
 

CONFERENCE ON PRODUCTION SYSTEMS AND LOGISTICS 

CPSL 2023 
__________________________________________________________________________________ 

 

DOI: https://doi.org/10.15488/13421 
ISSN: 2701-6277 

 

4th Conference on Production Systems and Logistics 

Is Sustainable Maintenance A Support- Or Standalone Function? A 
Definition 

Christina Bredebach1 
1Technical University Dortmund, Dortmund, Germany 

 

Abstract 

Sustainability is getting more and more attention in society, industry, and research. Companies are 

increasingly focusing on sustainable practices to meet different requirements. Industrial maintenance, which 

tends to be considered sustainable, is now more frequently examined in research for its actual sustainability, 

and various approaches to the design of maintenance are being presented. In this context, the term sustainable 

maintenance is not uniformly defined. There are different underlying assumptions about the term 

sustainability within the maintenance function itself, whether it is a support-function to enable sustainable 

manufacturing or a standalone function to improve sustainability in manufacturing companies by itself. For 

this reason, this study defines the term Sustainable Maintenance based on previous publications. For this 

purpose, a systematic literature review of 46 publications identified as relevant to the topic is conducted, and 

then a definition is derived via the Genus Proximum et Differentia Specifica by Aristotle through the 

distinction of sustainable maintenance from traditional maintenance. 
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1. Introduction 

In today's world, companies face a wide variety of challenges, such as scarcity of physical resources, stricter 

laws and regulations, customer demand for high-quality products, and economic stagnation [1]. Challenges 

such as the shortage of natural resources and the growing focus on environmental concerns pose problems 

for companies, which can however lead to competitive survival and even competitive advantage in response 

to regulations [2]. Incorporating sustainability into corporate strategies is referred to as Sustainable 

Development when the current needs of the company and those of their stakeholders are met while focusing 

on protecting the environment and society [3].  

Sustainability is a challenge for manufacturing companies that can lead to better product quality, increased 

market share, and increased profits [4]. In this context, sustainable maintenance activities have also come 

into focus, which, in addition to the traditional technical and economic dimensions, also consider the 

environmental and social ones [5]. 

Maintenance influences the productivity and, consequently, the profitability of companies through a direct 

impact on efficiency, effectiveness, and quality of actions, which are considered key elements of adequate 

maintenance strategies [6]. In fact, maintenance actions influence not only the technical dimensions of 

production systems, i.e., reliability and availability, as well as product quality, but also the three 

sustainability dimensions: environmental, economic, and social. [7]  
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Sustainable maintenance has no clear definition but is often described as a process that achieves the condition 

of the objects to be maintained through technical measures [4,8] and prevents negative ecological impacts 

[9,8,10] the safety of employees [8,4,10] and stakeholders [9] and is economically sound [9,8] and thus also 

ensures the competitiveness of the company [11]. 

In current research, the importance of considering sustainability aspects in industrial maintenance is 

increasing for various reasons outlined above. The number of publications on this subject has been growing 

steadily in recent years. Existing definitions of the term overlap, but also complement each other and are 

thus not unambiguous. This paper therefore answers the following research question: How can Sustainable 
Maintenance be defined? A question that derives from the definition of Sustainable Maintenance is, 

whether in the existing literature it is seen as a standalone or a support function. A support function would 

be a support function to allow the company to design the manufacturing process sustainably, with a focus 

on manufacturing. As a standalone function however would itself be able to independently help the company 

to become more sustainable. The basis for this is provided by a systematic literature review, while the 

definition itself is formulated based on Aristotle's Genus Proximum et Differentia Specifica. This approach 

originates from [12], who developed a definition of Industry 4.0 in their paper. The methodological approach 

is presented in chapter 2 while the evaluation of the systematic literature research follows in chapter 3.1. 

Subsequently, in chapter 3.2 the definition is presented.  

2. Methodology 

The following section describes the methods used to develop a definition for sustainable maintenance. 

