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The European Union’s objective is to evolve into a circular economy maintaining resource 

efficiency and low waste generation. Germany emerges as a frontrunner concerning waste 

management, yet waste prevention appears to be insufficiently enforced among 

businesses. Correspondingly, the thesis explores whether German companies have 

proactively implemented innovative sustainable practices to reduce waste generation. 

Thereby, small and medium-sized enterprises (SMEs) are in the focus of the study owing 

to distinctiveness, heterogeneity and multitude. The empirical research has been 

qualitatively conducted by interviewing diverse German manufacturing SMEs and 

comparatively analysed with a large enterprise. Results deriving from the study are that 

companies have implemented distinct sustainability-oriented innovations (SOIs) to prevent 

waste due to varying external and internal factors as for example industry and customers 

or production processes, respectively. Thus, the results have inter alia fuelled debate on 

the current waste management system and initiatives to prevent waste, the concept of 

industrial symbiosis as well as company’s communication and behaviour in terms of 

sustainability. In conclusion, the research leads to various theoretical implications 

demanding future research on the concepts of SOI and industrial symbiosis, SMEs and 

existing policies. Finally, the study indicates the importance of systemic thinking of 

companies and governments regarding waste prevention to advance towards a circular 

economy whereby SOIs could be a means to attain sustainability.  
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1 INTRODUCTION 

The European Union (EU) has set multiple objectives for advancing sustainable 

development. One of its aims is a resource efficient circular economy with low carbon 

emissions and low waste generation (European Commission, 2015a). Consequently, 

numerous directives on waste management have been issued comprising regulations and 

definitions. According to the European waste hierarchy, waste prevention is the principal 

priority followed by re-using material, recycling material, recovery of material and disposal, 

in sequential order respectively (European Commission, 2008, 2008/98/EC); Manfredi & 

Goralczyk, 2013). Subsequently, an adequate waste management ensures environmental 

protection, preservation and quality as well as it preserves human health by efficient use of 

natural resources (European Commission, 2015b). By attaining high recycling and recovery 

rates, the European Union is able to retain raw materials within the economy leading to 

minor import dependency advancing the European economy; though the EU states that 

these opportunities are inadequately seized (Bartl, 2015; European Commission, 2015b). 

Waste management systems appear to be divergent and complex; thus, optimisation of 

policies and systems remains problematic given that statistics on waste are insufficient with 

regard to waste categories (Manfredi et al., 2011; Manfredi, 2013; Ferreira da Cruz et al., 

2014; Pires, Martinho & Chang, 2011).  

For instance, a waste stream which is especially considered within data collection is the 

packaging waste (European Commission, 2017a). Despite the fact that the EU met the 

quantitatively set objectives of the Directive 94/62/EC regarding decreasing landfill waste 

and increasing recycling and re-use, packaging waste generation has been increasing 

(Tencati, Pogutz & Moda, 2016). Moreover, Extended Producer Responsibility (EPR) 

schemes have been initiated in the EU, manifesting that “any natural or legal person who 

professionally develops, manufactures, processes, treats, sells or imports products 

(producer of the product)” can be obliged to take the products back and accordingly ensure 

waste management (European Commission, 2008, 2008/98/EC). So far, EPR schemes 

exist for multiple products such as batteries, oils, waste electric and electronic equipment 

and packaging (European Commission, 2014a). Nonetheless, Bartl (2015) generally 

criticizes that recycling rates as indicators are insufficient since quality and efficiency of 

waste management are neglected. In his view, waste prevention should be additionally 

highlighted and other actors than the waste management sector should be involved in the 

circular economy concept. (Bartl, 2015) Wilts et al. (2013) also emphasize that waste 

prevention is about “efficient and innovative ways of handling with resources” subsequently 

requiring eco-innovations for improving the entire product life cycle (p.824).  
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Germany appears to be a frontrunner with regard to recycling and recovery rates of 71.4% 

and 97.8 % above EU average, respectively. However, the country is also overall generating 

the highest waste per capita. (European Commission, 2017a;b) The German government 

has issued a national waste prevention plan on demand of EU which also contains 

measures providing for instance incentives for companies to engage in eco-design, product 

reuse and environmental management systems (EMS) (Bundesministerium für Umwelt, 

Naturschutz und Reaktorsicherheit, 2013). Yet, so far few incentives have been 

implemented and the focus has been set on raising awareness among citizens on waste 

prevention in form of a European Week of Waste Prevention and innovation funding. In 

terms of above mentioned criticism to focus on waste prevention and embrace other actors 

such as companies in the concept of circular economy, the question arises whether 

companies have proactively and innovatively implemented activities preventing waste 

generation despite insufficient governmental enforcements. Thereby suitable for scrutiny, 

the comparably novel concept of sustainability-oriented innovations (SOIs) arises 

comprising multiple concepts of for instance eco-innovation and social innovation with the 

objective of attaining sustainability (Hansen & Große-Dunker, 2013; Hansen, Große-Dunker 

& Reichwald, 2009). 

Owing to the fact that in 2014 small- and medium-sized enterprises (SMEs) represented 

99.3% of the amount of businesses, employed 60.9% of workforce and generated 47.4% of 

gross value added at factor costs in Germany, it is compelling to focus research on these 

entities (Statistisches Bundesamt, 2017). Furthermore, the heterogeneity and opacity of this 

sector has raised academic interest as well as the differences between smaller and larger 

firms (Hillary, 2004; Tilley, 1999). Frequently, there is an academic consensus that SMEs 

are less engaged in environmental strategies, difficult to approach and unaware of 

environmental impacts (Rutherfoord, Blackburn & Spence, 2000; cited in Cassels & Clark, 

2011; Commission of the European Communities, 2007). Nonetheless, recent studies also 

argue that commitment to environmental strategies is independent of firms’ size and that 

academics should move away from the reactive view on SMEs (Baumann-Pauly et al., 

2013; Saez-Martinez, Diaz-Garcia, Gonzalez-Moreno, 2016; Klewitz & Hansen, 2014). The 

necessity for researching SMEs and sustainability becomes increasingly apparent when 

considering recent developments. In 2014, the EU issued a directive which obliges 

companies with more than 500 employees to enclose, additionally to financial reporting, a 

non-financial reporting. This reporting should include data on the company’s activities’ 

impact relating to environmental, social, employee and human rights issues. In spite of the 

fact that the directive addresses large companies, experts assume that it will also indirectly 
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affect SMEs since the focus is also set on the company’s supply chain. Accordingly, large 

companies will demand more information from their SME suppliers in terms of Corporate 

Social Responsibility (CSR)-related issues. From 2017 on, German companies are obliged 

to enclose non-financial reporting about CSR activities. (European Commission, 2014b, 

2014/95/EU; Rat für nachhaltige Entwicklung, 2017) 

Waste management has also been widely investigated in academic research. With regard 

to waste management, the focus of research is often set on the waste management industry 

itself regarding sustainability and municipal waste management systems on a national level 

(e.g. Morissey & Browne, 2004; Pires et al., 2011; Finnveden et al., 2005). Concerning 

waste minimisation, there are numerous studies focussing on food waste and the mining 

industry due to sustainability issues (e.g. Papargyropoulou et al., 2014; Garrone, Melacini 

& Perego, 2014; Basu & van Zyl, 2006). Moreover, waste reduction is often observed as a 

benefit of improving processes and eco-efficiency but not in the centre of studies (e.g. 

Henriques & Catarino, 2015). This focus is more set in the operations management 

research area concerning lean management where waste minimisation is an important part 

of the concept and cleaner production where production causes less harm to the 

environment (Pettersen, 2009; Glavič & Lukman, 2007).  

As solutions for waste reduction on a broader level, terms such as industrial symbiosis or 

eco-industrial networks emerge. Whereas, industrial symbiosis deals with resource 

exchange and reuse of waste and by-products which might feed as resource into another 

companies’ process, eco-industrial networks comprise the collaboration of different entities 

to attain an environmental sustainability respectively and thus is more a general term. 

Industrial symbiosis therefore can be a type of eco-industrial network (Chertow, 2007, 

Doménech & Davies, 2011; Patala et al., 2014; Frosch & Gallopoulos, 1989 cited in Chertow 

& Ehrenfeld, 2012). These networks function on a basis of trust between the members and 

governments which can be created by adjacent locations of companies and members; 

however, this premise has been also criticized in view of international supply chains where 

trust can also be developed despite distance (Baas, 2011; Lombardi & Laybourn, 2012a) 

Industrial symbiosis can emerge from self-organization of the industry such as the 

Kalundborg network or planned from governmental influence (Chertow, 2007).  
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1.1 Research aim, questions and contribution 

In view of above mentioned circumstances, it is therefore appealing to conduct research on 

this specific field and combining the contexts in a thesis. Correspondingly, the research aim 

of this Master’s Thesis is to scrutinise sustainable activities in German SMEs with regard to 

waste management. It will be investigated whether SMEs are engaging in sustainable 

practices and have applied SOIs such as process, product or organizational improvements 

for waste minimisation. Further it will be analysed which drivers and barriers may affect the 

entities’ engagement. Accordingly, the principal research question emerges as: (RQ) What 

sustainability-oriented innovations are manufacturing German SMEs exhibiting 

regarding waste management and why companies pursue them? In order to obtain a 

comprehensive response to this question and research aim, additional sub-questions have 

been developed: 

a) Which influence do sustainability-oriented innovations and innovativeness of the 

company have on waste management? 

b) What sustainable strategic behaviour are manufacturing German SMEs exhibiting 

regarding waste management and does sustainability have an influence on waste 

management? 

c) Which internal and external circumstances hinder/favour SMEs to proactively 

pursue waste management? 

d) Which internal and external circumstances hinder/favour SMEs to proactively 

pursue sustainability? 

e) What measures/options from governmental perspective are already taken and 

which further measures have to be considered for fostering efficient waste 

management? 

In view of research questions and the fact that this study is a multiple case study, it is aimed 

to contribute to existing academic research and to offer insights from business practice. 

From an academic perspective and in terms of the focus on waste management, the study 

may contribute to the existing literature on SOIs and sustainability in SMEs. Companies for 

example in similar industry branches or industries may gain best practice insights or new 

impulses for improving waste management practices. It may also reveal potentials for 

improving governmental measures concerning waste management additionally addressing 

the public sphere with regard to waste management. Furthermore, it may point to new 

research topics which should be scrutinized.  
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1.2 Research scope 

The scope of this research is limited by the focus on Germany given that the waste systems 

across Europe differ. In contrast to other European systems, the packaging waste system 

in Germany is for example entirely financed by the private sector without government 

involvement (Ferreira da Cruz et al., 2014). In addition, the system is competitive as nine 

different companies are in charge of packaging waste collection and disposal in a EPR 

scheme (Cunha Marques et al., 2012). Owing to the complexity of the waste system and 

multiple parties involved, the focus has been set on companies as generators of waste and 

potentials to prevent waste through innovation. Accordingly, the study examines the waste 

system from a company perspective and indirectly integrates perspectives on the existing 

system, government initiatives and regulations. Additionally, there are multiple definitions 

and interpretation of waste considering waste for instance in form of time, materials and 

energy as well as various concepts existing with reference to lean management as for 

example overproduction, non-value adding operations and activities. (Thürer, Tomašević & 

Stevenson, 2017; Shingo, 1989; Gharfalkar et al. 2015). Yet, waste in this particular study 

is considered as residues that occur from or during production processes such as materials, 

energy and defects as well as from administration activities in offices or other internal 

facilities as for instance a canteen.  

Concerning the case companies, Multinational enterprises (MNEs) are predominantly 

excluded in this research to maintain a focus and to obtain deeper inside knowledge on 

SME practices. However, one large enterprise has been included in the research to validate 

results and enhance insights by comparison. In terms of industry, the scope covers the 

manufacturing industry as already reflected in the research questions. The manufacturing 

industry is compelling given that production wastes occur and the companies may have a 

potential to decrease waste streams on diverse levels. Another argument is that in view of 

the circular economy concept which is underlying, it is favourable that wastes can be 

prevented at source as well for example with eco-efficient design of products. Other 

industries as for example retail also obtain potential for decreasing wastes, nevertheless 

the focal point is merely packaging waste stream or specifically set on the food waste (e.g. 

Meriem & Ling, 2011; Lebersorger & Schneider, 2014; Garrone et al., 2014).  

Moreover, diverse concepts are intrinsic or intersecting such as the concept of circular 

economy, clean production, lean management, eco-innovation and green supply chains. 

Further, there is a thriving research stream of lean management in the light of sustainability. 

Nonetheless, these concepts have not been examined from an academic perspective owing 

to the scope and distinct focus of this study. The emphasis has been placed on SOIs due 
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to the comprehensive concept combining sustainability, life cycle dimension and 

innovativeness on account of the thesis context in form of waste management. Thereby, it 

will not be investigated of how the innovations originate referring to concrete research and 

development (R&D) management processes but rather identifying the innovations. Besides, 

the term innovation is considered in a broader sense, consequently process improvements 

are in this case also considered as an innovation given that the part of the process is new 

to the firm. 

1.3 Thesis structure 

The thesis is structured into seven chapters. At first, the context of thesis will be presented 

emphasizing the importance of efficient waste management and the motives for scrutinising 

SMEs. Further, the research questions are introduced and the scope of the thesis will be 

defined. Subsequently, the second chapter comprises a review of the related theories and 

concepts that have been examined in academic research. Thereof, two subchapters 

emerge scrutinising the sustainability and innovation aspect both with focus on SMEs 

resulting in a synthesis displaying the research gap. The ensuing third chapter outlines the 

basis for the empirical study and sets the theoretical concepts into relation that are 

underlying for scrutinizing the cases. The fourth chapter describes empirical research 

design and methods and justifies the choice of a case study. Consequently, the fifth chapter 

encompasses the empirical results of the case studies. Accordingly, the subchapters deal 

with the major themes and the cases are described in a comparative manner to maintain a 

concise overview. At the end of the findings chapter the results will be summarized and are 

allocated to the overall research question and its sub-questions. In view of empirical results, 

the sixth chapter correspondingly discusses the findings from an academic point of view as 

well as it will be utilized to further support one of the sub-questions. Finally, the seventh 

chapter concludes the thesis concerning contributions and implications for future research 

as well as limitations to the study are assessed.  
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2 LITERATURE REVIEW 

The following literature review comprises a scrutiny of sustainability in SMEs and SOIs and 

is divided into subchapters respectively. Therefore, databases including Scopus, 

ScienceDirect, EBSCO and Springer have been systematically examined with various term 

combinations, synonyms and keywords. The techniques of snowballing and reverse 

snowballing have been utilized to obtain articles of English and partly German language. 

With the aim of ensuring quality, solely peer-reviewed articles have been cited.  

2.1 Sustainability in SMEs 

In order to review sustainability in SMEs, sustainability as a general concept has been firstly 

investigated regarding existing literature. Further, the concept of corporate sustainability 

ensues incorporating in how far sustainability is applied in companies. Secondly, SMEs 

have been considered in terms of distinct features compared to large firms and barriers and 

drivers concerning the implementation of sustainable practices. Finally, a table summarizes 

the main aspects.  

2.1.1 Sustainability and corporate sustainability 

In view of rising environmental concern and due to the age of the concept, the field of 

sustainability and sustainable development has been extensively researched over the 

years. The most common definition of sustainable development and sustainability is from 

the Brundtland report of the World Commission on Environment and Development (WCED) 

in 1987. It is therefore a ”development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs.” (WCED, 1987, 

p.41) Moreover, it is described as a process or evolution in which it is striven for a balance 

between economy, society and environment (Glavič & Lukman, 2007).  

