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Abstract  

There is still a debate about if circular economy (CE) is a part of sustainability or if it can 

contribute to the environmental aspect of sustainability. Further, there is a lack of 

understanding how to align both CE and sustainability. At the same time, the social aspect 

has been almost been neglected in manufacturing and supply chain management (SCM). 

Thus, this master thesis aims to explore how CE principles contribute to the sustainable 

development of the manufacturing process and SCM practice in the Norwegian paint 

industry. 

 

The originality of our investigation is that we have revealed the interaction between the CE 

principles and sustainability in the Norwegian paint industry. This is an vital issue for this 

type of manufacturing because paint products are dangerous for people and the environment.  

 

This master thesis applies a single case study approach. Data collection was based on fifteen 

semi-structured interviews, personal observations, and secondary data like newspapers, the 

focal company’s reports and book on historical events. Data analysis was based on the 

construction of a chain of events during the development of the paint industry.    

 

The investigation presents the historical development of the manufacturing process. Our 

findings have revealed the influence of the contextual settings and the internal processes 

within the focal company on how CE principles evolved in the practice. Our findings have 

shown that the CE have been found unexpectantly in the existing practice of the focal 

company. Thus, they can evolve naturally not intentionally without any regulatory pressure 

the government or initiation from top management. 

 

Our findings have revealed the effects on sustainable development including, both the 

environmental aspect and the social aspect. Further, our findings disclose that CE can 

contribute also to non-core activities like SCM practices and special efforts on the cleaning 

of the environment. 

 

Our future research suggestions are to provide deeper insights into how CE principles and 

sustainability can be aligned in other contextual settings, and what effects CE principles can 

provide.    
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Terms and definitions 

 

Sustainability – “…development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs” 

(Brundtland and Dahl 1987). 

 

 

Circular Economy – “…an industrial system that is restorative or regenerative 

by intention and design. It replaces the end-of-life concept with restoration, 

shifts towards the use of renewable energy, eliminates the use of toxic 

chemicals, which impair reuse and return to the biosphere, and aims for the 

elimination of waste through the superior design of materials, products, system, 

and business models”  (Ellen MacArthur Foundation 2014). 

   

 

Supply Сhain Management – “the management of upstream and downstream 

relationships with suppliers and customers in order to deliver superior customer 

value at less cost to the supply chain as a whole” (Christopher 2016, p. 3).  
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1. Introduction  

This chapter presents the background for the master thesis, shows the existence of a research 

gap, and provides insight as to why closing the research gap is necessary. The purpose of this 

study is clarified, and the research perspectives to examine the purpose are presented. Lastly, 

the structure of the master thesis is identified.  

 

1.1. Background for the thesis  

The circular economy (CE) represents a theoretical concept that aims at creating an industrial 

system where products and services are traded in closed loops or “cycles.” The idea is to reduce 

the negative impact on the world by moving away from the traditional “linear” economic model 

for production and consumption, also described as a “take, make and dispose” model 

(Ghisellini, Cialani, and Ulgiati 2016). The CE is characterized as an economy that is 

regenerative by design, with the aim to retain as much value as possible of products, parts, and 

materials (Ellen MacArthur Foundation 2013). The aim is to create a system that allows for the 

long life, effective reuse, refurbishment, remanufacturing and recycling of products and 

materials (Kraaijenhagen, Van Oppen, and Bocken 2016), which requires changing 

consumption patterns, and creating new business models and systems (Elia, Gnoni, and 

Tornese 2017). Previous research has suggested that CE origins are mainly rooted in the 

ecological and environmental economics, and industrial ecology (Ghisellini, Cialani, and 

Ulgiati 2016, Wautelet 2018), and that the concept has primarily evolved as research on waste 

generation, resource use and environmental impact (Lieder and Rashid 2016). Thus, the 

majority of existing literature on CE has a high focus on the environmental aspect (Dao, 

Langella, and Carbo 2011, Geissdoerfer et al. 2017, Genovese et al. 2017).  

 

There is an ongoing debate about whether CE is a part of sustainability or if it can contribute 

to the environmental aspect of sustainability. A number of previous research has emphasized 

that CE pushes the frontiers of environmental sustainability by emphasizing the idea of 

transforming products in such a way that there are workable relationships between ecological 

systems and economic growth. It is implied that CE is not just concerned with the reduction of 

the use of the environment as a sink of residual like sustainable supply chain (SC) strategies 

but rather with the creation of self-sustaining production systems in which materials are used 

over and over again (Genovese et al. 2017). The planet earth has only limited and finite 
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resources, and the rate of production and consumption to meet the never-ending human needs 

through extraction, processing, manufacturing, and use, is alarming (Jawahir and Bradley 

2016). Thus, the CE is often considered as a branch of sustainability science that aims to reach 

sustainable development goals (Geissdoerfer et al. 2018, Ünal and Shao 2019, Zhu, Geng, and 

Lai 2010).  

 

Sustainability encompasses three aspects; economic, environmental, and social, and it seeks to 

evaluate business performance (Elkington 1998). The idea is that organizations need to engage 

in activities that positively affect the environment and society, besides maintaining their 

economic performance (Dao, Langella, and Carbo 2011). The escalating environmental 

concerns, such as pollution, over-use of scarce resources, and the creation of waste in landfills 

and the oceans (Jæger et al. 2019), have played a significant role in sustainability to influence 

traditional supply chain management (SCM) (Luthra and Mangla 2018).  

 

Although sustainability aims to balance all three dimensions, the social aspect has been paid 

less attention to in literature. The literature on sustainability is primarily concerned with the 

environmental aspect to boost economic performance (Ghisellini, Cialani, and Ulgiati 2016, 

Wu and Pagell 2011). Many scholars have stressed the lack of attention to the social aspect of 

sustainability (Ahi, Searcy, and Jaber 2018, Carter and Rogers 2008, Dao, Langella, and Carbo 

2011, Martins and Pato 2019, Tsvetkova 2020, Seuring and Müller 2008). The social aspect of 

sustainability measures the level of social responsibility of a company (Martins and Pato 2019) 

and concerns all stakeholders, including employees, suppliers, manufacturers, customers, and 

society (Carter and Rogers 2008). Research considers social sustainability as the promotion of 

human rights (Sauvé, Bernard, and Sloan 2016), working conditions, and employees well-

being and motivation (Shou et al. 2019), the impact on local communities (Tsvetkova 2020), 

and the establishment of human safety, welfare, and wellness (Mani et al. 2016). 

 

There are just a few studies that focus on the social aspect of sustainable SCM (Tsvetkova 

2020). Thus, it seems like there is a shortfall in the literature that emphasizes the importance 

of embracing social sustainability in manufacturing. Further, there is a lack of understanding 

of how the social aspect can relate to the development of CE in manufacturing processes. Both 

sustainability and CE have been gaining increasing attention among researchers, business 

managers, and policymakers during the past two decades. However, there seem to be different 

underlying motivations between the two concepts, which lead to different systems being 



3 

 

prioritized in the literature. While the motivation of sustainability is to benefit the environment, 

the economy, and the society at large, CE seems to prioritize the economic systems with 

primary benefits for the environment and only implicit gains for the social aspect (Geissdoerfer 

et al. 2017). The vague relationship between the two concepts represents a gap in the literature. 

 

In recent years, a more circular approach to manufacturing has been adopted by many 

companies in various industries, including the paint industry. Paint companies are trying to find 

new solutions to become more sustainable, and in order to do so, elements of CE are evolving 

in business strategies (Challener 2019). Historically, the paint manufacturing practices have 

included particularly dangerous working conditions due to the highly flammable and toxic 

substances that are used in manufacturing. Although regulations and practices have been 

developed to reduce health risks and to ensure a safer workplace, paint manufacturing is still 

characterized by dangerous fumes and chemicals that may be harmful to the environment and 

society. Some paint products may cause severe health issues for employees and end-users, as 

well as to negatively impact the surroundings due to harmful emissions. At the same time, paint 

products may enhance the function and reduce the environmental impacts of the object that is 

painted, e.g., through durable marine paint that helps to increase the fuel efficiency of ships or 

reduce the need for maintenance. This means that the paint products’ abilities may contribute 

to sustainability, as wells as CE, in a broader and longer-term sense. 

 

1.2. Research purpose 

Being motivated by the shortcomings in the literature mentioned above, the purpose of our 

study is “to explore how CE principles contribute to the sustainable development of the 

manufacturing process and SCM practice in the Norwegian paint industry.”  

 

The investigation in this master thesis presents an empirical case of the interconnections 

between CE and sustainability in the Norwegian paint industry. A paint manufacturer that has 

committed to sustainable growth was selected for the empirical case. Although not formalized 

in the company’s strategies, the CE principles of reuse, recycle, remanufacturing, redesign, and 

renewable energy have evolved in the focal company during the past two decades. This makes 

it possible to explore how the CE principles contribute to the development of sustainable SCM 

practices in the Norwegian paint industry. 
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This research purpose of the master thesis is intended to be reached by focusing on three 

perspectives:  

1. The reasons for how CE evolved in the Norwegian paint industry   

2. How do CE principles affect the social aspect of sustainability?  

3. How do CE principles affect the environmental aspect of sustainability?  

 

This study contributes to this field of research by exploring the extant literature combined with 

a qualitative research design through a single case study, supplemented by thorough research 

on the focal company’s historical development of sustainable practices and the evolvement of 

CE principles. In doing so, our research contributes towards gaining a broad and holistic 

understanding, as well as to gain knowledge on the business practices of the main issue.  

 

1.3. Structure of the thesis   

The rest of this thesis is organized as follows:  

Chapter 1: Presents the background for the thesis, the research purpose, and the structure of the 

thesis.  

Chapter 2: Identifies the theoretical framework for the research to enlighten the current 

concepts on sustainable supply chain management and circular economy.  

Chapter 3: Describes the research methodology, including the data collection techniques, 

research design, and research philosophy.  

Chapter 4: A presentation of the context and description of the Norwegian paint industry.  

Chapter 5: Consists of discussions. 

Chapter 6: Research summary, theoretical- and managerial implications, and limitations, and 

suggestions for further research.  
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2. Theoretical framework 

This chapter presents the main ideas in the existing theory in sustainability and CE.  

 

2.1. Sustainability 

Sustainability is a challenging concept and is increasingly discussed by policymakers, in 

business research and practices, and management science (Linton, Klassen, and Jayaraman 

2007). The term sustainability originates from the French word soutenir - "to hold up or 

support," and the background for the concept has its origin in cultivating and maintaining 

forestry in such a way that the harvest should not exceed the volume that grows again 

(Geissdoerfer et al. 2017). The more modern interpretations of sustainability have its roots in 

the rapidly depleting of the world’s scarce resources, as well as the worry of wealth disparity 

and business social responsibilities (Luthra and Mangla 2018, Naz, Rahim, and Jæger 2018). 

Thus, sustainable development is the attempt to balance the three aspects of sustainability, 

emphasizing economic, environmental, and social considerations (Elkington 1998).  

 

However, the term sustainability is still very vague, and it is used to describe a large number 

of business goals, concepts, and strategies. Hence, there are many definitions and 

interpretations of sustainability with different perspectives. Some definitions specify the 

concern of how human activity is conducted while preserving the earth's ecosystem 

(Geissdoerfer et al. 2017), or more narrow definitions with less focus on the social aspect, 

which is more applicable for organizations to understand and apply (Dao, Langella, and Carbo 

2011). However, the most adopted definition of sustainable development was published in the 

report “Our Common Future” in 1987 by the World Commission on Environment and 

Development (WCED). WCED defines sustainable development as “…development that meets 

the needs of the present without compromising the ability of future generations to meet their 

own needs” (Brundtland and Dahl 1987, p. 8). The report focused on the need for changes in 

industrial practice and consumption patterns. Since then, interest in sustainability-related 

studies in various businesses (Rajeev et al. 2017).  
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2.1.1. Dimensions of sustainability 

To ensure sustainable development, the three aspects of environmental, social, and economic 

issues must be in a balanced and optimized manner, without one dimension dominating the 

others (Goh et al. 2020). However, the concept has no standardized method of how to measure 

the dimensions in a holistic matter (Goh et al. 2020). The literature argues that the research 

concerning sustainability mostly focuses on environmental issues, and the social aspect tends 

to under-represented (Ahi, Searcy, and Jaber 2018, Carter and Rogers 2008, Martins and Pato 

2019). According to Seuring and Müller (2008), there is an apparent deficit in SCM literature 

on social issues, as well as a lack of a unified theory of all three dimensions of sustainable 

development. Dao, Langella, and Carbo (2011) state that research seems to be over-concerned 

with the environment and under-concerned with people. Figure 1 presents the three aspects of 

sustainability. 

 

 

Figure 1: The three aspects of sustainability (own production) 
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Table 1 presents different views on the three aspects of sustainability provided by D'Amato et 

al. (2017), Goh et al. (2020), and Shou et al. (2019). 

 
Table 1: Core aspects of sustainability dimensions  

Sustainability 

dimensions  

Social Environmental Economic 

D'Amato et 

al. (2017) 

▪ Education and training  

▪ Social justice (e.g. inter- and 

intra-generational)  

▪ Participation and democracy 

▪ Health, quality of life and 

well-being 

▪ Social inclusion 

▪ Social capital 

▪ Community network 

▪ Safety 

▪ Mixed tenure, employment and 

income (safety and equality) 

▪ Social order and cohesion 

▪ Cultural traditions, recreation, 

and tourism. 

▪ Water, carbon and 

nutrient cycles 

(including emissions 

and waste) 

▪ Greening cities and 

logistics 

▪ Quality of energy 

source and 

efficiency in 

production and use 

▪ Maintenance of 

biodiversity 

▪ Ecosystems and 

related services. 

▪ Satisfaction of basic 

needs 

▪ Enhancement of 

equity 

▪ Increasing useful 

goods and services 

Goh et al. 

(2020) 

▪ Community development, 

public engagement 

▪ User comfort, health, and 

safety 

▪ Access to services, equality, 

and diversity 

▪ Aims to restore and 

maintain the 

harmony between 

the natural and the 

built environment 

for the whole life of 

a structure 

▪ Financial gains from 

individual projects 

for the benefit of 

project stakeholders 

(Shou et al. 

2019) 

▪ Employees’ working 

conditions and well-being 

▪ Energy efficiency 

and pollution 

reduction 

▪ Sales and profit 

growth 

 

2.1.2. Sustainable manufacturing process and SCM 

While sustainable practices in SCM have been developed into a common framework since the 

early 2000s (Seuring and Müller 2008), sustainable manufacturing is one of the recent 

beneficial areas which can bring the balance among the three aspects of sustainability (Malek 

and Desai 2020). A sustainable development goal in manufacturing and SCM is sustainable 

production and consumption (SCP), which refers to having more efficient and profitable 

production while using fewer raw materials as well as adding value to a product while creating 

less pollution and waste in the process (Govindan 2018). Initially, the supply chain (SC) 

considers the product from the processing of raw materials to delivery to the customer. 

However, the interaction between sustainability and SCs integrates issues beyond the core of 

SCM. Linton, Klassen, and Jayaraman (2007) present six fields of practices that connect 

sustainability to SCM: product design, manufacturing by-products, by-products produced 

during product use, product life extension, product end-of-life, and recovery processes at end-

of-life.  
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- Product design: Through technics like life cycle assessment (LCA), organizations are 

able to minimize the environmental impact of the product through its design.  

- Manufacturing by-products: Reducing and elimination of by-products through cleaner 

process technologies, and quality and leaner production techniques, e.g., use of waste 

heat for air condition. 

- By-products produced during product use: Provide a service to supplement the product. 

- Product life extension: Develop products that allow capturing more of the product 

value. 

- Product end-of-life: Depending on the product design, products may be reused, 

remanufactured, recycled, incinerated, or disposed of.  

- Recovery processes at end-of-life: Product recovery networks for SC members to be 

able to remanufacture, recycling, and refurbishing.   

Veleva and Ellenbecker (2001) also present several principles of sustainable production in their 

research. They view social justice and community development as one of the main aspects. It 

is crucial that firms facilitate a good environment outside the business, i.e., promote equity and 

fairness. The communities around the workplace should be respected and enhanced socially, 

culturally, and physically. Also, the health and security of the firm’s workers is an essential 

factor in sustainable production. Hence, workplaces should be designed to minimize or 

eliminate physical, chemical, biological, and ergonomic hazards (Veleva and Ellenbecker 

2001). 

 

The role of managing is prominent, and an essential step toward the broader adoption of 

sustainable manufacturing and SCM (Ahi and Searcy 2013, Linton, Klassen, and Jayaraman 

2007). The three aspects of sustainability draw the attention of managers, as they are required 

to be able to identify and understand the sustainability challenges both internally and externally 

of their organization (Luthra and Mangla 2018). Furthermore, managers regard the integration 

of the three dimensions into their daily tasks in order to achieve sustainable performance 

(Tseng 2015). Hence, the literature argues that organizations need to integrate issues that go 

beyond the core of SCM, such as a broader focus on environmental and social challenges into 

their corporate strategies (Govindan 2018).  
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2.1.3. Drivers and barriers of sustainable manufacturing and SCM 

One of the main drivers for the transition towards sustainable manufacturing and SCM is the 

increasing production and consumption. The tradeoff between economic development and the 

exploitation of the world’s natural resources has made legislators, politicians, and consumers 

more aware of the damage inflicted on the environment. This awareness has resulted in laws 

and regulations that are more stringent to protect the surroundings (Rajeev et al. 2017). Seuring 

and Müller (2008) mention several triggers for sustainable SCM in their research. The legal 

demands/regulations are some of the most critical drivers. Government agencies can influence 

an organization’s actions to adopt more sustainable initiatives through fines and trade barriers 

(Govindan 2018). The next trigger is customer demands and requirements. 

