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Executive Summary 

 

With the growth of the global population and the improvement of living standards, the demand for 

healthy and nutritious seafood such as salmon has an increasing trend in recent years. As a world-

leading country in the aquaculture industry and among the global salmon market, Norway plays a 

significant role in facilitating industrial development. The aquaculture industry is largely dependent 

on environmental factors and ocean conditions and thus, the environmental impact should be 

emphasized. However, the industry has been stuck into a series of environmental and biological issues 

such as sea lice, salmon escapes, plastic pollution, increased carbon footprint, and so on, which 

reversely damage the environment and limit further industrial development. Many potential solutions 

for aquaculture sustainability have been launched by different industry players, but what are the 

impact and performance? 

 

This master thesis aims to explore the evolution of sustainability practices in the value chain of the 

Norwegian salmon industry over the past decade with a focus on case company -Mowi ASA and 

evaluate sustainability performance along the value chain based on the DEA approach. The analysis 

shows that sustainability practices made in sea lice management and salmon escapes has outstanding 

outcome but still need to be improved further. In addition, the greenhouse gas emissions of Mowi 

affect its overall sustainability performance as shown in DEA result. Therefore, some 

recommendations are provided to give some insights for further sustainable development and 

industrial growth in a more environmentally responsible manner. Contribution of this thesis is the 

application of DEA method in a salmon producing company- Mowi ASA. 

 

 

Key words: performance evaluation, sustainability, Norwegian salmon industry, value chain, 

sustainable development 
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Chapter 1 Introduction   

1.1 Research background and motivation 

Nowadays, the world is facing a variety of serious sustainable development challenges such as climate 

change, environmental pollution, and extensive ecological destruction, which closely links the fate of 

individuals, businesses and societies. As an economic growth pattern focusing on long-term 

development, sustainable development has been paid more and more attention by the international 

community and national governments. It involves many aspects such as nature, environment, 

economy, society, culture, technology, politics, etc. In order to balance different aspects and have a 

comprehensive and coordinated development, people are not only supposed to achieve economic 

growth but also obliged to protect the environment and natural resources such as freshwater, ocean, 

air, land and forest which are significant for the earth. Sustainable utilization of resources and 

maintenance of ecosystem sustainability are the primary conditions for the sustainable development 

of human society. 

 

The Sustainable Development Goals (SDGs) is a plan of action for people, planet and prosperity set 

by the 2030 Agenda for sustainable development adopted by the United Nation in 2015 (UN, 2015). 

The aim is to guide all countries in the world to solve social, economic and environmental 

development problems in an integrated way and achieve sustainable development between 2015 and 

2030. It includes 17 goals which illustrate sustainability in different dimensions, protect and 

sustainably use of oceans, seas, and marine resources for sustainable development is one of the 17 

goals (UN, 2015). The operation and development of the fisheries and aquaculture sector play an 

important role in achieving this goal. It includes both wild-caught and farm-raised fish. Aquaculture 

is one of the fastest-growing food industries in the world, and although farm-raised fish is widely 

regarded as a healthy, resource-efficient protein, it must be managed properly as the industry grows 

to ensure it is still a sustainable choice. By farming the ocean in a responsible way, people will be 

able to produce healthy and nutritious food for the society constantly. 
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It is estimated that the overall volumes of farm-raised fish especially farmed salmon will increase to 

a large extent in the future due to the following reasons. Firstly, the Food and Agriculture Organization 

(2020) stated the declining amount of wild fish and stagnating wild catch within biologically 

sustainable levels, which will in turn make the farm-raised fish on demand. Secondly, the United 

Nations expects that the world’s population is going to increase gradually to around 10 billion by 

2050, meanwhile, the amount of middle class is growing because of the fast increase in income 

especially in emerging countries (UN, 2019). The growing middle class and pursuing higher life 

quality will promote demand for healthy and nutritious seafood. Farm-raised salmon is rich in omega-

3 fatty acids, minerals and vitamins. However, salmon prices remain high in recent years due to the 

stagnating harvest volumes and increasing demand, and the main reason for stagnating volume lies 

in environmental and biological issues such as fish diseases, extreme weather, fish escapes and sea 

lice. If the high price remains a long time, customers might search for substitute seafood products in 

the market and this will further reduce demand and influence the whole value chain. Therefore, it is 

important to take a deep dive into salmon industry, study its sustainable development in recent years 

and solve current challenges. 