Within the field of sustainability, it is frequently difficult to find a consensus hence the 

concept has been criticized in view of its vague definition and discrepancies between 

environmental, social and economic objectives (Stubblefield Loucks, Martens & Cho, 2010; 

Redclift, 2005). Further, there are various definitions about sustainability prevailing with 

different paradigms and intensity but sharing core elements. Firstly, the definitions consider 

the interdependency of environmental issues to economy and society as well as the view 

of the three elements or similar terms as interconnections within a system. Secondly, they 

include the focus on future generations comprising a broader time horizon than usual 

business planning. Finally, all definitions indicate that achieving sustainability requires more 

than compliance with existent laws and regulations. (Vos, 2009) 
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Given that the concept is comprehensive, various research fields are contributing to 

sustainability research. Originating among biologists and ecologists, sustainability has 

moved to economists, policymakers, business and management and engineering literature 

(Vos, 2009). Governments also play a crucial role in advancing sustainability by 

implementing laws and regulations, nonetheless businesses ought to be equally supportive 

(Wilkinson, Hill & Gollan, 2001). Within the business research field, Elkington coined the 

concept of triple bottom line implying that a business is sustainable if economic wealth, 

environmental aspects and social fairness are fulfilled which are simultaneously correlated, 

interdependent and occasionally conflicting (Jeurissen, 2000). Although, it is often criticized 

that the social pillar is frequently neglected compared to ecological and economic goals 

(Littig & Grießler, 2005). Nonetheless, research trends in business show that research on 

social sustainability has been increasing over the decade (Kordestani, Peighambari & 

Foster, 2015). Some researchers argue that the three-pillar model of environmental, 

economic and social could be also extended with additional pillars such as a cultural or a 

political-institutional pillar. (Littig et al., 2005) 

Furthermore, numerous business and management areas are scrutinized with focus on 

sustainability as for example sustainable supply chains (Seuring & Müller, 2008), life cycle 

assessment (Finnveden et al., 2009) and sustainable business models (Bocken et al., 

2014). Moreover, within the research field of business and management related to 

sustainability, various terms have evolved such as corporate sustainability (CS) and related 

concepts in form of corporate social responsibility (CSR), business ethics and social 

entrepreneurship. Corporate sustainability implies the “contextual integration of economic, 

environmental and social aspects…and integrating environmental and social management 

in conventional economically oriented business management” or in general integrating 

sustainability in a company (Schaltegger & Burritt, 2005, p.192). Thus, several challenges 

occur such as reducing environmental impact of business activities, reducing negative 

social impacts, and simultaneously creating economic value. The most demanding 

challenge is to integrate these environmental, social and economic challenges in fulfilling 

the objectives to a satisfying extent respectively. (Schaltegger et al., 2005) CS and CSR 

appear to be interchangeably utilized in practice and include intersecting concepts and 

measures; however, they stem from different research streams and differ for instance in the 

consideration that the sustainability pillars are interconnected in CS or should be separately 

considered in CSR. (Montiel, 2008)  
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There are several paradigm shifts which induce companies to become a sustainable 

enterprise in form of globalization, technology revolution, shifting markets and changes in 

corporate governance. These shifts comprise for instance transformation to global 

environmental and social standards, technologies for minimising environmental impact, 

stakeholders’ increasing ethical and environmental awareness and extensive transparency, 

respectively. (Keijzers, 2002) Moreover, according to Benn, Dunphy & Griffiths (2014) 

companies traverse various phases with regard to integrating sustainability. Companies 

might also omit passing particular phases. Accordingly, there are six phases of sustainability 

integration: 

1. Rejection 

2. Non-responsiveness 

3. Compliance 

4. Efficiency 

5. Strategic proactivity 

6. The sustaining corporation. 

The following figure 1 indicates the different phases and predominant mind-sets within the 

company, although companies can be simultaneously with different business philosophies 

in diverse phases. Thereby, it should be noted that the model is merely simplified. In the 

rejection phase, the company disregards its activities’ environmental impact, objects to 

public pressure and solely focusses on profit maximisation. Thus, employees and the 

environment are merely considered as resources to be exploited without considering their 

wealth or development. Non-responsiveness is characterized by ignorance and an intense 

focus on ‘business as usual’ without taking account of sustainability issues in decision-

making. When a company aims at complying with environmental standards to minimise 

risks, it is situated in the compliance phase. Firms in this phase are considered reactive and 

environmental and social activities are separated. In the efficiency phase, companies detect 

cost and efficiency advantages when performing sustainable practices. Waste minimisation, 

reuse and training employees to attain improved productivity are key elements in this phase. 

Sustainability becomes part of business practices. If sustainability emerges as part of the 

business strategy, companies are in the strategic proactivity phase. Companies focus on 

innovating high-quality products and gaining a competitive advantage with sustainability to 

advance efficiencies. Waste management is redefined and thoroughly scrutinised to detect 

missed opportunities. In the final phase sustaining corporation, the company promotes 

sustainable development by actively engaging in sustainable practices and simultaneously 

ensuring financial success. Waste is aimed to be avoided to assure the company’s 
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sustainability leader position. The firm further collaborates with suppliers and other 

stakeholders to advance sustainability occasionally beyond the organization’s boundaries. 

(Benn et al., 2014) 
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Fig. 1: Sustainability integration phases (modified from Benn et al., 2014, p.22) 
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The sustainability trends in the business and management research have evolved over two 

decades in the 90’s (1991-1999) when contemporary sustainability research emerged and 

in the early 2000s (2001-2010) when the research matured. Regarding the authorship of 

sustainability articles, multiple authors are increasingly collaborating for research when 

comparing to the first decade thus indicating that sustainability has become a multi-

disciplinary research field. (Kordestani et al., 2015) Concerning the evolution of the 

research, a ‘4 Ps of sustainability research’ model asserts that within the first decade, 

sustainability research ranges from principles in the first decade to policies and practice in 

the second decade and presumably to performance in the coming decade. The shift is 

explained that companies first reacted on principles such as environment protection 

requirements from the society, then reacted to governmental policies, obtained knowledge 

and technology to finally improve sustainability performance. (Kordestani et al., 2015) 

In brief, the research field of sustainability is vast and requires additional research to obtain 

in-depth knowledge owing to its complexity and extent. However, in view of the overarching 

and multi-faceted term, the question arises how sustainability in small- and medium-sized 

enterprises is addressed. 

2.1.2 SMEs and Sustainability 

SMEs have been a subject to research over the last decades and have been increasingly 

examined, yet researchers frequently remark that research could be extended on SMEs. 

According to the European Commission (2003) “the category of micro, small and medium-

sized enterprises (SMEs) is made up of enterprises which employ fewer than 250 persons 

and which have an annual turnover not exceeding EUR 50 million, and/or an annual balance 

sheet total not exceeding EUR 43 million” (Recommendation, 2003/361, p.39). A 

supplementary categorization could be into micro enterprises with employees of fewer than 

10 employees, small enterprises between 10 and 49 employees and medium-sized 

enterprises with 50 to 249 employees (European Commission, 2017c). Coinciding with 

German economy, SMEs are considered as the basis of the European economy 

representing 99% of businesses in the EU and covering two thirds of the employment in the 

private sector (European Commission, 2017d). On the other hand, SMEs are because of 

multitude in business activities responsible for an enormously environmental impact 

contributing globally up to 70% of pollution (Hillary, 2000 cited in Revell, Stokes & Chen, 

2010). There is a continuous discussion whether SMEs are lacking interest in pursuing 

environmental strategies. Studies have shown that SMEs are aware of their operations’ 

environmental impact (Cassels & Lewis 2011; Baumann-Pauly et al., 2013). However, 

sustainability is differently addressed in SMEs because of distinct features which lead to 
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differences towards large firms. The following table 1 concludes the major differences 

between SMEs and larger firms indicating that sustainability is differently pursued in SMEs. 

Tab. 1: Differences SMEs vs. Larger firms (modified from Stubblefield Loucks et al., 2010, p.186) 

Characteristics SMEs Large firms 

Ownership structure 
Owner-operated, fewer 
shareholders 

Numerous “public” 
shareholders 

Size 
Communicating awareness 
simple, flexibility to changes 

Communicating awareness 
difficult, slower adoption 

Resources Shortage of resources Abundance of resources 

Business culture Less formalised More formalised 

Organizational and capital 
structures 

Less likely to have divisional 
structures, Simple capital 
structures 

More likely to have divisional 
structures, Complex capital 
structures 

Employees’ knowledge, 
values, skills and 
experience 

Relative influence of key role 
players higher 

Relative influence of key role 
players lower 

Role of external personal 
relationships 

Higher social capital, reliability 
on external personal 
relationships 

Lower social capital, reliability 
on external personal 
relationships 

Business networks 
Critical for SMEs Important but less critical than 

for SMEs 

Relationships with 
governments 

Role of government local Higher lobbying power and 
influence 

Visibility 
Less attention and exposure 
to media 

Higher attention and exposure 
to media 

With regard to ownership structure, SMEs are often led by owners whose personal and 

moral values influence the organization and can evoke that a company pursues sustainable 

practices and bear responsibility to some shareholders (Stubblefield Loucks, 2010; Castka 

et al., 2004). Concerning size, discussions are continuing whether size matters in pursuing 

environmental strategies. While studies claim that the larger a firm is, the more it is expected 

to report sustainable activities, other researchers argue that size is not determining the 

development of proactive strategies (Stubblefield Loucks, 2010; Aragon-Correa et al., 

2008); though smaller size can facilitate faster communication spreading awareness and 

enabling flexible responses to changes (Baumann-Pauly, 2013; Aragon-Correa, 2008). Due 

to the size, SMEs are frequently deficient of resources in form of capital, employees, 

knowledge and time impeding activities such as innovation (Bos-Brouwers, 2010).  

Business culture among SMEs appears to be less formal implying that SMEs lack of 

personnel to produce specialised reports and thus do not follow the common initial 

sustainability activities of larger businesses by implementing formal strategy tools and 

audits (Fassin, 2008; Stubblefield Loucks, 2010). Consequently, it is a misconception by 

the majority of field studies that if SMEs neglect reporting on sustainability activities, 

sustainability may be non-existent within the organization (Fassin, 2008). In terms of 
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organizational and capital structures, a shortcoming of management staff and functional 

experts in SMEs could result in inferior management and unseized opportunities whereas 

limited budgets are less complex and could serve to adapt to new opportunities (Tencati, 

Perrini & Pogutz, 2004; Stubblefield Loucks, 2010). 

Employees’ knowledge, value, skills and experience can significantly influence a SME’s 

strategy as strategic management is conducted in a more personalised way (Beaver, 2007). 

Simultaneously, smaller firms often depend on external personal relationships with 

customers and partners enabling to win customers (Stubblefield Loucks, 2010). Further, 

business networks are crucial to overcome barriers such as lack of financial and technical 

resources and information in achieving sustainability (Biondi, Iraldo & Meredith, 2002). 

Regarding relationships with governments, relationships tend to be local and differ from 

country to country (Stubblefield Loucks, 2010). Finally, SMEs obtain less visibility than large 

firms and do not connote sustainability as a brand image or reputation risk and more 

consider local issues such as motivating and retaining employees as well as involving in the 

community in which the business is settled (Jenkins, 2006). 

In view of above mentioned distinct features, it is obvious that smaller firms correspondingly 

face different challenges and barriers as well as diverse drivers and incentives when 

implementing sustainability.  

 

Fig. 2: Drivers and Barriers for SMEs to implement sustainability 

Beginning with drivers to implement sustainable practices as can be seen in figure 2, SMEs 

target to improve their business performance and aim for cost reductions (Vernon et al., 

2003; Williamson, Lynch-Wood & Ramsay, 2006). Another driver is to comply with 

regulation and to avoid penalties among small businesses (Williamson et al., 2006; Patton 

& Worthington, 2003). Due to the ownership structure, a smaller enterprises’ engagement 
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in sustainability substantially depends on the owners’ activity; research has found that 

SMEs are expected to engage in sustainability because of the proprietor’s personal values 

and moral reasons (Collins et al., 2007; Castka et al., 2004; Baumann-Pauly, 2013). 

Further, another driver could be external pressure from buying companies along the supply 

chain coercing SMEs to conduct better environmental practices (Lee & Klassen, 2013). A 

business case examined by Moore & Manring (2009) assumed that SMEs have the ability 

to develop competitive advantages when becoming more sustainable. The scenarios 

indicated are that (1) SMEs can become sustainable and thus an attractive investment 

target for MNEs, (2) emerge as a sustainable supplier in a global supply chain or (3) act as 

a SME network which is similar to a MNE in a market where MNEs appear to be ineffective. 

Studer, Welford & Hills (2006) also alleged that competitive advantage is one of the prior 

drivers for SMEs in Hong Kong.  

Concerning barriers, SMEs often perceive no clear immediate economic benefit in 

environmental behaviour and occasionally tend to be unaware of their environmental and 

social impact (Saez-Martinez et al., 2016; Brammer, Hoejmose & Marchant, 2012; Revell & 

Blackburn, 2007). Brammer et al. (2012) found that smaller businesses noticed even fewer 

benefits than medium-sized companies. In line with this, owners identify environmental 

strategies with considerable costs and effort which can be referred to the frequently-cited 

barrier lack of financial resources (Bradford & Fraser, 2008; Tencati et al., 2004). 

Additionally, a lack of human resources aggravating engagement in sustainability as 

employees are typically participating in multiple business functions and the focus is often 

set on core business activities simultaneously being challenged by lack of time (Johnson & 

Schaltegger, 2016; Hillary, 2004; Biondi et al., 2002). Another substantial shortage is in 

knowledge and expertise about sustainability. Despite the fact that owners know about 

environmental and social issues and benefits of implementing sustainability, they primarily 

are short of expertise in taking action on these issues or are unaware of options of how to 

overcome barriers (Tilley, 1999; Halila, 2007). Finally, it has been concluded by multiple 

researchers that sustainability tools have been developed taking solely large firms into 

account complicating application for SMEs (Johnson & Schaltegger, 2016; Jenkins, 2006; 

Hillary, 2004).  

Similar to the phases of CS as above described from Benn et al. (2014), according to a 

taxonomy of Klewitz (2014), SMEs can display varying sustainable strategic behaviour. 

Therefore, companies are for instance resistant towards environmental or social issues. 

Further they can be reactive to sustainability issues once they cause costs. If they change 

to an anticipatory behaviour, sustainability factors are regarded as a cost reduction 
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opportunity. When the strategic behaviour turns into innovation-based, sustainability is seen 

as differentiating factor and can result in market advantages and success. Finally, if the 

strategic behaviour resides in sustainability-rooted activities, sustainability has become core 

of the strategy and the company aims to transform the market.  

In terms of sustainability activities, SMEs have various choices. These environmental 

activities include regarding waste management for instance internal plastic residue 

recycling and waste separation systems or product take-back from customers. Other 

activities can refer to energy efficiency with regard to energy saving measures or setting up 

an environmental policy. Whereas material resource efficiency comprises reduction of 

packaging, recycling, biomaterials and product redesign, transport activities comprise 

carpool systems, transportation mode shifts and the roundtrip container concept. Closed 

water loops in the production process or water filtration and purification systems ensure 

effective emission control. In view of employee activities, the companies ensure that the 

employees are internally and optionally externally trained as well as that employee 

satisfaction is measured by surveys and that employees can participate in decision-making. 

Health and safety measures imply circulation systems for production employees or check-

ups for staff whereas administrative employees are for example offered the possibility to 

work from home. Convenient working conditions such as flexible working hours, affordable 

canteens and paid overtime are also often implemented by companies. Concerning social 

activities, companies are active in sponsoring and trade associations. (Bos-Brouwers, 2010) 

Finally, it appears that SMEs face numerous challenges but on the other hand can gain 

advantages by becoming sustainable. However, on the other hand, the literature primarily 

concentrates on the environmental pillar of sustainability. To summarize the findings of the 

first subchapter, the following table 2 has been created.  



24 

Tab. 2: Sustainability literature summary 

Sustainability 

Sustainability 

Multidisciplinary research field Vos, (2009); Wilkinson et 
al., (2001) 

Concept critique on vague definition and neglect 
of social pillar 

Stubblefield Loucks et al., 
(2010); Littig et al., (2005) 

Corporate sustainability addresses the 
integration of sustainability into business 
practices 

Schaltegger et al., (2005) 

Shifts prevail which induce companies to 
become sustainable  

Keijzers, (2002) 

Companies can traverse various phases when 
integrating sustainability into business practices  

Benn et al., (2014) 

SMEs and 

sustainability 

Important position in the economy and high 
environmental impact due to magnitude 

European Commission 
(2017d); Hillary, (2000) 

SMEs have distinct features compared to large 
firms and differently pursue sustainability e.g. 
owner’s attitude defines a SME engagement in 
sustainability or that SME not necessarily report 
on sustainability  

Stubblefield Loucks et al. 
(2010); Castka et al., 
(2004); Fassin, (2008) 

Academics should move away from reactive 
SME image 

Bos-Brouwers, (2010) 

Certain barriers (e.g. lacking resources or no 
perceived benefit) and drivers (e.g. financial and 
compliance motives) can exist 
 

Bradford et al., (2008), 
Saez-Martinez et al., 
(2016); Brammer et al., 
(2012); Vernon et al., 
(2003); Williamson et al., 
(2006) 

Sustainability activities can be for instance 
regarding waste management, emission 
reduction, energy efficiency and increased 
employee participation  

Bos-Brouwers, (2010) 

 

2.2 SOIs 

After gaining insights into sustainability in SMEs, the next subchapter deals with SMEs and 

innovations. Given that the thesis aims at examining if German companies have 

implemented any innovations regarding waste minimisation, it should be also reviewed from 

an academic perspective. In terms of SOIs, the field of innovation is first explained by 

defining the terms and types of innovation, the concept of innovativeness as well as the 

peculiarity of innovation in SMEs is examined. Subsequently, SOIs are defined and 

scrutinized with focus on SMEs. Similar to the first subchapter, the findings are summarized 

in a table. 

2.2.1 Innovation and SMEs 

Innovations can be categorized into the four different types of product innovations, process 

innovations, marketing innovations and organisational innovations (OECD, 2005). 

Moreover, scholars frequently divide innovations into the two terms of incremental or radical 
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innovations representing an insignificant enhancement of an existing technology [process, 

product, structure] or a novel technology [process, product, structure] altering markets, 

respectively (Garcia & Calantone, 2002; Henderson & Clark, 1990). Yet, it is frequently 

criticized to be incomplete as well as it should be stated that the term is relative to the 

particular company (Henderson, 1990; Garcia, 2002).  

