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Abstract: Sustainability is increasingly being addressed globally. The manufacturing industry faces
various constraints and opportunities related to sustainable development. Currently, there are
few methodological frameworks for evaluating sustainable organizational development. Assessing
and improving organizational capacity is important for producers and researchers in the field and
local, national, and international authorities. This research proposes a hierarchical framework
for sustainability assessment of manufacturing industry in Romania. The proposed framework
integrates performance elements and measures to improve all the processes and activities from the
triple perspective of sustainability. Sustainability assessment captures the entire supply chain of the
organization, including stakeholder interests and end-of-life directions for products. To establish
the elements to be integrated in the development of the proposed framework, market research
(online questionnaire-for the characterization of Industry 4.0) and the Delphi method were used to
identify the categories of performance indicators that must be measured to identify organizational
capacity for sustainable development. The framework was tested by an automotive manufacturing
organization. A number of improvements have been identified that relate to Industry 4.0 facilities and
the application of the facilities related to recovering the value of the product at the end of its life cycle.
This hierarchical framework can be customized in detail for the specific of each organization and
can be adapted in other industries, including banking, retail, and other services. It can be observed
that waste management and the interests of the stakeholders are major implications that must be
measured and properly motivated.

Keywords: sustainable process; sustainability; efficiency; sustainability strategy; scale development;
sustainable supply chain management; implementation framework

1. Introduction

Sustainability and sustainable development as concepts have gone through different development
stages since their introduction. The historical development of the concept has been carried out
at various conferences and within organizations and institutions, which are currently concerned
with the implementation of the principles, targets, and objectives of sustainable development [1].
The concept of sustainable development has encounter over time different criticisms and interpretations,
being accepted in different fields of activity. The concept of sustainable development, throughout its
evolution, has adapted to environmental and technological requirements, but the heart, principles,
directions, and objectives have been preserved and are still present. Due to the fact that the environment
is dynamic and new aspects come in, some sustainable development goals have been updated.
The objectives of sustainable development are contained in the 2030 Agenda. At the same time,
the objectives of this agenda contribute to the survival on the planet and to the increase of the standard
of living [1,2].
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If sustainable development initially focused more on the environmental dimension, gradually,
obligations regarding the social and economic dimension have been added. The concept of sustainable
development has become one appreciated by organizations due to the identification of organizational
benefits and advantages [2-5].

The social and economic aspects are addressed and appreciated by the organizations involved in
sustainable development [6]. Five decades ago, society was characterized by consumerism, economic
growth, polluted living space, and unorganized ways of living [2-7]. The exploitation of some natural
resources contributes to the entrenchment of the right to a decent living for the next generations.
The needs of the population are inversely proportional to those of the organizations.

Imbalances in the environment contribute to the generation of negative effects for future
generations. Pollution is a major environmental problem. Among the sources of pollution are:
(1) the development of the economic environment (economic growth, traffic intensification, traffic
improvement, increasing the number of inhabitants, increased tourism, etc.), (2) natural hazards
(earthquakes, severe rain, volcanic eruptions, droughts, wind, etc.), and (3) technology (different
networks built, new concepts, intensification of the use of information technology, construction of
different attractive products for users, waste management, etc.) [8-11]. These factors contribute to the
occurrence of consequences, some severe, which concern ecological problems, ecosystem instability,
global climate change, natural disasters, hunger and poverty, lower quality of life, etc. [10].

The global scenario of depletion of natural resources and environmental, economic, and social
imbalance motivates organizations and individuals to adopt sustainability practices in organizational
processes. Sustainability was born many years ago, but few guidelines are available for its practical
implementation and evaluation [8-11]. The research [3] states a considerable impact of sustainability on
the environment. This research presents the impact of greenhouse gases and waste on the environment.
Reference is made to the wood industry, energy, and heat generation. The researches [4,5] states that
sustainability is achieved in the field of transport and adjacent industries and emphasizes the reduction
of environmental impact. Previous research [6] presents sustainability studies in the airline field,
and the automotive industry must be evaluated and analyzed in future research. Other research [7]
presents the impact of sustainability in the fashion industry. Further research [8] presents the impact of
sustainable development in the foam and chemical industry, presenting different visions. It is specified
that the automotive industry has a considerable impact in the field of sustainability, without specifying
these impacts. The research by Amui et al. [9] has various implications for the food industry. From the
analysis of the different definitions discussed in several studies [3-9], it was observed that the approach
on sustainability in manufacturing is not yet concretely developed. Sustainable development improves
the conditions of companies, thus contributing to their competitiveness. Sustainable development is a
voluntary approach, but it is increasingly adopted by companies. Stakeholders are interested in this
concept as long as they get improved financial results (increased profit). The first direction was the one
of environmental sustainability, with major implications for national and international authorities and
organizations [5]. However, sustainability is now defined by three dimensions—environmental, social,
and economic [10]. Pervious research [5,6] addressed sustainability in land and air transport industries.
It emphasizes the importance of addressing sustainability in this industry as a result of generating
a large amount of greenhouse gases. The results published in reference [7] highlight the impact of
sustainability in the fashion industry and the impact it has social impact by producing the articles
used by the final customer who is in the society. The importance of occupational safety and health in
this industry is also mentioned. This industry focuses on re-manufacturing, reconditioning of items,
use for other purposes, reuse of other people’s items, recycling materials by implementing buy-back
(in various stores), reducing the impact on the environment by using natural materials (bio-cotton,
wool, etc.), repair and recovery of items to meet basic needs, redesign of the manufacturing process
by including automatic lines, and reconditioning items to be used until the end of their life cycle.
Other research [8] presents studies in the foam and chemical industry and emphasizes the importance
of renewable energy sources. In the same direction as the fashion industry, the food industry is one that
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addresses the end customer, and the functions of sustainability are addressed. One study [9] concerning
the food industry refers to the 9Rs (remanufacturing, reconditioning, reuse, recycling, reduce, repair,
recover, redesign, and reconditioning). The importance of the 9Rs in the entire manufacturing process
is underlined.