Customers/consumers are important facilitators towards more sustainable SC. The fear of 

consumers boycotting their products due to reports concerning environmental or social 

problems has put pressure on companies (Seuring and Müller 2008).   

 

Another driver is how companies can achieve a competitive advantage through sustainable 

practices in the SC (Seuring and Müller 2008). By focusing on the dynamic capabilities of the 

SC, sustainable practices allow companies to enhance relationships between its partners and 

the flow of goods and information. By doing so, the companies maintain control over their SC 

(Govindan 2018). Besides, a focus on sustainability helps the companies to redefine and 

improve functions and operations, which can lead to innovation and strategic growth. Hence, 

the strategic actions of a single firm are not enough to achieve sustainability. Sustainable 

development is dependent on the cooperation of entire SCs (Dao, Langella, and Carbo 2011). 

According to Ahi and Searcy (2013), coordination and integration of the sustainability 

dimensions between key inter-organizational business systems aid companies to meet 

stakeholder requirements, and improve profitability, competitiveness, and resilience of the 

organization.  

 

Although sustainable SCM initiatives have been adopted to reduce costs and increase 

efficiency (Rajeev et al. 2017), some of the barriers for sustainable manufacturing and SCM 

are higher costs, coordination complexity and insufficient communication in the SC. According 

to Seuring and Müller (2008) these barriers relate to supporting factors, including company-

overlapping communication, new management systems, employee training, and monitoring, 

evaluation, and reporting - which are factors that may contribute to higher costs, complexity, 

and lack of communication. Also, the trade-off perspectives of sustainable SCM and operations 
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orientations in actual practice is a dilemma for SC managers. Investments related to the 

improvement of operations-related practices may leave fewer resources towards sustainability 

efforts, especially when there are limited resources to allocate (Shou et al. 2019). In Govindan 

(2018)’s framework on SCP, he presents barriers depending on the role each stakeholder plays. 

From an organizational point of view, long SCs due to globalization could be a barrier towards 

more sustainable production. Consumer awareness of both sustainable consumption and 

production may hinder sustainable development. However, a general barrier for SCP results 

from the lack of cooperation and coordination among the stakeholders and their goals 

(Govindan 2018). Table 2 summarizes the drivers and barriers for sustainability based on  

Govindan (2018), Seuring and Müller (2008), and Shou et al. (2019).  

 

Table 2: Drivers and barriers of sustainability 

Drivers Barriers 

Laws/regulations  

Stakeholder requirements 

Competitive advantage 

Organizational resilience 

Higher costs 

Coordination complexity 

Insufficient communication in the SC 

Resource allocation 

Lack of coordination among the stakeholders and their 

goals 

 

2.1.4. Sustainable manufacturing and SCM strategies 

Sustainable manufacturing and SCM concern the extent to which organizations incorporate the 

sustainability aspects into their SCs (Shou et al. 2019). In order to do so, companies seek to 

develop strategies for implementing sustainable SCM practices. According to Kang et al. 

(2012) the main strategies of sustainable SCM can be divided into environmental lead, strategic 

purchasing and supply, SC capabilities, product-based green supply, and greening the supply 

process. Strategic partnerships between actors in the SC drive companies to engage in 

sustainable management initiatives, e.g., monitoring social standards or environmental 

planning through purchasing and supply (Kang et al. 2012, Shou et al. 2019). Shou et al. (2019) 

consider the relationship with suppliers as a factor for sustainable practices, which may be 

established through supplier assessment standards, gathering and processing supplier-related 

information, and evaluating the sustainability performance of suppliers. To monitor and audit 

the suppliers, formal evaluation systems that include measures for environmental and social 

issues may be developed (e.g., waste disposal, pollution, working conditions). Also, the 

collaboration with suppliers along the SC regarding employee training is a practice to increase 

the employees’ knowledge on, e.g., waste reduction, and health and safety-related work 

conditions (Shou et al. 2019). In their study, Luthra and Mangla (2018) present several 
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strategies for sustainability for businesses to boost their performance, as well as to improve 

operations through the involvement of stakeholders continuously. The strategies are presented 

in Table 3.  

 

Table 3: Sustainable strategies in manufacturing and SCM (adopted from Luthra and Mangla (2018)) 

Strategies for sustainability Brief description 

Understanding of the sustainability 

impacts of their SC 

Understanding the implications of sustainability enhances overall 

business performance 

Management involvement, support, and 

commitment 

Management involvement, support, and commitment 

drives the process change for successful adoption of 

sustainability 

Establishing a vision and objectives for 

SC sustainability 

Sustainability considerations can be integrated into 

organizational policies and visions for superior 

performance 

Training, education, motivation and 

incentive programs of SC members 

about best practices 

Training program and incentives of SC members 

would assist in adopting top-rated sustainable practices 

Behavioral changes in the complete SC Behavioral change is a significant aspect to 

successful sustainable adoption 

Joint industry collaboration and 

partnerships 

Industry collaboration and partnerships with other 

partners would help in successful sustainable adoption 

Communicating business expectations 

with suppliers 

Organizations should communicate with their 

suppliers to improve their sustainable performance 

throughout the value chain 

Use of clean technologies and modern 

information management approaches 

Use of clean technologies and modern information 

management approaches would reduce process 

wastage 

Product stewardship Industries should take responsibility for their products to reduce 

their ecological, societal, and safety impacts. 
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2.2. Circular Economy 

The CE concept has achieved increased attention from the perspectives of both academics, 

politicians, and business strategists all over the world (Geissdoerfer et al. 2017). The idea of 

CE is to develop self-sustaining production systems in which materials are used repeatedly, 

which will contribute to a more sustainable production and consumption (Geissdoerfer et al. 

2017). The aim is to reduce the impact on the world by moving away from the traditional 

"linear" economic model, also described as a "take, make and dispose" model (Ghisellini, 

Cialani, and Ulgiati 2016). The increasing pressure from stakeholders about the environmental 

and social responsibilities are pushing companies to think in new ways. Therefore, 

businesses are now exploring and embracing new business models that are incorporating the 

CE concept, such as design for reuse or improved materials recovery. By doing so, companies 

seek to become more sustainable, as well as use CE as a mechanism to create a 

competitive advantage (Genovese et al. 2017). CE is based on reducing wasteful resources 

through effective design and implementation of products and processes for improved resource-

efficiency with circular material flow involving recovery, reuse, recycling, and 

remanufacturing of products (Jawahir and Bradley 2016). According to academics, the CE 

concept is influenced by Kenneth Boulding's work from 1966, in which he describes the earth 

as a closed and circular system with limited capacity (Geissdoerfer et al. 2017, Ghisellini, 

Cialani, and Ulgiati 2016, Korhonen et al. 2018, Lieder and Rashid 2016, Millar, McLaughlin, 

and Börger 2019, Naustdalslid 2014). Figure 2, illustrates the differences between the different 

economies. 

 

Figure 2: Linear, Reuse, and Circular Economy (adopted from Barth (2019)) 
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Different schools of thought have emerged over the years. McDonough and Braungart's cradle-

to-cradle (C2C), Commoner's laws of ecology, Stahel's looped and performance economy, 

Lyle's regenerative design, Graedel, and Allenby's industrial ecology, Benyus biomimicry and 

Pauli's blue economy (Geissdoerfer et al. 2017). Due to the complexity and the multitude of 

different perspectives within these concepts, there are many definitions of CE (Kirchherr, 

Reike, and Hekkert 2017). Korhonen et al. (2018) claim that it is almost impossible to identify 

a universal definition of CE as different stakeholders have a different view on the CE concept. 

However, the most common definition of the CE concept is from Ellen MacArthur Foundation 

(2014). One of the most used about CE: 

"…an industrial system that is restorative or regenerative by intention and design. It 

replaces the end-of-life concept with restoration, shifts towards the use of renewable 

energy, eliminates the use of toxic chemicals, which impair reuse and return to the 

biosphere, and aims for the elimination of waste through the superior design of materials, 

products, system, and business models." 

 

Even though there are several definitions of CE, the core aspect remains the same; it is based 

on  "value retention processes," which includes the mechanisms to retain value in the 

economy through reuse, repair, refurbishment, remanufacturing, redistribution, and recycling 

(Haupt and Hellweg 2019).  

 

2.2.1. The transition towards CE 

Throughout the evolution and diversification, the industrial economy has barely moved beyond 

the fundamental characteristic established in the early days of industrialization of the linear 

model of resource consumption (Ellen MacArthur Foundation 2014).  

Ellen MacArthur Foundation (2014) found trends that push business from linear thinking 

towards CE: 

• High price volatility 

• An increase in production efficiency does not generate real competitive advantage 

• The paradox of energy efficiency 

• Increase SC risks with global SCs 

• Excessive use of virgin resources 
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In CE, three principles are prominent; reduction, reuse, and recycle (3R’s). The reduction 

principle aims to minimize the input of primary energy, raw materials, and waste through the 

improvement of efficiency in production and consumption. The reuse of product appeals in 

terms of environmental benefits as it requires fewer resources, less labor in comparison to the 

manufacturing of new products from virgin materials. Recycling of waste allows benefiting 

from still useful resources and reduce the quantity of waste that needs to be treated and disposed 

of, reducing the environmental impact (Ghisellini, Cialani, and Ulgiati 2016).  

 

Through the development of the CE concept, Ellen MacArthur Foundation (2013), proposed 

three principles that might align with the 3R principles. At the core, CE aims to design out 

waste, in which the product's design enables the product to be dissembled and reused, and none 

of the components goes to waste. Next, circularity introduces a strict differentiation between a 

consumable and durable component. Consumables are made mainly of biological ingredients 

that are not toxic and possibly beneficial and safely returned to the biosphere. Durable 

components, like plastic and metals, are designed from the start with the purpose of reuse. 

Lastly, the energy required to fuel this cycle should be renewable by nature to decrease resource 

dependence and increase system resilience (Ellen MacArthur Foundation 2013).  

 

Ghisellini, Cialani, and Ulgiati (2016) list out the limits and challenges of the transition towards 

CE with regards to the 3R principles and the integrations of the principles that Ellen MacArthur 

Foundation (2013) introduced. The main limits and challenges of the transition to CE are 

presented in Table 4.  
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Table 4: Main limits and challenges of transition to CE (adopted from Ghisellini, Cialani, and Ulgiati (2016)) 

Principles of CE Limits or challenges 

Design Optimal product life scenario. 

Design for disassembly, reuse, recycling. 

Design for durable products. 

Design for new business models of consumption. 

Reduction Overcome the rebound effect of eco-efficiency and eco-

sufficiency strategies. 

Reuse Technical maximum reusability of materials. 

Increase of consumer demand towards the reuse of 

products and materials. 

Development of take-back mechanisms from the 

companies. 

Ensuring repair and secondary use of products after their 

original use. 

Taxation based on non-renewable energy rather than labor 

and renewable energies. 

Recycle Reinforcement of local markets of recycled materials. 

Risk of global trade of materials. Plastic waste: 

unfeasibility due to the mixing of contaminants. 

Cellulose: feasible until 4-6 times. 

Rare metals (lack of economies of scale). 

Food waste: further transformations before being used 

requires high costs in R&D. 

Appropriate LCA modeling for reuse and recycling. 

Reclassification of 

materials into 

Technical Nutrients 

Reuse after the first cycle. 

Safe return into the Biosphere or in a cascade of subsequent 

uses (biorefinery). 

Renewable Energy Increase their share compared to the share of fossil fuels. 

 

According to Ghisellini, Cialani, and Ulgiati (2016), the design principle is relevant because 

the sustainability of the product depends heavily on the initial design stage. By considering the 

CE principles in the initial design, the greater is the avoidance of negative impacts of the 3R’s. 

A reduction of the impacts in one of the CE principles could give an increase in negative 

impacts on another principle. As an example, recycling is the leading principle of a positive 

impact on a practical level (Ghisellini, Cialani, and Ulgiati 2016). Moreover, Geissdoerfer et 

al. (2017) discuss that reduction in input could give efficiency gains and, consequently, 

reduction in waste. 

 

In an SCM perspective and transition towards CE, Jain (2018), points out that in order to 

successfully transition towards a circular SC, it will require product redesigning, reducing SC 

complexity, adopting innovative business models, and continual measurement of progress 

towards circularity. Further, Van Eijk (2015) states that CE demands a system change with 
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parallel action along the value chain, and not purely sector and product-focused approach. 

There is a need for a mix of complementary instruments and approaches across different parts 

of the CE and efforts to engage and link actors along the entire value chain (Van Eijk 2015).   

 

Drivers and barriers of CE 

China has implemented a CE promotion law, which states that CE is a generic term for 

reducing, reusing, and recycling activities in regards to production, circulation, and 

consumption. According to Ghisellini, Cialani, and Ulgiati (2016), this is not consistent with 

China's practice of steady growth of production and consumption. Further, Ghisellini, Cialani, 

and Ulgiati (2016) argue that Europe, Japan, USA, Korea, and Vietnam identify CE and its 

principles related to waste management. Van Eijk (2015) states that regulatory changes at an 

EU level, can take up to five years before the action happens at a national level. The UN 

Climate Conferences has a time span of a decade before it materializes, but at the local level 

initiatives could start within less than a year. Governments play a crucial role because they can 

strengthen business efforts and upscale small niche activities into robust circular measures that 

can impact entire economies. Systematic reshaping of the traditional production and 

consumption model requires a clear set of governmental actions to encourage all companies to 

apply circular business models (Van Eijk 2015). 

 

CE has been studied in different contexts. Even though the targets of CE are consistently 

highlighted and adopted as part of the future strategies of different regulators and countries, 

e.g. EU and China, there are several environmental and economic barriers to CE (Tura et al. 

2019). The barriers to implementation of CE can be situated both internally or externally 

(Govindan and Hasanagic 2018). Tura et al. (2019) presents a framework of CE drivers and 

barriers that includes; economic -, social -, institutional -, technological and informational -, 

SC -, and organizational barriers and drivers. Kirchherr et al. (2018)´s framework identifies 

cultural barriers, regulatory barriers, market barriers, and technological barriers for the 

implementation of CE. Furthermore, the authors identified possible interactions between 

barriers and chain reaction mechanisms that can lead to failure to implement CE. Ellen 

MacArthur Foundation (2014), see SC as a key to drive change. However, they have identified 

three main barriers to shift towards CE: geographic dispersion, materials complexity, and linear 

lock-in. Jæger et al. (2019), argues that firms are slow to make a transition towards CE due to 

the barriers, including the need for dramatic changes for the whole company and its 

stakeholders. The transition can begin when the hinge points are identified and acted upon in a 
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concerted effort across companies, geographies, and along the SC. Based on our literature 

review, we made Table 5, which comprises Kirchherr et al. (2018)’s framework for CE barriers 

including cultural barriers, market barriers, regulatory barriers, and technological barriers. In 

the table, we adapted Ghisellini, Cialani, and Ulgiati (2016)’s identification on limits or 

challenges of the transition to CE.  

 

Table 5: Barriers and challenges of CE 

Cultural Regulatory Market Technological 

Hesitant company 

culture 

 

Limited 

collaboration in the 

value chain 

 

Lacking consumer 

interest and 

awareness 

 

Limited knowledge 

about circular 

procurement  

 

Risks connected to 

trust and security for 

consumers 

Obstructing laws 

and regulations  

 

Lacking global 

consensus  

 

 

Risks of global trade 

of materials. 

 

 

Safe return to the 

biosphere  

 

 

Lacking 

standardization 

 

High upfront 

investment costs 

 

 

Limited funding for 

circular business 

models 

 

Low virgin material 

prices 

Lacking technologies 

to implement CE 

 

Too few large-scale 

projects leading by 

example 

 

Technical maximum 

reusability of materials 

 

 

Limited circular 

designs 

 

Risk of rebound effects 

 

Appropriate LCA 

modeling for reuse and 

recycling 

 

 

The implementation of CE presents a framework with opportunities for organizational and 

financial gains in the SC and manufacturing process. The root causes for accelerating the 

willingness to implement CE rise from the pressure to reduce negative environmental impacts, 

like resource scarcity (Tura et al. 2019). Since private companies are mainly profit-driven, CE 

is an attractive option (Govindan and Hasanagic 2018). The drivers are the same as barriers 

classified into the internal and external environment. The internal drivers identify what has to 

be done within the company, and the external drivers describe what has to be done outside the 

company so it can be adopted into the SC (Govindan and Hasanagic 2018). Based on Tura et 

al. (2019)´s framework, from an the economic perspective, CE is considered to provide 

opportunities for cost savings by reducing waste and energy costs. Also, CE provides new 

possibilities for new value creation, business growth, and an increase in margin and profits. 
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The social driver of CE is that it has the potential to increase jobs. The institutional drivers 

towards CE are governmental support through directional laws and regulations, and these have 

a clear enhancing role towards CE and global standards, and certifications like ISO 14001 

inspire the development of CE. Technological development (e.g. a new technology that 

provides cleaner solutions) encourages companies to enhance CE. From a SC perspective, SC 

drivers that encourage CE is the potential to reduce the SC dependence, and also avoid high 

and volatile resource prices. From the organizational perspective, CE principles may give the 

company brand benefits and strengthen its image, thus enable differentiation (Tura et al. 2019). 

Table 6 presents the drivers of CE. 