 

In the 1960s, Atlantic salmon farming started on an experimental level worldwide, and it evolved into 

an industry in Norway in the 1980s. Nowadays, the Norwegian aquaculture industry has been world-

leading among the global salmon market and has the ability to compete for seafood on the world 

market. As the largest farmed-salmon producing country, the high price and increased demand for 

farmed salmon benefit many Norwegian aquaculture enterprises. However, In the course of enterprise 

development, they not only gain economic profits and growth from producing farmed-salmon but 

also stuck into a series of environmental and biological issues such as sea lice, farm-raised salmon 

escapes, plastic pollution, increased carbon footprint and so on, which reversely damage the 

environment and limit further development. Therefore, it is essential for enterprises to learn negative 

impact of business operation and evaluate sustainability performance in order to gain long-term 

economic growth and sustainable development.  
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However, as the main players in the market, companies are always confined by the economic 

management and growth, and thus regard economic value as a core value and seek to maximize the 

economic benefits in terms of value creation. While enjoying the resources endowment, social system 

dividends and business opportunities, they pay more attention to financial indicators such as assets, 

liabilities, revenues and profits, and ignores the environmental value and social value. In this situation, 

it is difficult to achieve the integration of economic value, social value and environmental value. 

Moreover, although there already exists many evaluation methods and framework, the use of 

sustainability reporting from nations or companies is voluntary, which may make industry or 

company lower their requirements for sustainability. Companies prefer to use financial indicators to 

measure their performance and pick only several indicators to report in their sustainability 

performance. Therefore, besides the study on industry, it is also vital to go deep into the enterprise 

itself from a micro perspective and focus on its sustainability in a quantitative way. Moreover, it is 

also a new trend in recent years to apply the concept of sustainable development to the value chain 

of an industry or enterprise to form its competitive advantage. In this way, the study of sustainability 

is not only limited to products, but also the entire value chain. A sustainable value chain requires the 

interaction and collaboration of all stakeholders in the industry including suppliers, producers, 

customers, government, local communities, related authorities, etc. All play instrumental roles in 

realizing value creation across the entire value chain (Dekker, 2003). Sustainable value chain 

management is not only a solution for industry and enterprises to explore sustainable development in 

the future from the perspective of development strategy and business model but also a strategy to 

consolidate the market competitive position and develop new competitive advantages (Hart & 

Milstein, 2003). Through forming an integrated sustainable value chain, the salmon industry and 

related enterprises can not only establish good social images but also gain new competitive 

advantages and consolidate its leading position in the global salmon market and realize a win-win 

situation between producers and consumers.  

 

Thus, evaluating the sustainability of the salmon industry along the value chain in a quantitative way 

is of great importance for corporations in the salmon industry. Through the analysis of the value chain, 
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it is expected to combine economic sustainability and environmental sustainability and achieve the 

harmonious unity between economic development and the natural environment. In the context of 

globalization, enterprises should not only pursue scale expansion and economic benefits but also seek 

social responsibility and environmental sustainability as well as the integration of economic, social, 

and environmental values. Only when the value chain of a farmed-salmon enterprise is controlled 

from feed to fork, the industry will achieve outstanding sustainability performance, protects the ocean 

and optimize its value to human being eventually. 