Another important research stream is firm innovativeness. Innovativeness describes the 

company’s capacity to involve in innovation practices with regard to new products, 

processes and idea generation (Hult, Hurley & Knight, 2004). There is a general consensus 

that firm innovativeness is positively affecting business performance creating a competitive 

advantage (Calantone, Cavusgil & Zhao, 2002; Hult, 2004). Nonetheless, innovativeness is 

influenced by antecedents as for example in form of learning, market and entrepreneurial 

orientation as indicated in figure 3 (Hult, 2004). Thereby, market orientation includes a 

market intelligence capability with focus on customers, external factors affecting needs and 

the company’s ability to respond to customer needs within the organization whereas 

learning orientation refers to gaining knowledge (Kohli, Jaworski & Kumar, 1993; Calantone, 

2002). The effect of learning orientation on innovativeness can also be influenced by the 

organization’s age in the business implying that older companies might probably superior 

transform knowledge into innovation activities (Calantone, 2002). Entrepreneurial 

orientation contains the company’s directions to attain goals by proactively pursuing 

strategies and activities with regard to a new market entry (Hult, 2004). Measuring 

innovativeness is complex, however innovative activities are often measured by R&D 

expenditures, computing filed patents, innovation surveys or counting minor or major 

innovations such as product innovation market introductions (Maravelakis et al., 2006; 

Laforet & Tann, 2006).  

 

Fig. 3: Innovativeness, its antecedents and effect on business performance 
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It is a consensus that SMEs innovate dissimilarly than large firms by virtue of several causes 

(Bos-Brouwers, 2010). At first, SMEs appear to conduct R&D activities in an unstructured 

and impermanent manner occurring in various departments such as design, production and 

sales without obtaining a distinct R&D department (Santarelli & Sterlacchini, 1990; Ortega-

Argilés, Vivarelli & Voigt, 2009). Given that R&D is cost-intensive and frequently internally 

financed, investments are primarily carried out by large companies (Czarnitzki & Hottenrott, 

2011). Further, due to limited resources, innovations in SMEs are habitually incremental by 

deriving from purchased ready-made technology, concepts and resources from suppliers; 

to overcome the limitation of resources, SMEs can create networks conducting collaborative 

research (Verhees & Meulenberg, 2004). Additionally, Rogers (2004) asserts that small 

businesses might rapidly detect favourable circumstances and provide more flexibility in the 

innovation process. According to a study, it can also be alleged that in spite of prevailing 

obstacles for being innovative, SMEs manage to overcome probable adverse effects on 

innovation (Radas & Bozic, 2009).  

However, on the other hand, it should be also considered whether innovations are 

continually beneficial for each SME’s performance. Laforet (2008) for example implicates in 

her study that manufacturing SMEs are frequently coerced to stay within existing markets 

and to introduce product innovations in view of fierce market competition. Therefore, 

innovations appear to be a means of survival. In contrast, it is asserted that an external 

innovation collaboration focus might also be disadvantageous for SMEs hence studies 

indicate that internally developed innovations result in a better performance (Rosenbusch, 

Brinckmann & Bausch, 2011). A study from Radas & Bozic (2009) found for example that 

external collaboration had a substantial favourable impact on incremental and process 

innovation though on the other hand a somewhat negative influence on radical product 

innovations. Further, there might be also factors which advance the positive relationship of 

innovation and SME performance such as promoting and communicating innovative 

orientation (Rosenbusch et al., 2011). Apparently, it seems that despite the overall positive 

relation of innovation and performance SMEs should carefully consider their innovation 

strategies specifically tailored to own interests and circumstances.  

2.2.2 SOIs in SMEs 

According to Nidumolu, Prahalad & Rangaswami (2009), sustainability can be considered 

as a driver of innovation hence sustainability is changing the competition inducing firms to 

review products, processes, business model and technologies. Moreover, it is alleged that 

sustainable corporations will challenge industry incumbents as it occurred in the 2000’s by 

the rise of the internet. Correspondingly, companies should progressively seize the 
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innovation opportunities to treat increasing compliance as an opportunity, turn supply 

chains, products and processes sustainable, develop sustainable business models and 

create platforms and networks to alter the business as usual path (Nidumolu et al., 2009).  

Considering the popularity of the concepts, there has been an intense focus of science on 

the relation of sustainability and innovation, resulting in numerous names such as 

sustainable development innovation, sustainable innovation, CSR-driven innovation, 

sustainability-related innovation or sustainability-driven innovation (Klewitz, 2014). 

Concerning the terms and definitions, confusion prevails since Charter & Clark equate for 

example sustainable innovation with eco-innovation (Charter & Clark 2007) while Siqueira 

& Pitassi (2016) argue that SOI is a more extensive conception than eco-innovation as the 

latter omits the social component of sustainability. Others regard sustainability innovation; 

sustainability-driven innovation; sustainability-related innovation; sustainable development 

innovation and sustainable innovation as synonymous (Hansen et al., 2013). In view of 

above mentioned names and confusion, the definition of SOI emerges as most appropriate 

hence it acts as an umbrella term. However, scholars remark that the literature on SOI 

appears to be immature, qualitatively heterogeneous, spread among various disciplines and 

imbalanced (Adams et al., 2016; Schiederig, Tietze & Herstatt, 2012; Klewitz, 2014).  

A SOI comprises a novel or optimised product or service which results in environmental 

and/or social gain prior to the former life cycle. Furthermore, it can be pursued and 

compared by a qualitative or quantitative analysis. Other innovations and concepts such as 

eco-innovation and social innovation emerge as specification of SOIs thus imparting the 

comprehensive quality of the term (Hansen, 2013). The ultimate direction and normative 

objective of SOI is sustainability which simultaneously imposes a risk since the innovation’s 

actual ramifications on sustainability are indefinite (Hansen et al., 2009; Paech, 2007). 

Correspondingly, SOI can be considered as a means of attaining corporate sustainability 

(Hansen & Klewitz, 2012). 

Consequences of SOI can be structured into the two target dimension in form of 

sustainability and life cycle considering the product’s life cycle (Hansen et al., 2009). It is 

crucial to review the product life cycle with regard to sustainability given that sustainability 

issues frequently occur at these stages (Maxwell & van der Vorst, 2003). Accordingly, the 

product life cycle comprises five stages in which sustainability issues might arise: supply 

chain, production, packaging and distribution, use and maintenance and end of life. The 

following table 3 indicates the stages. The stage supply chain considers the extensive 

supply chain with regard to all materials and components which are globally sourced from 
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first-tier suppliers and other indirect suppliers further upstream. In this stage, problematic 

areas are for example child labour, complying with environmental and ethical standards and 

bribery. The companies ensure with environmental and social policies that suppliers 

ameliorate practices. In the production stage, the company may focus on all production-

related challenges such as improving energy and material consumption, production waste 

handling and health and safety of workers. Packaging and distribution includes the product’s 

packaging and the distribution to the customers. Tools in form of life cycle assessment may 

support to reduce packaging or the ecological footprint. The fourth stage use and 

maintenance focuses on the use of the product or service itself. Thereby the company may 

not have a direct impact in the usage stage, yet is able to design the product under 

consideration of consumer needs and predicted behaviour. Finally, the end of life phase 

deals with the disposal of the product and strategies such as recycling or cradle-to-cradle 

concepts can be applied. (Hansen et al., 2013) 

Tab. 3: Sustainability along the product life cycle (modified from Hansen & Große-Dunker, 2013, p.2410) 

Target dimension 

Social Environmental Economic Product life cycle 
stage 

Supply chain 

Child labour, 
Work safety 

Environmentally friendly 
materials, energy 
efficiency, renewables, 
environmental practices 
of suppliers 

Efficient supply 
management 

Production 

Occupational health 
and safety, labour 
conditions, wages, 
employee benefits 

Eco-efficiency, 
environmentally friendly 
processes and materials, 
closed-loop production, 
industrial symbiosis 

Efficiency in 
production 

Packaging/ 
distribution 

Ethical packaging 
labelling, working 
conditions (e.g. 
outsourced 
personnel) 

Packaging resource 
reduction, eco-materials 
and recycled materials, 
transport minimisation, 
eco-efficient fleet 

Efficiency in 
packaging and 
logistics 

Use/ maintenance 

Customer health and 
safety, complaint 
handling, increase 
access to product 
(inclusive business) 

Durability, energy 
efficiency, emission 
reduction, 
maintenance/repair 
services as offer 

Quality, customer 
satisfaction 

End of life 

Health threats of 
landfills and recycling 
plants 

Reuse, remake or recycle 
(upcycle), biodegradable 
disposal, treatment of 
hazardous materials 

Disposal/landfill 
costs 
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In order to conclude the last subchapter, the following table 4 indicates the main points 

which have derived from the literature review and illustrates the relationship of these theory 

strings. With regard to SOIs, it appears that predominantly German researchers (Klewitz 

and Hansen) are scrutinising the concept and term. Nevertheless, it seems that the concept 

is comparably novel and requires research and in view of a myriad of similar terms, it should 

be distinctly differentiated from existing concepts such as sustainable innovation or CSR-

driven innovation. In conclusion, the entire review provides a comprehensive overview on 

the literature, fields of discussion and authors and their assertions. Deriving from the review 

a synthesis will reveal the proposed research gap. 

Tab. 4: SOI literature summary 

SOI 

Innovativeness 

Innovativeness is positively affecting business 
performance and can create a competitive 
advantage 

Hult et al., (2004); 
Calantone et al. (2002) 

Market, learning and entrepreneurial orientation 
are antecedents of innovativeness 

Hult et al., (2004) 

SMEs and 
innovation 

SMEs innovate differently than large firms as 
for instance R&D is conducted in an 
unstructured manner and occasionally not set 
as specific department and that barriers 
regarding innovation activities can be overcome 

Bos-Brouwers, (2010); 
Santarelli et al., (1990); 
Ortega-Argilés et al., 
(2009); Radas et al., 
(2009) 

Potential adverse effects on innovation may 
occur 

Rosenbusch et al., 
(2011); Radas et al., 
(2009) 

SOI 

Literature on SOI immature and heterogeneous Adams et al., (2016); 
Schiederig et al., (2012); 
Klewitz, (2014) 

Term is comprehensive and includes other 
concepts such as eco-innovation or social 
innovation 

Hansen et al., (2013) 

Ultimate goal and normative direction of 
innovations is sustainability thus SOI is a 
means of attaining corporate sustainability 

Hansen et al., (2009); 
Paech, (2007); Hansen et 
al., (2012) 

Consequences of SOI can be structured into 
two target dimensions: sustainability and 
product life cycle 

Hansen et al., (2009) 

 

2.3 Synthesis 

Apparently, the literature indicates that SMEs have become aware of sustainability and 

increasingly integrate sustainability into their practices. However, there are drivers, barriers 

and distinct features impacting SMEs on pursuing corporate sustainability. As means of 

attaining sustainability emerges SOIs acting as an umbrella for numerous innovations such 

as social innovation or eco-innovation. The ultimate goal of these innovations is 

sustainability which is also a normative direction thereby creating a linkage of these streams 

respectively.  
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When synthesizing the literature review, it is apparent that sustainability is a vast and 

complex research field resulting in numerous discussions among scholars from different 

research disciplines. Further, when connecting sustainability with other research fields such 

as SMEs or innovation, it gives the impression to complicate the research activity owing to 

the difficulty of balancing the three pillars of sustainability, the vague definition as well as 

multiple terms arising from it (e.g. corporate sustainability - corporate social responsibility, 

eco-innovation - sustainable innovation). Especially the multitude of technical terms and 

variety of related concepts impedes a concise and objective overview and historical 

analysis. Thus, it is likely that the literature review appears to be incomplete. However, 

despite its literature maturity on sustainability and innovation itself, there is a potential to 

widen the theoretical knowledge as companies constantly change. With regard to SME 

literature, it is apparent that the general consensus about smaller enterprises is the passive 

and reactive behaviour towards sustainability. It should be scrutinized whether SMEs 

correspond to this image when bearing in mind that SMEs might pursue sustainability 

despite the neglect of reporting sustainable practices. Concerning the sustainability pursuit, 

it would be beneficial to categorize the SMEs into suggested sustainability phases in future 

studies. Nonetheless, it should be mentioned that the literature on SMEs appears to be 

limited given that academics often cite from congruent sources dating back in years thus 

implying a potential to obtain new insights. Results are often problematic to generalize 

owing to heterogeneity of the sector. Further, the field of SOIs has been cited as immature 

which implies potential for widening the academic field with a focus on waste management.  

In summary, the research gap stems from the intersection of the research domains of 

innovation and sustainability in relation to the rather immature research field of SOIs. 

Moreover, SMEs and their activities concerning SOIs emerge as research subjects to 

investigate in view of somewhat limited literature. Finally, the context of waste management 

has not been directly applied to SMEs and SOIs and therefore seems appealing to pursue. 

This is largely due to the fact that the main research focus on waste management is limited 

on a national level and the waste management industry itself rather than the waste-

generating companies as well as the focus is more set to lean management, EMS and 

cleaner production research. Furthermore, waste management is part of mentioned themes. 

Consequently, the research framework will be created under consideration of aiming to 

close the detected research gap. 
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3 THEORETICAL FRAMEWORK 

The following figure 4 illustrates the thesis’ theoretical framework which will be a basis for 

the empirical research. It is deriving from the literature review and contains all relevant 

concepts which arose from the research questions and aims. Subsequently, SMEs are the 

centre of the study. It will be examined whether external or internal factors prevail affecting 

SMEs in their behaviour and innovativeness. Except for external factors, the focus will be 

set on processes and management within the SMEs with regard to pursuing sustainability. 

It will be investigated whether a company’s innovativeness might be influencing SOI 

activities and whether more radical or incremental innovations are applied. In addition, it will 

be scrutinised which sustainable strategic behaviour SMEs are displaying and whether it 

has an effect on SOIs pursued in the company. Accordingly, it will be also analysed in which 

sustainability phase the company is situated on a corporate level. Finally, the emphasis will 

be set on waste management of companies. After conducting the empirical research, the 

theoretical framework will be revised and based on results adjusted if necessary. 

 

Fig. 4: Theoretical framework 
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4 RESEARCH DESIGN AND METHODS 

In order to provide a concise overview of the empirical research, the following figure 5 

illustrates the precise procedures of how the empirical study is conducted. Thus, the 

literature review has provided a theoretical base for designing the theoretical framework 

which is in turn the foundation of the empirical study. The empirical study is conducted in 

form of a case study consisting of data collection process and analysis whose choice will 

be discussed in ensuing subchapters. The study is ultimately aiming at answering the 

research questions which have been introduced in the first chapter. 

 

Fig. 5: Overview of empirical research 

Therefore, the following chapter explains the intended research context, data collection and 

data analysis methods in detail as well as it justifies the choice of research in form of an 

empirical case study. Further, data reliability and validation are presented. 

4.1 Research context and verification of research methodology 

Given that the research question and its sub-questions aim for scrutinising SME’s activities 

regarding sustainability as well as their motives, a qualitative research is appropriate. 

Qualitative research enables to comprehend the context of actions and decisions and to get 

an in-depth overview of phenomena which is in the study SOIs in SMEs. (Myers, 2013) 

Moreover, the study is based on positivism as well as ethical principles have been followed.  

The research method is a case study to explore the SOIs in SMEs. Owing to the formulation 

of the research question, the character of the study is explorative aiming for discovering the 

phenomenon and widen the theory thus being a deductive approach (Yin, 2009; Myers, 

2013). As the field of study appears to be immature, a case study seems adequate due to 

its convenience for immature topics (Myers, 2013). To aim for construct validity, the case 

studies have been created on multiple information sources in form of interview data and 

information from companies’ websites and partner information material. When considering 

external validity occurring in the phase of research design, external validity can be assured 

by a multiple case study about the phenomenon. (Yin, 2009) Hence, the data collection is 

intended to obtain multiple cases by reaching out to diverse companies.  
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4.2 Sampling and data collection methods 

In order to find case companies, the Amadeus database was used. The Amadeus database 

contains European companies’ contact information, employee figures, financial figures and 

other information such as number of patents which are relevant for the study. 

Correspondingly, the sample could be created by filtering the companies considering 

different criteria. The filters have been set to German active companies, meeting the criteria 

of the EU SME standard definition including an employee size of 1-249, not exceeding an 

annual turnover of 50 million € nor a balance sheet of 43 million € (Recommendation, 

2003/361). Further, companies have been filtered by change of annual reports within the 

last three months, available contact information as well as the manufacturing industry. The 

manufacturing industry has been selected due to the fact that numerous streams of waste 

occur during production processes and other elements of the product’s life cycle correlating 

with the concept of SOIs in terms of life cycle dimension (Hansen et al., 2009). After this 

filtering, 7,807 companies appeared to be eligible.  

To find innovative companies out of this sample, the number of patents served as a filter 

criterion. Accordingly, entities have been chosen with the highest number of patents from 

different industry branches to ensure heterogeneity and the variety of different waste 

materials. Referring to this, 17 companies have been selected operating in branches such 

as manufacture of tools, metal goods, other organic basic chemicals, prepared pet foods, 

communication equipment and paper stationery. From the same European classification of 

economic activities ‘Nomenclature statistique des activités économiques dans la 

Communauté européenne’ (NACE) codes of previously selected companies, 17 additional 

companies have been randomly chosen with fewer or no patents (European Commission, 

2017e). The 34 companies have been initially contacted via E-mail and one replied 

correspondingly. After calling the companies, another company agreed to participate. 