 

Table 6: Drivers of CE (adopted from Tura et al. (2019)) 

Environmental Economic Social Institutional Technological Supply 

Chain 

Organizational 

Preventing 

negative 

environmental 

impacts 

Cost 

savings 

 

New 

value 

creation 

 

 

Increase 

jobs 

Governmental 

support 

 

Global ISO 

standards 

New 

technology 

 

Cleaner 

production 

Reduction 

in supplier 

dependence 

 

Avoiding 

high and 

volatile 

prices 

Stronger brand 

 

2.2.2. CE strategies  

Cradle-to-cradle 

Cradle-to-cradle (C2C) proposes a positive vision of a future where products are redesigned to 

be beneficial to humans and the environment. The idea of C2C is not to reduce negative impacts 

but to increase positive impacts (Bjørn and Hauschild 2018). C2C as a concept was developed 

by William McDonough and Michael Braungart, and they combined the chemistry science and 

intentional design of products for industry. Several antecedents have been suggested to justify 

the theoretical roots of CE, including industrial ecology, cleaner production, and Cradle-to-

Cradle (C2C). Following Ünal and Shao (2019), C2C grew into an operationalized version of 

CE compared to other antecedents by serving as a proxy for CE implementation. C2C is a 

concept that has become increasingly practitioner-oriented by developing its standards and a 

certification program that evaluates products under five CE capabilities: 
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• Material health 

• Material reutilization 

• Renewable energy 

• Water stewardship 

• Social fairness 

(Ünal and Shao 2019) 

 

To further elaborate on the CE capabilities in regards to CE implementation, Ünal and Shao 

(2019) explain that material health is about phasing out toxic materials, and material 

reutilization is material recovery and recycling activities. Renewable energy is technology such 

as hydropower, wind power, and solar power that enables companies to become more carbon-

neutral. Water stewardship is that water is treated as a scarce resource, and social fairness is 

giving the capabilities a holistic approach as not only the environment is considered, but also 

improving the society.  

 

According to Braungart, McDonough, and Bollinger (2007), C2C design enables the creation 

of a wholly beneficial industrial system driven by the synergistic pursuit of positive economic, 

environmental, and social goals. C2C design outlines a framework for designing products and 

industrial processes that turn materials into nutrients by enabling their perpetual flow within 

one of two distinct metabolisms: the biological metabolism and the technical metabolism 

(Braungart, McDonough, and Bollinger 2007).  

 

Braungart, McDonough, and Bollinger (2007) came up with a concept of eco-effectiveness. 

With a C2C design, it proposes an alternative design and production concept to the strategies 

of zero emissions and eco-efficiency. Eco-effectiveness is a positive agenda for the conception 

and production of goods and services that incorporate social, economic, and environmental 

benefits. At the same time, eco-efficiency seeks to reduce the unintended negative 

consequences of processes of production and consumption, according to Braungart, 

McDonough, and Bollinger (2007). The goal of eco-effectiveness is not to minimize the cradle-

to-grave flow of materials but generate cyclical cradle-to-cradle metabolism, which enables 

materials to maintain their status as resources. 
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Cradle-to-gate 

Cradle-to-Gate (C2G) is opposed to Cradle-to-Cradle, which is the full life cycle assessment, 

a partial product life cycle assessment from resource extraction to the factory gate. C2G 

assessments are the basis for Environmental Product Declarations (EPD) (Cao 2017). The C2G 

scope includes raw material extracting and manufacturing (Abd El-Hameed, Mansour, and 

Faggal 2017).  

 

Closed-loop system 

CE promotes the production of goods through closed-loop systems of manufacturing. The 

consumption of virgin resources is reduced to optimize the use of by-products, and waste or 

recycling of discarded products are the primary sources of materials. In closed-loop systems, 

the entire flow of materials from suppliers to manufacturers, distributors, retailers, and 

consumers is considered, as well as the reverse flow of used products (Lieder and Rashid 2016). 

CE  promotes the resiliency of resources where the production of long-lasting goods can be 

repaired, or dismantled and recycled easily (Sauvé, Bernard, and Sloan 2016). Braungart, 

McDonough, and Bollinger (2007) view technical nutrients in a C2C perspective as synthetic 

or mineral that cannot be put back to the biological sphere. Further, they argue that keeping 

industrial products in a closed-loop system of manufacturing by recovery and reuse while 

maintaining the highest value through the life cycles of the product promotes CE through this 

manufacturing process. Further, Braungart, McDonough, and Bollinger (2007) state that using 

toxic raw materials would be acceptable in a closed-loop system since it would not oppose any 

danger to the environment.  

 

2.2.3. Life cycle assessment 

Life cycle assessment (LCA) is a tool or methodology to assess the environmental impacts and 

resources used throughout a product's life cycle from raw material acquisition via production 

and use phases, to waste management (Finnveden et al. 2009). Also, according to Genovese et 

al. (2017), LCA can be used as an environmental analysis methodology to support cleaner 

production and greener SCs. LCA can help to identify opportunities to improve the 

environmental performance of products at various points in their life cycle, also informing 

decision-makers in industries, government or non-government organizations of the purpose of 

a product or process design or redesign and selection of relevant indicators of environmental 

performance, including measurement techniques (ISO 2006).  
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Genovese et al. (2017) indicate that LCA is a framework for a product, process or 

activity/operation can bring together the impacts of collaborative SC partners arising from 

extraction and processing of raw materials, manufacturing, transport and distribution, reuse, 

maintenance, recycling, and final disposal. Therefore, LCA is a holistic approach that brings 

environmental impacts into one consistent framework, wherever and whenever these impacts 

have occurred or will occur. In LCA literature, there have been some studies to integrate social 

aspects into LCA. Grießhammer et al. (2006), states that there are considerable hurdles to 

overcome because social impacts will require an entirely different type of modeling, also the 

difference in how different actors in different countries have very different appraisals of social 

aspects. 

 

In an LCA study, there are four phases defined by ISO: Goal and Scope Definition, Life Cycle 

Inventory Analysis (LCI), Life Cycle Impact Assessment (LCIA), and Interpretation 

(Finnveden et al. 2009, Cao 2017, Muthu 2014). Following the logic of LCA, one can use the 

different environmental impacts associated with a product across its different life cycle phases. 

An LCA could identify the hot-spots through the entire life cycle (Muthu 2014). In order to 

complete a full LCA study, a complete data set of inputs are required (e.g., materials and 

energy). Also, the data should be collected from the beginning of the life cycle (Cao 2017).  

 

2.2.4. Integration of the CE principles and sustainability in the manufacturing 

process and SCM  

Geissdoerfer et al. (2017) present an overview of the main similarities and differences between 

sustainability and CE, as well as emphasizing the lack of a holistic view of all the three 

dimensions of sustainability within CE. They found out that the relationship between CE and 

sustainability is either conditional, beneficial, or a trade-off. The conditional relationship 

between sustainability and CE are distinct in regards to the environmental dimension, but it is 

needed for sustaining economic output.  

 

CE business models are considered as a class of a generic strategy for sustainable business 

models (Geissdoerfer et al. 2017). For sustainable manufacturing, circularity in business 

models and SC are seen as a precondition, it is necessary for improved economic and 

environmental performance, and CE is an essential element of sustainable development 

(Geissdoerfer et al. 2017). Geissdoerfer et al. (2017) state that the goal of CE is focusing on 
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closing the loop by eliminating all resource inputs and leakage of waste and emission. 

Sustainability is more open-ended with different goals depending on the stakeholder and their 

interests. The motivation of the CE concept is the observation that resources could be used in 

a better way, and waste and emission reduced. The motivation of sustainability is often diffused 

and diverse due to the embraced reflexivity and additivity to a different context. Sustainability 

benefits the environment, economy, and society, while CE priorities the economic system, in 

which the environment is the primary benefit. The social benefits are only implicit based on 

the improvement of the environment (Geissdoerfer et al. 2017).  

 

SCM association with sustainability can be linked with the early interest in closed-loop reverse 

logistics, product recovery, and remanufacturing (De Angelis, Howard, and Miemczyk 2017). 

According to De Angelis, Howard, and Miemczyk (2017), "the power of circling longer" is an 

essential element in the transitioning from traditional or sustainable SCM towards circular SCs. 

This element involves extending the time during which materials are kept in use. 

 

According to Genovese et al. (2017), the principle of CE is an idealistic ambition of pushing 

the boundary of sustainable SCM practices, and these practices are ultimately concerned with 

the reduction or delay of unintended negative impacts on the environment due to cradle-to-

grave material flow. The CE paradigm has provided a framework where businesses are 

operating within the same supply network. In this context, the concept of Reverse SCM has 

been developed as an adaptation of CE principles to SCM (Genovese et al. 2017).  

 

During the last decade has the integration of sustainable SCM and CE has been introduced in 

academics. Farooque et al. (2019, p. 884), proposed a definition of circular supply chain 

management (Circular SCM): 

 

"Circular supply chain management is the integration of circular thinking into the 

management of the supply chain and its surrounding industrial and natural ecosystems. 

It systematically restores technical materials and regenerates biological materials 

toward a zero-waste vision through system-wide innovation in business models and 

supply chain functions from product/service design to end-of-life and waste 

management, involving all stakeholder in a product/service lifecycle including 

parts/product manufacturers, service providers, consumers, and users." 
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In practice, Circular SCM attempts to produce zero waste through system-wide innovations to 

recover value from what was traditionally called waste (Farooque et al. 2019). According to 

Farooque et al. (2019), the two aspects that make Circular SCM unique is that its restorative 

and regenerative cycles are based on circular thinking, and the zero-waste economy's vision is 

inherent in the CE philosophy. In other words, Circular SCM focuses on end-of-life product 

management for reuse, repairing, re-assembly, remanufacturing, recycling, and waste disposal 

(Jain 2018). Circular SCM applies to manufactured products and service products. 

Organizations collaborate with others within and outside of the sector to maximize the utility 

of goods and materials in Circular SCM. This vision guides SC managers to achieve 

breakthrough performance in resource efficiency, and consequently, profitability (Farooque et 

al. 2019).  

 

2.2.5. CE in manufacturing and SCM  

Business concepts can be seen as the theoretical and architectural implementation of a business 

strategy and as the foundation of the application of business processes (Richardson 2008). 

However, these concepts also describe the way business is done (Bocken, Schuit, and 

Kraaijenhagen 2018). The concept of CE requires that companies need to rethink their business 

models. Circular economy business models (CEBMs) redefine how companies create value 

while following CE principles (Lüdeke-Freund, Gold, and Bocken 2019). To overcome a 

completely linear strategy, the firms need to redesign and reorganize their value propositions, 

value creation infrastructures, and value capture models (Hofmann 2019). Also, Geissdoerfer 

et al. (2018), argues that circular strategies achieve the best sustainability performance if all of 

the elements of the manufacturing are aligned to support value proposition, value creation and 

delivery, and value capture. Geissdoerfer et al. (2018, p. 17) define CEBM as:  

 

"Sustainable manufacturing processes aim to create monetary and non-monetary value 

by the pro-active management with close relationships of multiple stakeholders and 

incorporate a long-term perspective – that are specifically aiming at solutions from the 

CE through a circular value chain and stakeholder incentive alignment."  

 

In our investigation, business models represent the style of the manufacturing process. Figure 

3 illustrates the differences between these strategies and processes.  
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Figure 3: Comparison of traditional, sustainable, and CEBM (adopted Geissdoerfer et al. (2018)) 

 

The circular manufacturing process is based on supplying fully renewable, recyclable, or 

biodegradable resource inputs that support circular production and consumption systems. 

Recovery of embedded value at the end of one product lifecycle to feed into another promotes 

return chains and transforms waste into value through innovative recycling and upcycling 

services. Product life extension allows companies to extend the lifecycle of products and assets 

in order to capture the value that otherwise could be lost since materials are maintained or even 

improved by repairing, upgrading, or remanufactured. Sharing platforms promotes 

collaboration among product users, and this could either be individuals or organization. This 

facilitates the sharing of overcapacity or underutilization, increasing productivity, and user 

value. Product as a service is an alternative to the traditional "buy and own." Product is used 

by one or many customers through a lease or pay-for-use arrangements (Accenture 2014).  

 

Richardson (2008), propose a framework, which is defined by three elements: value 

proposition (what the firm will deliver to its customers), value creation and delivery (how the 

firm will create and deliver that value to its customers), and value capture (how the firm 

generates revenue and profit). SCM can be an essential part or almost identical to the concept 

of the value chain and value creation and delivery. It is, therefore, an essential part of the 

strategy of organizations and plays a crucial role in transforming the organization for the CE. 

Closing, slowing, and narrowing of the material and energy flow is the main differences 
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between conventional SC and circularity (Geissdoerfer et al. 2018). According to Lüdeke-

Freund, Gold, and Bocken (2019), CE does not need to be the final goal, but rather a part of an 

ongoing process to achieve greater resource efficiency and effectiveness. However, they also 

argue that the fundamental challenge for companies is to rethink their SC, and as a 

consequence, need to rethink the way they create and deliver value through their business. 

 

From a strategic view, large companies already understand the need for innovation to ensure 

survival and growth as they deal with an external threat of continual innovation (Bocken, 

Schuit, and Kraaijenhagen 2018). Circular manufacturing processes aim at running circular 

systems in an economically viable way. Circular manufacturing processes are business models 

that enable systems that are regenerative by nature, and they seek to maintain resource value at 

its maximum for as long as feasible, and eliminating or reducing resource leakage, by closing, 

slowing, or narrowing resource flows (Salvador et al. 2020). Lüdeke-Freund, Gold, and Bocken 

(2019) also argue that the primary goal of circular manufacturing processes is to help 

companies to create value by using resources in multiple cycles and reducing waste and 

consumption. Incorporation of CE aspects to existing manufacturing processes can contribute 

to the transition, and such incorporation may ease CE adoption, since it may be less radical and 

better accepted by both organizations and customers than conceptualizing utterly new business 

strategies. Circular manufacturing processes can help to create value from waste, optimize 

product and resource use, and develop new and less environmentally harmful means for value 

capture, providing additional options for the world economy (Salvador et al. 2020). According 

to Salvador et al. (2020), to adapt existing strategies towards greater circularity, it is necessary 

to make a clear value proposition, which needs to be supported by internal awareness and 

capacity to deliver the proposed value, and aligns it with the company's strategy, and 

communicates it to customers to find ways to engage them. 

 

2.2.6. Social sustainability practices in relation to the CE 

Environmental issues dominate in the literature on sustainability and CE. However, the social 

aspects are still underexplored by other researchers (Seuring and Müller 2008, Mani, Jabbour, 

and Mani 2020, D'Eusanio, Zamagni, and Petti 2019, Millar, McLaughlin, and Börger 2019). 

Murray, Skene, and Haynes (2017) have emphasized that the literature in CE is virtually silent 

on the social dimension, focusing on the redesign of manufacturing and systems to benefit the 

biosphere, supported by Geissdoerfer et al. (2017)´s statement that few papers mention the 
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social aspects. The definition of sustainable development by Brundtland and Dahl (1987) are 

deemed by Carter and Rogers (2008, p. 361) as "far-reaching and organizations find it difficult 

to find their role within a broader macro-economic perspective." Seuring and Müller (2008)’s 

definition is also wide-reaching. However, it gives the organizations a more pointed out 

function towards the expectations of stakeholders and customers, including taking into account 

economic, environmental, and social aspects.  

 

In general, social responsibility means that the organizations' behavior needs to be measured 

further than its economic desirability, it has to include how it affects the public overall, 

customers, and local communities (Tsvetkova 2020). Social sustainability in SCM has been 

defined form a corporate social responsibility perspective (Mani et al. 2016). However, in 

manufacturing, practices within social sustainability can be defined as the product and process 

aspects that determine human safety, welfare, and wellness (Mani et al. 2016). According to 

D'Eusanio, Zamagni, and Petti (2019), this means that companies are responsible for the social 

impacts of their products and their suppliers.  

 

 Researchers Mani, Jabbour, and Mani (2020, p. 2) refer to SC social sustainability as the “ways 

firms address product and process aspects of the supply chain that affect the safety, health, and 

welfare of people associated with the supply chain.” With this referral, Mani, Jabbour, and 

Mani (2020) see that since the SC involves multiple parties and locations, all participants in a 

SC should be accounted for when it comes to sustainability for the SC. According to D'Eusanio, 

Zamagni, and Petti (2019), social sustainability addresses human well-being not only for 

current but also for future generations. The actors in a SC with the retrospect of the social 

aspect consist, according to Mani, Jabbour, and Mani (2020), of customers, suppliers, workers 

across the SC, and the population that the SC serves. Measures of social impact are often 

referred to as job creation in the SC, or health and safety aspects like missed workdays due to 

occurrences in regards to SC operations (Martins and Pato 2019).   

 

Pagell and Shevchenko (2014) argued that future research in SCM has to treat a SC social and 

environmental performance on equal or more valid than economic performance. In recent 

research, Mani, Jabbour, and Mani (2020) acknowledge that there is a need for more in-depth 

research for many of the aspects of SC social sustainability to understand its effect on 

performance. It is unclear how CE will contribute to social equality, and essential moral and 

ethical issues are missing from the conceptual framework, and only if societal needs are 
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included and defined in the basic formulation, is there hope to build on all three pillars of 

sustainability (Murray, Skene, and Haynes 2017). Authors Geissdoerfer et al. (2017) discussed 

different aspects of the social dimension within the CE concept. Job creation, efficient tax 

systems, and sharing economy is, according to the authors, unclear how it could contribute to 

the positive well-being of the society. Studies on social sustainability have focused on decisions 

within purchasing and issues regarding supplier behavior in the context of ethics, safety, human 

rights, welfare, and labor safety (Tsvetkova 2020). 
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3. Methodology 

This chapter provides an overview of the research methods used in this master thesis. The 

research methodology is presented in this master thesis as a way to solve the research problem 

systematically and to develop knowledge about the phenomenon highlighted by Kothari (2004, 

p. 8) as "a way to systematically solve the research problem." The chapter also describes how 

the design of the research is, and the methods relevant for this master thesis. Moreover, the 

chapter outlines how the data was collected and discussing the quality of the research.  