 

1.2 Problem formulation   

The purpose of this thesis is to evaluate the current sustainability performance of the Norwegian 

salmon industry with a case focus on a Norwegian seafood company - Mowi ASA, from the 

perspective of the value chain. Through quantitative evaluation of sustainability indexes and 

observation of qualitative information to assess existed problems in the industry and improve the 

company and also the industry’s sustainability performance in the end. Hence, this thesis aims to 

provide an in-depth analysis of sustainable performance across the value chain and answer the 

research question:  

Has the evolution of sustainability practices in value chain of salmon industry improved its 

performance? Therefore, the following three sub-questions will guide the research: 

1) How is the current sustainability performance of salmon industry along the value chain and 

how has it evolved over time? 

2) How is the current sustainability efficiency of the case company-Mowi ASA measured and 

what it says of the company performance?  

3) How the evolution of sustainability practices in value chain help create a more sustainable 

value chain for Norwegian salmon industry? 

 

In order to answer these questions, this thesis will firstly introduce methodology used in the analysis 

in chapter 2. Secondly, literature reviews relevant to sustainability, value chain theory, performance 
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evaluation and DEA model will be organized in chapter 3. Chapter 4 provides a comprehensive value 

chain analysis of salmon industry and the case company-Mowi to evaluate the current sustainability 

performance, meanwhile, a two-stage DEA model is going to be utilized to quantify the performance 

of Mowi ASA. Then, a discussion part will be given in chapter 5 to further explain the research 

outcome. Some recommendations for the salmon industry’s performance and sustainable 

development will also be provided. Figure 1.1 illustrates the whole structure of the thesis. 

 

 

Figure 1.1 Illustration of the structure of the thesis 

 

1.3 Delimitation 

Sustainability performance evaluation is a very broad topic and each enterprise’s value chain is 

unique thus, this thesis will be limited to a real-world case of a seafood company, and also a world-

leading producer of Atlantic salmon - Mowi ASA. Through analyzing performance of the whole 

salmon industry in Norway and comparing with the performance of Mowi, suggestions about forming 
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a more sustainable value chain and future research perspectives is going to be put forward. Other 

companies in the salmon industry will not be analyzed in detail and make comparison with Mowi due 

to time constraints and limitations of page numbers. 

 

In addition, the evolution of sustainability practices has a long history, this thesis will only observe a 

limited evolution of the past decade. The last two company reports from 2018 and 2019 will be 

observed for qualitative analysis and numerical data for DEA quantitative analysis is from its last 13 

years annual reports from 2007 to 2019. Hence, this is a limited window to observe a real evolutionary 

change.  

 

Chapter 2 Methodology 

2.1 Introduction to the methodology 

The purpose of this thesis is to evaluate the current sustainability performance of Norwegian salmon 

industry with a focus on the case company - Mowi, from the perspective of value chain and improve 

their performance of sustainable development. The philosophy of science conducted here is positivist 

approach using numerical data to account for sustainability performance of Norwegian salmon 

industry and the case company. Research method combines both qualitative analysis and quantitative 

analysis with quantitative analysis as the evaluation core. A series of performance indicators and 

indexes will be analyzed quantitatively and, in the meantime, literature research and review, recent 

salmon market reports from FAO, company annual reports and statistics, databases from the 

Norwegian Directorate of Fisheries and other official documents will also be used as qualitative 

information.  

 

One case study research is applied with the company Mowi ASA, which is a world's leading seafood 

company headquartered in Bergen, Norway and the world's largest producer of Atlantic salmon. 

Besides observation and comparison between the overall Norwegian salmon industry sustainability 
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situation and the company itself according to qualitative information, a deductive approach with data 

envelope analysis (DEA) is mainly conducted in order to observe the evolution of the company’s 

sustainable performance over time and form a quantitative evaluation of sustainability performance 

efficiency along the value chain. DEA approach has been widely used in performance evaluation of 

various industries and achieved big progress, but currently there is no study or research conducted 

DEA in a company within the salmon industry, this is a new attempt to apply this method in a new 

industry. After the confirmation of feasibility of DEA in Mowi ASA, several indicators related to 

sustainability such as greenhouse gas emission and revenue are selected among its thirteen years’ 

company annual reports with a time frame from 2007 to 2019. By measuring and calculating the 

efficiency of the company with MAXDEA 8 PRO software, it will be more intuitive to observe the 

evolution of Mowi’s sustainability performance.  