2.1 Systematic Literature Review on Sustainable Maintenance 

A systematic literature review differs from traditional narrative literature reviews in that it is a scientific, 

transparent, and reproducible process, minimizing subjective bias through extensive literature searches and 

detailed descriptions by researchers of their procedures, decisions, and conclusions [13]. This method 

enables efficient and high-quality identification and evaluation of the literature on a selected topic [13] and 

helps identify key questions [14]. 

According to [13] a systematic literature search is performed in three steps. At the beginning, the research 

must be planned. For this, a conceptual discussion of the research problem and a description of the 

significance of the problem is included in the research protocol. A specific research question is not required. 

The goal of the first step is to have a research protocol that does not limit the creativity of the researcher in 

the review process, but still limits the possibilities of subjective bias. The second step is to conduct the 

literature search. For this, a literature search was conducted in the Web of Science, EBSCO Host, SCOPUS, 

and Emerald Insights databases using a pre-developed search string. The results were sorted according to 

inclusion and exclusion criteria [15] which were derived from the studies of [16] and [17], categorized and 

expanded by forward and backward searches [15]. In the third and final step, the results of the systematic 

literature review are summarized. For this purpose, on the one hand, a descriptive analysis is presented, 

which includes metadata of the study, and on the other hand a content analysis, which enables a solution of 

the research problem formulated at the beginning. [13]  

A total of 46 articles were identified as relevant in the systematic literature search conducted on June 1, 

2022. After identifying the relevant studies to the predefined research problem, the metadata of the studies 

and their content were evaluated. The evaluation included the country of origin of the authors and the year 

of publication [13] as well as the method on which the study was based and a classification of the result. 

[17,18,13]. For the content analysis of the publications, the method used by [12] for the definition of Industry 

4.0 was applied. For this purpose, like the development of the search string, keywords were assigned to the 
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studies that were used to describe sustainable maintenance in the respective works. These are later used for 

the description of the species-forming difference. 

 

2.2 Genus Proximum et Differentia Specifica 

For the definition of the term sustainable maintenance, the genus Proximum et Differentia Specifica was 

chosen. A definition is a statement composed of the particular genus of the term to be defined and the 

difference from other terms of that genus [19]. Defining helps to identify a thing that is known by name but 

not by explanation [19]. According to this procedure, a thing is defined by its genus (the next higher class) 

and its differences from other things under the genus [20]. The definition must be unique to the thing being 

defined and must always be true, so definitions do not include properties that are true of both the thing being 

defined and other things in the genus [20]. 

In order to define according to the Genus Proximum et Differentia Specifica, the general generic term must 

first be determined. In this case the term "maintenance" was chosen according to [21]. Subsequently, a 

division of the generic term into more general, specific terms is chosen until the species term cannot be 

further divided. The decisive factor is which characteristics are chosen to distinguish the species terms. 

According to the description of maintenance as well as sustainability, the characteristics for differentiation 

refer to tasks and goals of the respective maintenance type. The type to be defined is "sustainable 

maintenance" while the comparison to traditional maintenance is presented.   

3. Results 

The following two chapters will present the results of the research process. In chapter 3.1, the results of the 

systematic literature review are presented, including the definition of traditional maintenance as well as 

identified definitions and descriptions of sustainable maintenance. Chapter 3.2 then presents the newly 

developed definition of Sustainable Maintenance, based on the Genus Proximum et Differentia Specifica 

described in chapter 2.2. The keywords assigned to sustainable maintenance that differentiate this from 

traditional maintenance are described more closely in chapters 3.2.1 to 3.2.5. 

3.1 Systematic Literature Review 

The papers identified as relevant in the systematic literature review are presented descriptively. The first 

study identified as relevant dates back to 2012. Overall, there is an increasing trend, although there is still a 

low number of publications on sustainable maintenance for the year 2022 due to the timing of the search in 

June 2022. With a total of seven publications on sustainable maintenance, Jasiulewicz-Kaczmarek offers the 

most publications, while Franciosi and Miranda have six publications on this topic. The majority of 

publications come from Europe, followed by Asia and Oceania.  