 

3.1. Philosophical position 

The philosophical position depends on the way the researcher perceives the development of 

knowledge of the research world. The philosophical position is the underlying factor in the 

research design. There are two dominant opposite philosophical paradigms; positivism and 

phenomenology or well-known as interpretivism or social constructivism. Positivism relates to 

the philosophical stance of the natural scientist and entails working with an observable social 

reality to produce law-like generalizations. As a positivistic researcher, the use of existing 

theory is used to develop hypotheses that would be tested and confirmed, leading to the further 

development of the theory that could be tested in further research. In this philosophical stand, 

researchers would try to remain neutral and detached from the research and data to avoid 

influencing the findings (Saunders, Lewis, and Thornhill 2016, p. 136). In other words, in 

positivism, the act of research is not affected by the investigation of it (Collis and Hussey 2013, 

p. 43), and in contrast, interpretivism studies meanings. The purpose of the research is to create 

new, richer understanding and interpretations of social worlds and contexts (Saunders, Lewis, 

and Thornhill 2016, p. 140). By investigating it, social reality is affected by the investigation, 

and the research is often inductive by providing interpretive (subjective) understanding (Collis 

and Hussey 2013, p. 44). 

 

Both paradigms principally show their different view on ontological and epistemological 

assumptions (Collis and Hussey 2013, p. 47). This master thesis is based on interpretive ideas 

about the socially constructed nature of reality. Looking at our investigation, we will use social 

constructivism (interpretivism) as our philosophical position. Within social constructivism, the 

meaning is to seek understanding of the world we as individuals live and work in (Creswell 

and Creswell 2017, p. 46). In our master thesis, we built up a historical perspective of the 

development of the Norwegian paint industry that helped us reveal the environmental and 
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social effects of CE principles in the manufacturing process and SCM practices. According to 

Creswell and Creswell (2017, p. 46) within social constructivism research, it focuses on 

specific contexts where people live and work, as we have a specific context and a narrow 

geographical location, we can justify this view.  Further, the nature of CE's theoretical vision 

on reality was investigated. Theory and reality are two different worlds, and this master thesis 

looked into how the theory is practiced in a real-world context. 

  

3.2. Qualitative Research design 

This master thesis presents a qualitative research design. The qualitative research design was 

helpful in our investigation because a qualitative approach to research is concerned with the 

subjective assessment of attitudes, opinions, and behavior. Since research is a function of the 

researcher's insights and impression; it generates results either in non-quantitative form or in 

the form that are not subjected to rigorous quantitative analysis (Kothari 2004, p. 5) Further 

our philosophical position of social constructivism is according to Saunders, Lewis, and 

Thornhill (2016, p. 168) often associated with qualitative research. The qualitative method 

helped us to construct subjective and social meanings and an in-depth understanding of our 

research questions of how CE principles evolve in the Norwegian paint industry and the effects 

of the environmental- and social aspects of sustainability. This master thesis was written in 

both and explorative and descriptive manner. The explorative way of our research was formed 

by our investigation and how we wanted to clarify our understanding of the phenomenon we 

studied. The explorative way of our research design helped reveal how CE principles affect the 

environmental and social aspects of sustainability. The descriptive way allowed us to describe 

the development of the Norwegian paint industry and the events of how CE principles evolved.   

 

3.3. Case study approach 

This master thesis applied a single case-study approach. We chose the focal company because 

CE principles have been developed naturally due to some historical events in its 

manufacturing process. Thus, the focal company provided interesting settings to investigate 

the effects of CE principles on sustainable development, which is an important issue for this 

type of manufacturing. The case study approach was helpful because it is a research strategy 

that focuses on understanding the dynamics present within single settings, and case studies 

typically combine data collection methods (Eisenhardt 1989). Yin (2003, p. 13) has defined 

the case study as: 
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"A case study is an empirical inquiry that investigates a contemporary phenomenon in 

depth and within its real-life context, especially when the boundaries between 

phenomenon and context are not clearly evident. […] The case study inquiry copes with 

the technically distinctive situation in which there will be many more variables of 

interest than data points, and as a one result relies on multiple sources of evidence, 

with data needing to converge in a triangulation fashion, and as another results in 

benefits from prior development of theoretical propositions to guide data collection and 

analysis." 

 

The case study approach helped to learn the phenomenon in real practice, disclose the 

contextual settings and internal processes within the focal company. The purpose of the case 

study is, according to Gustafsson (2017), to produce background material for a discussion 

about a concrete problem. We see that the case study is attractive due to it is a method of 

study in depth rather than in breadth. It is suitable for our investigation due to its emphasis on 

the full analysis of a limited number of conditions and their interrelations (Kothari 2004, p. 

113). We apply a single case-study as a research design since we looked into the practice of 

one company. The single-case study approach was helpful for us to widen the existing 

theoretical knowledge about how CE principles work in real practice. The single-case can 

represent a significant contribution to knowledge and theory building by confirming, 

challenging, or extending the theory (Yin 2018). The benefits with a single-case study are 

that they are not as time-consuming as multiple case studies, and a single-case study gives a 

deeper understanding of the exploring subject (Gustafsson 2017).  

 

3.4. Data collection 

There are two categories of information that can be collected during the study, which is divided 

between primary and secondary data. Primary data can be gathered through interviews and 

observations, where the secondary data is, however, already existing data within areas where 

research is being done (Saunders, Lewis, and Thornhill 2016). This master thesis was based on 

both primary data and secondary data.  

 

3.4.1. Primary data 

We started our research by collecting primary data that included several qualitative methods of 

data collection.  



31 

 

Interviews 

In total, fifteen semi-structured interviews were conducted with representatives of different 

departments in the focal company. Seven interviewees were conducted via e-mail, four 

interviews were conducted in the interview participant offices, three interviews were 

conducted via Skype, and one interview was conducted over the telephone. The interviewees 

were selected with deliberate sampling, and they were selected due to their long experience, 

practical knowledge, and work in the Norwegian paint industry. The interviews were 

conducted in Norwegian and then translated into English. The interviews were recorded with 

the written consent of the interviewees and hand-written to ensure the validity of the obtained 

data. The interviews were conducted in the period December 13, 2019 – April 30, 2020. 

Semi-structured in-debt interviews made it possible for the interview participants to provide 

more detailed information and be more personal when responding to the questions. Semi-

structured interviews were helpful due to it gave us the possibility to adjust our questions 

according to the flow of the conversation (Saunders, Lewis, and Thornhill 2016, p. 391), and 

the possibility to probe there we wanted our interview participants to explain or build on their 

answers. 

 

Moreover, since our philosophical position was based on social constructivism, this helped us 

to understand the meanings the interview participants had on the phenomenon we studied 

(Saunders, Lewis, and Thornhill 2016, p. 394). We conducted follow-up interviews with seven 

interviewees. These follow-ups were conducted over mail correspondence with the interview 

participants in order to get more in-depth data. All transcribed answers from the interviews 

were sent back to the interviewees to avoid any misunderstandings of obtained data. The 

interview guide was formed in Norwegian and English, and as mention above, the interviews 

were performed in Norwegian and translated into English. The reason for that the interviews 

were performed in Norwegian was due to the interviewees were Norwegians, and in our 

opinion, speaking in the native language gave the interviewee a possibility to answer more 

freely and naturally when answering the question. 

 

Personal observations 

Empirical data was collected during our visit at the production site and R&D center in 

Sandefjord on February 25, 2020. According to Kothari (2004, p. 96), observation is a 

collection where researchers do their observation, and the information relates to what is 

currently happening. Past behaviors or future intentions do not complicate it. We observed the 
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day-to-day routine and studied how the process of paint manufacturing was conducted. 

Personal observation helped us to understand how production based on CE principles is 

organized and managed. During our visit, we saw how employees and managers collaborate. 

We also observed how the company focused on health, safety, environment, and quality 

(HSEQ) in production and on the production site. We observed that they had a waste board 

with numbers that got updated every week. All over the production site, we observed several 

safety campaign billboards. Everywhere in the production site and outside, we observed 

marked areas where employees were allowed to walk, and we also got to observe the new 

production line they were testing out. 

 

Triangulation 

This research applied different sources of data and thereby ensured the triangulation of the data. 

Triangulation of data is when data is collected through multiple sources to include interviews, 

observations, and document analysis (Creswell and Creswell 2017, p. 290). Data triangulation 

helps to strengthen the validity of our case (Yin 2018). Using multiple data sources helped us 

to study the phenomenon since it gave us a much broader description of the phenomenon due 

to the different perspectives the different sources had. According to Collis and Hussey (2013, 

p. 71), these separate impressions give us a much richer picture of the phenomenon.  

 

3.4.2. Secondary data 

Easterby-Smith, Thorpe, and Jackson (2012, p. 12) define secondary data as "information that 

already exists in the form of publications or other electronic media, which is collected by the 

researchers." The secondary data used for this master thesis was predominantly based on 

scientific articles and journals found through ScienceDirect and Google Scholar by searching 

for specific topics on CE and sustainable SCM. Also, a backward snowballing technique was 

applied in the search for literature since it starts from relevant papers. The secondary sources 

of the empirical data were also based on the Norwegian regulatory norms and acts, archival 

documents, press releases, annual reports of the focal company, and official websites. The 

collection of secondary data was vital as it gave us an excellent supplement to our primary data. 

It gave us the possibility to get more depth in our data, as well as to provide us with historical 

data since none of our interviewees were working at the focal company when the accident 

happened. 
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3.5. Data analysis 

Data analysis was a critical step in the overall interpretation of our case study. The transcribed 

data, obtained during our interviews, was coded and marked by different colors in order to 

categorize the information and get an overview. This categorization helped us to distinguish 

different types of information obtained from multiple sources. This coding mechanism allowed 

us to rationalize them and analyze them more closely since our coding gave us the possibility 

to generate reports (Atkinson 2002). The data collected were analyzed with a thematic 

approach. Thematic analysis is according to Castleberry and Nolen (2018), a method of 

identifying, analyzing, and reporting themes within data. Since qualitative approaches are 

diverse and complex, the thematic analysis gives flexibility with the analysis (Braun and Clarke 

2006). After data collection, we received a considerable amount of information as fragmented 

stories. Fragmented stories from the interviews and other sources were gathered and presented 

as storytelling, and we needed to compare this story with the existing knowledge in the 

literature. Data analysis was based on the construction of a chain of events during the 

development of the paint industry that allowed us to reveal how CE principles evolved and 

affected the existing practice. 

 

3.6. Quality of research 

This master thesis aims to provide good quality research. In this subsection, we outline how 

we worked and solved issues related to validity, reliability, and generalization of our master 

thesis. 

 

3.6.1. Validity and Reliability 

Reliability 

Reliability addresses the repeatability of the experiment, and if replication is possible and the 

results will be the same. There are two keys to reliability in a case study context; first, a case 

study protocol, and the development of a case study database. The case study protocol is the 

interview guide, and the case study database could be copies of the completed interview guides, 

transcriptions, recordings, and secondary data collected (Ellram 1996). We provided our 

interviewees with the interview guide a couple of days before the interview. The interviews 

were transcribed, and then we sent the transcriptions back to our interviewees that they could 

verify the information and corrected it. This communication allowed us to avoid any possible 

misunderstandings.  
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During the interviews, we as researchers tried to avoid expressing our own opinions that could 

lead our interviewees in the undesired direction. We paid particular attention to how we 

interpreted the information obtained from the primary data. It was necessary because the way, 

researcher interprets the data, provides guidelines for the outcome of the study.  

 

Secondary data was also used as a way to increase the reliability in our investigation. Secondary 

data from articles, the annual reports of the focal company, and press-releases supported 

primary data. This data is out there and could be used by anyone if they want to conduct a 

study. 

 

Validity 

According to Easterby-Smith, Thorpe, and Jackson (2015, p. 343), validity is defined as "the 

extent to which measures and research findings provide an accurate representation of the 

things they are supposed to be describing." We ensured validity by constructing a good 

research design and methods to collect data. We triangulated our data collection, and we 

ensured to use a combination of multiple data sources to get perspectives of the investigation. 

According to Creswell and Creswell (2017, p. 274), this adds validity to the study.  

 

3.6.2. Generalization 

The case study has been criticized because one cannot generalize from a single case study, 

and therefore it is unscientific (Flyvbjerg 2006). The issues of generalization of case studies 

presented by Flyvbjerg (2006), we used these attempts for solutions to solve our 

generalization. Our case is based on knowledge within the context of CE principles and 

sustainable SCM. Flyvbjerg (2006) argues that concrete context-dependent knowledge is 

more valuable than predictive theories. Further, our case could contribute to the development 

or a supplement to other methods, and therefore one can generalize based on this single case 

study (Flyvbjerg 2006). Since one can generalize from a single case-study, it is not limited to 

generating and hypotheses testing. We, as researchers, have had continuously in the back of 

our mind not to be biased of the data, and according to Flyvbjerg (2006) researchers, bias is 

also happening in other research methods. We presented the historical development of how 

CE principles evolved as a narrative and this narrative was helpful to present our findings and 

make them generable.   
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According to Yin (2018), there are two categories of generalizing the results form a case study: 

statistical and analytical generalization. Statistical generalization relies on research based on 

surveys there a conclusion is made about a population based on empirical data collected from 

a sample. Analytical generalization relies on the case studies, and the findings go beyond the 

setting for the case. The theoretical propositions from the initial design of our case study form 

groundwork for our analytical generalizations (Yin 2018).The findings in this master thesis 

were generalized through analytic generalization as the most common case study approach. 

Previous research was compared with the findings received from the case study.  

 

3.7. Research Ethics 

In research, ethics are according to Saunders, Lewis, and Thornhill (2016, p. 264) "standards 

of behavior that guide your conduct in relation to the rights of those who become subject of 

your work, or affected by it." When we conduct our investigation, we will encounter ethical 

concerns. Ethical concerns could appear in all stages of research, when we approach the 

company we were open with the company about the investigation and the thematic, we obtained 

what Saunders, Lewis, and Thornhill (2016, p. 222) calls traditional access there we had face-

to-face interaction as mention earlier with interviews and observation. Ethical considerations 

need to be reflected in the research process (Creswell and Creswell 2017, p. 146). Molde 

University College has rules that we as investigators need to follow, and these cohorts with 

Creswell and Creswell (2017, p. 153) notations of do not plagiarize, falsifying authorship, 

evidence, data, findings, or conclusions.  

 

Before the data collection, we sent the informed consent to our interviewees, which provided 

them with the depiction of our investigation, and the information about their rights when 

participating as interviewees. The interviewees asked to be anonymized, and according to 

Saunders, Lewis, and Thornhill (2016), once the promise of confidentiality and anonymity, it 

is essential to make sure that these are maintained. This anonymity also applies when we 

analyze the collected data from the interviewees (primary data). This is the reason why we 

have gone to great length to ensure that the interviewees are anonymized, and quotes used 

from them cannot be traced back to the interviewees. Before starting data collection, we 

needed to get approval from Norwegian Centre for Research Data (NSD), we had to explain 

and justify how and why we needed to collect data and how we stored our data, and what 

kind of data we stored. All personal data and recordings were stored in a data cloud that 
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encrypted the data. In order to get access, one needed a password, and it was visible of whom 

had been in the system. Based on this, we feel secure that we have done everything to secure 

good ethical standards during the investigation. 
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4. The development of the paint industry in Norway: Context 

and case description  

This chapter of the master thesis describes the research context that is the paint industry in 

Norway, as well as presents the empirical case. The focal company is the largest paint and 

coating company in Norway and has considerably affected the development of the whole paint 

industry since the 1920s. We combine here both the context description and case presentation 

to make the reasons for the arrival of CE principles into the paint production more vivid. We 

begin with a presentation of the main characteristics of paint products to show their harmful 

effects on the environment and danger for both the employees and end-users. Then, we follow 

the historical development of the paint industry in Norway to recognize the reasons for the 

arrival of CE principles. Also, we consider the change in regulations and requirements for the 

paint industry in Norway. This chapter ends with the description of a new practice of paint 

production based on the CE principles. 

 

4.1. Main characteristics of paint products 

The paint production is historically well known as not being environmentally friendly. Its 

products contain harmful chemicals and substances that are dangerous for the environment and 

people – both employees and end-users. 

 

A special industry 

The paint and coating industry is fragmented into numerous market segments that generally 

fall into either decorative paints or industrial coatings. The focal company is a manufacturer 

and distributor of paints and coatings, and it provides paint products within four segments: 

marine coatings, protective coatings, powder coatings, and decorative paints. The distribution 

of sales in each segment in 2019 is shown in Figure 4.  

 

 Figure 4: Percentages of sales in 2019 (adopted 
from the company’s report) 
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The paint products in each segment are developed to meet the need of numerous industries and 

markets, which makes the paint and coating industry unique. Marine coatings are provided to 

the Newbuilding, Drydock, and SeaStock markets, and the focal company is a world-leading 

supplier within this segment. 

 

Further, protective coatings are sold to companies active in industries related to offshore, 

energy, infrastructure, and hydrocarbon processing. The focal company supplies powder 

coatings to companies active in sectors related to appliances, furniture, building components, 

pipelines, and general industries. Decorative coatings are provided to commercial buildings, 

public buildings, and homes, serving both professionals and homeowners.  