Another study [10] specifies the imperatives of Industry 4.0 and its importance in the current
economic development. Therefore, five important reasons can be systematized. Sustainable
manufacturing is one of the most important issues to address for the following five important
reasons [5-10]:

1.  Manufacturing generates a significant quantity of greenhouse gases alongside the energy and
transport industries [5,6];

2. Manufacturing has social impact by producing the articles used by the final customer, but also on
occupational safety and health [7].

3. This high impact is due to huge energy consumption and the use of physical resources [8];

4. Manufacturing needs to adopt the following functions of sustainability: remanufacturing,
recondition, reuse, recycling, reduce, repair, recover, redesign, and recondition (9R) [9];

5. Manufacturing must adopt the Industry 4.0 imperatives by integrating its requirements into
sustainable development [10].

Organizations implement various strategies, in accordance with the interests of their stakeholders
and good practices to make their processes environmentally efficient and sufficiently socially and
economically viable. Therefore, it is suggested that manufacturing integrate production processes that
pursue sustainable manufacturing practices. It is imperative that a study should include all aspects of
sustainability related to stakeholder involvement, the entire logistics chain, and strategies up to the
end of product life [6].

The practices, methods, and tools used for sustainability assessment in the manufacturing industry
are based on a pioneering roadmap for applying the imperatives of the circular economy in the context
of Industry 4.0. The results of this research refer to the presentation of the relationship between circular
economy and Industry 4.0, as well as the improvement of the ReSOLVE (Regenerate, Share, Optimise,
Loop, Virtualise, Exchange—a framework with six action areas for businesses) framework [11]. It is
an approach based on specialized literature and qualitative evaluation. Another model [12] aims to
integrate technologies from Industry 4.0 integrated with circular economy (EC) practices to provide a
business model. This business model is based on the reuse and recycling of ferrous materials and waste.
It is based on qualitative evaluation. A study of 600 German companies claims that the opportunities
of digital networks are used to a limited extent, especially for streamlining production processes [13].
This study does not present an improvement framework, but only an evaluation of the results obtained
from the market research. Other research offers a synergistic and integrative circular economy-digital
technologies framework based on the empirical literature [14]. The research results state that the
research directions of the circular economy have been submitted, but the research and applicability
of the digital technologies that allow an EC are still in the basic form. Another study presents “X”
production systems (XPS) and the importance of lean manufacturing and continuous improvement
principles [15]. It presents the situation of a company that has better aligned its XPS with the
sustainability objectives. Following that research, the indicator panel and the evaluation framework are
completed. Other research [16] takes into account the life cycle of the product, stakeholders, employees
and customers, and end-of-life strategies, but also includes environmental, social, and economic aspects
in a single comprehensive review on the aforementioned directions. The results highlight an integrated
approach based on various research in this direction.

In summary, other research is based on sustainable value stream mapping [17], use of multi-criteria
decision making [18], assessment questionnaires [17-19], indicator-based assessment [19-21],
rating system [20], scoring tools [21], software tools [20], mathematical modeling [20-23] life cycle
analysis [24-26], product service systems [27], and a sustainability index [27,28]. By evaluating these
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approaches, it can be seen that the research covers the evaluation of the sustainability via the
measurement of performance taking into account certain practices and indicators. Therefore,
an integrated framework for sustainability assessment, including product life cycle engineering,
stakeholder interests, supplier and supply chain management, employees and customers, and end-of-life
strategies is impetuous to develop. These approaches [17-28] are applied on specific business typologies
without taking into account the opportunities and requirements of Industry 4.0. The framework
that this research seeks to develop takes into account the behavior of different companies in the
manufacturing industry and the characteristics of the Industry 4.0. Previous studies do not take into
account the characteristics of Romanian manufacturing industry. This research does not use as a
research method, discussions on the results obtained with experts in the field.

This paper is structured in two main directions: researching the characteristics of Industry 4.0 and
of the indicators that evaluate the organizational sustainability. Finally, the hierarchical framework
for sustainability assessment of manufacturing industry is pre-tested and validated. This research
presents a new evaluation framework, which integrates the goals of sustainable development and
those of Industry 4.0. To develop this framework, market research was conducted to identify the
current needs and implications in Industry 4.0. This research was validated following discussions
with manufacturers in the manufacturing industry. These debates were based on the Delphi method.
Finally, a hierarchical framework was developed based on the needs identified and validated through
the Delphi method. This framework is used to evaluate and improve the involvement of companies in
the manufacturing in sustainable development and reduce the negative impact on the environment.

2. Research Methodology

The research methodology comprises three research directions—market research by means of
a questionnaire applied to 100 manufacturing industry experts, the Delphi method involving one
facilitator and 40 experts, and the author’s empirical experience. All the phases of the research are
progressively completed, and finally, the proposed framework is pre-tested and validated.

2.1. The Questionnaire

Marketing research helps to identify the needs and desires of the clients [29]. There are a number
of tools, but a questionnaire survey is a facile, cheap, and easy to apply method. The questionnaire
provides an easy to apply way to contact a number of individuals [29-35]. Various questions may
be asked depending on the type of information that is to be obtained. A questionnaire can feature
open-ended questions (completely unstructured, structured, describing an image), closed questions
with predetermined answers (with different scales—Stapel, semantic differential, constant amount
appreciation attribute), or mixed questions. If the goal is to collect motivations and opinions regarding
the creativity and innovation of the respondent, then open questions will be used. If all the answer
variants can be anticipated, then closed questions will be used. In other situations, mixed questions
can be used [31].

