2.88

5S (14) 3.00 2.79 3.31 2.86 3.50 3.36 3.42 3.43 3.23
VSM (7) 3.29 2.50 2.86 3.29 2.43 3.86 2.86 3.14 3.57
Process

Simulation (5) 2.60 2.40 2.80 2.00 2.80 2.40 2.40 2.60 2.40

PDCA (1) 2.00 3.00 4.00 2.00 4.00 2.00 1.00 5.00 4.00
Average rating

of the impact on
the indicator

2.90 2.77 3.06 2.90 3.34 3.42 3.00 3.45 3.22

Average impact
rating per

indicator group
2.99 3.27

1 The average positive impacts of the methods and techniques from the same group on each indicator are compared
and ranked. The ranking of impacts is color-coded in the tables from white (lowest positive impact) to dark gray
(highest positive impact).
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Table A2. Impact of techniques on efficiency indicators.

Methods/
Techniques

Reducing
the Number
of Activities

Reducing
the Number

of
Employees
(Positions)

Reducing
the Number

of
Documents

Reducing
the Number
of Decisions

Increasing the
Percentage of

Activities
Supported by
Information
Technology

Shortening
the

Process
time

Reducing
the

Process
Cost

Quality
Improve-

ment of the
Process

Flexibility
Improve-

ment of the
Process

FMEA (11) 2.70 3.11 3.50 3.10 3.40 3.55 3.45 3.82 3.40
BPMN (9) 2.86 1 3.50 2.83 2.88 2.88 2.88 2.43 3.00 3.00

Flowchart (8) 3.00 3.13 3.29 2.86 3.87 4.00 3.62 3.63 3.29
Cause and

Effect Diagram
(8)

2.75 3.00 3.14 2.43 2.63 2.88 2.88 3.63 2.63

EPC
(4) 2.25 2.00 3.75 3.50 3.00 2.75 2.75 3.00 2.25

Petri Nets (1) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Average rating

of the impact on
the indicator

2.74 2.97 3.24 2.89 3.15 3.25 3.08 3.44 2.97

Average impact
rating per

indicator group
3.00 3.19

1 The average positive impacts of the methods and techniques from the same group on each indicator are compared
and ranked. The ranking of impacts is color-coded in the tables from white (lowest positive impact) to dark gray
(highest positive impact).
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