 

The manufacturing process and its effects on the environment 

The manufacturing process of paints and coatings are quite different, though it technically can 

be divided into the same stages. Figure 5 shows a basic outline of the technical stages of paint 

production. 

 

 

Figure 5: An illustration of paint production (adopted from the company’s report) 

 

The four stages in paint production include premixing, dispersion, adjusting, and filling, and 

the sequence in which they come is essential. In the first stage are pigments, binders, solvents, 

and additives weighed and mixed. Paint is either oil-based or water-based, and they each have 

distinct characteristics. Oil-based paint uses organic substances as a solvent, which is the liquid 
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that carries the solid components in the paint. The solvents are, for example, mineral spirits, 

turpentine, and ethylene glycol (Folkehelseinstituttet 2017). The primary purpose of using a 

solvent is to get the correct consistency for application by brush, roller, or spray. In water-

based paint, there are no solvents. The pigments are fine solid particles that contribute to color 

and opacity (hiding powder) to the paint and protect the binders and substrate from UV 

degradation. Extenders are natural or synthetic minerals like talc and clay, which are evenly 

dispersed in the paint. An essential component is the binder (or resin), which binds the pigments 

“like glue” and sticks them to the surface. The last component is the additives, which are the 

specialized components that give the products their final performance and characteristics. The 

second stage is dispersion, which is critical for the quality of the product. During this process, 

the air surrounding the pigments and extenders are replaced with binders, grinding functions 

ground the interconnection between pigments in lumps so that each pigment can be 

moisturized, and the final mixture is stabilized by adding more binders. The next stage is the 

adjusting, where the mixture is drained into large tanks, and binders and additives are added. 

The mixture is then adjusted with color and viscosity. Before the product is filled into 

containers, it goes through a quality control inspection to check factors such as consistency of 

the paint and its suitability for the application and to measure the weight to control if all the 

right raw materials have been added. Figure 6 shows the outline of powder coating production. 

 

 

Figure 6: An illustration of powder coating production (adopted from the company’s report) 
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The process can be divided into five stages: mixing, compounding, cooling and flaking, milling 

and classification, and collection. In the first stage are the raw materials accurately weighed 

and mixed, as in paint production. However, a significant difference is that solvents are not 

used in powder coatings. In the compounding stage, the mix goes into an extruder where it is 

melted. During the third stage is the mixture cooled and broken into small flakes using a 

crusher. The milling process ground the flakes into a fine powder with specified particle size. 

If there are any oversized particles, an airstream sorts them out and drop them down for a return 

to the milling chamber. The last stage is the collection. This may be a cyclone in which powder 

falls to the bottom while air is exhausted from the top, filtered, and then exhausted into the 

atmosphere or a bag filter system. 

 

The environmental impact and the risks for both the employees and customers of the 

manufacturing of paints and coatings are diverse. Traditional painting materials and the 

manufacturing process can have harmful effects on the environment, i.e., through volatile 

organic compounds (VOCs), antifouling paint, and the use of heavy metals. The solvents used 

in oil-based paint often contain high quantities of VOCs, which are gases emitted from various 

substances in the solvents. VOCs can cause high levels of ozone and urban pollution, and lead 

to short- and long-term health effects for both employees and customers, such as damage to the 

brain, the nervous system, allergies, asthma, or other types of illness (Allergiviten 2016). The 

risks also include chemicals in manufacturing that are corrosive to the skin or dangerous 

through inhalation of hazardous fumes.  

 

Further, antifouling paint (or bottom paint) is used to protect the hulls of boats from fouling by 

marine organisms. The most common form of antifouling coatings acts by releasing toxic 

compounds into the seawater adjacent to the surface. This process presents a harmful effect on 

the environment as these chemicals prevent the settlement and growth of fouling by killing the 

settling organisms (or disrupting their biochemistry) before they become permanently attached 

(Bleile and Rodgers 2001).  

 

Lastly, heavy metals are present in the pigments in paint products. The exposure of heavy 

metals may lead to adverse health impacts such as unfavorable conditions of the respiratory, 

cardiovascular, and gastrointestinal tissues as they interfere with various physiological and 

biochemical processes (Ogilo, Anam, and Yusuf 2017). Consequently, due to the adverse 

effects mentioned, many requirements are needed to secure the safety and health of the 
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employees and the customers. Thus, numerous regulations and practices have evolved 

throughout the historical development of the Norwegian paint industry.  

 

4.2. Historical development of the Norwegian paint industry 

The focal company is the largest paint and coating company in Norway, as well as it is 

considered one of the largest companies in the global industry with manufacture and 

distribution facilities on all continents. The company’s head office is located in Sandefjord.  

The city has a close relationship with different segments of the ocean industry, which has been 

essential for the historical development of the company since its establishment in the 1920s. 

 

The production of paint products during the 1920s was a lot different from how it is today. The 

retailers had a variety of oils, lacquer, turpentine, and dry pigments. The consumers bought the 

necessary raw materials in bags and bottles and then stirred it together as well as possible. In 

the premixed paint products were detergents, such as lye, ammonia, soda, green soap, and any 

kind of chemicals central. These products were bought in bulks at the paint retailers, as the 

grocery stores had to sell them in containers. Also, essences from almond and lemon, baking 

powder, and ammonium bicarbonate could be used in the paint (Bryn 1997, p. 41). Today, most 

of these materials and products are sold in sealed containers and labeled as hazardous.  

 

Dangerous working conditions 

During the 1950s, Norway was in the process of rebuilding the country after the war. There 

was a high demand for paint products, and the paint companies sold their products with good 

profits as it was a cheaper option wallpaper. At this time, Norway had the highest paint 

consumption per capita in the world, and the Norwegians appreciated high-quality paint 

products (Bryn 1997, p. 16). During this time, a healthy work environment was not considered 

as vital in paint manufacturing. There was little knowledge of the effects on the employees of 

working with the raw materials and chemicals. The lack of ventilation in the factories made it 

hard for the employees to breathe due to the strong fumes from solvents. The windows could 

not be opened, and the solution was to break the windows. Consequently, the windows were 

often replaced – and then broken again. Also, there was a high risk of fire in the facilities. 

Antifouling, consistent with many dangerous chemicals, was drained right next to huge ovens, 

and open fires were used for cooking alkyds. Alkyds are still one of the most important solvents 
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in many paint products. Also, mercury and arsenic were common chemicals in antifouling, but 

it was not considered as dangerous to the workers in the factory (Bryn 1997, p. 80). 

 

The rapid development of new products 

In the 1960s and 1970s, there were too many paint companies, and the competition in the 

industry increased. All the companies had large debts due to investments in new facilities, and 

the market growth was at a standstill. Consequently, in 1971 did the four largest paint 

companies in Norway merge into one (the focal company) to secure growth and reduce costs 

(Bryn 1997, p. 16). The merge resulted in a new market structure as the focal company became 

the largest company in the Norwegian paint industry with a market share of 90% (Bryn 1997, 

p. 238). Initially, the focal company was a dominating actor in the marine paint segment in 

both Norway and Europe because of its products and technologies. This was connected with 

large orders from the many whaling companies in the area, which needed paint products for 

their vessels. One of the most important features of the merge was a higher focus on the 

development of other types of surface treatments. At this point, there was a rapid development 

in the chemical industry, and a variety of new raw materials contributed to new paint products. 

Especially was the introduction of polyester as a binder system in paint products essential for 

further growth. Polyester coatings have high abrasion resistance, making them ideally suited 

for application on decks and walkways, hulls of icebreakers, steel structure, and concrete. 

However, polyester paint products have a negative side effect as it causes microplastics to be 

released into the surroundings, which causes undesirable impacts on the environment and 

society. As noted by one of the interviewees: “It was a fantastic development when we went 

from lead to plastic in paint products. Nevertheless, it is clear that the plastic ends up in our 

oceans.” Today, paint is the second-largest source of microplastics in the Norwegian ocean 

(Miljødirektoratet 2019).  

 

Social and environmental issues for local communities 

Although new chemicals and products were developed in the 60s and 70s, many of the raw 

materials that were used represented a potential danger for both employees and end-users of 

paint products. As an example, lead paint was previously commonly used in both decorative 

and industrial paint products. High exposure to lead may cause increased blood pressure and 

increased risk of cardiovascular disease (Folkehelseinstituttet 2015). Some restrictions of lead 

in decorative paint products were introduced in Norway as early as in 1921, and lead was 

substituted with zinc and titanium in many products (Ottesen 2012). Although lead has been 
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banned in many countries, lead from paint products continues to be a potential health risk due 

to old paint on houses and buildings. In 2014, the focal company phased out lead chromates 

from all formulations for all product categories.  

 

Another example is the previous usage of Tributyltin (TBT) in antifouling. The compound 

became popular in the 1970s as it prevented the growth of marine organisms. In 2008, TBT 

was banned after it was discovered that it led to the collapse of local populations of organisms. 

Along the Norwegian coastline, especially the dog whelk (a type of snail) was at risk because 

TBT made the species change sex (NIVA 2019). Polychlorinated biphenyl (PCB) was also a 

popular compound in paint products in the 60s and 70s. PCBs are highly degradable and have 

high-fat solubility. These properties cause PCBs to be stored in fat-rich parts in organisms. It 

has been discovered that PCB can cause a variety of adverse health effects in humans and 

animals, such as cancer, and effects on the immune system and the reproduction system (EPA 

n.d.). Today, PCB is banned.  

 

During this time, vast quantities of substances such as TBT and PCB were leaked in the fjord 

of Sandefjord due to the high frequency of boats in the area. Further, a special report indicates 

that the focal company dumped 500 tons of paint residue in the water during the 70s and 80s, 

causing high values of pollutants in the fjord (Wiborg 1999, p. 13).   

 

First signs of change in existing practice 

Despite such significant social issues like health risks linked to the dangerous substances and 

the negative environmental impact, the Norwegian society was not concerned so much with 

issues regarding health and pollution from organic solvents in the 1960s. However, during this 

decade, professionals in the paint industry started to focus on safer products and a safer working 

environment. This focus resulted in increased efforts to reduce the solvents in paint products, 

and in 1983 was the first of the focal company’s low-solvent products launched (Bryn 1997, p. 

325). As the interest for the negative impacts on the environment increased, the focal company 

developed more products with fewer solvents, as well as water-based paint products. During 

the same period, powder coatings were introduced as an environmentally friendly alternative 

to other paint products. The use of powder coatings has several advantages compared to wet 

paint. First, emissions of solvent vapors to the atmosphere are eliminated, as well as potential 

health effects for those who do the paintwork. Waste is also significantly reduced. Powder 
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coatings are used for industrial surface treatment, both for decorative purposes and corrosion 

protection (Bryn 1997, p. 330).  

 

Accident  

In September 1976, the focal company experienced an explosion in its manufacturing facility 

in Sandefjord. The explosion led to a massive fire, and six people were killed. The fire occurred 

as a result of a leakage of a highly flammable product in the paint factory called shop-primer. 

This product is a marine paint product that needs to dry quickly when applied, and, therefore, 

contains large amounts of solvents that evaporate quickly. A piping connection underneath the 

tank containing the shop-primer cracked and the paint was sprayed out. An employee 

discovered that there was paint pouring down from the floor above, and he ran upstairs to 

attempt to close off the valve between the tank and the piping connection. During the attempt, 

he got the paint in his face, which caused him to be temporarily blinded. Despite the attempt, 

the employee did not manage to close it off. He tried to warn other employees on his way out 

of the building, but could not see anyone. Simultaneously, thousands of liters of paint poured 

out. The solvent vapor from the paint, which weighs more than air, found its way through an 

open door on the floor below. On this floor, there was an oven, and consequently, the gas was 

ignited, which caused the explosion (Bryn 1997, p. 274). The entire building collapsed, and 

tanks with chemicals were caught on fire. This resulted in a fierce pillar of fire, reaching 400 

meters into the sky (Bryn 1997, p. 267). Although the risks connected with health concerns and 

fire safety had received more attention during the 60s and 70s, the fire shook all the focal 

company's employees and management, the industry as a whole, the local community, and the 

entire nation.  

 

Immediately after the explosion, there was a concern that there could be another explosion, and 

about 200 of the local residencies were evacuated to schools and hotels outside the estimated 

risk zone. The reason for this decision was that the police received information about the vast 

quantities of solvent-containing binders and polyester that were preserved on tanks inside the 

mountain behind the facilities of the focal company. The fear was that the fire would spread 

inside the storage halls, and consequently blow up the entire mountain. In reality, there was no 

risk of such an explosion due to limited oxygen in the storage halls, but the police took every 

precaution (Bryn 1997, p. 268). An additional concern was if the chemical fumes would be 

dangerous for the residence near the factory. This concern was especially connected with 

another chemical accident earlier the same year, known as the Seveso disaster. A small 
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manufacturing site in Italy had an accident which caused one of the highest exposure of 

chemicals in residential populations, resulting in acute skin disorders, as wells as long term 

effects on farming, and numerous health issues for thousands of people (DSB 2017). It was 

quickly established that the exposure was not an immediate danger (Bryn 1997, p. 271). 

Though, our data do not say anything about the long-term health effects on the local residents.  

 

An inevitable consequence of the fire was the substantial amount of paint and raw materials, 

as well as cans, barrels, and building parts, that ended up in the fjord adjacent to the facilities. 

Back then, the negative impact on the environment was not underlined as significant. Much 

later, in 1994, the first examinations of the contamination in the fjord were conducted. The 

results of the analysis indicated that the fjord was loaded with pollutants such as PCB, TBT, 

lead, and mercury. The question about whether there was a current source on land that caused 

the pollution was raised. In 2001, new analyses by the Norwegian Institute for Water Research 

(NIVA), assigned by the municipality of Sandefjord, were conducted. The conclusion was that 

the area around the focal company was likely to be one of several local pollutant sources. It 

was believed that drains from the contaminated ground had to be the cause of the pollutants. 

However, the swirling of contaminated sediments was not considered to be any source of 

significance.  

 

In 2005, the focal company invited NIVA and Norwegian Geotechnical Institute (NGI) for 

further analysis both on land and in the fjord outside the facilities. In the seabed adjacent to the 

focal company, high concentrations of many environmental toxins were found, including PCB 

and mercury. The highest concentrations were found a few centimeters down in the sediments 

in the area closest to the buildings that burned down in 1976. Age determination analyzes 

confirmed that the most considerable contamination of environmental toxins was from the 

same time as the explosion. It was also proved likely that the pollutants from the area lead to 

pollution in the adjacent areas in the fjord, probably due to swirling caused by shipping traffic. 

Further analyses showed that there was a formation of methyl mercury in the sediments that 

were bioavailable for animals living on the seabed (Aagaard 2010). Methyl mercury is a 

hazardous substance that is condensed through the food chain, ingested by humans, and 

consequently affects human health (Hong, Kim, and Lee 2012). The risk of human health, as a 

direct consequence of mercury from the relevant sediment areas, was considered low. 

However, the risk to certain bioaccumulation (risk to the ecosystem) could not be ruled out 

(Aagaard 2011). 
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4.3. Effects of the accident: new regulations and practices for the paint 

industry in Norway 

The accident in 1976 was, in a way, a starting point of significant changes in the Norwegian 

paint industry. In the years after and up until today, numerous new regulations and practices 

have been implemented to ensure safer and more environmentally friendly production of paint 

products. Some of these changes were a direct consequence of the accident. In contrast, other 

changes have been implemented due to an increased focus on sustainable practices in the 

industry during the last two decades. As noted by one of the interviewees:  

“The employee awareness concerning safety has changed tremendously since the 

1970s. At that time, safety equipment was not important. While today, every worker has 

personal safety equipment. The whole attitude has changed. Also, the accident in 1976 

showed how dangerous paint production really could be.”  

 

4.3.1. New regulations 

Today, the focal company is subject to many rules and regulations to ensure a safe workplace 

and to reduce the negative impact on the environment.  

 

Internal Control Regulation 

The accident in Sandefjord led to a review of internal control auditing for Norwegian 

companies dealing with dangerous substances. The accident also contributed to the 

establishment of the Internal Control Regulation, which is a regulation on Norwegian 

companies' responsibility regarding systematic HSE activities (Internkontrollforskriften 2014). 

After the accident, the focal company built a new factory following new and stricter technical 

requirements. It was argued later that the requirements made by the government were too strict 

in the rebuilding process due to unclear requirements and regulations concerning the prevention 

of fire and explosion. However, the focal company did not want to save anything on health and 

safety concerns. In subsequent years, the focal company became a company with a high focus 

on HSE, fire safety, and preparedness (DSB 2016). In 1993, the focal company received the 

certificate “Highly Protected Risk,” which identified the best classification that was possible 

to receive and claimed the focal company as a leader among all the Norwegian companies in 

the paint industry (Bryn 1997, p. 305). 
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The Substitution Principle 

As a consequence of the usage of dangerous substances in the paint industry, the Substitution 

Principle was enforced in Norway on January 1, 2000. Chemical companies must evaluate 

existing formulations to determine if they can replace hazardous substances with less harmful 

alternatives (Miljødirektoratet 2000). The focal company’s chemical policy is to substitute 

hazardous raw materials whenever it is possible while maintaining the quality of the paint 

product, even if the chemical is not restricted by legislation. The company recognizes that 

chemicals may represent a risk to its customers, employees, property, and the environment. 

Thus, assessments of chemicals are essential to reduce the risks to a minimum. The Substitution 

Principle also enforces companies to prevent pollution and to reduce the risks associated with 

the use of hazardous substances. 