 

All data collected and used in this thesis is secondary data obtained from Norwegian Seafood Council, 

database of Directorate of Fisheries in Norway, Mowi annual reports of the last 13 years, etc.  

 

In terms of theoretical concepts and literature review which include literatures about sustainability 

related research, value chain studies, performance evaluation theory and performance evaluation of 

sustainable value chain, it will be developed in chapter 3 in details. 

 

2.2 The analytical framework 

The analytical framework includes both quantitative analysis of value chain and qualitative analysis 

based on DEA method. Firstly, a comprehensive value chain analysis of salmon industry is provided 

in 4.1 to explore their sustainability practices in the past decade. Secondly, the perspective will be 

narrow down to the case company-Mowi, and evaluate its current sustainability performance, 

meanwhile, a two-stage DEA model is going to be utilized to quantify the performance of Mowi ASA 

during the past 13 years from 2007 to 2019. 
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The main analysis method used in this thesis is data envelope analysis (DEA). DEA has made a huge 

success since it was proposed in the late seventies by Charnes, Cooper and Rhodes (1978). It provides 

a mathematical programming method to estimate best practice production frontiers and evaluate the 

relative efficiency of different entities which are usually called Decision-Making Units (DMUs) in 

related literature (Bogetoft & Otto, 2011). There are two basic procedures included. Firstly, a 

performance standard should be defined. Then achievements against the established standard will be 

evaluated. Next section will give a more detailed introduction and principle of DEA. 

 

2.3 The principle of data envelope analysis (DEA) 

2.3.1 Efficiency and technical efficiency 

The term "efficiency" is also known as effectiveness. The concept of efficiency was first proposed by 

the economist Quesnay in 1776. Subsequently, scholars began to conduct in-depth research on 

"efficiency". Farrell (1957) believed that the efficiency of decision units consists of two parts: 

technical efficiency and allocative efficiency. Samuelson and Swamy (1974) claimed that efficiency 

is a proportional relation between the resources utilized in economic activities and the loss incurred. 

Coelli et al. (2005) stated that efficiency is how to utilize given resources in order to obtain the 

maximum output ratio under the constant technical conditions. At present, scholars and researchers 

has reached a consensus that efficiency is the ratio of input and output, and using the minimum input 

to achieve maximum output. The current studies on efficiency has been broader and widely used in 

different fields and made a lot of progress such as agricultural production, industrial production, the 

land resource management, economic development, financial services.  

 

Among the numerous researches, the evaluation of efficiency is mainly carried out with two types of 

methods. The first type is represented by Pareto, which evaluates the efficiency of resource allocation 

from the perspective of utility. Under the assumption of resource scarcity, an economy is said to be 

in a Pareto optimum state when no economic changes can make one individual better off without 
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making at least one other individual worse off (Sen, 1993) . The second type is input-output efficiency 

evaluation. It is mainly used for companies to analyze their input-output ratio of production factors. 

Only when companies or corporations have a high efficiency will the industry and society gain 

efficiency. Thus, in order to evaluate the Norwegian salmon industry as a whole, it is important to 

also analyze and evaluate companies in the salmon industry. 

 

2.3.2 The measure of efficiency 

The study on estimating method of efficiency began in 1950s, mainly evaluating from the input 

oriented or output oriented. Input oriented evaluation refers to obtain the maximum output ability 

with a given input while output oriented refers to input at a minimum level with a given output. Input-

output efficiency evaluation can be conducted in two ways: parametric and non-parametric method. 