In this research, the questionnaire was used to identify the characteristics and imperatives
of Industry 4.0 in Romania. This research tool has been applied to shareholders throughout
Romania. The informants were 100 shareholders, directors, or managers. The confidence level is 95%,
and p-value > «. These results emphasize that the null hypothesis is not rejected. The 100 companies
were selected from the classification of companies based on turnover, net profit, and number of
employees (top 100 companies). This classification was made on the basis of data from the Trade
Register and National Institute of Statistics. The application of the questionnaire was done online and
was specific to each previously identified respondent. The respondents were identified according to
the activity field of the company. It was intended to cover all areas of activity in the manufacturing
industry. All responses were valid. The Likert scale (1—least important and 5—most important),
distribution of a set score (0—poorly implemented and 100—fully implemented), and open questions
were used. The questionnaire was structured in four parts, Table 1: information about the company;
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Industry 4.0 interpretation, facilitators, and barriers; and Industry 4.0 maturity and national technology
platform. The results obtained in this research are used to develop the hierarchical framework for
sustainability assessment in the manufacturing industry.

Table 1. Sustainable development and Industry 4.0.

Direction Investigated Elements

Activity domain;

Identification of the best-selling product;

Number of employees;

Assessment of the level of innovation of the company (0-100)’

Company information

Identification of company practices in Industry 4.0;
Industry 4.0-Interpretation, facilitators and barriers Evaluation of Industry facilitators 4.0;
Barriers to Industry 4.0.

Identifying the degree of maturity;
Industry 4.0-Maturity Evaluation of a proposed model for digital maturity, including
strategy, technology, operations, organization and culture, and clients.

Evaluation of the national platform Industry 4.0;

Assessment of the importance of the actors of the Industry 4.0
platform: government, universities and research institutes,
users/companies of Industry 4.0, and suppliers of Industry 4.0;
The level of resistance to digitalization;

Transforming the company into the digital era.

National Technology Platform Industry 4.0.

2.2. Delphi Method

The Delphi method is a forecast framework that includes the results of several rounds of
questionnaires sent to a group of experts [15]. The results of a round are recorded, and then they
are sent to the expert group, and the anonymous responses are aggregated and shared again to the
expert group [15-18]. The process of applying this method is shown in the figure below. The Delphi
technique is a method used to estimate the probability and outcome of future events [15]. The expert
group exchanges opinions, and each expert personally provides estimates and assumptions based
on their experience to a facilitator, who examines the data and develops a summary report [19-21].
Experts review the form of the report, and a new (second) report is issued. This process continues
until all experts/participants agree with the developed report. This technique is an iterative one and is
successfully applied in management and in different approaches to competitiveness [18]. In this area,
sustainable development also has its place [32-35]. The Delphi method clarifies and extends problems
to identify all areas and features that need modification [36]. In the present research, we used the
Delphi method to identify all sustainable performance measures for improving organizational policies,
people, processes and products. The following steps are presented in Figure 1. For the application
of this method, a facilitator was identified from the automotive industry, being the manager of the
processes and research-development department. The facilitator is characterized by over 30 years of
experience in manufacturing, is the manager of a company with over 3000 employees, has personal
involvement in sustainable development, is a good communicator, and has the capacity to analyze
(as a result of the competences registered on the basis of certificates obtained at the international level).

The automotive industry has a significant percentage of manufacturing in Romania (it generates
over 15% of gross domestic product [37-40]). Industries have their peculiarities and must be evaluated in
a complex way [40-44]. The construction of the sample of respondents from different fields contributes
to the achievement of an integrated framework for evaluating sustainable development [45-47].
Forty experts participated in the analysis rounds. Individuals with solid expertise and sustainability
skills were selected. The database used for the selection of experts was the one from the application of
the questionnaire (of the 100 respondents). There were six segments in the manufacturing industry
identified based on the activity performed [38] in Romania. These segments, their percentages, and the
targeted directions are presented in Table 2.
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Figure 1. The stages of the Delphi method used in establishing the hierarchical framework for
sustainability assessment of manufacturing industry.

Table 2. Sustainable development and Industry 4.0.

Number of Firms (and

Segment of Manufacturing Industry Directions Evaluated by Experts

% of the Sample Firms)
Automotive 35 (35%)
Production of foams, chemicals, plastics, oil 9 (9%)

Domain experience

Food and beverage production 15 (15%) Involvement in innovation

Involvement in sustainable development
Involvement in strategic management

Pharmaceutical production 7 (7%) Strategic vision

Furniture production 11 (11%)

Other productions (metal, electronic,

non-metallic, clothing) 23 (23%)

2.3. Empirical Experience

The interest in sustainable development over the last 10 years and the multiple studies carried
out on the subject (over 150 works) have contributed to the extension of the research toward this
model of manufacturing. The research carried out [48-53] has contributed to the foundation of the
concept and to the identification of measures and performance indicators. They are the pillars of the
hierarchical framework for sustainability assessment. The author has contributed as the main author
to the development of a series of studies that have advanced the field of sustainability (Table 3).
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Table 3. Research by the author in the field of sustainability and innovation.

Research Journal Development
[48] Sustainabilit Sustainable development model for the automotive industry. This research is
Y based on in—depth interviews with 33 experts.
Integrating sustainability and lean: SLIM method and enterprise game
[49] Sustainability =~ proposed. This research is used to train students as experts in sustainability
and lean.
Occupational accidents assessment by field of activity and investigation
model for prevention and control. This research identifies the risks and
[50] Safety . . . .
proposes some preventive and corrective measures in the direction of
sustainable development.
[51] Sustainabilit Risk indicators and road accident analysis for the period 2012-2016. This is a
y strategic framework for the sustainability of transport.
[52] Sustainability The evaluation and application of the TRIZ method for increasing

eco-innovative levels in SMEs. This research tested furniture production.