 

Limitations of VOC 

VOCs (volatile organic substances) used in paint products can give chronic health effects and 

contribute to high levels of ozone and smog at ground level. Therefore, they are regulated in 

many countries. In 2007, the Directive 2004/42/EC (the so-called VOC Paints Directive) 

entered into force by limiting values of VOC content due to the use of organic solvents in 

certain paints and varnishes (European Commission 2019). This regulation includes the 

industrial and chemical companies in Norway through membership in the European Economic 

Area (EEA). One interviewee stated how the focus on VOC has improved the standards in 

manufacturing. One of the interviewees stated:  

“The most dangerous for the employees are damages due to solvent intoxication. This 

could lead to tendon damages that are not discovered right away, but maybe ten or 

even twenty years later. This is why we have something called a VOC extractor. It filters 

out the particles that are harmful and turn it into fresh air”. 

 

REACH 

In June 2007, the European Union’s (EU) chemical regulation REACH (Regulation, 

Evaluation, Authorization, and Restriction of Chemicals) was entered into force (ECHA n.d.). 

The main objective of the regulation is the improvement of the protection of human health and 

the environment. Thus, the regulation aims to improve the knowledge about hazardous 

chemicals, increase the availability of information to the public, improve management of risks 
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associated with the use of chemicals, limit and replace the use of the most hazardous chemicals 

that pose a risk, and encourage innovation and development of less hazardous chemicals. This 

represented a significant challenge for the companies in the industry, and the focal company 

prepared for this challenge by screening all substances, raw materials, and products. Today, 

more than 20 employees in the focal company work with product documentation following the 

REACH regulations. Among other matters, this department works with safety data sheets, 

which are documents that list information relating to occupational safety and health for the use 

of the paint products. Without this information, the production of paint products is to be 

stopped.  

 

ADR  

The transportation of paint products is heavily regulated under the ADR agreement, which is 

an international regulation of transportation of dangerous goods within the EEA. The 

agreement came into force in 1968 in the EU but was not enforced in Norway before in 1976 

(ADR 1957). It has since been amended and updated to ensure safe transportation for humans 

and the environment. The purpose of ADR is to prevent and guard against unwanted incidents 

in road transportation, which comprises every aspect of transportation, including vehicles, 

loading and unloading, and packaging of dangerous goods.  

 

The focal company outsources its external transportation of paint products. Nevertheless, the 

company is accountable for making sure the transportation is performed according to the 

current transportation contracts, as well as the ADR regulations. In recent years, the focal 

company has changed its approach to transport contracts. One of our interviewees said: “In the 

past, it was largely price-driven, now it is much more driven by that we operate properly, have 

good materials, and we avoid accidents.” A transport advisor has the responsibility to audit 

the transportation company, and to ensure that they comply with what is agreed upon in the 

contract. Also, the focal company needs to make sure that the goods are labeled correctly 

regarding the classification of danger. The transport of raw materials are usually in big bags or 

IBC tanks, and the finished products are usually on pallets.  

 

4.3.2. New practices 

Since the accident, there been many changes to the previous practices.     
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International practices for emergency psychiatric response 

An important effect of the accident in 1976 was the start of international practices for the 

emergency psychiatric response for industrial accidents. On the same day of the accident, two 

doctors, Arne Sund and Lars Weisæth conducted psychiatric examinations of the workers who 

were inside or near the factory, as well as the people who helped to extinguish the fire (Bryn 

1997, p. 290-291). These examinations have later proved to be important, as the study helped 

to map the reaction patterns of the employees after being inflicted with such a stressful incident  

(Os 2011). The immediate time after the accident has later been described as a “warlike” 

situation for the employees, as well as for the locals that quickly had to move out of their homes 

(Bryn 1997, p. 274). Some of the employees had been sailors during the second world war, and 

an interesting finding in the study was how this group had acted in a rational matter and shown 

leadership during the accident (Bryn 1997, p. 290).  

  

At that time, emergency psychiatry was almost an unknown term, and such examinations were 

carried out for the first time in international medical history. In cooperation with the focal 

company’s occupational health services, the two doctors initiated a research project over four 

years. Personal interviews, medical examinations, tests, and surveys were conducted of those 

employees who were at the epicenter of that explosion and those who were not there. The study 

showed that if one can quickly identify where an individual is in an accident, as well as the 

person's level of preparedness or training, one can also predict the reaction pattern afterward. 

The accident gave rise to corporate business models in international crisis psychiatry and 

formed the basis for international diagnostic standards and prevention of post-traumatic stress 

disorders. (Bryn 1997, p. 290-291).    

 

Lessons learned 

A higher focus on fire safety and health, safety, and environment (HSE) practices was the 

biggest lesson in the aftermath of the accident. One of the interviewees said: “The fire was 

perhaps the first real wake-up call. Moreover, it put HSE on the agenda in a different way than 

before.” Work on the focal company’s HSE standard began in 1994, and in 1998 it was 

introduced throughout the factories. Since then, the standard has evolved into a systematic HSE 

program. The focus on HSE is a top priority among management and employees. As 

emphasized by one of the interviewees:  
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“The focus on safety has increased even more during the past 8-10 years. This is 

connected with the management’s high focus on HSE. As an example, the standards for 

tidiness and cleaning have improved massively. You would not recognize our factories 

from 10 years ago.”   

 

Today, the program comprises 15 HSE and quality elements, including features such as risk 

management, training, industrial safety, personal safety, and occupational health. Also, new 

HSE practices have been developed, i.e., “Lessons Learned,” “Near Miss,” and the “I Care” 

campaign. In case of a fire or serious damage, “Lessons Learned” is sent out to every employee 

in the focal company. It describes what happened, how it happened, and if any measures need 

to be taken. The “Near Miss” program encourages employees to report incidents that could 

have turned into an accident. In this way, the company can learn how to prevent it from 

happening again. The “I Care” campaign was launched in 2014, and the concept is designed to 

involve important themes relevant to specific topics of HSE. Every year, the focal company 

runs a mandatary campaign topic with the focus on engaging employees, raising safety 

awareness, and reducing operational risk. Besides, the local facilities run two HSEQ initiatives 

tailored to address their own specific needs and risks for the environment. These have 

documented positive impacts on employee behavior and safety, as demonstrated by 2018’s 

mandatory campaign targeting the ‘man-machine interface,’ which reduced relevant lost time 

injury rates by 48 percent. In 2019, the campaign was about static electricity, which is a 

significant risk in areas where solvents are stored and used in manufacturing processes. As 

emphasized by one of the employees:   

“There are many rules regarding electrical equipment. It is in the back of everyone’s 

mind that if there is a fire here, it is quite scary and dangerous. Thus, we have a great 

industrial safety, which includes 90 industrial safety workers. We have firefighters and 

smoke divers. So there is a big focus on that.” 

 

Cleaning the fjord of Sandefjord 

Subsequently to the examinations, as mentioned earlier, of the fjord of Sandefjord in 2005, the 

Norwegian government ordered a cleanup of the seabed adjacent to the focal company. In 2008, 

42 tons of metal, construction elements, and various sorts of trash were removed from the 

seabed. The following year, the environmental measures were implemented. In the critical area, 

50-100 centimeters of the sediments were dredged and brought to a landfill. Then, the muddy 
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area was covered with pebbles (ca. 2900 m3) before fine crushed rock (sand) was laid on top. 

Moreover, the areas nearby the critical area were covered in fine crushed masses (a total of 

about 6300 m3). Several measures to prevent damage to the surrounding environment and 

contribute to controlled management of water-borne particles during the dredging were 

conducted. One such measure was to use silt curtains to reduce the dispersion of contaminated 

sediment, which proved to be effective. As a supplement to the environmental measures, ten 

artificial reefs, shown in Figure 7, were situated on the seabed as habitats for marine fauna in 

2010 (Aagaard 2010).  

 

 

Figure 7: Artificial reef for large fish (adopted from Aagaard (2010, p. 26))  

 

The analysis of the sediments after the dredging showed that there were relatively significant 

differences in the presence of environmental toxins. Figure 8 presents a graphical 

representation of average values from analysis of lead, mercury, and PCB before dredging, 

after the first dredging in April 2009, and after the second dredging in June 2009. The colors 

indicate the condition classes for contaminated soil. Red categorizes as class V (very poor), 

orange is class IV (poor), and yellow is class III (moderate). Although the objective of the 

dredging was to reach classification II (good) or better was obtained for all samples analyzed, 

the short-term effects were considered as satisfactory due to the significant intervention the 

projected represented (Aagaard 2010).   
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Figure 8: Analysis of lead (Pb), mercury, (Hg), and PCB in the fjord. (adopted from Aagaard (2010, p. 23)) 

 

Despite the focal company’s efforts, the fjord of Sandefjord was still categorized as one of the 

most polluted sea areas in Norway. Therefore, a new project to clean the fjord was set in motion 

in 2017. This time, the Norwegian government covered most of the costs related to the project, 

which made it possible to clean a larger area. Other parties contributing to the project included 

the municipality of Sandefjord and actors in the local industry. The focal company was the 

investor form the local industry that invested most, with its contribution of 2,7% of the costs, 

equivalent to NOK 4,6 million (Miljødirektoratet 2016). Between 2017-2018, about 50 000 m3 

contaminated soil was dredged and removed from the seabed of the fjord. Then, an area of 

about 1 000 000 m2 was covered with crushed rocks. The seabed will be monitored until 2023 

to ensure that the covering works as intended (Sandefjord kommune n.d.).    

 

Risk assessments 

Every employer that runs a business where the employees are dealing with dangerous 

substances must ensure their safety. The employer must identify and assess the risk of all 

substances and chemicals used at work to prevent health damage. In Norway, 20% of all cases 

of lung cancer are caused by hazardous chemicals at work (Arbeidstilsynet 2019). The focal 

company has a chemical risk assessment every other year, which is provided by an external 

auditing firm. This assessment includes critical factors such as exposure of chemicals for 

employees, including how long each employee is allowed to be exposed in one go, and the 

chemical dangers at the focal company’s manufacturing site. Although many of the raw 

materials and products are not classified as hazardous, some substances have a high degree of 

a health hazard - which requires practices that help the employees to act cautiously. As the 

assessment is outsourced, the focal company cannot influence the outcome and will have to 
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change practice if there are any issues related to the health and safety of the employees. The 

last risk assessment was conducted in 2018. It concluded with improved practices since the 

previous assessment due to factors such as better routines, clearly marked packaging, well-

equipped ventilation and extraction systems, and a high focus on protective measures as a result 

of personal protective equipment. Besides, the assessment stated that most of the workplaces 

in manufacturing have short exposure time and low exposure to chemicals. 

 

4.3.3. Building new practices to improve logistics operations and environmental 

performance 

The focal company invested significantly in its facilities to improve logistics performance, as 

well as to improve its environmental performance. The company always builds its own 

facilitates from scratch. By doing so, the company has the opportunity to monitor the process 

to make their facilities as energy- and resource-efficient as possible, as well as to ensure the 

safety and HSE aspects. This process includes factors such as LED lights, noise, pollution, 

energy consumption, ventilation, heating, and cooling. When possible, daylight and natural 

ventilation replaces technical solutions. 

 

Modern and advanced warehouse 

Already the same year as the accident, the rebuilding of a new storage unit for finished products 

started. Before the accident, the management had made a partial plan to gather all storage 

facilities in Norway into a central warehouse on a new property in Sandefjord. Some rough 

drafts had already been drawn up, and the plans included highly technological solutions to meet 

future demand. However, there had been discussions if it was necessary and cost-effective to 

make such a significant investment. The accident led to a quick decision to move forward with 

the plans.    

 

In 1978, the building project was finished, and the technological solutions made the warehouse 

the most modern and advanced storage unit in Europe. The facility was built to be fully 

automatic storage where robotic cranes would place and retrieve goods controlled by a 

computer system. As orders were placed in the system, the automatic cranes would pick out 

the right pallets, and then send them into the picking stations. Here, the operators picked out 

the right number of paint cans per customer. As soon as the pallet was pre-packed, it 

automatically was sent to a labeling station and further to the car loading area. The system 
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could handle 205 pallets in and out of the facility per hour, and the manual handling was 

therefore minimized. The new warehouse system led to a high degree of security against error 

deliveries as the system knew how many units should be on each pallet. This information was 

logged by weighing the pallets at a checkpoint before labeling. Another benefit of the new 

warehouse was a more accessible and systematic placement of seasonal paint products. As an 

example, paint products used for outdoor painting was placed near the exit point. In this way, 

the cranes spent less time to pick out the products that had a high demand (Bryn 1997, p. 294).  

 

Manufacturing in closed systems 

In 1991, a manufacturing facility was built next to the warehouse. The factory was built “to 

meet the environmental demands of tomorrow,” meaning that it was built according to 

requirements of how to reduce emissions and to ensure healthier working conditions for the 

employees. The new manufacturing system made sure that all processes from weighing the raw 

materials to the pouring of the finished products were in closed systems. As noted by one of 

the interviewees: “One measure that has reduced the danger in paint manufacturing is that we 

put all the processes into closed systems.” The processes became fully automated, as well as 

more efficient. The new system ended heavy lifting, and odors and dust from the production 

were significantly reduced (Bryn 1997, p. 355).   

 

In 2019 the focal company installed a new high speed, fully automated filling lines in the 

manufacturing facility. By using new technology in manufacturing, the focal company reduces 

the operational risk for the employees and mitigates problems with filling the paint products 

into cans. This reduces waste of obsolete goods, as well as the need for rework due to fewer 

errors. However, one drawback of the new system is that it requires more water for washing 

operations. The new production line was implemented as the first phase of the ongoing upgrade 

of the facility.  

 

Reduced internal transportation costs 

At the cost of NOK 500 million, a new manufacturing facility was opened in 2012, and it serves 

the Scandinavian market (Coatings World 2012). The facility was built according to the 

environmental program initiatives, equipped with the latest technology to improve safety, 

working conditions, and environmental performance. The improvements and efficiency gains 

for the facility included a reduction of CO2 emissions from internal transportation, new 

production which enables a reduction in the use of solvents and use of less hazardous 
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chemicals, waste reduction due to the application of new technology, cleaning and recycling 

of waste instead of disposal, and a reduction in energy consumption.  

 

Before the opening of the new factory, the focal company’s costs of internal transport were 

NOK 11 million each year. The company operated with 5500 truck movements, which equated 

to a total of 250.000 kilometers driven and 185 tons of CO2 emissions each year. With the new 

warehouse, the company reduced its truck movements by 77%, the driven kilometers by 82%, 

and their CO2 emissions by 81%. Also, they cut their internal transportation costs by half 

(Moderne Transport 2010). 

 

BREEAM standard 

The focal company is currently building a new corporate and research center in Sandefjord. 

The facilities shall satisfy requirements according to the Building Research Establishment 

Environment Assessment Method (BREEAM) standard, which is a sustainability assessment 

method for master planning projects, infrastructure, and buildings (BREEAM n.d.). The 

standard includes elements such as ecological values, wall thickness, sun protection, cooling, 

lights, airflow, and energy consumption. As noted by one of the employees: 

 “Before we started, we had to research the ecology of the area. There was one big old oak 

that had to be taken care of and fenced in before they started to blast the area”. The importance 

of the BREEAM standard is, according to the company, that this creates a forward-thinking 

and solutions-oriented approach to resolve challenges with energy and water use, health and 

wellbeing, pollution, transport, materials, waste, land use, ecology, and management processes.  

 

Today, the focal company has facilities on three different sites in Sandefjord. The warehouse 

built-in 1978 (now called the Logistics center), the two manufacturing facilities built in 1991 

and 2012, and offices built in 2017 and 2018 are located at Vindal. The administration facilities 

and the binder factory are located at Gimle. The current research center is located in the city 

center. However, it will be moved when the new corporate and research center at Gimle.  

 

4.3.4. Change in the thinking  

The regulations mentioned above were enforced to make the industry safer and more 

environmentally friendly, and new norms and practices have come into practice. Especially the 

accident in 1976 gave rise to new regulations and practices in the industry. Nevertheless, one 
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of the most important reasons for the evolvement in the last four decades is how the thinking 

process changed. The authorities, the management, the employees, and the end-users are more 

aware of the risks and dangers connected with the manufacturing and usage of paint products. 

One of our interviewees gave an example of how the mindset has changed:   

“When I was little, seatbelts in cars were not common. My parents sat in the front with 

seatbelts, while I sat in the back with no seatbelt. Today, this is unthinkable, and so it 

says something about how our thinking process has changed.”  

 

In the same way, a focus on sustainability and sustainable practices in the focal company has 

evolved.    

 

How does the focal company view sustainability?  

The term “sustainability” was used for the first time in the focal company’s reports in 2006. 

However, the concept, including all three aspects of sustainability, did not receive much 

attention before 2010. Figure 9 shows a graphical presentation of how many times the word 

sustainability/sustainable is mentioned in the company’s reports from 2005-2019.  

 

 

 

 

In 2010, the management of the focal company stated:  

"While we remain committed to organic growth, the company has taken bold steps to 

accelerate the implementation of this strategy to ensure long-term sustainable 

development.” and “The company has stepped up its commitment to operate an 

economically, socially, and environmentally sustainable business.”  
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Figure 9: Graphical illustration of a word search from the focal company's 
reports 
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The following year, the focal company launched its environmental program, which describes 

their environmental efforts based around five key objectives: reducing VOC emissions, 

reducing hazardous materials, reducing energy consumption, reducing carbon footprint, and 

reducing waste. The program has allowed them to define, structure, and clarify how the 

company acts and how they aim to achieve enhanced sustainability. 