Besides, two companies turned out to be ineligible since being merely a sales and 

distribution company. To aim for comparing results, another 15 companies from the industry 

branches of the companies that agreed have been contacted but without a reply. Out of 

non-participating companies, the majority mentioned no particular reason for rejection. A 

few entities reasoned lacking time and resources or a lack of interest. Due to a low response 

rate of 4.26% and time constraints, it has been decided to conduct self-selection sampling 

resulting in further three participating companies. The self-selection sampling is suggested 

as useful when conducting exploratory research thus justifying the choice of sampling 

(Saunders, Lewis & Thornhill, 2009).  
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The data was collected with individual semi-structured interviews including pre-formulated 

questions with the ability to ask new questions which might arise during the interview 

(Myers, 2013). Accordingly, interview questions have been formulated based on the 

theoretical framework and literature review to scrutinize the phenomenon. Furthermore, the 

interview questions have been formulated according to Saunders et al. (2009) and thus a 

variety of open questions and probing questions have been interrogated. The interview 

guide can be found in the appendix 1. The interviews have been conducted complying with 

ethical standards, such as seeking permission from interview’s respondents to record the 

interview for in-depth analysis as well as handling the submitted data with caution and 

keeping the information anonymous. Moreover, the interviews have been conducted via 

telephone in German language and have been translated into English. The length of the 

interviews varied between 20 and 60 minutes. As interviewees for the five companies, three 

managing directors of the company, one corporate social responsibility manager and one 

employee have been interviewed. In addition to the data which has been obtained by 

interviews, other sources such as company websites, press releases and other websites 

have been utilized to provide supplementary information.  

4.3 Data analysis methods and validity 

As analysis method coding has been applied since other data analysis methods such as 

event series appeared to be ineligible due to the content of collected data. The time of the 

case study is rather seen as a capture of the momentary status and thereby event series 

emerges as unsuitable. Coding implies a term that is able to summarize a larger portion of 

text. At first, open coding has been conducted thus analysing the interview texts followed 

by an identification, naming and categorization. The building of terms has derived from the 

above discussed theory. Thereof, the codes have been organized in a codebook comprising 

the definition for this empirical study and consequently the interview content has been 

assigned to the categories. (Myers, 2013) The codebook is indicated in table 5. 
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Tab. 5: Codebook 

Code Description 

Corporate sustainability 
Company’s understanding of sustainability and 

integration of sustainability into own business 

activities 

Influencing factors Internal or external factors affecting a company 

to pursue sustainability or SOIs 

Waste management Management of occurring waste in offices and 

production facilities 

SOIs SOIs that are implemented to minimise waste, 

types and characteristics of innovations 

Behaviour and attitude Behaviour and attitude towards sustainability 

 

Given that data has been collected for five cases, a cross-case synthesis technique is also 

applied hence they are situated in the same industry of manufacturing but within different 

branches (Yin, 2009, 156). The cross-case synthesis technique is chosen since five 

individual case studies have been elaborated and predesigned within the same study. The 

analysis is likely to yield reliable results because of multiple cases. (Yin, 2009, 156) Thus, 

the cases are compared in the analysis and may lead to additional in-depth results. 

Internal validity is applied in the phase of data analysis and aims at creating a ‘causal 

relationship’ between events and reasoning for specific behaviour through pattern 

matching, logic models or explanation building (Yin, 2009, pp.40-42). In terms of validity for 

this specific study, merely external validity can be tested. Internal validity cannot be tested 

as this test is inapplicable for exploratory case studies (Yin, 2009).  
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5 FINDINGS 

As a result of data collection, five companies agreed on participating in the study. One of 

these five companies is a large enterprise which agreed on participating hence one of their 

subsidiaries was randomly contacted in the data collection process. Since sustainability is 

centralized in the firm and consequently applies for all subsidiaries, the large enterprise has 

been considered from an entire perspective. The large firm’s participation does not 

destabilize the results but rather stabilizes and offers an opportunity to compare with SMEs 

in the context of waste management and SOIs.  

The findings part is structured in a chapter briefly describing the case companies followed 

by the chapters of analysis results presented according to larger categories corporate 

sustainability, influencing factors, waste management, SOI and behaviour and attitude. 

Within the categories, the results will be presented and analysed in a comparative manner. 

In the final subchapter, the results will be summarized and subsequently research questions 

will be answered. To comply with anonymity, the case companies have been named as 

Company Alpha, Beta, Gamma, Delta and Epsilon as well as the manufacturing products 

have not been mentioned in detail but rather general terms have been utilized.  

5.1 Case companies 

Company Alpha is a SME comprising 25 employees with the main business activity of 

manufacture of doors and windows of metal. The company interacts in a project-based 

environment with architects and suppliers as well as customers. These customers can be 

other businesses (B2B), private consumers (B2C) or governmental institutions (B2G). 

Wastes which occur are inter alia residual waste, plastics, paper and cardboard, aluminium, 

steel and glass. Company Beta is a SME with 10 employees manufacturing garden 

equipment where manufacturing tasks such as sewing and welding occur. The company 

purchases specialised cloths and other materials from suppliers to produce. The customers 

are private consumers, other businesses as well as governmental institutions. Materials 

which are used in the production are stainless steel, aluminium, polyacrylic and polyester. 

Wastes can be for instance residual waste, paper, cardboard and cloths. The company aims 

for high-quality products. Company Gamma’s main operation is the manufacture of paper 

stationery employing about 47 employees. Wastes which for instance occur are paper, 

cardboard and plastics that are purchased from suppliers as well as water. Customers are 

businesses, governmental institutions and partly private consumers. Due to the amount of 

employees in a range between 1 and 49, companies Alpha, Beta and Gamma are 

categorized as small enterprises.  
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Company Delta mainly belongs to the branch of manufacture of machinery for food and 

partly to manufacture of domestic appliances. 137 employees are employed and therefore 

the company accounts for a medium-sized enterprise. The company partially obtains semi-

finished goods from East Asian countries and purchases other supplies from these 

countries as well. Wastes which occur are for example steel, aluminium, paper, cardboard, 

plastics as well as cables. Customers are businesses or private consumers. The company 

Epsilon is a large enterprise with more than 5,000 employees and has been recently 

acquired by a foreign MNE with approximately 30,000 employees. The MNE parent 

company has a long history of focussing on good environmental practices which are 

enforced by the foreign national law. Epsilon’s main activity comprises the manufacture of 

domestic appliances. Epsilon is inter alia a stainless steel manufacturer. The customers 

comprise consumers and businesses.  

The following table 6 indicates a compact summary of the companies’ general 

characteristics and the structured results of the interviews can be found in appendix 2. When 

referring to the Amadeus database, companies Alpha and Beta are not considered as 

innovative when referring to the amount of patents, whereas Gamma, Delta and Epsilon are 

considered as innovative. Further, two of the companies have customers which are 

businesses and customers whereas the other three also sell to governmental institutions 

such as public or municipal authorities.  
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Tab. 6: Profile of case companies 

Company 
Alpha Beta Gamma Delta Epsilon 

Feature 

Manufacture 
branch 

Metal doors 
and windows 

Garden 
equipment 

Paper 
stationery 

Machinery 
for food, 
domestic 
appliances 

Domestic 
appliances 

Company size 
(Number of 
employees) 

Small 
enterprise 
(25) 

Small 
enterprise 
(10) 

Small 
enterprise 
(47) 

Medium 
enterprise 
(137) 

Large 
enterprise 
(>5,000) 

Innovativeness* Low Low High High High 

Customers 
B2C, B2B, 
B2G 

B2C, B2B, 
B2G 

B2B, B2C, 
B2G 

B2C, B2B B2C, B2B 

Interviewee 
Managing 
director 

Employee Managing 
director 

Managing 
director 

CSR 
manager 

Data sources 

Telephone 
interview, 
company 
website, 
partner 
website 

Telephone 
interview 

Telephone 
interview, 
company 
website 

Telephone 
interview, 
company 
website 

Telephone 
interview, 
company 
website, 
supplier 
website, 
parent 
company 
website, 
documentary 

* Innovativeness based on amount of patents in Amadeus database 

5.2 Corporate sustainability 

The category corporate sustainability includes company’s understanding of sustainability 

and the integration of sustainability into corporate activities. Accordingly, Alpha aims at 

being sustainable despite its small production size as well as customers require evidence 

of ecological thinking and certificates of the company’s suppliers. In addition, Alpha 

collaborates with ecological architects. Beta and Delta aim with high-quality products for 

sustainability as the products shall last for 20-30 years or even 30-40 years respectively. 

Delta also aims at producing products which are recyclable and reparable. Gamma 

purchases raw material which contains certificates ‘Programme for the Endorsement of 

Forest Certification Schemes’ (PEFC) and ‘Forest Stewardship Council’ (FSC) dealing with 

sustainable forest management and production. Besides, an environmental officer position 

is installed, as well as health and safety for employees are of high priority. Gamma aims at 

using fewer health-threatening production materials as well as increasingly recycled paper.  

The large enterprise Epsilon has implemented sustainability top down from parent company 

to subsidiaries. From an organizational perspective, positions exist such as corporate social 

responsibility manager and environmental officers. The company has rolled out an internal 

code of conduct and has implemented audits for suppliers in so-called “risk-countries”. 
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Further, suppliers are also controlled in regard of the SA8000 standards for social 

accountability. An EMS in form of ISO 14001 is voluntarily applied as well as energy 

management is implemented following the German norm DIN 50001 when planning new 

factories and renovating facilities. The energy management focuses on water, heat and 

electricity consumption and aims at reducing energy consumption complying with EU 

directives. In addition, the company will soon comply with eco guidelines which will be 

directed from the new parent company. Moreover, the company collaborates with a non-

governmental organisation (NGO), has initiated an endowed chair for sustainable product 

management at the local university as well as it applies a sustainability software to manage 

corporate sustainability. Overall, none of the case companies is applying life cycle 

assessment (LCA) of products owing to non-applicability for Alpha and Gamma and lacking 

resources in case of Delta. 

Firstly, it appears, that the companies are differently addressing sustainability on a 

corporate level. Beta and Delta consider pursuing sustainability with products as they offer 

durable products which last for 20-40 years implying resource efficiency as the products are 

not rebought multiple times from customers. Subsequently, the sustainability perspective is 

somewhat one-dimensional hence it is focused on the product itself rather than thoroughly 

integrated in the company strategy on a broader scope. The companies thus identify 

sustainability merely with quality on a product level and put the economic pillar of 

sustainability as priority. Alpha on the other hand is increasingly confronted with pursuing 

sustainability from customer requirements and own persuasion. Apparently, the company 

has realized that it has an impact on the environment and aims at reducing it. Nonetheless 

it seems that it is not anchored in the core strategy yet and is for example not explicitly 

communicated on the website. Gamma communicates its environmental mission statement 

on its corporate website. Moreover, the social aspect of employees’ health and safety is 

mentioned. From the data obtained it may be generally inferred that the focus is primarily 

set on the environmental or economic pillar before the social pillar of sustainability in SMEs 

except for Epsilon which aims at addressing all pillars. 

When comparing the large company Epsilon with the SMEs, it appears that sustainability is 

highly formalised in the large enterprise as well as to some extent anchored in the corporate 

strategy. Epsilon obtains multiple certificates and follows diverse standards, applies 

voluntarily an EMS as well as sustainability is visible in the organizational structure with 

positions such as environmental officers, energy management department and corporate 

social responsibility manager. In addition, an internal code of conduct has been formulated 

and the company engages with multiple stakeholders to improve sustainability. In contrast, 
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sustainability in SMEs is insufficiently formalised since no company explicitly mentioned 

obtained certificates. Nonetheless, the SMEs frequently are required to provide certificates 

of own suppliers regarding sustainability.  

5.3 Influencing factors 

The category influencing factors contains internal and external factors that are affecting a 

company to pursue sustainability or SOIs. In terms of influencing factors, Alpha is 

immensely obliged from customers to prove sustainability and ecological thinking. For 

instance, the customers demand information about the material origin or the production 

conditions owing to the materials used such as aluminium which has a significant 

environmental impact. If this cannot be proved, it is expected that the company forfeits the 

contract. Nevertheless, proving the information turns out to be problematic due to industry 

structure and opacity as the company buys from wholesalers or large company suppliers 

which cannot entirely document origin or production conditions. The company states that 

there is insecurity despite suppliers’ certificates if it is 100% environmentally friendly. Thus, 

the company would like to increasingly collaborate with companies that are able to prove 

information about material origin and production conditions. Besides, the company has the 

impression that suppliers merely fulfil the certificates owing to customer requirements rather 

than own initiative or persuasion. In addition, it is difficult to innovate in the company since 

it is profoundly embedded in the value chain. Alpha receives technical requirements from 

architects with limited freedom for own interpretation as well as the work occurs in a project-

based environment with multiple involved parties. Nevertheless, the company repeatedly 

collaborates with ecological architects. For Beta, sustainability occurs as a side effect of 

cost-driven decisions rather than commitment of the company. Moreover, customers do not 

require sustainable practices but occasionally impair by ordering wrong products which 

have been especially manufactured. These products are returned to the company 

increasing CO2 emissions as extra transport incurs as well as sending the correct product 

and an additional product that has been produced. Nonetheless, the company substantially 

invests into innovation and optimisation yet innovations appear to be rather incremental.  

Gamma values that the certification systems enable to simpler track sustainable materials. 

Additionally, it is beneficent hence customers often require the suppliers’ certificates. Costs 

on the other hand are a significant incentive for becoming sustainable with regard to energy 

efficiency thereby saving electricity costs. Delta is facing a dilemma; customers prefer 

sustainability yet the willingness to pay for the added incurring costs is low. Further, the 

company has experienced increasing standards from the EU and Germany to increase 

sustainability of products. However, the company has been already unconsciously applying 
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the standards and was required to minimally alter products. Beyond that, the enterprise 

maintains long-term relationships with suppliers especially from East Asia to ensure 

knowledge about material usage and working conditions. In addition, internal product quality 

controls which are of informal nature are regularly carried out. Given that the company is 

receiving components from East Asia, several suppliers are also providing to MNEs which 

have imposed strict audits and control these suppliers. Subsequently, the SME is profiting 

from the MNE’s stringent quality controls. Delta further occasionally lacks finance for R&D 

as well as personnel that applies for government funding initiatives fostering innovation 

hence the application is rather bureaucratic. The innovations also tend to be incremental. 

Local environment and customers are an influencing factor for Epsilon in terms of pursuing 

sustainability. The enterprise is a member of the German brand association which enables 

to share and obtain best practice examples in reference to sustainability as well as the 

network offers opportunities for specific benchmarking. Another crucial factor is the 

protection of know-how and quality for the company. In order to facilitate this, the production 

could be partly retained in Germany. The company has switched to robots since the know-

how is unavailable in foreign countries. Partly, innovations are radical such as usage of 

robots or some product lines.  

In general, the factors vary concerning SMEs. Deriving from the results it gives the 

impression that the pursuit on sustainability partially depends on external factors such as 

the industry in which the manufacturing companies are competing, customer requirements 

or regulations. For example, Alpha is situated in an industry which emphasizes energy 

efficient doors and windows and Gamma produces paper stationery where material origin 

from sustainable sources is common. Thus, it is likely, that the companies strive for 

sustainability to an extent to ensure survival. This also includes the increasing customer 

requirements for the companies as for example requiring certificates or proof of ecological 

thinking. However, companies Beta and Delta are little to hardly confronted with 

sustainability demands of customers ergo the focus is set on product quality and 

functionality. Occasionally, the industry structure or customers can hinder the companies to 

pursue more sustainability as for instance opacity or product return rates aggravate the 

situation. Formalisation including certificates can help to better identify sustainable 

practices.  

The government can have an impact in terms of increasing standards and regulations 

however it has merely been explicitly mentioned by Delta. For Epsilon, also regulations and 

tax reliefs are an incentive to focus on sustainability. Accordingly, the question arises in how 

far the German government pushes SMEs for sustainability. When comparing SMEs with 
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the large enterprise, it appears that the large enterprise relies on other networks such as 

the brand association to obtain new impulses for pursuing sustainability as well as 

stakeholders. To some extent Alpha also acts in a network by collaborating with ecological 

architects or partners which offer eco-friendlier products. From an internal perspective, 

sustainability is pursued because of costs efficiencies as in the case of Beta, Gamma and 

Epsilon as well as due to managing directors’ own persuasion in case of Alpha and Gamma.  

In terms of factors affecting the strive for SOIs, internal and external factors prevail. Alpha 

for instance is unable to independently innovate regarding product innovation owing to 

embeddedness into the value chain and project-based collaboration with external 

environment. The structure of the industry apparently can hinder companies to innovate. 

Delta on the other hand identifies internal resource deficiencies for pursuing more SOIs. 