Sustainable development and technological impact on CO, reducing
[53] Sustainability ~ conditions in Romania. This research contributes to the reduction of CO, for
improving climatic conditions.

3. National and International Situation in the Manufacturing Industry

Manufacturing is the production of goods intended for use or sale with labor and machinery,
instruments, processing, or chemical or biological formulation [36]. Finished products can be sold,
through a distribution chain, to other producers for the production of more complex products or
redistributed through the tertiary industry to final consumers [15-20]. In order to characterize
manufacturing, a qualitative evaluation of the existing data series in the databases of the accredited
institutes is performed. To characterize manufacturing, the following characteristics are taken into
account: the number of employees, the amount of waste generated, the greenhouse gas emissions,
and the level of innovation. These indicators are presented for the European Union (EU) and
Romania [38-41,44,45].

The number of employed persons in the European Union decreased to 230,356,800 in the first
quarter of 2019 from 231,342,700 in the fourth quarter of 2018. Of the EU employees over 15% are in
the manufacturing industry.

In Romania, the number of employees in industry, construction, trade and other services in
2018 was 8,197,014, and in 2019, 8,249,779 employees. The employee is the person who exercises his
activity on the basis of an employment contract in an economic or social unit—regardless of its form
of ownership—or to private persons in exchange for a remuneration in the form of a salary, paid in
money or nature, under commission form and others [38,39,54]. Figure 2 shows the main areas of
activity and the number of employees for the period 2017-2019.

From the perspective of the quantity of waste generated, at the EU level, there were
2,116,310,000 tons in 2016 and 2,125,300,000 in 2017. From the perspective of the countries that
generate these quantities, the situation is presented in Figure 3. The series is presented according to the
reported data (some countries have not reported the amount of waste generated). Romania generated
176,742,421 tons of waste in 2017.



Processes 2020, 8, 585 8 of 20

IR
1,400,000 Rais
—_NO
ocoO
S8 -
’ ’ o 0s)
1,200,000 ~g
] KNI
g oo
2> 1,000,000 FRR
a,
N
g 800,000 583
[} 5NR
B DO o w2 B8
© 600,000 et 284
g So% 828
E 400,000 ©O3 B 5 o
=] 4 +on LT IS 0o QR
Z IR IRR LR% RO NRF cwa  FBE cgigz}pl
200,000 339 AN oo S28 92 5%
! frfte) By wo® II III N BRm oo
=2
0 Mmm (T || ——— mmn_ HNN
> w & > o © &) 'S ) >
r}c\ %@ & & oS & 8 § & o S &
U N V- G G S S S
& 3 $ & B & & & X &
§ & o >N 8 S & S &
< N & & © S & & & & < 3 >
5 & &‘c B &3 &o‘ s q,ob ¢§ @é og@ &
& < X & X & x@ o Iy
F SR & «° & ¥ S S S &
< é& &° Q‘é & Qo‘ ~2§\ & E \\&\ 4@@
A IS o & ,§(’ & < N &
N ¢ N N & & o
A < « &
& . o‘(‘ & & ) Qf’o
& & < &
%° > > &
& & & £S
& RS A% &
< s \Q/e"’ & &
N &

Activities of the economy

m 2017 w2018 m2019

Figure 2. Situation of the number of employees in the main activities of the Romanian economy in the
period 2017-2019 [44].

400,000,000 2 5
g 3
350,000,000 S é‘ 2
" 3
300,000,000 &
N
250,000,000 8 9
o 2 I o
< 8 x = 3 i
£ 200,000,000 & s| = =g 5 &g
S 5 R g = 3 R
i : gl & £ T
150,000,000 o 5 § - o 3
e} g N}
) % g
100,000,000 & ‘g B8 Si RN L8 o § 2 ~ -
o) al S o [te] — — 23 Q
2e|l %= Sl sEsz )l 1zl 88 §rn3 &S
50,000,000 AN | RSN @ oBEE3%g I =8 P
TR S E R T R
0 “ | I 1 - el [ [ | T | [
. S . . .
\%\;& ea&’b QQ'O &é@ coQ ‘& & o & qu%\%ﬁ s ,§b& é‘& \{_{z; bq}‘ < & CA& 60&%
®° ‘C&e ¥ O \;& & é& A3 &8 %\O ot 0 @'D@
oéo s &
& <
5&
(2
&Oﬁ@ Country
§°
N
S
Q
&
&
&

m2016 m2017

Figure 3. Amount of waste generated in the European Union (EU) for 20162017 (tons) [45].



Processes 2020, 8, 585 9 of 20

Of the total amount of waste, at the EU level, 253,440,000 tons in 2016 and 258,890,000 tons in
2017 were generated by the manufacturing industry (Figure 3). The percentage of waste generated in
manufacturing is over 10% of the total waste generated. For Romania, the quantity of waste generated
by manufacturing was 6,727,021 tons in 2016 and 7,770,090 tons in 2017 (Figure 4.)
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Figure 4. The quantity of waste generated by the manufacturing industry in EU countries for the period
2016-2017 (tons) [45].

From the perspective of the quantity of greenhouse gases emitted, the EU generated
4,461,685.11 tons in 2016 and 4,492,127.01 in 2017. Of this quantity, over 10% was generated by
the manufacturing industry. Romania generated 115,150.66 tons in 2016 and 114,811.43 tons in 2017.
The manufacturing industry in Romania generated 12,836.27 tons in 2016 and 13,105.39 tons in 2017.
It can be seen that over 10% is generated by the manufacturing industry in Romania as well. The EU
trend is also followed nationally.

Thus, it can be stated that the manufacturing industry is an important economic activity,
with considerable contribution in EU and Romania, and this research approach is essential in this field.