One of the interviewees explained how sustainability has evolved in the company:  

“If you go back 50 years, the challenge was to remove lead and tin in the paint. This 

was a drive for sustainability, and it was perhaps more important than what we are 

doing today. However, sustainability is continuous work, and now we have put our 

efforts into systems.” 

 

All the interviewees are familiar with the term “sustainable development,” and they all 

confirmed that the focus on sustainability has increased within the focal company during the 

last ten years. However, the perception of the term varies. One of the interviewees told:  

“My perception of sustainability is linked to the fact that we create a company with a 

healthy economy based on long-term decisions and working methods that take into 

account the employees, the environment, the local environment, and the society around 

us. Although we are a chemical production unit, we must offer green solutions and opt-

out of raw materials that can adversely affect people and or the environment.” 

 

Another of the interviewees explained that sustainability is “about safety and environmental 

work and that to avoid waste is one of the most important factors.” This also applies when the 

focal company chooses its suppliers, as it seeks to make sustainable decisions before the 

manufacturing processes. Nevertheless, one of the interviewees emphasized an issue of using 

the term in paint manufacturing:  

“The concept of sustainability is used in many different contexts without really being 

defined. Of course, you can use the Brundtland definition, but it is a bit basic. That is 

why I am careful about using the term. Because if we do, we need to have 

comprehensive documentation that shows that we are sustainable. Moreover, that is 

why very few in the paint industry use the word sustainable products.”        
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Water-based products 

A lot has happened with the use of water-based products during the last decades. Notably, the 

decorative paint segment has increased its market shares for water-based paint products. The 

use of water instead of organic solvents in paint products has contributed to both safer working 

conditions and more environmentally friendly products. One of the interviewees told:  

“A measure to reduce the risks is to use protective equipment. After all, some chemicals 

are corrosive if you get them on your body. However, the most important measure is 

the increased amount of water-based paint products.” 

 

The focal company has made a big step in the development of more health-friendly paint 

products. In 2008, they launched a paint brand that contains no solvents, and it emits no 

dangerous fumes. The brand is the only series of paint approved by the Norwegian Asthma- 

and Allergy Association (NAAF), which has the strictest regulations on paints in the world. 

The focal company states that the level of preservations in the brand is less than the EU’s 

cosmetics directive allows in skin creams. One of the interviewees explained the development:  

“The focus has changed to include the end-user. We work to prevent that the end-user 

is harmed because of dangerous fumes. As an example, some chemicals in paint 

products are reduced because the chemicals may cause allergies when using the 

products. That also includes the people who work here. They are less exposed.” 

 

We found that this thinking process evolvement has a significance of how CE has come into 

practice in the Norwegian paint industry.  

 

4.4. The arrival of CE principles in the Norwegian paint industry 

CE is a relatively new topic in the Norwegian paint industry. Although profoundly influenced 

by the EU’s politics, the Norwegian government has, during recent years, recognized that the 

current laws are not enough to ensure sustainable development in manufacturing. 

Subsequently, it has been decided that Norway will be a pioneer in the development of a CE 

that exploits resources better.  
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CE is gaining importance in Norway 

In March 2020, the EU published “The Circular Economy Action Plan.” CE is a trending topic 

on the political agenda in the EU, and the action plan is highly prioritized in the EU’s green 

growth strategy that ensures a cleaner and more competitive Europe. The efforts of the EU 

have significance for Norway through the EEA Agreement. The action plan contains 35 

initiatives that will be presented over the next three years. The overall purpose of the action 

plan is to provide a framework on regulations for sustainable products. It is estimated that 80% 

of a product’s environmental impact during its life cycle is determined by how it is designed. 

Initially, the notified initiatives and regulatory changes will address value chains that are 

characterized by high environmental impact and a low degree of circularity. This includes a 

different approach to aspects such as packaging, plastic, and hazardous substances 

(Regjeringen.no 2020). Consequently, many of these measures will have a direct impact on the 

Norwegian paint industry, ensuing in increased utilization of the industry's side streams for 

new raw materials, more resource-efficient production, increased waste recycling, and the 

development of more health and environmentally friendly paint products, as well as exploring 

bi-products as new raw material instead of looking at it as waste (Norsk Industri 2019).  

 

4.4.1. CE into practice  

Although it is not formalized in the company strategy or recognized by the management and 

the employees, our investigation has shown that elements of CE have evolved occasionally in 

the focal company’s manufacturing processes.       

 

How does the focal company view CE?  

Generally, the term “circular economy” is not present in the business language in the focal 

company. It is not mentioned in the company reports, nor a familiar term for most of the 

interviewees. However, our data suggest that many of the principles of CE are implemented or 

evolving in the way the company does business. As noted by one of the interviewees:  

“I have no relation to the term, except that I work with it without thinking that it is a 

circular economy. We try to reuse, recycle, and to focus on reducing energy 

consumption. We have a high degree of rework here, and we do not create much 

waste.” 
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Some of the interviewees pointed out that the issue with CE in paint manufacturing is when the 

paint product is applied on a surface, it cannot be reused. So if a painted surface should be 

reused, it has to be well maintained. This was emphasized by one of the interviewees:   

“It is clear that in the circular economy, materials used are kept in a circle and 

preferably do not go out. So it should be reused and so on. For chemical products, 

many people focus on that there should not be any classified substances. In my opinion, 

this is wrong. Of course, there should not be the most harmful substances, but some of 

the most important features of our products are to increase the durability of the 

materials. The materials in itself are more important drivers for the environmental 

aspect and energy consumption. If the paint can make the product last longer and be 

reusable, then that is an essential factor for our products.” 

 

Further, if the quality of a paint product is low, the surface has to be painted over and over to 

protect the material underneath the paint. Therefore, it is necessary to use some “unfriendly” 

substances to be able to ensure the purpose of paint products. An interviewee noted: 

“The paint should protect against biological organisms, corrosion, etc. In order to do 

so, we need substances that work. If not, the purpose disappears. If you have to apply 

low quality paint several times, the overall environmental footprint of that product 

becomes larger.” 

 

One of the interviewees pointed out that a driver for CE within the focal company is the 

increasing focus on circular solutions in the EU, and that this will impact the Norwegian paint 

industry through new laws and regulations shortly. Also, several of the interviewees remarked 

that the CE might not be formulated internally in the company. However, they believe such 

formulations are on their way. This is primarily linked to the company’s work on life cycle 

analyses of its products.  

 

Life Cycle Analysis of paint products 

As early as 1995, the focal company started to work with suppliers and customers to provide 

detailed life cycle analysis (LCA) data on a specific project, which over four years included 

assessments of 42 of the company’s coatings products. As previously mentioned, LCA is 

considered essential to measure the impacts of the new CE products and business models. More 
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recently, in 2013, the focal company was a part of an EU project to provide documentation on 

CE within the paint industry. Along with five other coating manufacturers, the EU project 

aimed to provide standardized environmental footprint labels, so-called Environmental Product 

Declarations (EPDs), to help consumers to make more informed decisions. The data collected 

from the project can be used by manufacturers to evaluate the environmental impact of their 

products from cradle to factory gate and allow users to determine and compare the 

environmental footprint of different products. One of the interviewees explained why it is vital 

for the focal company and its customers: 

“We work with what is called “cradle to gate” because green building standards 

demand that. When a product is bought for a building project, the project owners are 

responsible for the application and maintenance. Thus, they want an EPD of the 

product to be able to make a full LCA on the entire building.” 

 

The focal company has developed an LCA system that has simplified the process of making 

EPDs. The system stores large amounts of data on raw materials, transportation methods, and 

technical factory data.  The information on a product is simply plotted into the system, and an 

EPD is generated. This process can be done relatively fast. One of the interviewees gave an 

example: “The last one we made was to a special project. We spent a total of eight days. 

Normally, an LCA takes 1-2 years and costs NOK 200 000.” 

 

Recycle through the reduction of waste  

One of the focal company’s key objectives is to recycle waste. Through the years, they have 

had a high focus on how to recycle, as well as to limit waste. In 2012, they set a target to reduce 

waste to 2% of the production volume by 2016. By 2015, the waste volume was 1.9%. In 2019 

this had dropped to 1,8%, but still, it is above the 2018 goal of 1,5%. The company views less 

waste as proof of more efficient paint manufacturing, and it attempts to reduce waste by using 

efficient materials, in which it is possible to recycle. In the manufacturing facility, there are 

several recycling stations for plastic, cardboard, and hazardous waste. One of the employees 

explained how they handle waste in manufacturing: “Waste management has to be effective, 

easy to figure out, and it has to be clear.”  

The focal company sees obsolete goods as a major contributor to chemical waste. Waste is 

continuously monitored with target KPI´s as a measuring point to track the development of 
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waste in the production and could act according to the development. Also, the focal company 

often has small improvement projects to try to find new, better solutions to handle the waste.  

Further, the company works with several ideas on how to help both their suppliers and their 

customers to reduce their waste. One approach is to use the focal company´s environmental 

program to outline wording in contracts regarding waste. Another idea they have is the 

inclusion of audit schematics and “Rapid plant assessment,” where the environmental program 

is introduced to look into how the sub-contractors work with recycling and waste management. 

Using the environmental program, they could look at if their waste sub-contractors have the 

right certifications and are approved by the government. An example of using the focal 

company´s is, according to one interviewee, that they work with their suppliers to reduce the 

use of packaging on the raw materials they purchase, as a way to reduce waste at the factory.  

Reuse of wastewater 

During the manufacturing process of paint products, wastewater is generated. The wastewater 

is primarily used in cleaning operations. Due to the various chemicals used in paint 

manufacturing, the wastewater may contain concentrations of toxic substances. The discharge 

of such wastewater into the environment can be harmful to food chain organisms and marine 

life. To be able to reuse the wastewater, the focal company is currently building a wastewater 

treatment plant. The technology used in the project is the first of its kind in Norway. When the 

project is finished, it is estimated that the wastewater will be reduced by 90%. Today, thousands 

of liters of wastewater from the paint manufacturing is sent to a treatment plant where it is 

either evaporated or combusted. By eliminating this process, the transportation cost will be 

massively reduced. The company will still have to buy supplements of freshwater from the 

county, but this cost will be significantly reduced. The project contributes to a more 

environmentally friendly manufacturing process as it will replace the processes the evaporation 

and combustion. Due to the positive effects, the focal company has received economic support 

from ENOVA (ENOVA n.d.).  

Rework of production errors 

The focal company reduces its waste by “reworking” production errors in manufacturing. If a 

batch of paint does not meet the quality standards, the batch may be reworked into a new mix. 

Thus, the rework of products helps to reduce the cost associated with waste. Besides, some 

paint product errors are sold to companies in Britain that use it to paint football fields, or to 

companies in Norway that use it to paint tunnel walls.    
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Renewable energy 

As mentioned above, reducing energy consumption is one of the focal company’s key 

objectives. The company states that the energy consumption is linked to its facilities, including 

production and warehouse. In 2018, the facilities at Vindal had an energy consumption of 

approximately 6,7 million kWh. Because the site consists of several facilities that are built in 

different eras, they have various technical solutions. In 2017, the ventilation system was 

changed from using an oil boiler to using wells with groundwater to regulate the heat in the 

Logistics Center. In this way, fossil fuel was replaced with renewable energy. The roofs in the 

facility were also re-isolated to reduce the loss of heating. At the binder factory at Gimle, they 

had an energy consumption of 4,5 million kWh in 2018. At this facility, they still use an oil 

furnace for heating in the production. However, the plan is to change to an electric furnace. 

Also, at Gimle, they use seawater from the fjord as a tool for cooling in the manufacturing 

process. 

The focal company acknowledges that they have a high use of energy in their production. They 

continually work towards reducing their energy use. One example that one interviewee 

highlight is to take advantage of the heat exchange. Another example is how the company has 

invested in electric cars. Since the company’s facilities are scattered around Sandefjord, the 

use of electric cars reduce the need for fossil power transportation.  

Innovations 

In order to handle the increasingly stricter safety and environmental regulations, the company’s 

success relies on innovation. The company invests heavily in R&D, and in 2020, a new R&D 

center is scheduled to open in Sandefjord. The new facility will accelerate the development of 

innovative products and services. Innovation is viewed as the key to the company’s future and 

how it operates towards more sustainable manufacturing. One of our interviewees stated that 

“the driving force of R&D has always been sustainability and a safer environment for the end-

user.” The focal company states in their rapport that during the past five years, the main focus 

has been to innovate paint products that are more environmentally friendly to meet the pending 

environment regulations.  

 

Moreover, the company invests in innovations that aim to aid its customers in reducing their 

environmental footprint. One of the interviewees said: “Paint is only one part of this. It is more 

about what paint can do”. Shipowners and operators want their vessels to operate faster, 
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cheaper, and greener to meet the rising competition and new environmental regulations. In 

2010, the focal company started to measure the antifouling effect on the vessels’ performance. 

This concept is called “hull performance solutions,” and it aims to provide new antifouling 

technologies that reduce the environmental impact of unwanted biological waste and reduce 

the fuel consumption of the vessels. The settlement and growth of marine organisms can 

increase a ship’s fuel consumption by 10-20%, as well as increasing sailing time with its 

attendant costs (Bleile and Rodgers 2001). Thus, the shipping industry depends on innovative 

antifouling paint products to protect the vessel hulls from marine organisms and corrosion.   

 

In March 2020, the focal company released its newest technology for cleaning hulls – Hull 

Skating Solutions, in collaboration with Norway’s biggest actor within marine technology. The 

Hull Skating Solution, shown in Figure 10, is a robot that goes along the ship hull and cleans 

the hull for biological waste while the ship is operative.  

 

Figure 10: Hull Skating Solutions (adopted from Kongsberg (n.d.)) 

The machine works like a vacuum cleaner attached to the vessel, which causes less damage to 

both the antifouling coating and the local environment while reducing fuel consumption on the 

voyage. Typically, the cleaning of hulls is performed by divers when the vessels berth. This 

process is very costly and time-consuming, as well as dangerous for the divers. Another issue 

is that the cleaning is often performed when the marine organisms have settled, which is too 

late. The robot removes the need for divers, and the cleaning can be done regularly and at a 

lower cost. An additional advantage is that it reduces the risk of bringing unwanted alien marine 

life to the docks. Today, some ports demand that vessels have a clean hull before it is allowed 

to berth in order to reduce the negative impact on marine life. Therefore, the ship owners and 

operators need to provide documentation through underwater inspections, which is very costly. 
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On a global basis, if 25% of ships in challenging operations convert to Hull Skating Solution 

by 2030, this would result in a CO2 emissions reduction of at least 10 million tons per year – 

equal to around a quarter of the total Norwegian CO2 emissions in 2018.    

 

4.5. Summary of the research findings 

The historical development of the Norwegian paint industry was helpful for us to find the 

interaction of the three aspects of sustainability and the CE principles. The early days of paint 

production were characterized by dangerous practices, and there were few thoughts on the 

health risks and the negative environmental impact of manufacturing. We find that the accident 

in 1976 played a significant role in how the practices in the Norwegian paint industry has 

changed. The accident led to new perspectives on how to ensure the safety of employees, as 

well as to increase environmental performance in paint manufacturing. New building standards, 

technologies, and innovative solutions made it possible for the focal company to improve its 

SC practices in terms of efficiency and to reduce the environmental impact of manufacturing. 

Also, the lessons learned by the management and the employees in the matter of personal 

safety, routines, and safety equipment encouraged the focal company to put more effort into 

risk management, as well as how to handle the success of an accident. The research findings 

are summarized in Table 7. 
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Table 7: Summary of research findings 

Period of time Event Outcome 

1921 The focal company was established Paint products were made with 

dangerous chemicals and manufacturing 

practices.  

1950–1970s Dangerous working conditions Lack of focus on the negative 

environmental impact and the workers’ 

health and safety.  

1970–1980s Congestions of pollutants in the fjord High values of dangerous substances in 

the fjord.  

Five hundred tons of paint residue was 

dumped into the fjord. 

1971 Merging the four biggest Norwegian 

companies into the focal company 

New market structure and products. 

Polyester became a vital substance in 

paint products. 

1976 The accident  Changes in the regulations, both internal 

and external, of the focal company. 

Implementation of new practices. 

1976 ADR agreement enforced in Norway Safer transportation of dangerous 

materials. 

1978 – 2020  1978: New warehouse 

1991: New manufacturing facility  

2012: New manufacturing facility 

2020: New R&D and headquarter 

Improved logistic operations.  

New solutions to make paint 

manufacturing safer and less harmful to 

the surroundings. 

1983 The focal company’s first low-solvent paint 

products. 

The negative environmental impact and 

health risks were recognized. 

1995 The beginning of LCA analysis  The focal company obtained an extensive 

LCA database. 

2000 Substitution Principle Chemical companies must evaluate 

existing formulations to determine if they 

can replace hazardous substances. 

2005 – 2018 Cleaning of the fjord Covering the seabed outside to clean the 

fjord for contaminated soil 

2007 Limitations of VOCs and REACH 

regulations 

Less solvents in paint products.  

Increased knowledge and documentation 

of hazardous substances.  

2008 The launch of a paint brand with no 

solvents. 

It is recommended as allergy-friendly 

paint as the only brand in the world. 

2010 Sustainable growth strategy  Sustainability was recognized by the 

management, and it was implemented 

into corporate strategies.    

2015 BREEAM standard The new facilities shall be approved 

according to sustainability measures.   

2020 The introduction of CE in the Norwegian 

paint industry 

The company is currently adapting to 

regulations on circularity.  
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5. Discussion 

In this chapter we discuss our findings through the research perspectives of our study: 1) the 

evolvement of CE in the Norwegian paint industry; 2) effects of the CE principles on the 

environmental aspect of sustainability; 3) effects of the CE principles on the social aspect of 

sustainability. The findings are considered in relation to current knowledge provided in our 

theoretical framework on CE and sustainability. 