Epsilon emphasizes internal protection of know-how and thus substantially invested into 

technology. Nevertheless, Epsilon also utilizes external networks to obtain inspiration for 

novel sustainable practices.  

5.4 Waste management 

The category waste management describes the company’s management concerning the 

generated waste in offices and production facilities. In terms of waste management, Alpha 

encourages employees to responsibly separate waste as it is sold or passed on to disposal 

companies which recycle, resell or recover the materials. In office, double-sided printing is 

enforced as well as occasionally old letterheads are used for printing. The general aim is to 

avoid wasting paper when printing. Beta on the other hand does not enforce waste 

separation among employees but rather collects the waste in a container. Cloth wastes from 

the production process are turned into swatches which are send to potential customers 

hence the fabric is very expensive. Further, the cloth wastes are used as packaging belts 

or as decoration in office. The used cardboard which is returned to Beta feeds into a 

machine which turns the cardboard into fill for bulk materials to send out new products. In 

terms of printing in the office, the employees encourage each other to print less in order to 

avoid wasting paper. However, it is not enforced by top management. The company 

complies with the packaging EPR regulations and takes back product packaging material.  

In the production process Gamma, pursues waste separation and passes the waste on to 

disposal companies since the enterprise has no possibilities to reprocess raw material in its 

own production process. Yet, the company purchases optimised cuts from suppliers to 

reduce the paper waste in the production process. In office, the company recycles toner 

cartridges. Gamma also complies with packaging EPR regulations. Delta obtains about 50% 
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of reusable boxes and plastic boxes although it substantially relies on the product or material 

supply which is delivered by the suppliers. The company aims at avoiding packaging at 

best. Waste is separated, sold and passed on to disposal companies which resell, recycle 

or recover the materials; accordingly, the production waste cannot be reprocessed in the 

company’s own production process. In office, employees try to print less but it is not 

enforced by top management. Delta aims for a gradual digitalisation to decrease paper 

consumption in future. 

Epsilon’s activities are performed in the focus of a continual improvement process (German: 

Kontinuierlicher Verbesserungsprozess) which inter alia aims at generating less waste 

during production and is basis of quality management. Given that the company is partially 

a stainless steel producer, it is able to melt down the steel production wastes and fully 

reintegrate the waste into the production of new products thus being a 100% material 

recovery. In the office, the approach of “think before you print” is enforced as supervisors 

instruct employees to print as little as possible. Further, FSC paper from sustainable 

sources is used as well as double-sided printing and black and white printing is enforced. 

The company also complies with packaging EPR regulations. 

In general, it can be assumed that majority of companies complies with waste management 

laws and correctly disposes waste to waste disposal companies as well as the EPR 

regulations are pursued. Thereby, it seems as if an effective national waste management 

system is in place to some extent supporting the concept of a circular economy. 

Nonetheless, it gives the impression that the German regulations enforce recycling and 

correct disposal though reduction among companies is not an aim of the regulation. 

Moreover, employees are instructed to correctly separate waste. Considering the waste 

management, it can be inferred that companies have detected waste as a potential for 

reduction especially in respect of cost efficiencies, both SMEs and the large company. The 

companies have also extended the waste minimisation from production facilities to 

administrative units in form of reducing printing paper consumption which is partially 

implemented ranging from enforcement by supervisors to own encouragement from 

employees. Digitalisation of the processes is for instance aimed in one SME but has not 

explicitly mentioned by the other companies. Nevertheless, one aspect which has been 

somewhat neglected is the consideration of emissions probably brought about by the 

character of interview questions. 

Furthermore, it is probable that production processes and company or industry structures 

can limit the potentials to avoid or reutilize waste as for example in case of Gamma and 
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Delta. Gamma and Delta additionally mentioned that the company size, material 

consumption and production size can limit waste minimisation processes due to low 

profitability. Based on the results it can be also derived that a closed loop production is 

rather difficult to realize in majority of companies and also depends on the product 

manufactured. Comparing the SMEs and Epsilon it becomes apparent that the large 

company has implemented a management practice in terms of waste management in form 

of the continuous improvement process. Accordingly, the processes regarding waste 

management in the large company are more formalised than in SMEs.  

5.5 SOI 

The category comprises SOIs that are implemented to minimise waste as well as the types 

and characteristics of innovations being incremental or radical. In terms of SOIs, Alpha has 

installed a photovoltaic (PV) system on the roof facilitating the company to utilize the 

electricity produced. Further, the company has installed light-emitting diode (LED) lighting 

in the offices and production facility as well as motion detectors have been installed to 

decrease energy consumption. Moreover, the company consistently informs own customers 

when eco-friendly product alternatives exist. For example, the company collaborates with a 

partner offering solar-supported constructions functioning with a battery. To reduce the 

product defect rate and thus waste, the company utilizes computer-aided machines for 

punching and sawing. If the company replaces windows, the old windows are dismantled, 

partly recycled and kept as spare parts for repairing other windows which is common in the 

industry. In case of Beta, SOIs are somewhat occurring as a side effect hence the company 

improved some processes such as the further use of fabric rests and cardboard making use 

of production wastes. Additionally, the company decreases the material use by improving 

the product design although the functionality and quality are highest priority. Considered as 

unique in the industry, the company is offering a product repair service for customers.  

Gamma has conducted a design change of one product to increase the material efficiency. 

Furthermore, the colours which are used in the production are water-based and more 

environmentally friendly; however, the switch to water-based colours derived from a EU 

prohibition of colours which are not water-based. The company has partly installed energy 

efficient lighting as well as some reusable packaging is used for distribution to one specific 

client demanding the delivery mode. Energy efficient lighting is merely partially installed 

given that some company buildings are in tenancy therefore the company is unable to 

independently decide on this investment. Delta offers a reparation service for customers as 

well as the products have been designed under consideration of material efficiency. For the 

company, the functionality of products is the highest priority. Should it be possible to use 
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sustainable materials which deliver the same functionality, it will be beneficial in the 

company’s opinion. However, the company has not considered this yet as quality is focus 

to create long-lasting products.  

The enterprise Epsilon has implemented energy efficiency measures since energy 

management is pursued. Therefore, lighting and windows are gradually replaced with 

energy efficient solutions as well as buildings are thermally renovated. Epsilon has 

anticipated the demographic trend in Germany of single households and two-person 

household. Accordingly, a product line has been created with compact household devices 

suitable for smaller households consequently decreasing material production input. Another 

product has been invented which cleans itself without utilizing chemicals considered as 

unique in the industry. Different old product lines can be returned from customers with a 

discount on a new product. The returned products are then partly turned into the own 

production process or recycled. Subsequently, the company applies to some degree 

production in closed loops with few products. Based on the continuous improvement 

process, the company reduces waste generation as optimal as possible. For instance, water 

is purified and reused in production processes as well as brass waste is returned to 

suppliers which melts down and resells the brass products to Epsilon for a reduced price. 

To some extent, Epsilon also pursues industrial symbiosis. The food waste which is 

generated in the internal canteen serves as feedstock for the local biogas plant which the 

company has contacted. In near future, the company will focus on reparability of products.  

Overall, all companies have SOIs in place referring to waste management and minimisation. 

Owing to the different wastes occurring, the SOIs differ and occur along the product life 

cycle. All companies except Gamma for instance take products back for recycling and 

recovery or offer repairing service based on industrial standards or features of the products. 

Further, companies are making use of governmental programmes in form of energy efficient 

lighting. In contrast to SMEs, Epsilon seems applying SOIs on a larger scale such as water 

purification and in view of the principle of continual process improvement. Moreover, it is 

the sole case company applying industrial symbiosis similar activities in terms of canteen 

food waste and brass products serving as feedstocks for additional production. This 

observation raises the question if company size is affecting pursuit of sustainability as well 

as whether the industrial symbiosis concept can be extended to SMEs. Thus, the question 

arises for example if lack of knowledge or other limitations hinder the application of the 

concept. 
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In view of innovativeness, the companies have been characterised in the data collection 

process for Alpha and Beta as low degree of innovativeness whereas for Gamma, Delta 

and Epsilon as high degree of innovativeness. Although, based on the data obtained, Alpha 

emerges as rather innovative referring to SOIs and measures such as installing a PV-

system on the roof and its understanding of customer needs. Simultaneously, Beta reveals 

more innovativeness than examined on basis of patents. Nonetheless, it is stated that for 

Beta, the SOIs occur as a side-effect of improvements and economic decisions. 

Accordingly, after evaluation and comparison all companies appear to be somewhat 

innovative. However, taking Alpha into account it should also be considered that the SME 

is acting in a market where energy efficient products are highly demanded and therefore 

could also influence the company to become more sustainable in terms of processes and 

product offerings. In addition, it is apparent in general that the presented activities may not 

be patentable given that commercially available machines or systems have been bought to 

improve processes. 

5.6 Behaviour and attitude 

The category behaviour and attitude describes the company’s behaviour and attitude 

towards sustainability as for example whether the company is rather reactive or proactive. 

Alpha complies with law and regulations as well as sustainability is in the interest of the 

managing directors. The company aims to be proactive despite its small production size. 

Further, the company aims to pay more attention to sustainability though it admits that it is 

often neglected in daily stress. Beta appears to be reactive and rather reacts to complaints 

of local stakeholders. Gamma also considers itself as rather reactive since the company 

argues being too small to initiate more sustainability and is significantly dependent on its 

material suppliers. However, sustainability is in the interest of the managing directors and 

Gamma aims to do more than the government demands. Delta considers itself both as 

proactive and reactive. Hence, it is proactive with its product philosophy by creating long-

lasting and material-efficient products yet reactive by complying with regulations. Finally, 

Epsilon emerges as predominantly proactive by scrutinising trends and meeting customer 

requirements as well as the enterprise carries out more than the law requires by for instance 

pursuing a voluntary EMS. In addition, the proactive behaviour also stems from discovered 

potential for economic advantages and tax reliefs. The company complies with regulations 

and standards. Moreover, the company aims to avoid greenwashing thus Epsilon is not 

communicating any sustainability initiatives neither to the press nor on the company 

website. In future, the recently acquiring MNE will implement sustainability reporting and 

corporate communication about sustainability within the company.  
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Regarding the behaviour in general, SMEs are partially displaying a proactive or reactive 

behaviour. However, the impression of the analysed data is that the companies cannot 

entirely be labelled as proactive or reactive. All companies state being compliant with 

regulations whereas some state being partly proactive realizing more than required. 

Subsequently, the behaviour situationally emerges as proactive in some areas whereas in 

other areas as reactive. Epsilon emerges as rather proactive with its voluntary EMS and 

market orientation. Nonetheless, there is a tendency that partially the SMEs are proactively 

avoiding waste due to economic reasons and managing director’s interests. Therefore, it 

can be inferred that it would require additional in-depth analysis on the companies’ 

behaviour.  

When analysing the behaviour with respect of theory above on Benn et al. (2014), all SMEs 

can be mainly allocated to the categories compliance and efficiency implying that the 

companies follow environmental regulations and integrate sustainable practices in the 

business in form of waste minimisation and process optimisation. Epsilon can be allocated 

partially to the efficiency stage and strategic proactivity, if sustainability has become part of 

the strategy. This can be manifested in Epsilon’s developed products and product line and 

processes. Simultaneously, when allocating to Klewitz’ (2014) taxonomy of sustainable 

strategic behaviour for SMEs, the SMEs Beta, Gamma and Delta fall into the categories of 

rather reactive where sustainability is seen as a cost factor and goals are compliance with 

laws and little measures beyond. Thus, the question arises, if the companies have 

implemented some SOIs due to the fact that it is common in the industry such as to repair 

products. Alpha on the other hand could be placed in the anticipatory category where the 

consideration of sustainability can reduce costs given that it has implemented more 

measures than the law requires by installing a PV-system on the roof or collaborating with 

partners to provide more eco-friendly products. Yet, the allocation is rather vague hence the 

SMEs’ behaviour incompletely corresponds to the developed behaviour categories as well 

as companies may be allocated to more than one category when considering single 

initiatives.  

A surprising finding is the fact that the case companies neglect communicating about 

sustainability on websites and other corporate material. Sole communication is from 

Gamma in form of an environmental mission statement on the website. Especially in the 

case of the large company Epsilon it is remarkable that little is communicated to the public 

or utilized for marketing purposes based on the fear of greenwashing. In view of the 

companies’ behaviour the question arises which factors are encouraging the behaviour of 

concealment. Potential reasons may be for instance secrecy to maintain competitive 
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advantage, lack of time and importance or fear of being exposed to critique once 

sustainability is reported. Accordingly, it should be further discussed with assistance of 

available literature.  

5.7 Summary of results 

In order to conclude the results chapter and to maintain a concise overview, the research 

questions are answered based on collected data beginning with the overall research 

question ensued by sub-questions. The following results refer to the analysed SMEs though 

Epsilon has been partially included as means for comparison. It appears that all research 

questions can be predominantly answered with received data. However, the last sub-

question additionally requires theoretical sources to be answered and will be discussed in 

the ensuing discussion chapter.  

(RQ) What sustainability-oriented innovations are manufacturing German SMEs 

exhibiting regarding waste management and why companies pursue them? 

The analysed SMEs have implemented diverse SOIs which are differing in terms of industry 

branch as well as occurring wastes. These SOIs predominantly emerge as product design 

and process or production facility improvements as for instance processing waste partially 

into other production processes and energy efficient building, respectively. Further, 

recycling, repairing and recovery processes occur depending on the raw materials thereof 

those are partly industrial standards. Motives for pursuing practices are ranging from 

external to internal. Apparently, the industry branch in which the companies are operating 

can have an influence as well as customer requirements or governmental incentives in form 

of financial support. Internal motives can be for instance attitude of managing directors as 

well as expected cost efficiencies. Occasionally, SOIs for waste management can occur 

due to economic decisions. Moreover, it appears that there are insignificant differences in 

medium and small enterprises. Yet, to prove the effect of firm size on SOIs, research on a 

larger scale should be conducted. 

(RQa) Which influence do sustainability-oriented innovations and innovativeness of the 

company have on waste management? 

In view of case companies, SOIs do play a role in waste management to minimise 

production wastes or process wastes resulting in increased efficiencies. Apparently, each 

case company has to some extent implemented SOIs along the product life cycle. Hence 

all companies appear to be rather innovative, it is difficult to estimate if innovativeness is of 
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important influence. However, considering the qualities of the mentioned innovations, it is 

likely that innovativeness is vital in realising the SOIs as the companies have successfully 

generated and implemented ideas requiring innovative capability. Moreover, the results 

imply that the antecedents market and learning orientation of companies affect the 

companies to be innovative in form of customer requirements and market trends.  

(RQb) What sustainable strategic behaviour are manufacturing German SMEs exhibiting 

regarding waste management and does sustainability have an influence on waste 

management? 

In general, it appears that the companies have to some extent been confronted with 

sustainability. The SMEs are partially reactive towards sustainability and have recognized 

that it can be also a cost burden when not complying with certain regulations. Although, 

some companies have realized that sustainability can result in cost reductions and have 

implemented SOIs accordingly. Nevertheless, it is complex to distinctly define the 

companies’ behaviour as other external and internal factors are influencing thus making the 

behaviour occasionally situational; hence it might be that sustainability has not been the 

main incentive for implementing measures but costs. It might be inferred that the industry 

and markets in which the companies compete is to some degree impacting the sustainable 

strategic behaviour. In addition, the general impression from the empirical results is that 

SMEs are predominantly applying sustainable practices and SOIs from an operational level 

rather than from a strategic level when comparing to the large company. Besides, the SME’s 

corporate sustainability is moderately focused on the environmental and economic pillar of 

sustainability.  

(RQc) Which internal and external circumstances hinder/favour SMEs to proactively pursue 

waste management? 

Both, internal and external circumstances prevail that can influence the SMEs’ proactive 

pursuit of waste management. Internally, the processes can hinder SMEs to optimise waste 

management due to size or core competencies of the company. For instance, companies 

are unable to reintroduce production wastes into own production processes because of 

product features and externally purchased product components; it has been also stated that 

it would be cost-inefficient to perform additional treatment processes because of low 

resource input. Externally, the customer requirements can favour to proactively pursue 

waste management. Deriving from the comparison with the large company, it also appears 
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that collaboration with networks or EMS can be beneficial to proactively pursue waste 

management yet no interviewed SME has been applying the tool so far. 

(RQd) Which internal and external circumstances hinder/favour SMEs to proactively pursue 

sustainability? 

Similar to the research question above, both internal and external circumstances occur that 

have an impact on the pursuit of sustainability. Internally, the size of the company can hinder 

sustainability regarding influence on changing practices may be too little as well as the lack 

of resources to implement measures. In contrast, internal factors such as attitude of 

managing directors and employees or innovativeness of companies can favour the pursuit 

of sustainability. An external factor that could be obstructive is the industry structure and 

market in form of opacity, low customer willingness to pay or commitment of partners. 

However, on the other hand, the networks of partners and suppliers can be also favourable 

for achieving sustainability. Moreover, customer requirements can raise attention towards 

sustainability and improved practices as well as occasionally force companies to become 

increasingly sustainable. Certificates can help to provide more transparency about practices 

as well as governmental incentives and funding can induce SMEs to pursue sustainability. 