4. Characteristics of Industry 4.0

Manufacturing processes are responsible for a significant portion of the consumption of natural
resources and the generation of greenhouse gases. Manufacturing is defined as “the transformation
of materials and information into tangible and intangible goods to satisfy the needs and desires
of the buyers” [21,55-57]. The industry sector, including production, consumes almost half of the
total energy delivered worldwide [15]. In the US, manufacturing absorbs more than 42% of total
energy consumption [18,58]. Similarly, in China, the manufacturing sector absorbs 58% of total energy
consumption [59,60]. As a result, numerous efforts have been made to reduce the environmental impact
of different manufacturing processes, and several strategies have been implemented to monitor, improve,
and control variables such as energy consumption [14-19], carbon emissions [15-18], the development
of sustainable jobs [18-20,61], and the integration of innovative solutions [20-22,62].
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Within this framework of sustainable development, Industry 4.0 appears as an industrial
opportunity. The concept of Industry 4.0 began as a strategic framework for industrial production
conceived and implemented by the German government in 2011 [10-24]. Industry 4.0 can be defined as
a combination of technologies and value concepts applicable to organizational processes [16-18]. This is
a general transformation using digital integration and intelligent engineering [26-28,61]. Industry 4.0
imperatives are in the following directions: the preparation of an intelligent, computerized, optimized
manufacturing environment, which guarantees the flexibility and high efficiency of production and
minimal impact on the environment [21-27,62]. Therefore, approaching Industry 4.0 in the context of
sustainable development [63] is mandatory because the potential results obtained from this approach
are productivity and resource efficiency [64]. For example, in previous studies [25-29], it is emphasized
that Industry 4.0 encourages digitization by offering new efficient approaches to process control using
the Internet of Things and integrating cyber-physical systems into manufacturing, which can improve
resource and energy efficiency, and automated manufacturing concepts will increase the level of
innovation and will reduce the amount of waste generated [30]. Industry 4.0 describes the progressive
fusion of industrial production processes with the digital world of information technology.

Evaluating the two approaches—sustainable development and Industry 4.0 framework in the
manufacturing industry—we can identify the following applications in manufacturing [22-36].
This analysis takes into account the 17 objectives and 169 goals of sustainable development
(17 sustainable development goals—SDGs and 169 goals) and the definition of Industry 4.0. The entire
analysis is based on studies published in the literature and are based on the needs of the manufacturing
industry (see Table 4). For example, simulating different algorithms contributes to reducing poverty
by proposing frameworks for improvement and identifying problems, improving living conditions,
education through access to technology, identifying gaps for energy efficiency and improving conditions
and outcomes for social responsibility.

Table 4. Sustainable development and Industry 4.0.

17 SDG (Sustainable

Development Goals)/169 Goals Benefits

Industry 4.0 Imperatives Research Applicability in Manufacturing

Internet of Things

[30]

3,5,7,8,9,11,12,17 SDGs

The materials, structural elements,
and components of the machine
are equipped with sensors and
Internet connection.

Process efficiency, data exchange
between robots, increased production
capacity, and increasing the level

of innovation.

Radio frequency identification

It allows the real-time visibility of

Reduces transportation errors,
improves security, validates raw

technology (RFID) [31,33] 3,5,7,8,9,11,12,17 SDGs the materlal's and goods of the materials, and increases the visibility
manufacturing processes. : .
of goods in the supply chain.
- . ) Understanding tasks, workflows, ~ New cognitive technologies,
Cognitive Computing (34 1,3,5,7,8,9,11,12,17 SDGs and business process logic. scalability, productivity, and quality.
Cybersecurity [35] 9,11,12,17 SDGs Process security. Loss reduction.
Cloud Computing [36] 3,5,7,8,9,11,12,17 SDGs Scalable business solutions. Process innovation and expansion.
Mobile technologies [37] 1,5,7,8,9,11,12,15,175DGs  Realtime data monitoring, Reduce time and
collection, and processing. streamline processes.
Communication of devices Automation of devices connected to
M2M (machine to machine) [38] 3,5,7,8,9,11,12,13, 17 SDGs the network to improve
connected to the same network. . -
production efficiency.
3D Printing [39] 3,5,7,8,9,11,12, 17 SDGs Attractlve? and efficient New collaborations ar}d the reduction
presentation of new concepts. of resource consumption.
. - . Reduction of waste and greenhouse
Advanced Robotics [41] 11, 12,13, 14, 17 SDGs Efficient automation. .
gas (GHG) quantity.
Efficient operations by reducing
Testing of some products and production downtime, quickly
Augmented Reality [42] 3,5,7,8,9,16 SDGs processes in accordance with identifying problems, and
market requirements. maintaining all services
and processes.
The use of software to make Reducing eaps and improvin.
Simulation [42] 1,2,3,4,5,7,12SDGs computer models of 8 gap P 8

manufacturing systems.

production capacity.
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5. The Manufacturing Industry in Romania

The manufacturing industry in Romania is constantly growing, being one of the most important
industries therein. More than 1.2 million employees work in this industry, which is 35% of the total
workforce in the economy [31]. Included in the manufacturing industry are companies in the food
industry, beverage manufacturing, tobacco products, textiles and clothing, wood processing, furniture,
chemical industry, auto industry, and pharmaceutical products manufacturing (companies with a
NACE code between 10 and 33). The net profit balance is 542 million euros (the difference between the
total net profit and the total losses), and the margin of the big factories in the local economy was 3.5%
in 2019 [39-42]. The first positions are occupied by companies in the automotive industry, crude oil
processing, road transport, the production of soft drinks, the manufacture of household appliances,
and the manufacture of alcoholic beverages [42—44]. The characteristics of the Romanian market are a
skilled labor force that is competent in the field, a low/medium level of remuneration (compared to the
salary level in the European Union), a university environment open to collaborations with the industry
in order to develop the required competences, adaptability, average involvement of the state authorities,
and the capacity for expansion and globalization [38—44]. The process of production systematized for
the manufacturing is shown in Figure 5. The definition of the process begins with the definition of
the strategic elements. The next level includes the requirements, the conditions for carrying out the
processes, and the current situation of the processes. The next level includes the elements related to the
company’s logistics and integrating the customer’s requirements. Finally, we find the reverse logistics.