Many of the studies analysed show the status quo of sustainable maintenance, while some also present new 

methods and models or theoretical frameworks. Tools for implementing sustainable maintenance have been 

published less frequently. Methodologically, researchers have often taken a theoretical approach, while some 

have also conducted research through case studies, expert interviews, or workshops. There has been no 

experimental research. 

For the evaluation of the relevant publications, keywords were assigned to them that were used for the 

description of sustainable maintenance in the same. In the following, traditional maintenance is described 

according to the identified publications, its development in recent years and the relationship between 

maintenance and sustainability, to then be able to present the differences between traditional maintenance 

and sustainable maintenance in the sense of the genus proximum. 
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Traditional maintenance 

Maintenance is the combination of all administrative, technical, and management actions during the life 

cycle of an object with the goal of maintaining or restoring the object to its functional state [22-26,5,27]. 

Therefore, the objectives of maintenance activities include high reliability and availability of equipment, as 

well as efficiency [28] and safety [26]. The implementation of maintenance activities influences product 

quality [1]. Nevertheless, maintenance is often perceived as a support process that has the production 

department as its only customer and is thus considered a cost factor [29]. The large number of machines 

leads to a high complexity of today's maintenance [5] which is influenced by the structure and organization 

of a manufacturing company [30]. Despite the perception as a cost factor in the company, maintenance is a 

component of most manufacturing companies, which ensures the functions of the production systems, which 

are necessary for an efficient production process [24].  

Maintenance helps to minimize production costs and maximize equipment life corrective or preventive [31], 

maximize [6] thereby improving the performance [11] and profitability [24] of the entire company [4]. This 

includes improving the reliability of equipment, understanding the reasons for poor performance, preventing 

breakdowns, and reducing downtime by repairing [31]. At the same time, neglected or poorly performed 

maintenance leads to losses for the company [24] making it a critical function for production [11]. For 

example, equipment failure leads to increased repair costs, decreased quality of products, and overall 

shutdown of the production line [10]. Conventional decision-making approaches to maintenance strategies 

focus mainly on technical and monetary criteria [32].  

While, as described above, maintenance as a function in manufacturing companies has been an area for 

outsourcing strategies and has been described as a cost driver [6], there has been an evolution in recent years 

together with production processes from a reactive function to a cost saving and value adding preventive, 

then to a green approach and is now seen as an area that should be managed sustainably [16]. Maintenance 

has also become critical for reliability and availability of assets due to the growing complexity resulting from 

the evolution of technologies, with a new task to avoid unexpected shutdowns due to digitalization [33].  

The indicators described do not address the social and environmental aspects of maintenance [23]. However, 

it is essential to consider these aspects, as the condition of production facilities has an influence on 

occupational safety, the quality of the products to be produced or emissions [23]. Poorly performed 

maintenance leads, for example, to the emission of hazardous substances into the environment, the 

generation of waste due to a non-functioning system, inefficient consumption of resources and energy, and 

waste of stored materials [23,32]. 

Sustainable maintenance  

A total of 190 keywords were assigned to the 46 publications. The frequency of assignment of the most 

frequently mentioned keywords is shown in Table 1. 

Table 1: Most frequently found keywords for Sustainable Maintenance 

Keyword  Frequency 

Triple Bottom Line 28 

Sustainable Manufacturing 26 

Integrated View 11 

Efficiency 10 

Stakeholder 8 

Quality 7 

New Technology 5 

Optimization 4 

Availability 1 
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The keywords presented do not necessarily correspond to the species-forming difference, but purely to the 

description of sustainable maintenance. As an example, availability and downtime can be mentioned, which 

also belong to the objective in traditional maintenance and thus do not represent a difference. 

The keywords identified and categorized here are a description of the sustainable maintenance used to derive 

the species-forming difference. 