Besides, SMEs may profit from MNE audit processes when sharing identical suppliers.  

(RQe) What measures/options from governmental perspective are already taken and which 

further measures have to be considered for fostering efficient waste management? 

Overall, it becomes eminent that companies are complying with regulations and schemes 

such as the packaging EPR and that collaboration with disposal companies is efficient. 

However, the interview results somewhat give the impression that the companies comply 

with the regulations and implement some SOIs in terms of waste management yet rarely go 

beyond established networks outside the industry. The concept industrial symbiosis was for 

instance new to the interviewed SMEs. Subsequently, the question arises if the government 

should presumably raise awareness or incentivise to advance towards the ultimate goal of 

a circular economy. Furthermore, SMEs are occasionally utilizing government incentives 

such as funding for installing energy efficient lighting. On the other hand, one SME stated 

that for instance lack of human resources impedes applying for the funding due to high 

bureaucracy effort. Accordingly, the question arises which additional measures the German 

government could implement to foster waste management. To answer this question, 

available literature and governmental initiatives will be utilized in the ensuing discussion 

part.  
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6 DISCUSSION 

The empirical results provide multiple points of reference for further discussion. Therefore, 

it will be scrutinized whether observed phenomena are present in literature as well as the 

literature will be utilized to support the explanation of observations. Deriving from the 

results, four distinct areas have been selected emerging as (1) government measures and 

potentials for waste prevention, (2) circular economy, closed-loop supply chains and 

industrial symbiosis, (3) sustainability behaviour and communicating sustainability and (4) 

measuring innovative activities and examining SOI concept. The following subchapters and 

areas have been chosen to enhance understanding of empirical results. Given that the 

focus of the empirical study is set on SMEs, the phenomena concerning the large company 

such as lacking communication of sustainability due to fear of greenwashing or comparison 

of applied management practices with SMEs have not been scrutinized.  

In the empirical study, the SME perspective has been utilized exploring which activities are 

implemented to prevent waste in companies. Given that waste prevention and waste 

management is a complex issue, another perspective ought to be considered. 

Subsequently, the first subchapter deals with the governmental perspective taking into 

account prevailing and planned measures. It will be examined which measures are 

effectively applied by SMEs and which the government is intending to implement or could 

be implementing and improve in view of other discussed measures. Secondly, due to the 

SME’s unawareness of the industrial symbiosis concept it will be examined which barriers 

are hindering to advance towards circular economy and how those barriers can be 

overcome. Further, the concept of closed loop supply chains will be presented as an 

alternative method to advance circular economy. Thirdly, the sustainable behaviour is 

investigated in view of available literature on behaviour of SMEs and which factors are 

influencing the behaviour. Besides, the results implied a peculiarity since 1 out of 4 SMEs 

slightly communicated own sustainable practices to the public on its company website. It 

will be investigated which factors induce shortage of communication about sustainability. 

Finally, deriving from the analysis, it appears that the measure of taking patents for data 

collection and thus determining innovative and less innovative firms has proven to be 

challenging as all case companies turned out to be somewhat innovative. Hence, it will be 

investigated which observations have been made in the literature. Ensuing, the concept of 

SOI will be discussed owing to difficulties during the empirical study to define the scope of 

SOIs. At the end of the chapter, the discussion will be summarized in a subchapter. 
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6.1 Government measures and potentials for waste prevention 

Based on the results, the question arose whether the German government has implemented 

sufficient regulations concerning waste prevention. Accordingly, it is discussed in light of 

existing regulations, planned actions and additional measures to advance waste prevention. 

So far, there are numerous laws and regulations prevailing in view of the waste 

management system and the circular economy law. For instance, based on the decree of 

commercial waste, companies are obliged to separate waste into paper and cardboard, 

glass, plastics, metal, wood, textiles, bio waste and others. Yet, exceptions exist when the 

waste generation is very low and impossible to perform due to facility size and economic 

impracticality; those wastes are compulsorily transported to a pre-treatment facility. 

(Bundesregierung, 2016) Further, merely companies producing or dealing with hazardous 

waste are required to electronically document waste generation whereas companies 

producing non-hazardous waste can voluntarily document the waste generation 

(Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit, 2010). Companies 

fulfilling certain criteria such as producing high amounts of hazardous waste, recovery 

plants and recycling plants are obliged to employ a waste management officer 

(Bundesregierung, 2012). In view of these regulations, it is reasonable to question why the 

government has limited the extent to hazardous waste. It would be favourable to install a 

waste management officer in companies and to electronically document waste generation 

to raise the awareness and detect waste prevention potentials. Nonetheless, it is commonly 

believed that regulations have a negative impact on business competitiveness implying that 

multiple regulations affect a company’s efficiency (Williamson et al., 2006).  

Another policy which should be scrutinized is the EPR scheme. It has been implemented in 

early 1990 in Sweden and Germany to pursue objectives such as waste management cost 

internalization into product prices, shift of financial burden from public to private sector and 

consumers, financing of the recycling infrastructure and in general involving the private 

sector (Lifset, Atasu & Tojo, 2013). The EPR scheme is beneficial given that the waste 

management is improved in contrast to the former situation and extended from end-of-pipe 

solutions to resource efficiency that in turn favours the principles of recycling and waste 

prevention (Richter & Koppejan, 2016; Massarutto, 2014). However, one flaw of the policy 

is absence of expected innovations from producers due to the policy’s poor signal to 

encourage innovations (Massarutto, 2014). Moreover, certain shortfalls of the research on 

the EPR policy become eminent such as reasons for the system’s lacking eco-design 

incentives, potential for advancing waste prevention and measuring of cost-effectiveness. 

(Lifset et al., 2013) Consequently, it appears that the EPR policies are somewhat efficiently 
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applied yet other potentials are insufficiently exploited as for instance incentives for eco-

design. Thereby, the government could revise existing EPR policies in collaboration with 

research and preferably extend policies to other products. Further, research should 

increasingly focus on scrutinizing the existing policies and detect new ways of calculating 

as for instance Pires et al. (2015) aim for calculating an EPR fee for the packaging waste 

system.  

In its national waste prevention plan, Germany has planned diverse measures for involved 

stakeholders. For instance, an increase in funding of R&D projects for waste prevention 

technologies and durability of products, participation in product eco-design research 

projects, strengthening infrastructure of repair networks, implementing quality standards 

and seals for used goods as well as funding for information material and campaigns for 

producers, consumers and companies. Especially for SMEs, the government aims to foster 

the use of EMS among SMEs or similar initiatives such as the certification of the Austrian 

ECOPROFIT (ÖKOPROFIT®) which aims for eco-efficiency among companies. 

(Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit, 2013; Stadt Graz, 

2017) Apparently, the government has realized the systemic quality of waste prevention 

and issued several measures although concrete descriptions are lacking of which specific 

measures will be implemented in view of product eco-design. Furthermore, it seems that it 

has missed the perspective of companies interacting in networks thereby not considering 

the concept of eco-industrial networks as a potential for waste prevention in its plan. Instead, 

the government aims for individual EMS implementation among SMEs. 

In academic literature, the relationship between EMS and SME is increasingly discussed. 

Accordingly, EMS is a compendium of management processes and procedures enabling 

analysis, control and reduction of operations’ environmental impact thereby attaining cost 

efficiencies and regulatory compliance (Pawar & Rissetto, 2001). EMS could be beneficial 

for companies, government and environment as for instance, it is alleged that EMS certified 

companies are less to supervise (Andres, 2010). Other internal and external benefits are 

for instance, cost efficiency and commercial benefits. However, barriers such as strained 

human resources, lack of expertise and knowledge, substantial costs for certification, 

absent rewards and unexpected difficulties during implementation impede SMEs to 

implement formal EMS (Hillary, 2004; Halila & Tell, 2013). Nonetheless, networks may 

support to overcome some barriers by taking advantage of dialogue with partners (Halila et 

al., 2013). In addition, the targeted objective of 5,000 German enterprises with the European 

Eco-Management and Audit Scheme (EMAS) certification until 2030 is extremely slowly 

progressing (Statistisches Bundesamt, 2016). Yet, it should also be considered that this 
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indicator excludes the international ISO 14001 certificate equivalent which approximately 

8,000 companies in Germany obtain (Umweltbundesamt, 2017). Currently, projects in 

Germany are initiated to foster the implementation of the ECOPROFIT certificate which is 

less formal than EMS systems and a basis for progressively implementing EMAS or ISO 

14001. Companies are collaborating with experts and municipalities to conjointly decrease 

environmental impact. Thus, the government aims for gradually encouraging SMEs to apply 

environmental measures and the scope of the application is spreading across the country. 

(B.A.U.M. Consult GmbH Hamm, 2017a;b) The municipalities have recognized that SMEs 

require support to realize environmental improvements. Therefore, it appears that network 

collaboration and initiatives and support from the government are substantially promoting 

adoption of increasing environmental practices. Further, it is vague which other measures 

the government is initiating to prevent waste.  

Another measure which has fuelled debate in literature is the regulation and policies of 

government to advance environmental sustainability. It can be on the one hand a driver or 

a constraint for developing and numerous authors stated that regulation is fostering 

environmental behaviour of SMEs (Patton, 2003). An analysis of Parker, Redmond & 

Simpson (2009) shows that numerous SMEs are driven by complying with regulations. 

However, the heterogeneity of SMEs is challenging policymakers to address appropriate 

measures and policies pursuing environmental sustainability (Patton, 2003). More 

regulations could for instance result in increasing bureaucracy and other costs significantly 

affecting small businesses (Baden, Harwood & Woodward, 2009). Therefore, it is debatable 

whether the government should implement stricter regulations to advance waste prevention 

thereby potentially impairing competitiveness. Wilts et al. (2013) maintain that the 

government should ensure better coordination of existing waste prevention measures and 

bundling of information on available measures for involved stakeholders. In view of above 

discussed measures, it becomes clear that the government takes a crucial position in 

advancing waste prevention in SMEs but simultaneously is challenged to implement 

measures due to heterogeneity and complexity of the existing waste management system 

and involved actors. Moreover, the discussion about existing prevention measures implies 

that those require improvement. Finally, it should be highlighted that waste prevention in 

general is immensely difficult and complex to measure (Zorpas & Lasaridi, 2013). 

6.2 Circular economy, closed loop supply chains and industrial symbiosis 

There are two concepts which emerge as closely related to efficient waste management 

and circular economy in form of closed loop supply chains (CLSC) and industrial symbiosis. 

In order to attain the goal of circular economy, it is beneficial to create closed loop 
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production systems which however cannot be achieved by a single enterprise but a supply 

chain network of enterprises (Winkler, 2011). While both concepts CLSC and industrial 

symbiosis aim inter alia for waste reduction between organizations, the research streams 

have been barely conjointly scrutinized, yet Bansal & McKnight (2009) allege that scrutiny 

of supply chains taking into account industrial symbiosis could enhance understanding of 

sustainability along supply chains. Nonetheless, the main difference between these 

concepts is that the waste reduction is aimed for CLSC on a firm level predominantly 

focused on a single product whereas industrial symbiosis targets waste reduction over an 

entire system of involved companies from diverse industries considering multiple products. 

Thereby CLSC considers waste minimisation as goal in contrast to symbiotic systems’ view 

as feedstock for other processes. (Bansal et al., 2009)  

According to Guide and Wassenhove (2009) CLSC tap a high economic potential. 

Nevertheless, barriers prevail such as multitude of components, higher price for products 

possible to remanufacture than single-use product, diverging interests of supplier and 

original equipment manufacturer (OEM) and OEM’s benefit at supplier’s expense (Guide et 

al., 2009; Debo, Toktay & Van Wassenhove, 2005). Over the years, there has been an 

increasing research stream on CLSC of reusable articles such as packaging implying the 

scrutiny if reusable packaging fosters sustainability along supply chains (e.g. Carrasco-

Gallego, Ponce-Cueto & Dekker, 2012; Pålsson, Finnsgård & Wänström, 2013). However, 

the study has found that returnable packaging as utilized in automotive industry is 

infrequently preferable (Pålsson et al., 2013).  

Industrial symbiosis in Europe has been gradually acknowledged as a “strategic tool for 

economic development, green growth, innovation, and resource efficiency” (Laybourn & 

Lombardi, 2012, p.11). The majority of prevailing systems is fostered and assisted by 

policies (Winans, Kendall & Deng, 2017). Nonetheless, there are numerous barriers for 

creation of industrial symbiosis such as lack of knowledge, trust, promotion, orientation 

towards cooperation and inter-organizational communication as well as prevalence of legal 

barriers, competitive attitudes among companies or disclosure of confidential company 

information. (Fichtner et al., 2005). Other barriers can be for example the EU waste 

definition as cited by some scholars and other technical barriers in form of demanding 

material quality expectations, waste reuse market incentives, differing technological waste 

treatment standards and available information on waste management alternatives. Latter 

barriers can be somewhat mitigated by governmental interference defining objectives and 

targets as well as municipalities may act as intermediaries between industries and national 

or even supra-national government. (Costa, Massard & Agarwal, 2010) So far, academics 
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have focused on developing models to advance resilience of industrial symbiosis networks 

and the definition and scope of the concept; in spite of thriving amount of research articles, 

it is required to broaden and organize the theoretical insights and advance the practicality 

of industrial symbiosis (Lombardi et al., 2012b). Furthermore, the literature demonstrates 

that circular economy related initiatives necessitate engagement from industries, 

communities and support from the government (Winans et al., 2017).  

Nevertheless, it is vital that consumers are also involved in the circular economy concept. 

Consumers are crucial due to purchasing behaviour, product disposal in the stages end of 

use or end of life. Thus, it is necessary that companies are influencing consumer attitudes 

and acceptance of remanufactured products to advance sustainability. (Hazen, Mollenkopf 

& Wang, 2017) Moreover, in terms of transformation from linear to circular economy, 

business model and product and process design strategies need to be in near future closely 

aligned. Besides, it is alleged that varying business models and design strategies as well 

as initiatives, methods and other instruments to advance to a circular economy are 

necessitated. (Bocken et al., 2016) Therefore, it seems that companies should become 

proactive in view of governmental ambitions.  

In summary, it appears that both concepts are beneficial for attaining the goal of circular 

economy and should be simultaneously pursued to increase sustainability. Owing to the 

quality of sustainability, network and systemic thinking emerges as substantially vital to 

advance environmental practices and waste prevention. However, there are multiple 

challenges when setting up networks for both, CLSC and industrial symbiosis. From 

available literature and practice, industrial symbiosis gives the impression of highly 

challenging complexity in view of creation, implementation and continuation. Thereby, 

further theoretical insights on how to successfully implement respective systems are 

required. Nonetheless, the government as facilitator and initiator repeatedly plays a crucial 

role to address barriers and meditate as neutral party between different companies and 

industries. In literature, there are few examples of industrial symbiosis in Germany and it is 

not explicitly mentioned in any national initiatives. Accordingly, transparency on the concept 

of industrial symbiosis should be enhanced on both national and supra-national level to 

draw company’s attention to waste management alternatives. Due to current status and 

focus of academic literature, there is few literature on industrial symbiosis available with 

reference to SMEs. The involved companies are often SMEs in available academic articles 

(e.g. Cutaia et al., 2015) however, the peculiarities of those enterprises as discussed in the 

literature review have not been academically considered in the context of industrial 

symbiosis. It is possible that additional research may lead to detect optimisation potentials 
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on implementation of these systems. Nevertheless, there are presumably other fields in 

industrial symbiosis which should be prioritized such as definition and practicality of the 

concept and promoting system resilience.  

6.3 Sustainability behaviour and communicating sustainability  

The results of sustainable behaviour and secrecy about sustainability activities have raised 

inquiries for addressing observed phenomena with eligible literature. At first behaviour of 

SMEs is discussed. The majority of available literature in this field refers to environmental 

behaviour and is frequently examined with regard to compliance with legislation. Scholars 

are of mixed opinion whether compliance with legislation can induce SMEs to go beyond 

compliance. Whereas for instance Worthington & Patton (2005) argue that compliance is 

not resulting in increased innovative behaviour, Ambec et al. (2013) argue that legislation 

can lead to pursuit of otherwise missed opportunities (Ambec et al., 2013, cited in Delchet-

Cochet, Vo & Akeb, 2015). Supporting this view is a study by Hoogendoorn, Guerra & van 

der Zwan (2015) on approximately 8,000 SMEs implying that strict legislation has a positive 

influence on environmental practices in form of green product and services though 

insignificant influence on greener processes. In terms of amount of actions directed towards 

resource efficiencies, stringent legislation is as well positively related. Further, complying 

with regulations can potentially stimulate SMEs to pursue proactive behaviour (Delchet-

Cochet et al., 2015).  

Additionally, there are other factors which are influencing an SME’s environmental 

behaviour. It seems that prevailing quality standard systems in SMEs can be closely related 

to obtaining accreditation for environmental practices (Worthington et al., 2005). Moreover, 

customers may also have a significant impact on SMEs mainly for green products than 

green processes (Hoogendoorn et al., 2015). Another factor affecting can be firm size, as 

for instance bigger companies are more probable to engage in environmental greening 

processes or go beyond compliance (Hoogendoorn et al., 2015; Worthington et al., 2005). 