?,;:iﬁ:f;? Requirements Vision
— - Profit
Emplovees, and Objective/Resources Capital, Mission
society - - _
3 T . otential.
fmmm Image Evaluation/Success E = Prindple of
Frame T @
T E— measurement Internal =ai
Sodal, e and . condition, ir'___uf"gb
Sconeme an company value FusaLe
SITVIDOTILEIT - Valus
Continual improvenient Current situation and results of the
Requirements and frame conditions to | Sustainable development of th processes (process indicators, process
the realization process Company information)
- Control of order Products
Customer Requirement services Customer
ingquiry, _— Development o satisfaction
) ™ . o~ turn over
customer Customer Logistic - Transport,
arder storage, shipment
Procurement
Reverse logistic
Figure 5. Process model for manufacturing industry.
6. Results

This section presents the results obtained from the research. At the end of the presentation
of the results, the hierarchical framework for sustainability assessment of manufacturing industry
is presented.
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6.1. Industry 4.0: Characteristics, Implications, and Proposed Developments

Industry 4.0. includes the tendency of companies toward automation and data exchange in
technologies and manufacturing processes that include cyber-physical systems (CPS), the Internet of
Things (IoT), the Industrial Internet of Things (IloT), cloud computing, cognitive computing and artificial
intelligence, and other implications related to these fields [44-51]. New digital industrial technology
presents a number of facilities for the sustainability of companies [52-58]. Below are the results obtained
in the research conducted with the 100 experts from the fields related to manufacturing industry.

The information is structured in Table 5. The results obtained for each of the following four
directions are presented: company information, Industry 4.0—interpretation, facilitators, and barriers;
Industry 4.0—maturity; and national technology platform Industry 4.0. For each investigated
element, the characteristics and indicators that will be used in the hierarchical framework formation
were retained.

Table 5. Sustainable development and Industry 4.0.

Direction Investigated Elements Recorded Answers

Automotive, foam, chemicals, plastics, oil, food and beverage,

Field of activity furniture, pharmaceuticals, and other productions.

Metal article, automotive article, industry equipment, software,
office furniture, women’s clothing, rings production (jewelry).

1-200 employees (65%), >200 employees (35%)

Company information Identification of the best-selling product

Number of Employees

Assessment of the level of innovation of

the company (0-100) 40% score < 50, 51 < 30% < 80, 20% > 80

Automation of production processes (90%), Big Data (53%),
Cloud Computing (23%), Internet of Things—IoT (43%),
and digitization (45%).

Identification of company practices in
Industry 4.0

Cost reduction (75%), Competitiveness (63%), Need for higher
control for top management (51%), demand from partners (83%),
challenges of the era (53%), financial benefits (73%), Times of
delivery (65%), increased customer satisfaction (53%), efficiency
improvement (65%), flexibility (73%), reliable operation (81%), and
production interruptions (78%).

Interpretation, facilitators

and barriers Evaluation of Industry facilitators 4.0

Lack of financial resources (65%), skills (75%), supply chain

Barriers Industry 4.0

dimensioning (83%), organizational structure (51%), and employee
resistance (87%).

Identifying the degree of maturity

High (65%), medium (30%), low (5%).

Evaluation of a proposed model for

Medium strategy (70%), advanced (30%)

Maturity digital maturity that includes strategy, g/[;g;;?;r:c:‘?;fggg ((6525" /A;),azcllvaanrizd ((;;z //;)
fechno;i%yéiﬁf:etf;lj,C(l)ireg:tr:za’flon, Organization and culture: medium (57%), advanced (43%).
: Customers: average (51%), advanced (49%).
Evaluation of the national platform They use the platform (24%), do not use and did not know (76%).
Industry 4.0 No company is a member.
aACstiersssg;etﬁi(;fl;}fsgniogta?;;;i;he Government: medium (75%), advanced (25%).
National Technology ustry *Up ) Universities and research institutes: medium (15%), advanced (85%).
government, universities and research Users: companies in Industry 4.0-medium (5%), advanced (95%)
Platform Industry 4.0.  jnstitutes, users-companies of Industry : comp ¥ o s

4.0 and suppliers of Industry 4.0 Industry suppliers 4.0: medium (3%), advanced (97%).

The level of resistance to digitization
Transforming the company into the
digitalization era

Human resources (57%), financial (33%)
100% follow the transformation of the company

For the first direction—information about the company—directions for characterizing the
companies of the study respondents were targeted. Percentages were identified by major categories
(as a result of responses based on a single choice from a number of variants). The second
direction—interpretation, facilitators, and barriers—addressed a number of important elements
for Industry 4.0. The respondents had multiple selections. In the interpretation of the data the
percentage of the total respondents was used. The third direction—maturity—allowed the respondents
a unique choice based on Likert scale assessment. In the interpretation of the data the percentage of the
total respondents was used. The last direction, —national technology platform Industry 4.0—allowed
a single selection, and the value obtained was interpreted as a percentage.



Processes 2020, 8, 585 13 of 20

6.2. Indicators of Sustainable Development on the Dimensions of the Triple Baseline

To identify the performance measures and sustainability indicators, the Delphi method was used,
with three rounds of discussions for defining their importance. The results of the first round are

presented in Table 6. For the evaluation of the targeted directions, the following were used:

P an o

Experience—the lowest level recorded in the 40 experts is presented;

Involvement in innovation—the arithmetic mean is calculated;

Involvement in sustainable development—there are categories of indicators presented;
Involvement in strategic management—there are categories of indicators presented;
Strategic vision—there are categories of indicators presented.