 

5.1. The evolvement of CE in the Norwegian paint industry 

Our findings have shown how CE principles have evolved in the Norwegian paint industry. In 

our empirical case, we have found that the evolvement of the CE principles of reuse, recycling, 

and reduction have evolved unexpectedly in the manufacturing of paint. This finding does not 

conform with the CE theory that pressure from stakeholders on the environmental and social 

sustainability pushes companies to rethink their manufacturing practice (Genovese et al. 2017).  

 

The old practice of paint manufacturing paid little attention to the social aspect and the 

environmental aspect of sustainability. Our empirical case has illustrated that toxic chemicals 

ended up as pollutants in the fjord, dangerous materials were not handled with caution to 

prevent spills, and open manufacturing systems caused hazardous fumes for the employees. 

After the accident in 1976, the practice changed. The new practice led to a shift in the top 

managements’ thinking on how manufacturing should be more sustainable. Also, new laws and 

regulations were developed as a result of the accident. This is partly consistent with the 

theoretical assumption by Seuring and Müller (2008) on drivers for sustainable practices, as 

they view governmental regulation as the most critical driver.   

 

In parallel to the changes in the manufacturing practice, our findings have shown that CE 

principles evolved in the new practice. Our investigation has shown that the CE principles were 

not initiated by regulatory pressure or the initiation by the focal company but evolved naturally. 

Previous research has pointed out that regulatory pressure from the government is the primary 

driver for the implementation of CE principles (Govindan 2018, Tura et al. 2019, Van Eijk 

2015). However, regulatory pressure, in our case, has mostly been focusing on the 

environmental aspect of sustainability. Thus, our findings have shown how CE principles have 

evolved naturally.  
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Our empirical case has illustrated that the LCA methodology was the first systematic approach 

to assess the environmental impact of the focal company’s products and manufacturing 

practice. Some research note that LCA can help to identify and improve opportunities for the 

environmental aspect in the manufacturing practice (Genovese et al. 2017). Our findings have 

revealed that the focal company applies LCA as a tool to develop EPDs. This is in line with 

previous research on how the LCA methodology can be applied in a company (Cao 2017). 

Further, some research says that LCA is a tool included in both the concept of sustainability 

(Linton, Klassen, and Jayaraman 2007) and CE (Genovese et al. 2017). However, our findings 

have illustrated that the tool is only recognized as a measurement of the environmental aspect 

of sustainability and not from a CE perspective. Further, our findings have confirmed that LCA 

does not include the social aspect. Some research argues that it is challenging to include 

measurements of the social aspect (Grießhammer et al. 2006). In our empirical case, the social 

aspect is not measured in the LCA. At the same time, our findings have revealed that the social 

aspect was taken into consideration through the environmental aspect when the fjord was 

cleaned. 

 

Further, our empirical have revealed that the focal company views LCA as a part of a C2G 

strategy because it only measures the life cycle from resource extraction to the factory gate. 

This is in line with the research of Cao (2017) on C2G. In our empirical case, we have found 

that it is challenging to include measures beyond the factory gate because it will require a 

complex collaboration between the focal company and its customers.  

 

Furthermore, our findings have shown that CE is not recognized as a concept within the focal 

company. At the same time, our findings have illustrated that the practitioners recognized that 

they were already working around the CE principles when the principles were already in 

practice. Ghisellini, Cialani, and Ulgiati (2016) state that hesitant company culture is a 

significant barrier towards the implementation of CE principles. However, in our empirical 

case, we have found that the corporate culture can be a driver for further development of CE 

principles. Our findings illustrate that the focal company has developed an environmental 

program to systemize their environmental efforts and that CE principles are formulated as key 

objectives to make the manufacturing practice more sustainable. We have found that the focal 

company has developed new technologies during the recent years to improve their efforts to 

reuse, recycle, and reduce. This is consistent with the research presented by Tura et al. (2019) 
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concerning drivers for CE. In their research, the main driver for CE is to develop new 

technology to promote cleaner manufacturing. 

  

5.2. Effects of CE principles on the social aspect of sustainability 

Our findings have revealed several effects of CE principles on the social aspect of 

sustainability. We have found in our empirical case that in the previous practice of paint 

manufacturing, many harmful substances were used, without considerations on how it 

affected the health of employees and local residents. However, our findings have illustrated 

that the accident was a starting point for changes in the manufacturing practice, including 

considerations on the social aspect. New social responsibility practices have evolved, 

focusing on improving the health of the workers and local residents by reducing the harmful 

impacts. This is in line with Veleva and Ellenbecker (2001), which states that the health and 

security of the firm’s workers is an essential factor in sustainable production. Hence, 

workplaces should be designed to minimize or eliminate physical, chemical, biological, and 

ergonomic hazards. Further, our empirical case illustrates how the social aspect is a part of 

the focal company’s sustainability strategy. Some research says that the development of 

sustainable practices can lead to improved organizational resilience (Ahi and Searcy 2013). 

This is consistent with our findings, which have shown that the focal company improved its 

manufacturing practice through sustainable thinking. Also,  

 

In our empirical case, we have found that HSEQ management have been systematically 

developed within the focal company and that the top management has a significant focus on 

the health and security of the employees through reducing dangerous emissions in the 

manufacturing practice. Some research note that governmental pressure is the most crucial 

driver for improving the social aspect of sustainability (Seuring and Müller 2008) and for the 

implementation of CE principles (Geissdoerfer et al. 2017). In contrast, our findings have 

illustrated that top management was the most crucial driver. This also contradicts the research 

on how corporate culture is a barrier to CE (Ghisellini, Cialani, and Ulgiati 2016).  

 

The findings have shown that in manufacturing, there have been numerous projects both on a 

governmental level, but also within the focal company. The new manufacturing going from 

solvent-based production towards water-based production has shown a dramatic change in 

phasing out harmful substances. This shift in manufacturing is according to our empirical 
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findings due to new consumer demands. This is not in accordance with Govindan and 

Hasanagic (2018), who underlined that CE barriers were awareness of consumption and 

production. The focal company´s chemical policy is to substitute harmful substances 

whenever it is possible, even if the substance is not restricted by legislation. Reducing the use 

of harmful substances improved the working conditions and subsequently reduced the risk of 

harm to workers and the surrounding local community. These empirical findings are aligned 

with the theory of suitability (D'Amato et al. 2017, Goh et al. 2020, Shou et al. 2019) and the 

theoretical aim of circular principles in manufacturing (Ghisellini, Cialani, and Ulgiati 2016). 

 

Our empirical case has revealed that cleaning of the nearby fjord purpose a new perception of 

social sustainability. Concerning the collaboration with the local government, our findings 

have shown there is a close interaction between the manufacturing process and the external 

environment. There is an interrelation between the focal company and the government to 

clean up the nearby fjord contaminated seabed. Literature emphasizes on governmental 

practices in the form of regulations (Geissdoerfer et al. 2017, Seuring and Müller 2008). 

However, in our case, the focus on the social aspect evolved because of the new 

collaboration. The findings have revealed that the development of social responsibility is 

because of close cooperation between the government and the focal company and this new 

social responsibility practices. However, these findings do not consist with Geissdoerfer et al. 

(2017) view on sustainable manufacturing and circularity. Our findings have illustrated that 

the government was involved with economic incentives to secure the project, but the focal 

company also invested in the project. We have found that the new social responsibility 

practice of cleaning the fjord evolved only due to the fulfillment of the economic aspect of 

the government. These findings are consistent with Tsvetkova (2020) that the social aspect of 

sustainability can be developed only after meeting the requirements of the economic aspect of 

sustainability. The empirical findings show an interrelation between the focal company and 

the government as a new perception of how non-core activity leads to improving the social 

aspect of sustainability. However, our findings have revealed that the improvement of the 

social aspect was only possible after the environmental aspect was fulfilled.  

 

Our empirical case has also shown that the focal company does audits towards their 

subcontractors and suppliers to evaluate their performance. They outsource non-core 

activities like transportation to external companies, and they also buy their packaging 

materials from sub-contractors. In an SCM perspective, social sustainability seeks to move 
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beyond the focal company boundaries (D'Eusanio, Zamagni, and Petti 2019), and this multi-

tier approach from the focal company is in support of our findings of seeking to take 

responsibly beyond their boundary, with audits to ensure proper ethical performance from 

their suppliers and sub-contractors. 

 

5.3. Effects of CE principles on the environmental aspect of sustainability 

Our findings have revealed several outcomes of how CE principles have contributed to the 

environmental aspect of sustainability. Our empirical case has illustrated revealed that the 

environmental improvements started with the substitution of materials like lead and tin, with 

less harmful materials, as well as a reduction of volatile organic compounds and heavy 

metals. Our findings have illustrated that the reduction of hazardous materials in paint 

products and the efforts to clean the fjord have contributed to less negative impacts on the 

environment. We have found that the main driver for these improvements has been that the 

manufacturing practice in itself has been recognized as dangerous, and therefore the practice 

needed to change. At the same time, many new regulations have imposed new guidelines 

within the manufacturing practice. This is partly consistent with the theoretical assumption by 

Seuring and Müller (2008) on drivers for sustainable practices, as they view governmental 

regulation as the most critical driver. 

 

The development of new facilities has contributed to the improvement in making paint 

manufacturing more environmentally friendly. Our findings have revealed that the focus on 

the three CE principles in the manufacturing process is persistent. There is continuous work 

to reduce the environmental impact of the manufacturing practice. We have found that 

wastewater in manufacturing can be recycled and reused in order to reduce the environmental 

impact. This practice reduces the demand for water from the local reservoir and reduces the 

emission to waste. Further, our empirical case has shown that the focal company has invested 

in new filling lines in the manufacturing to reduce the operational risk and mitigate problems 

with the production, and to reduce waste of obsolete products. This aligns with the findings 

from Ghisellini, Cialani, and Ulgiati (2016) that the environmental aspect will improve due to 

the reduced use of new materials and energy in the production process. However, our 

findings have revealed that the new filling line increased the use of water in production. This 

finding is consistent with Ghisellini, Cialani, and Ulgiati (2016) that the CE principles could 
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have a different effect on each other, also in a negative manner. However, this finding also 

contradicts Geissdoerfer et al. (2017) discussion on waste and efficiency gains. 

Further, our findings have illustrated that the new facilities have enabled a new system and 

that combining all of the functions within an SCM perspective have reduced the emissions 

within the focal company due to a reduction of the internal transport. Our findings have 

shown a substantial reduction in transport movements, which subsequently reduces emissions 

from transport activities.  

 

Our empirical case has revealed that antifouling paint applied on ships contributed to 

reducing the CO2 emission and the consumption of fossil fuels. This is in line with Linton, 

Klassen, and Jayaraman (2007), which state that products should be developed to allow 

capturing more of the product value. In collaboration with another company outside of their 

SC, the focal company introduced a new type of service to clean the hulls of the ships with 

robotics technology. This new way of thinking is aligned with Lüdeke-Freund, Gold, and 

Bocken (2019) theoretical arguments that companies need to rethink their value creation and 

delivery in regards to CE principles practices. 

6. Conclusions, limitations, and suggestions for future research 

This chapter presents the implications for theory, the implications for practitioners and 

decision-makers, and the limitations and suggestions for further research.  

 

6.1. Implications for theory  

This master thesis aims to explore how the circular economy principles contribute to the 

sustainable development of manufacturing processes and SCM practices in the Norwegian 

paint industry. 

 

Our empirical case has illustrated how the CE principles have evolved in the Norwegian paint 

industry. Previous research has empathized that the CE principles are implemented by drivers, 

such as regulatory pressure and companies’ intentions. However, in our case, the CE principles 

have evolved not intentionally under the regulatory pressure or the focal company´s initiative 

but evolved naturally.  
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In the literature, there is still a debate on how CE principles and sustainable manufacturing 

processes and sustainable SCM interact and affect each other. This investigation has made an 

attempt to provide deeper insights into this issue and reveals the effects of the CE principles 

on sustainability in the manufacturing process in real practice. At the same time, our findings 

disclose that CE principles can also contribute to non-core activities like SCM practices and 

special efforts on the cleaning of the environment. This investigation illustrates a 

considerable change in the existing practice of the paint manufacturing after CE principles 

evolved naturally and began to affect the existing practice. 

 

Literature argues that the effects of the CE principles on the environmental aspect of 

sustainability can have different impacts on each other because the principles interrelate in 

manufacturing and SCM. Our findings show that the positive effect of one principle can have 

a negative effect on another principle.  

 

The originality of our investigation is that we have revealed the interaction between the CE 

principles and sustainability in the Norwegian paint industry. Our investigation emphasizes 

that it is crucial to take into account all the three aspects of sustainability because of their 

interrelation. The previous research on sustainability has primarily focused on the 

environmental aspect, but our research also includes the social aspect.  

 

6.2. Implications for practitioners and decision-makers 

This master thesis includes several findings worth considering for managers. Our findings 

presented in this master thesis are relevant for managers involved in manufacturing processes 

and SCM. Increased knowledge of CE principles can contribute to sustainable development 

and provide valuable insights into developing new sustainable practices in manufacturing, 

including all three aspects.  Our findings are not only relevant for the managers of the focal 

company presented in our empirical case, but also for various practitioners who make decisions 

of implementation of CE principles in the manufacturing process and SCM.  

 

The insights on how CE principles evolve can aid managers in identifying the effects and 

changes in manufacturing practices. Moreover, the findings in this thesis show that the CE 

principles can provide positive outcomes in manufacturing practice because of the 3R´s. This 

knowledge can be useful for practitioners, as it suggests that the principles should be assessed 
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in the CE implementation in a company. This perception of how CE principles affect the 

existing practice making it more sustainable is significant for decision-makers. 

 

The increased knowledge of barriers can help company’s overcome the challenges when 

transitioning towards CE.  A proactive approach can eliminate or reduce the barriers. 

 

Practitioners and decision-makers can use our findings concerning the effect CE principles 

have on the social aspect of sustainability to develop new social responsibility practices. 

Further, our findings can apply to different industries to make them more environmentally 

friendly and improve the conditions for the health and safety of workers and local residents.  

 

6.3. Limitations and suggestions for further research 

The findings of how the CE principles contribute to sustainable development are reflected only 

in the Norwegian paint industry. CE principles can work differently in other practices and 

provide other outcomes for sustainability. Therefore, we suggest that other researchers analyze 

how CE principles affect sustainable development in other practices. 

  

The investigation focuses mostly on CE principles within the manufacturing process. The 

findings have revealed that the manufacturing process based on the CE principles can provide 

positive outcomes for non-core activities like SCM and to societal values. Our limitations of 

the investigation are that it was strenuous to provide deeper insights into how the CE principles 

contribute to SCM only. Our suggestion for further research is to use our findings but to focus 

more on SCM. 

  

Given that the thesis is based on a single case study methodology, analyzing no more than one 

company, one should be cautious in generalizing the results obtained to the paint industry at 

large – in Norway or for that matter in other countries. However, analyzing one paint 

manufacturer through case study methodology, allows one to unfold the complexity of the 

industry and by doing so reveals valuable insights which would not be uncovered by other 

methods. Therefore, our findings should be looked upon as a contribution to the body of 

knowledge, and combined with the findings brought forth through other methodological 

approaches, would paint a more complete picture of the application of CE principles in the 

paint industry. Further, previous research was compared with the findings received from the 



75 

 

case study. Our conceptual investigation was based on CE and sustainability. However, we 

suggest providing more in-depth insights into how the CE principles can align with 

sustainability through different theoretical lenses. 
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8. Appendices  

 

8.1. Interview guide  

 

General questions  

1. What is your position within the company?  

2. What are your tasks?  

3. How long have you been working at the company?  

4. Could you describe what your department does in the company?  

5. What is your perception of the concept “Sustainability” in terms of the job you do?  

6. What is your perception of the concept of “Circular Economy”?   

 

Sustainable development in production operations and transport  

1. In which stages of the production system are particularly suitable for sustainable 

work?  

2. What kind of measures is being taken for sustainable production?  

3. What requirements do you have for the transport carriers regarding environmentally 

friendly transport?  

4. How is toxic waste secured during transport?  

5. How is paint packed to minimize the risk of hazardous emissions?   

6. How did the company begin to focus on sustainability as a strategy?  

7. Has the focus on sustainability contributed to more efficient production?  

 

Circular Economy  

1. How is CE organized and formulated in your system?  

2. What is the reason why CE is becoming more focused on now?  

3. Where is the potential for using CE?  

4. Does the company apply any of these principles, and in what way?  

a. Remanufacturing  

b. Reuse  

c. Recycling  

d. Maintenance  

e. Prolong/long-lasting design  



84 

 

5. Dust is a by-product of refining plants that can be used in the paint industry due to 

high pigment content. Is this right? Is this used in the company?  

6. What is your understanding of the terms “LCA” and “Cradle-to-Cradle”?  

 

Health, safety, and environment (HSE)  

1. What do you do to make it safe and secure for employees?  

2. In what way do you focus on HSE in everyday life?  

3. What guidelines do you follow to ensure the end-users of paint?  

4. According to the annual report, the company is concerned about corporate social 

responsibility around the world. What is being done locally in Sandefjord and in 

Norway?  

5. How often are safety routines checked/reviewed in the production premises?  

6. The 1976 accident: What changes were made with a focus on the safety of the 

company’s employees?  

7. Has the accident changed the view of sustainable work in the company?  

  

 