Yet, despite the finding of positive correlation of firm size and engagement in environmental 

practices, it can be an indirect effect as assumed in a study by Uhlaner et al. (2012). 

Consequently, it appears that additionally detailed studies are required on this correlation. 

In general, it is apparent that the sustainable behaviour of SMEs should be closer 

scrutinised owing to behaviour’s complexity and limited available literature. Moreover, the 

focus of this literature has been often set on environmental practices and behaviour rather 

than the social pillar of sustainability thus requiring future in-depth research. Also, the 

examination on relation of proactivity and compliance with regulations would be highly 
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beneficial for policymakers and provide new insights and foundation for policies addressing 

advancement of sustainable development.  

In terms of SMEs’ communication on sustainable practices and on media platforms such as 

corporate websites, there is a shortage of literature (Parker et al., 2015). However, 

Baumann-Pauly et al. (2013) tentatively assume that small enterprises apply direct 

communication on CSR practices preferably towards specific industry networks and 

partners in contrast to public. It is a common notion that reporting sustainability is a crucial 

factor to implement proactive strategies (Arena & Azzone, 2012). Increasingly, studies are 

addressing the fact that the international reporting standards are mainly targeting large 

companies and aim at developing sustainability reporting frameworks and examining the 

process of reporting with focus on SMEs (e.g. Massa, Farneti & Scappini, 2015; Arena et 

al., 2012). Reasons for not communicating sustainability are owner’s lacking activities’ 

linkage to marketing and preference to reservedly maintain the linkage to the company 

image, the impression of the activities as a “superficial application and sort of gesture” as 

well as difficulties to communicate usage of green electricity to consumers because of 

lacking labels (Baden et al., 2009, p.434; Rahbauer et al., 2016). Apparently, the research 

shows that there is a gap with regard to communication from an SME perspective hence 

substantially limited articles exist. Relating to the case companies reporting low pressure 

from consumers, the question arises why the pressure is low and whether lack of 

transparency could be a driver. If customers, the public or potential future partners are for 

instance unaware of sustainable alternatives, an environmentally friendly SME might be 

potentially limiting own business opportunities. However, it may also be that the consumers 

are neglecting sustainable practices in purchasing decisions and rather focus on costs 

referring to the environmental awareness and actual purchase of environmentally friendly 

products. These obscurities intelligibly require further research specifically focussing on 

SMEs potentially providing guidance. 

6.4 Measuring innovative activities and examining SOI concept 

As stated above, innovative activities are frequently measured with R&D expenditure, 

amount of patents, innovation surveys or counting of innovations (Maravelakis et al., 2006; 

Laforet & Tann, 2006). Literature alleges that SMEs are less patenting than larger firms due 

to for instance cost disadvantages and fewer benefits (Andries & Faems, 2013; Blind et al., 

2006). However, Andries & Faems (2013) revealed that SME’s engagement in patenting 

can lead to improved innovative and financial performance. Further, all motives such as 

protection from imitation and enhancing negotiating position are of higher importance for 

product patents than process patents (Arundel, van de Paal & Soete, 1995, cited in Blind et 
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al., 2006). Besides, R&D spending is substantially connoted with the probability to introduce 

a product innovation in contrast to process innovation whose probability is strongly 

associated with new fixed capital spending. However, R&D spending can increase the 

probability to introduce a process innovation. (Parisi, Schiantarelli & Sembenelli, 2006) With 

regard to process innovations, scholars have predominantly focused on examining 

processes in process-oriented industries and relating process innovations to product 

innovations. Moreover, SME literature has primarily focused on product innovations despite 

the observation that SMEs tend to commonly invent processes as well as those are closely 

related to organizational innovations. (Hervas-Oliver, Boronat-Moll & Sempere-Ripoll, 2016; 

Hervas-Oliver & Sempere-Ripoll, 2015) Therefore, in view of respective literature and 

considering process innovations, the question arises if the measurements of innovative 

activities are sufficient for SMEs. Nonetheless, it should be considered that metering 

innovation and innovation management is in general complex and scholars are providing 

frameworks for example for the process of innovation management (e.g. Adams, Bessant 

& Phelps, 2006). In addition, the aspect of linkage of process and organizational innovation 

raises questions of how to measure those, respectively. A study by Armbruster et al. (2008) 

aimed at advancing the method for measuring organizational innovation in national 

innovation surveys, though, specific issues such as complexity, time horizon, as well as use 

and quality of organizational innovations require improved measurement in future.  

Another aspect which should be discussed in general is the concept of SOI. The concept of 

SOI is currently developing and is considered to be immature, heterogeneous and 

imbalanced (Adams et al., 2016; Schiederig, Tietze & Herstatt, 2012; Klewitz, 2014). 

Furthermore, the term is of comprehensive quality (Hansen, 2013). Nevertheless, authors 

are utilizing myriads of terms such as sustainable innovation for the phenomenon and 

include multiple articles with similar concepts in literature reviews for SOIs (e.g. Adams et 

al., 2016; Klewitz et al., 2014). Thus, it is difficult to define a scope of the concept yet and 

challenging to maintain an overview of links between terms and concepts. It would be 

therefore advisable to aim for a structure of the concept and to distinctly define boundaries 

which terms can be used as synonyms and which innovations fall into the category of SOIs.  

Further, in view of above results, SMEs have frequently implemented process 

improvements or innovations which lead to additional sustainable practices referring to the 

study in form of waste prevention. However, the definition of SOI somewhat neglects the 

process innovation perspective although being comparatively implied as means of attaining 

an improved product or service (Hansen, 2013). Accordingly, the definition should be 

revised when defining the scope of the concept and it should be considered to explicitly 
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include the term process in the definition. Also, when taking into account the comprehensive 

quality, other innovation types in form of organizational or marketing innovations should be 

considered to entirely address the concept quality of comprehensiveness. In general, it 

appears that the concept is somewhat vague given that in-depth examined research 

streams of sustainability and innovation are connected in this single term. Therefore, 

additional research is required to structure, define and advance the research stream. 

6.5 Chapter summary 

To summarize discussed chapters, it is apparent that the government takes a substantially 

crucial role in multiple issues as for instance EPR schemes, regulations to foster 

environmental behaviour, and advancing circular economy, industrial symbiosis and EMS. 

Accordingly, the government has already implemented multiple measures and instruments 

to resolve issues, yet improvements could be implemented. Moreover, in view of complexity 

of waste management and waste prevention, it appears that the advancement towards a 

circular economy has to be assessed from multiple stakeholders and requires commitment 

to pursue on several levels. Thereby, network and systemic thinking emerge as vital 

mindsets to overcome mentioned barriers for companies, government and consumers. In 

addition, the peculiarities of SMEs repeatedly illustrate that sustainability is differently 

pursued in companies with smaller firm size than large enterprises. Specific attention should 

be paid to provide guidance for communicating SME’s practices as well as usage of EMS 

or equivalents such as ECOPROFIT. Furthermore, the available literature demonstrates 

that future research can be conducted on multiple levels to enhance understanding and 

promote practicality of concepts as for instance reporting tools for SMEs, industrial 

symbiosis advancements and EMS. On the other hand, it is also prevalent that there is 

frequently disagreement on whether the government should interfere business practices 

with policies and regulations. 
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7 CONCLUSIONS 

To conclude, the empirical research has provided new insights on SMEs and SOIs in 

relation to waste management practices. Accordingly, SMEs are to some extent exhibiting 

SOIs in order to prevent waste despite insufficient government enforcements. These 

activities derive from diverse internal and external motives. Yet, the heterogeneity of 

companies offers both advantages and disadvantages referring to innovation potential, firm 

size and policy implications, respectively. Based on the explorative character of the study 

these results have contributed to the theoretical dimension as well as new practical 

implications and opportunities for future research have been detected.  

However, the study has also illustrated that optimisation is necessary. When extending the 

perspective to a larger scale, the scrutinised area evidently indicates the complexity of 

realization and transformation to a circular economy decoupling economic growth from 

resource utilization. Moreover, it emphasizes the transformation of mindsets, behaviours 

and practices of governments, companies and consumers and other affected stakeholders. 

On that account, it is vital that academics, governments, businesses and consumers aim at 

researching, regulating, innovating and subsequently implement and adopt practices to 

ultimately advance the transformation to a circular economy sustaining in the long-term.  

The following subchapters conclude the thesis from both, a theoretical and practical 

perspective. At first, the theoretical framework is revised with regard to obtained results. 

Secondly, theoretical contributions of the study ensue manifesting the importance and utility 

of the study. Thirdly, practical implications are presented taking into account both the SME 

perspective as well as policymakers and implications for consumers and society. Finally, 

limitations to the study and future directions close the chapter.  

7.1 Review of theoretical framework 

The theoretical framework appropriately illustrates scrutinized theoretical concepts and its 

relationships with regard to waste management. Thus, for this specific study, the framework 

emerges as convenient and requires no improvement in retrospect. The boundaries are 

clearly set on SMEs, however given that the context specifically deals with waste 

management, it appears that the SME in future should not be scrutinized in isolation. 

Correspondingly, the research has indicated that SMEs are a fraction of the complex system 

subsequently requiring a more systemic approach to aim for efficient waste management 

and waste prevention.  
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As a consequence, the developed theoretical framework could be prospectively embedded 

into a larger framework examining the collaboration under consideration of a stakeholder 

aspect. For instance, it can be investigated whether SME’s cooperate with other companies 

from an industry network and industrial symbiosis perspective or with the government to 

develop SOIs improving efficient waste management; thus the field of ‘External factors’ of 

respective created framework is scrutinized from an increasingly detailed point of view.  

7.2 Theoretical contributions 

The aim of the study was to explore SOIs in German SMEs with focus on waste 

management. This implies that it was intended to obtain an objective impression of available 

practices and status quo and to advance the relating theoretical concepts. In view of the 

empirical results, the research has contributed to the research field of SMEs and 

sustainability by taking into account the SOI perspective. The collected data provides 

insights on motives of SMEs for pursuing sustainability as well as scrutinizing the behaviour 

of SMEs with regard to lacking governmental incentives on waste prevention. Thus, the 

study has shown that SMEs should not be generalized as reactive enterprises in terms of 

sustainable practices but that behaviour can, situationally dependent, emerge as proactive 

as well as that industry, customers or embeddedness in networks can have a significant 

impact. Available literature inter alia predominantly focuses on regulations and 

environmental behaviour of SMEs and in other research streams is scrutinized regarding 

supply chain pressure (e.g. Patton et al., 2003; Parker et al., 2009; Williamson et al., 2006; 

Baden et al., 2009). The study of Hoogendoorn et al. (2015) aimed at defining multiple 

factors affecting the behaviour such as industry, customers, products and regulation.  

Moreover, the specific focus on waste management facilitated new knowledge concerning 

waste management practices from an SME perspective and precise SOIs. This alludes to 

the concept of SOI and concrete measures which are being applied. Considering available 

literature on SOIs, the empirical scrutiny revealed challenges to precisely apply the concept 

to practice owing to theoretical immaturity and vague definition as well as undefined 

boundaries of the concepts. Additionally, the conjunction of waste management and SOIs 

has demonstrated that both fields can be connected to the context of circular economy; 

thereby SOIs can even emerge as potential means to attain a circular economy owing to 

the concept’s comprehensive quality and normative direction (Hansen, 2013; Hansen et al., 

2009). Consequently, the research exhibits the versatile quality of the respective concept 

and thus offers opportunities to scrutinize phenomena with specific perspectives ultimately 

expanding theory.  
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In addition, the inclusion of a large enterprise as comparison has demonstrated which 

further distinct SOIs may be feasible and therefore has illustrated and proven peculiarities 

of SMEs supporting the view that these enterprises should be investigated. Moreover, one 

available literature review explicitly mentioning the term SOIs has been predominantly 

focusing on SMEs (Klewitz et al., 2014), whereas the second available literature review 

addresses the concept from a more general level. However, no comparison to the author’s 

knowledge has been conducted between large companies and SMEs on SOIs, presumably 

owing to the immaturity of the concept. Future research on this field comparing companies 

according to sizes and SOIs can be conducted. 

Further, in view of empirical results and collected data, the study has raised the question 

whether current measurements of innovative practices are sufficient for SMEs. The data 

collection process indicated that supposed less innovative case companies exhibited 

innovative behaviour due to the fact that these activities were not patentable. In literature, 

scholars have addressed frameworks on measuring innovation management process, yet 

it appears that no concrete solution can be given but rather an overview which factors 

companies should consider (e.g. Adams et al., 2006). Although Maravelakis et al. (2006) 

specifically aimed for creating innovation measurement for SMEs with a survey, few ensuing 

articles are available on this area implying opportunities for future research. In general, the 

combination of these particular research fields aimed at filling a research gap and to explore 

potentials for research in future to be conducted. Consequently, it has proposed various 

impulses for future research. 

7.3 Practical implications 

From a practical perspective, the study has provided diverse insights for companies and 

policymakers with focus on waste prevention as well as the applicability of SOIs. Thereby 

tangible activities described from the case companies may serve as an inspiration or 

stimulate adoption among other companies to assess waste prevention. Moreover, 

awareness among participating companies might have been raised. In general, the 

comparison has also shown that sustainability can be advanced with collaboration of 

stakeholders and other networks as exhibited by the large firm. Thus, companies should 

ideally engage in networks to advance sustainable practice since they often serve as a 

platform for best practice exchange or innovation potential. Nonetheless, with regard to 

literature, each SME should individually decide hence it may be not be beneficial for the 

company to collaborate in innovation networks. Furthermore, the results point out that 

product life cycle thinking of companies could also be beneficial to prevent waste. 

Therefore, SMEs should apply tools such as the LCA and are presumably more likely to 
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engage in eco-design of products. Additionally, owing to the inclusion of the large company 

as comparison, the study has shown that application of EMS can be beneficial to prevent 

waste. However, the absence of EMS in SMEs indicates that intended measures from the 

German government to foster adoption appear to be inefficient.  

So far, it is vague in the national waste prevention plan of 2013 in how far the government 

is incentivizing the adoption of EMS in SMEs. It can be inferred that one instrument is the 

introduction of ECOPROFIT. The government’s initiative of adopting ECOPROFIT 

certification exemplifies that the government is providing support for SMEs to advance to 

sustainable practices in a manner which is better aligning with SME’s peculiarities. 

Municipalities, experts and SMEs are collaborating to achieve optimised environmental 

performance and waste prevention. The coverage of the certification is gradually 

progressing across the country and has achieved remarkable results by for example 

annually reducing 47,700 tons of waste and 3.5 million m3 of water in the federal state of 

North-Rhine Westphalia at status of May 2017 (B.A.U.M. Consult GmbH Hamm, 2017c). 

However, consultancy is frequently confronted with prejudices among SMEs (Wilts et al., 

2013). Consequently, a shift of mindsets is required which is complicated to attain. The 

national waste prevention alludes to general measures such as financial support, however, 

it is somewhat difficult to find centralized information for SMEs on this specific issue. This 

is mainly due to the fact that information appears to be scattered across multiple information 

channels as for instance on the EMAS website or on a general portal for companies of the 

German government. It would be recommended to centralize information for SMEs leading 

to effective communication resulting in increased awareness.  

Furthermore, with regard to the empirical study, it has been analysed which measures are 

implemented and planned to prevent waste. Thus, it seems that companies are complying 

with waste regulations and EPR schemes. Despite, existing policies ought to be improved. 

For instance, incentives to address product eco-design should be initiated given that precise 

measures to advance eco-design have been omitted in the national waste prevention plan. 

A recent study published by the German government has scrutinised success factors and 

barriers for implementing eco-design within companies. Thereof, recommendations have 

been drawn such as strengthening entrepreneurial exchange, optimising legislation and 

financial support for frontrunner companies, advancing and supporting national design 

awards and enhance information access to expert knowledge by bundling and centralizing 

information material (Graulich et al., 2017). Subsequently, the government could implement 

suggested measures. 
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Moreover, in view of the concept industrial symbiosis and its potential to decrease waste 

generation and other environmental impacts, it is debatable why there have been few 

initiatives to advance industrial symbiosis from the German government. It is 

comprehensible that the implementation and organisation of respective systems is 

undoubtedly complex, yet successful examples in Denmark and the United Kingdom prove 

the advantageousness of the concept. Accordingly, the government should enable 

advancements in this field and prospectively finance research projects and offer incentives 

to companies for participation. Above, awareness among companies should be raised. If 

companies, and especially SMEs were aware of the concept and waste management 

alternatives, it might be possible to create companies’ interest to participate in eco-industrial 

networks. On a general level, the study has shown that systemic thinking, especially when 

focusing on the objective of circular economy, is significantly crucial and optimisation of 

current practices is vital. Therefore, governments, industries, consumers and all involved 

parties should increasingly interact and communicate beyond common networks.  