3.2 Definition of Sustainable Maintenance 

For the definition of sustainable maintenance, the species-forming difference between sustainable and 

traditional maintenance is formed. This was developed from the keywords in this case. The keywords of 

levels two and three are specifications of the higher levels, so they are shown for clarification, but not 

included in the definition of sustainable maintenance. Referring to the definition of traditional maintenance, 

the keywords can be used to show the species-forming difference. This is shown graphically in Figure 1.  

 

Figure 1: Genus Proximum et Differentia Specifica for Sustainable Maintenance 

Thus, the definition of sustainable maintenance with the species-forming difference from traditional 

maintenance is as follows: Sustainable Maintenance enables the implementation of Sustainable 
Manufacturing through the integrative inclusion of the Triple Bottom Line in the strategic, tactical, 
and operational measures. A focus is placed on meeting stakeholder requirements regarding achieving 

Sustainable Development. The goals of Sustainable Maintenance include higher quality of the products 

and processes to be manufactured as well as increased efficiency through the application of new 
technologies. 

Derived from this definition and the definitions of each keyword included, a Sustainable Maintenance Model 

for manufacturing companies was developed and shown in Figure 2. This model shows the possible 

interactions between the different keywords previously developed within a manufacturing company. In the 

following chapters, the keywords that were previously assigned to Sustainable Maintenance will be 

described based on findings in the systematic literature review. Each keyword will be described generically 

first and then with regard to maintenance activities. 
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Figure 2: Sustainable Maintenance Model 

3.2.1 Triple Bottom line 

The Triple Bottom Line consists of three aspects: Economic, Ecological and Social [28]. The economic 

aspect of sustainability refers to productivity and profitability, efficiency and effective investments, the 

environmental aspect refers to the purchase of renewable energy, prevention of pollution and safe handling 

of hazardous materials, while the social aspect focuses on the health and safety of employees and good 

working conditions [36]. The three areas of sustainability must be considered in an integrated way, as 

changes in one aspect strongly influence the other two [4].  

Maintenance helps to increase the economic value of a company [34] and can have an impact on all three 

aspects of sustainability [11]. A sustainable maintenance strategy has a great impact on reducing energy 

consumption, as a well-chosen maintenance strategy keeps the objects to be maintained in good condition, 

which contributes to energy efficiency, while digital and automated work planning in maintenance 

contributes to its standardization, which helps to identify the reasons for greatly increased energy 

consumption [37]. To integrate all three aspects of sustainability into maintenance, it is necessary to include 

sustainability in the maintenance strategy [10]. If sustainability aspects are not considered in maintenance, 

this can lead to higher repair costs, increased energy consumption and a higher number of occupational 

accidents [10]. Other consequences of non-executed or poorly executed maintenance include higher costs, 

downtime, waste, poor productivity, and product quality [18] hazardous emissions and accidents [35].  
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3.2.2 Stakeholder theory 

Basically, there are two types of stakeholders, those with a connection to a company, for example customers, 

shareholders, or employees, and those that have a demand on a company, such as NGOs [38,39]. 

Stakeholders were originally described as a group without whose support the company could not exist, since 

corporate goals could not be formulated without knowledge of stakeholder demands [40]  

Stakeholders of maintenance were, according to a study of [23] focused on economic factors, but rarely 

associate maintenance with sustainability. Possible stakeholders of maintenance that can support sustainable 

performance of the company are, for example, the development area of the company, as well as quality and 

production, where good cooperation and communication lead to a better understanding of the responsibility 

of the maintenance area. This can be reflected, for example, in well-maintained products that result from 

cooperation between maintenance personnel and the development department. [30] 

3.2.3 Sustainable Manufacturing 

Sustainable manufacturing is the process of manufacturing goods or services by conserving resources and 

using clean technologies [16] while being economically sound [41]. The overarching goal is to manufacture 

products that are fully recyclable and whose production process has a positive impact on the environment 

[42]. The entire production process from pre-manufacturing to post-use must be considered [43].  