For each segment of manufacturing industry, the indicators that are not found in the previous

segments are filled in.

Table 6. Sustainable development and Industry 4.0.

Segment of

. Directions Evaluated by Experts Response
Manufacturing Industry v EXP P
Domain experience: >15 years
Innovation >70%
(New technologies, big data, simulation, cloud computing for processes)
. . Economic performance indicators, continuous improvement, external
. Involvement in sustainable . . o .
Automotive interaction, dlgltahzatlon, waste management, operations management,

development

loss reduction, and occupational health and safety policies.

Involvement in strategic management

Resource management, activity planning, globalization, improving the
capacity for regeneration, process quality, and financial indicators.

Strategic vision

Process planning, continuous learning, knowledge management, and
corporate social responsibility.

Production of foams,
chemicals, plastics, oil

Domain experience

>21 years

Involvement in innovation

>78%

Involvement in sustainable
development

Hazardous waste management, water protection, and other elements.

Involvement in strategic management

Collaboration with other institutions for research and development.

Strategic vision

Sharing knowledge, copyright.

Food and beverage
production

Domain experience

>30 years

Involvement in innovation

>56%

Involvement in sustainable
development

Packaging management, customer information.

Involvement in strategic management

Global distribution and collaboration.

Strategic vision

Increased the capacity of Industry 4.0 implementation.

Furniture production

Domain experience

>25 years

Involvement in innovation

>62%

Involvement in sustainable
development

Waste reuse, reverse logistics, customer created value, redesign.

Involvement in strategic management

Defining local and national strategies.

Strategic vision

Penetration of a new market segment.

Domain experience >18 years

Involvement in innovation >87%

Pharmacel:ltical Involvement in sustainable Agile manufacturing, reverse logistic, collaboration with universities,
production development and product specifications.
Involvement in strategic management  Customer management, globalization, waste reduction.
Strategic vision Merging with international companies.

Domain experience: >5 years

Involvement in innovation >64%

Other productions Involvement in sustainable Supplier management, sustainable jobs, eco-design, redesign.

development

Involvement in strategic management

Voice of customer, sustainable product.

Strategic vision

Annual reporting.
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After identifying all the measures and indicators in round 1, they are reviewed in round 2 to
develop the final report. The whole approach is coordinated by the facilitator. These indicators were
ranked on the five levels of importance. Each level includes the indicators and measures related
to the three basic lines (social, economic and environmental). A structural self-interaction matrix
(SSIM) was used for the selected elements from round 2. The report in round 3 was accepted by all
experts (40 experts) of the target group. The definition of the hierarchical framework for sustainability
assessment of manufacturing industry is presented in Table 7. All indicators agreed to by experts were
divided into categories on the three dimensions of sustainability. These categories were allocated to
five levels. Their levels and importance were determined by experts in the field during the rounds of
the Delphi method. Shareholders believe that any implementation must be approved and accepted
by them and that they will not finance techniques and technologies that are not profitable. Everyone
appreciated that this is the first level of evaluation.

Table 7. Defining the hierarchical framework.

Identification in the

Level . Social Dimension Economical Dimension Environmental Dimension
Manufacturing Industry
Level 5 Reverse logistic (r'ecovery of Continuous learning Supplier management 9R
raw materials)
Level 4 Customer satisfaction Customer management Resource optimization Env1ronm§2;:tlyhealth and
Level 3 Life cycle assess.ment Agile Sustainable maintenance De51gn. for enVlronme.nt
(product, services) (lean, agile, manufacturing)
Process of the logistics chain Knowledee and
Level 2 (development, procurement, Sustainable workplaces . & Industry 4.0
. quality management
transport, storage, shipment)
Shareholders
Level 1 (satisfaction, requirement Strategic element Financial improvement Continuous improvement

shareholders, profit and image)

6.3. Proposed Conceptual Hierarchical Framework for Sustainability Assessment of Manufacturing Industry

For each level, indicators were defined for each dimension of sustainability. The indicators
are identified based on market research (Industry 4.0) and Delphi analysis. Each level records a
score calculated as the arithmetic mean of the scores recorded. For each indicator, the evaluator
gives a grade from 1 to 5, depending on the degree of implementation (1 = not implemented and
5 = fully implemented). The final report after measuring the performance on sustainable development
will include the score obtained on each level for each dimension, Figure 6. At the end of the evaluation,
the value of the levels is calculated as the arithmetic mean of the five evaluated levels.

?ahs[acuon Requirements Vision
Shareholder Profit
Employees, nd Objective/Resources Capital, Mission Level 1
society o potential.
Hel Tmage Evaluation/Success Frame ™ Pencple o
— y ement internal 2
Sodal measurement intem condition, eating
economic and audit inable
- " company value
enviranment

Contimual improvement Current situation and results of the .
Requirements and frame conditions to | Sutainable development of thy processes (process indicators, process | | L
the realization process contpany _'_____,__M—'_——;
— i
1 Level 3
Products,
Customer

services, X
Y satisfaction

turn over =4
Reverse logistic "_m

Figure 6. Hierarchical framework for sustainability assessment of manufacturing industry.

Control of order
|Cus:0rne:

Requirement
inquiry, —_—

Development
Logistic - Transport,
storage, shipment

customer Customer
order

Procurement
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6.4. Empirical Testing

The result of the empirical testing is shown in Figure 7. It can be observed that if the indicator
level is lower than 2, it returns to the initial phase for level improvement. The value of the total score
registered for a company highlights the involvement in the sustainable development. If the value L is
less than 10, then the company is at the limit of the level of sustainability and it is recommended to
improve all indicators of the five levels. If the value is between 10 and 15, the involvement is average,
and the recommendations refer to the implementation of some directions of Industry 4.0 in order to
increase the level of competitiveness. If the score value is greater than 15, then the situation of the
company is favorable.