In conclusion, the government has realized its importance in advancing waste prevention 

and aims with multiple measures to achieve the set goals. Nonetheless, it seems that it is 

substantially difficult to implement measures and regulations with regard to SMEs due to 

the heterogeneity. It is for instance illustrated in the case company sample that one SME is 

not recycling products owing to the quality of the product as well as energy efficient lighting 

can only be partially installed. The policymakers are somewhat in a dilemma referring to the 

highly debated instrument of regulating SMEs which could on the other hand point to missed 

opportunities but also emerge as burdensome (Ambec et al., 2013, cited in Delchet-Cochet 

et al., 2015; Baden et al., 2009). Thus, it is comprehensible that the government preferably 

initiates incentives rather than regulations. Moving hypothetically another step further, it 

should be scrutinized to increasingly involve consumers in the concept of circular economy 

hence shifting market demand may also induce companies to alter product offerings and 

processes. Therefore, the government may provide incentives to customers for purchasing 

remanufactured or recycled products, yet it is dubious if this interference is negatively 

affecting the industry to an extreme extent. 

Furthermore, the waste prevention initiatives and opportunities are occasionally not 

efficiently communicated neither to addressed parties nor the general public and consumers 

owing to scattered information platforms and the complexity of waste prevention issue 

including multitude of involved parties. It would be also advisable to communicate a regular 

status update on waste prevention based on the fact that the national plan was issued in 

2013. Ideally, the updates would be published on a central website and database where all 
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involved stakeholders could obtain data and information on waste prevention thus enabling 

interaction, exchange of best practices and inspiration between respective parties. 

Communication emerges a key driver to enhance the situation, raise awareness and 

overcome barriers. 

7.4 Limitations and future research 

Respectively, the study has provided varying revelation about scrutinized phenomenon. 

Those findings are limited by some factors resulting in potential for further research and 

examination. There are several limitations to this empirical study regarding data reliability, 

collection and analysis methods and term definitions. Given that the information has been 

collected in interviews, diverse limitations may occur. First, the data reliability might be 

potentially biased due to influence of interviewer or concealing and whitewashing by 

respondents. Additionally, the respondents’ varying positions and influence in the company 

may have had an impact on the answers provided. For instance, a CSR manager may be 

comprehensively informed about all sustainability activities in contrast to an employee. 

Further, the open questions may have omitted mentioning of alternative SOIs as well as 

waste emissions have been somewhat unconsciously excluded. Moreover, ambiguity of 

questions could have had an impact as for example sustainability in this data has been 

predominantly considered by respondents from an environmental perspective. The focus 

on the environmental pillar of sustainability could also stem from the focus on waste 

management. In addition, the translation from German into English language might have 

had an insignificant influence on display of information.  

In terms of data collection, the Amadeus database can have a substantial effect on the 

sample which has been discussed in the study. Consequently, patents as decisive factor 

for innovativeness appeared to be deficient. However, this may also derive from the 

consideration of the quality of innovations in this study including process improvements 

which might not necessarily be patentable. Yet, the term of innovation has been broader 

regarded owing to the definition of SOI which is described as an improvement to the former 

life cycle. Furthermore, there might be flaws referring to maintenance of the database and 

information available in the database. For instance, companies labelled in the database as 

manufacturing companies turned out to be sales and distributions companies questioning 

database reliability. Accordingly, another database could have been utilized to find 

innovative companies such as an innovation database. During the interview process, the 

concept of SOIs was explained to the companies though it was occasionally challenging to 

find concrete practical examples to support the explanation based on the immaturity of the 

concept. Especially, the social component proved to be difficult to exemplify. Corresponding 
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to the academic view that SMEs tend to be opaque, merely few supplementary information 

sources could be added since insufficient information was available on websites or 

newspapers. It is difficult to generalize owing to the heterogeneity of SMEs and the limited 

amount of cases. Nonetheless, the study could provide advanced insights on SOIs in SMEs 

in comparison with a large company.  

During the analysis process the codes potentially affected results since generated codes 

might intersect. For instance, the categories waste management and SOI are related to 

each other given that examined SOIs aim to minimise waste as well as corporate 

sustainability and attitude both share the aspect of sustainability. Besides, the definition of 

waste somewhat neglected emissions in the scrutiny of results presumably resulting from 

the characteristics of interview questions. Finally, inferring that numerous concepts are 

interwoven with examined theories, a cross reference could have been made to lean 

management and cleaner production leading to profound insights promoting in-depth 

understanding of results. Yet, this has been omitted with respect to the scope of the study 

thus leading to potential future examination.  

As a consequence of limitations, diverse reference points for future research emerge. First, 

the heterogeneous quality of SMEs entails extensive research regarding the advancement 

of sustainability and SOIs hence it appears that those entities demand different guidance 

and framework which suit peculiarities respectively. In order to obtain significant insights, 

the scale of cases could be enhanced and quantitatively scrutinized as well as micro 

enterprises could be included to determine if dissimilarities among varying SME sizes 

prevail. Moreover, the scope of research could be enhanced from the national level to a 

comparison with SMEs from differing countries within the EU or other continents. Thereby, 

conclusions can be possibly drawn from differing national waste management systems and 

potentials for improvement might arise within numerous systems. Since the study has been 

restricted to the manufacturing industry, other industries as for instance service or retail 

could be examined under the aspect in a comparative, complementing or focused manner. 

Another linkage implying in-depth scrutiny can be the consideration of different consumer 

groups comparing for example exclusive B2B companies with B2C and B2G companies. 

The comparison in this study emerged to be difficult since some of the companies 

simultaneously served consumers, companies and public authorities.  

In terms of SOI, additional research is necessitated to widen and define the concept. This 

is significantly vital for definition of scope as well as a precise definition of the concept with 

regard to its intersection of mature research fields of sustainability and innovation. 
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Moreover, SOIs can be investigated with a particular focus as well as the combination of 

SOIs and waste management could be advanced. Further, precise boundaries and focus 

on strategic application of the concept facilitate improved practicality for companies which 

aim at integrating SOIs into corporate management strategy. With regard to waste 

prevention and circular economy, research could advance knowledge in terms of methods 

to increasingly integrate and sensitise customers as well as scrutinizing the importance of 

life cycle and network thinking within companies and governments. Thereof, it could be 

especially scrutinized referring to industrial symbiosis and how to incorporate the concept 

into national waste management systems and policies.  

Finally, the study indicates the importance of research to support governments defining 

measures and companies moving towards sustainability. In conclusion, the complexity of 

examined phenomenon proposes copious reference points for research and practice 

improvement. Subsequently, the transformation from a linear to a circular economy by 

decoupling economic growth from resource utilization proves to be burdensome. 

Notwithstanding, it is feasible under the condition that thorough commitment from 

governments, industry and consumers prevails. The directives and initiatives of the supra-

national institution EU and involved national governments as well as innovations of 

companies demonstrate this commitment. However, in general, the pathway to a circular 

economy appears to be at the very beginning.  
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APPENDIX 1: INTERVIEW GUIDE 

Translated from interview questions in German language 

Sustainability 

• How is sustainability addressed in your company? Which sustainability-related issues 

on environmental, social and economic level does your company consider and why? 

• How do you consider waste in your company? Which waste is generated in your 

company and where? 

• How would you describe your waste management? 

• Do you do more than required from law or industry, if yes, why? 

• What are factors that hinder/ favour your company to pursue sustainability? Are these 

factors/influences internal or external? For example, do economic incentives (e.g. 

cost efficiencies) play a role? 

• How would you estimate your general behaviour/attitude towards sustainability? Are 

you more reacting to demands/issues or proactively trying to improve? 

• Have you heard of the concept circular economy and do you apply it in a wider 

sense? 

 

Sustainability-oriented innovations 

• What SOIs are in your company implemented, innovated?  

• What SOIs are implemented to prevent waste? How are they innovated? Why were 

they innovated? 

• Are the innovations more radical or incremental? 

• What are factors that hinder/ favour your company for SOIs? Are these factors/ 

influences internal or external? 

• Do you apply tools such as LCA? 

• Have you heard of industrial symbiosis? Do you apply it within your company and 

why? 
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APPENDIX 2: INTERVIEW RESULTS 

Company 
Alpha  

 
(SME producing 

windows and doors) 

Beta  
 

(SME producing garden 
equipment) 

Gamma  
 

(SME producing paper 
stationery) 

Delta  
(SME producing 

machinery for food and 
domestic appliances) 

Epsilon 
(Large enterprise 

producing domestic 
appliances) Category 

Corporate 
sustainability 

• Want to be sustainable 
despite small production 
size 

• Strict requirements from 
customers  proving 
ecological thinking, 
sustainable work 
practices, otherwise no 
contract 

• Required to prove with 
certificates of suppliers 

• Collaboration with 
ecological architects 

• No use of LCA 

• Creating products with a 
high quality that last for 
20/30 years 

• No use of LCA 

• Choosing PEFC 
(Programme for the 
Endorsement of Forest 
Certification Schemes) 
and FSC (Forest 
stewardship council) 
certified suppliers from 
sustainable forest 
management and 
production 

• Flexible working time for 
employees (except 
production)  high 
employee retention 

• Environmental officer 

• Health and safety of 
employees high priority 

• Use of recycled paper 

• Aim at using less health-
threatening materials 

• No use of LCA 
 

• Creating products with 
high quality that last 30/40 
years 

• Design recyclable and 
reparable products 

• No use of LCA 

• Sustainability centralized 
and implemented in 
organization such as CSR 
manager and 
environmental officer 

• Applying Environmental 
Management System 
(EMS) ISO14001 

• Internal Code of Conduct, 
following social standards 
and for suppliers BSCIS 
SA 8000 for social 
accountability 

• Audits for suppliers in risk 
countries 

• Energy management and 
following DIN50001 e.g. for 
factory planning 

• Eco guidelines will be 
applied soon due to 
takeover – best practice 
exchange with parent 
company 

• Endowed chair for 
sustainable product 
management at local 
university 

• Collaboration with Non-
governmental organisation 
(NGO) 

• Usage of sustainability 
software 

• No use of LCA 
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Company 
Alpha  

 
(SME producing 

windows and doors) 

Beta  
 

(SME producing garden 
equipment) 

Gamma  
 

(SME producing paper 
stationery) 

Delta  
(SME producing 

machinery for food and 
domestic appliances) 

Epsilon 
(Large enterprise 

producing domestic 
appliances) Category 

Influencing 
factors 

• Customer request proofs 
of sustainability (e.g. 
material origin, production 
conditions) 

• Difficulty to prove 
information due to industry 
structure and opacity 
(buying from wholesalers, 
large companies) 

• Despite certificates – 
insecure if 100% 
environmentally friendly  
would like to collaborate 
with companies which can 
prove material origin and 
production conditions 

• Market focuses on 
economics rather than 
sustainability (company’s 
impression that suppliers 
fulfil certificates because 
of customer requirements 
and not own initiative) 

• Difficulties to 
independently innovate 
because of 
embeddedness in value 
chain (receiving technical 
requirements from 
architects and implement 
these)  though 
collaboration with 
ecological architects 

• Sustainability in interest of 
managing directors 

• Sustainability as result of 
cost-driven decisions 

• Customers do not demand 
sustainability 

• Customers occasionally 
impair sustainability by 
increasing product return 
rates (e.g. ordering wrong 
product design which has 
been manufactured)  
higher CO2 emissions 

• Investing into innovation 

• Innovations rather 
incremental 

• Certification systems good 
to track sustainable 
products 

• Customers demand 
certifications of company’s 
suppliers 

• Costs as incentive e.g. for 
energy efficiency 

• Sustainability in interest of 
managing directors 

• Dilemma: customers want 
sustainability but have low 
willingness to pay for it 

• Increasing standards from 
EU and Germany to 
increase sustainability 

• Long-term relationships 
with suppliers  material 
usage and working 
conditions known 

• Internal product quality 
controls of suppliers, 
informal tests 

• Suppliers who are 
controlled by MNEs  
SME profits from audit 
processes 

• Financial limitations for 
R&D 

• Occasionally shortage of 
employees to apply for 
obtaining funding from 
government projects 

• Innovations rather 
incremental 

• Local environment, 
customers 

• Member of German brand 
association  sharing and 
obtaining access to best 
practice examples and for 
benchmarking in terms of 
sustainability 

• Robots are partly used 
during production to secure 
know-how and quality 
(production in Germany) 

• Patents and know-how 
difficult to transfer to other 
countries 

• Radical innovation in terms 
of robots to secure 
production in Germany 
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Company 
Alpha  

 
(SME producing 

windows and doors) 

Beta  
 

(SME producing garden 
equipment) 

Gamma  
 

(SME producing paper 
stationery) 

Delta  
(SME producing 

machinery for food and 
domestic appliances) 

Epsilon 
(Large enterprise 

producing domestic 
appliances) Category 

Waste 
management  

• Waste separation  
employees are told to 
separate responsibly 

• Separated waste 
sold/passed to disposal 
companies which 
recycle/resell them 

• In office: double-sided 
printing, old one-sided 
letterheads used for 
printing, aim not to waste 
paper 

• No waste separation 

• Fabric waste from 
production process used 
for swatches, packaging 
belts and in offices 

• Reuse of cardboard 
packaging material as 
filling for bulk material 

• In office: employees 
encourage themselves to 
print less 

• Complying with Extended 
Producer Responsibility 
(EPR) regulations 

• Production: Waste 
separation and passed on 
to disposal companies  
impossible to reprocess in 
own production process 

• Production: Buying 
optimised cuts to reduce 
paper waste 

• In office: recycling toner 
cartridges 

• Complying with EPR 
regulations 

• 50% reusable packaging 
(though depending on 
product) 

• Aiming at avoiding 
packaging 

• Waste separation and 
passed on to disposal 
companies for 
recycling/recovery 

• Production waste 
impossible to reprocess in 
own production 

• In office: trying to print less 
but not enforced for 
employees, aiming for 
gradual digitalisation in 
future 

• Utilizing continual 
improvement process 
(Kontinuierlicher 
Verbesserungsprozess)  
to produce minimal waste 
as possible 

• Stainless steel producer  
melting down of steel 
production waste applied 
and used in production 
(100% material recovery) 

• In office: “think before you 
print”, supervisors instruct 
employees to print as little 
as possible 

• Usage of FSC paper (from 
sustainable sources), 
double-sided printing and 
black and white 

• Complying with EPR 
regulations 

 
 
 
 
 
 
SOI 
 
 
 
 
 

• Utilisation of electricity 
from own photovoltaic 
(PV) system on the roof 

• LED lighting/motion 
detectors for 
interior/exterior lighting to 
decrease energy 
consumption 

• Informing customers that 
eco-friendly alternatives 
exist 

• Built solar-supported 
constructions with battery 

• Utilisation of computer-
aided machines for 
punching and sawing to 

• SOI rather a side effect of 
improvements 

• Further use of fabric rests 
and cardboard 

• Product design 
decrease material use with 
improvements 

• Repairing service for 
customers (unique in 
industry) 

• Product design change  
increase material 
efficiency 

• Buying colours which are 
water-based (regulations 
forbid other colours) 

• Partly energy efficient 
lighting (difficult because 
partially in tenancy) 

• Use of reusable packaging 
in supply chain for one 
specific client 

• Repairing products as 
service for customers 

• Functionality of products 
has priority, if more 
sustainable materials are 
used it is good 

• Material efficiency 

• Product quality – long-
lasting products 

• Energy efficiency 
measures (gradually 
replacing lighting, windows 
and renovating buildings) 

• Implemented a product line 
for single-households to 
decrease material input 

• Eco-efficient production, 
closed loop with some 
products 

• Invented products which 
clean themselves without 
chemicals 

• Take old products back 
and recycle them (partly 
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Company 
Alpha  

 
(SME producing 

windows and doors) 

Beta  
 

(SME producing garden 
equipment) 

Gamma  
 

(SME producing paper 
stationery) 

Delta  
(SME producing 

machinery for food and 
domestic appliances) 

Epsilon 
(Large enterprise 

producing domestic 
appliances) Category 

 
 
 
 
 
 
 
 
SOI (continued) 

reduce defect production 
rate 

• Separation and storage of 
old windows as source of 
spare parts for repairing 
(common in industry) 

into own production 
processes) 

• Continuous improvement 
of production processes to 
generate less waste 

• Water purification 
processes and reuse of 
water 

• Brass waste is returned to 
supplier who melts down 
and resells brass products 
for a reduced price to 
company 

• Internal canteen  food 
waste as feedstock for 
local biogas plant 

• Product design with focus 
on recyclability and no use 
of protected wood 

• Soon: focus also on 
reparability of products 

Behaviour and 
attitude 

• Complying with laws and 
regulations 

• Aiming to pay more 
attention to sustainability 
but often neglected in daily 
stress 

• Aiming to be proactive 
despite small production 
size 

• Sustainability in interest of 
managing directors 

• Reactive  reacts when 
local public complains 

• Reactive  company too 
small to initiate and 
dependent on material 
supply 

• Aim to do more than 
government demands 

• Sustainability in interest of 
managing directors 

• Proactive with product 
philosophy (long product 
life cycle, material 
efficiency) 

• Reactive complying with 
regulations 

• Proactive scrutinising 
trends and to meet 
customer requirements 

• Proactive because of 
economic reasons (e.g. tax 
reliefs) 

• Do more than laws require 
with applying EMS 

• Complying with regulations 
and standards 

• No greenwashing as 
company philosophy  low 
communication to public 

 