Maintenance plays an important role in enabling Sustainable Manufacturing, as it enables the company to 

maintain the efficiency of the production system and achieve the required quality of the products to be 

produced [42], is responsible for the availability and reliability as well as the safety of the equipment. [33]. 

Thus, the maintenance directly influences the Sustainable Manufacturing [29]. Failure to apply sustainable 

concepts in maintenance affects the production volume, quality, safety, and environment [5] which, as 

described above, form the basis of Sustainable Manufacturing.  

3.2.4 Product and Process Quality 

Economic, ecological, and social further development in companies can be achieved by applying 

management standards, such as DIN EN-ISO 9001, the quality management system [29]. Through the 

application of this standard, customer satisfaction can be increased by means of processes for system 

improvement and compliance with customer requirements [44].  

Companies that integrate sustainability principles into their processes can achieve higher product and service 

quality, higher profits, and greater market share [10,34]. Maintenance is closely linked to production 

activities with the aim of producing high-quality products, and the quality of maintenance activities affects 

the quality of production, and thus the quality of products [33] as well as production costs and volumes, 

machine performance and availability [1]. Companies must become more aware that maintenance entrusts 

processes necessary for production processes with the least negative impact on the environment, economy, 

and society [30]. Product quality is an important factor for a trusting relationship with a company's 

stakeholders, which can be achieved through maintenance aimed at better quality without wasting resources 

[45].  

3.2.5 New Technologies 

In science, correlations between the application of new technologies and increased efficiency have been 

demonstrated. The implementation of automation, for example, leads to both increased product quality and 

improved process efficiency and customer satisfaction. These trends could be identified in particular 

regarding Industry 4.0. [46] Industry 4.0 is therefore seen as the key to improved productivity, enables 

economic growth and ensures the sustainability of manufacturing companies [47].  
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Sustainable maintenance cannot be achieved without considering new technologies [48]. The 

implementation of sustainable maintenance activities leads to an increase in production capacity and 

therefore an improvement in the performance of the company [5]. In addition, the competitive position of 

the company can be strengthened, and additional value can be added, the company may qualify for capital 

investment through sustainability standards [34]. Thus, new technologies are also relevant for sustainability 

in maintenance, especially since this business sector has a great contribution to the achievement of 

sustainability goals [41].  

4. Conclusion 

In the systematic literature review and the related content evaluation using the genus proximum, a definition 

of sustainable maintenance was developed based on previous publications on this topic. The differences 

between sustainable and traditional maintenance were elaborated upon, showing which of the characteristics 

of sustainable maintenance have an influence on the different areas of sustainability. Due to the focus on 

sustainable manufacturing in the context of sustainable maintenance, it can be stated that sustainable 

maintenance for achieving sustainable development is not a standalone function in the company, however, 

it cannot be seen as a pure support function either. It enables sustainable manufacturing in manufacturing 

companies and thus has a supporting function, but forms the basis for sustainable production, particularly 

regarding resource conservation, safety and efficiency and effectiveness. It can therefore be stated that 

sustainable development in companies can only be achieved through close cooperation between 

maintenance, production, and their stakeholders. 

This work is subject to some limitations. In a systematic literature review, the incompleteness of the literature 

examined cannot be excluded. While the test of relevance of the studies examined was clearly defined by 

inclusion and exclusion criteria, it cannot be ruled out that conducting the study with two or more researchers 

would have yielded different results. Furthermore, the genus proximum according to Aristotle is one of many 

definitional theories, therefore, a different result could have possibly been obtained by using other 

approaches to definition as well. This work is also exclusively literature-based and therefore may not map 

the practical execution of maintenance. For this reason, it is recommended as future research that a study be 

conducted to solicit the opinions of experts in maintenance, manufacturing, and sustainability practice to test 

the characteristics of sustainable maintenance for feasibility and practical relevance. Additional further 

research should be conducted on target optimization when it comes to sustainability objectives in 

maintenance, as those often limit each other and tradeoffs must be made, as this paper only generically shows 

different parts of sustainable maintenance, but not the actual targeting of such. 
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