Improving the
shareholders

level

Improving the
Process of the

logistics chain

T Improving Life
eycle

Wes

Calculation L1

assessment

Improving
Customer
satisfaction

T Improving
e Reverse logistic

L =L1+L2+13+1L4+L5

Figure 7. Empirical evaluation based on the proposed hierarchical framework.

This hierarchical model was conceived in the form of a continuous loop. The evaluation of a
company does not go further if the evaluation of the level indicators does not exceed 2. If the value
is not 2, it returns to the previous level to improve certain indicators that have received low scores.
When each level is satisfied, the end is reached by measuring the company’s implications. At each
level, depending on the value, different recommendations are received.

6.5. Validation and Future Research Approach

The validation was performed on a company in the automotive industry, and the results obtained
are presented in the following process, Table 8. For the evaluated company, the five levels were
completed. For each level, the value being less than 2, a series of recommendations were received
which are presented in Table 8. The whole evaluation was based on the algorithm presented in Figure 7.

Table 8. The results obtained during the evaluation.

Level Improvements Implemented Following Empirical Testing
Level 5 Application of 9Rs (remanufacturing, reconditioning, reuse, recycling, reduce, repair, recover,
redesign, and reconditioning) in any situation of the company
Level 4 Evaluation of requirements regarding international standards
Level 3 Improving the materials used and recovering the value at the end of the life cycle
Level 2 Imposing improvements regarding Industry 4.0

Level 1 Involving shareholders in establishing financial indicators
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7. Discussion

Following the conducted research, various aspects related to the need for sustainable development
and Industry 4.0 can be discussed. From the perspective of Industry 4.0, it can be seen that not all
companies in Romania have accessed the national platform for Industry 4.0. Among the most important
facilitators of Industry 4.0 are cost reduction, competitiveness, demand for partners, financial benefits,
flexibility, reliable operation, and production interruptions. Barriers mainly refer to the lack of financial
resources, competencies, the dimensioning of the supply chain, and the resistance of employees.

From the perspective of sustainable development, following the application of the Delphi method,
a series of measures and indicators have been identified that contribute to the assessment of sustainable
development and to the proposal of improvement measures.

The proposed model takes into account the imperatives of Industry 4.0 for manufacturing,
the objectives and indicators of sustainable development. Five levels of evaluation are developed
to systematically identify the measures required to improve the company’s situation. Compared to
existing methods, the present model reaches a final form during critical rounds of brainstorming
analysis. These were performed during the Delphi method.

A five-level hierarchical model was developed starting from the interests of the shareholders to
the reverse logistics. For each level, the impact of the indicators is calculated and, finally, the total
value. A value of a level below score 2 requires a review of the company’s behavior in those directions.
Finally, the company’s position toward sustainable development is obtained.

Following the test, a series of improvements of the initially proposed conceptual model were
obtained. These improvements refer to improvements implemented following the empirical testing,
the application of the 9Rs in any situation of the company, the evaluation of the requirements regarding
the international standards, the improvement of the materials used, the recovery of the value at the
end of the life cycle, the imposition of improvements regarding the Industry 4.0, and the involvement
of shareholders in establishing financial indicators.

The proposed model advances the level of knowledge in the field by the fact that it has really
identified the imperatives of industry 4.0 and develops a model in rounds of debates with experts in
the field of manufacturing. This model is not a theoretical one but one approved by 40 experts chosen
according to the top companies in Romania. The model is applicable to every industry because the
evaluation is done by semi-quantitative assessments by competitiveness experts. The reference for
each field is represented by the most important company from the top of the companies (made for the
selection of the interviewed companies).

A set of the proposed frameworks [12-14] propose evaluations based on checklists that present
certain limitations from the perspective of covering all organizational levels. These indicators were
established on the basis of the specialized literature without a multi-round discussion with experts in
the fields of activity.

The hierarchical model is valid and can be extended to other industries. The banking field is
targeted because it is a field that has major implications in the economic and social dimensions. At the
same time, this model will also identify the disruptive factors that may occur (we expect that the
medical factors may affect the functioning of a system).

8. Conclusions

This research proposed a five-level framework for assessing manufacturing sustainability.
The definition of these five levels offers an important stage in terms of production as well as
sustainability in the manufacturing sector. The research focused on the two important directions for
the competitiveness of the business environment: the sustainability and the digitization of the industry.
Only experts from the manufacturing industry were involved in the research, and the experience
of multiple previous researches was used. At the same time, the theoretical frameworks developed
previously contributed to the foundation of the proposed and tested framework.
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To characterize the industry, existing data series from accredited institutions were used.
These influenced the selection of the manufacturing for the carried-out analysis. The use of market
research and the involvement of experts in the research undertaken have contributed to the outline of the
proposed framework. Empirical testing has led to the completion of the improved proposed framework
and can be transposed into an online platform using databases and web programming facilities.

Future directions will also extend the model to other industries. Barriers encountered during the
research refer to the factors that contribute to changing the conditions of the business environment.
The research was carried out during 2019, and at the end of it, we started structuring and analyzing the
data obtained. Since 2020, a number of factors have begun to appear that affect the economic conditions
worldwide (the virus that has spread worldwide). These factors completely change the behavior of
industries. This will be investigated in a future paper. The limitation of the study refers to the fact that
the Romanian manufacturing characteristics are taken into account for research. In Romania, there is a
need to develop a model, and that is why I focused only on these characteristics.
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