 

Parametric methods include stochastic frontier analysis (SFA), thick frontier analysis (TFA) and free 

distribution analysis (DFA), among which stochastic frontier analysis (SFA) is the most common one 

in economics and management. For stochastic frontier analysis, it has several advantages compared 

to non-parametric method which include error term recognition and hypothesis testing. However, 

since the specific production function and the error term must be determined in advance, it might lead 

to the difficulty for some enterprise to identify production function. 

 

Non-parametric methods include free disposal hull (FDH) and data envelope-analysis (DEA), among 

which DEA is the most widely used (Khoshnevis, 2018). DEA realizes envelopment in a frontier way 

for all observed values, and studies the input and output of all decision making units (DMU), so as to 

determine the stochastic production frontier of efficiency (Bogetoft & Otto, 2011). Since this master 

thesis aims at evaluating sustainability performance in value chain of Mowi ASA, it is difficult to 

make assumption for the distribution of input-output error term in advance, so the DEA model in non-

parametric method is selected since there is no need to set the specific production function and 

estimated parameters in advance. 
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2.3.3 Static efficiency 

The most common efficiency analysis is technical efficiency analysis. Farrell (1957) first explained 

the definition of technical efficiency from the perspective of input, believing that technical efficiency 

refers to the ratio between the minimum input expectation and the actual input through optimization 

of technology or factors under the condition of constant output. Leibenstein (1966) made an analysis 

from the perspective of output and believed that technical efficiency refers to the ratio between the 

actual output and the maximum possible output after technical optimization and improvement under 

the condition of constant input. 

 

Technical efficiency involves pure technical efficiency and scale efficiency and technical efficiency 

equals to pure technical efficiency multiply by scale efficiency. Pure technical efficiency refers to the 

production efficiency of the decision unit at a certain (optimal scale) input factor, while scale 

efficiency refers to the distance between the actual production scale and the optimal production scale. 

Pure technical efficiency is generally regard as the production efficiency of the affected by factors 

such as technical level or management level, while scale efficiency is mainly regard as the production 

efficiency affected by factors such as enterprise scale. When the technical efficiency equals to 1, it 

indicates that the input-output of the decision unit reaches an overall effective state, which means 

both technical efficiency and scale efficiency are realized at the same time. When the technical 

efficiency is not 1 but the pure technical efficiency equals to 1, it indicates that at the given technical 

level, the use of the resources invested in this decision unit reaches the technical effective state, but 

fails to reach the overall effective state mainly because of the existence of scale inefficiency. 

Therefore, it can be determined that the focus of improvement is how to optimize various factors and 

enhance returns to scale. 

 

In the aquaculture industry, technical progress of farming equipment and rational organization of 

elements have important influence on yield and quality of salmon farming. In combination with the 
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research purpose, this thesis is going to apply static efficiency evaluation from the input perspective 

and evaluate sustainability performance of Mowi ASA. The main goal is: identify the deficiency and 

distance between the years with low efficiency in the company and the frontier, propose 

corresponding improvement suggestions and plans, and enhance the overall efficiency by facilitating 

the progress of feeding technology, continuous investment in research and development, and the 

adoption of advanced organization and management methods. 

 

2.3.4 Static DEA method model 

The most common model among DEA method is CCR, the model assuming constant returns to scale 

in the process of production, while lead to deviation with the actual production process, because many 

Decision-Making Units (DMUs) cannot realize optimum scale at the beginning. Although the 

technical efficiency measured from CCR model include scale efficiency, there is no separation of 

scale efficiency. Subsequently, Banker, Charnes and Cooper (1984) modified CCR and create a new 

DEA model which can realize scale efficiency called BCC model. The BCC model assumes that 

returns to scale is variable, and determines whether DEA is effective according to the efficiency value. 

In this thesis, input-oriented BCC model is selected to measure and evaluate the sustainable 

performance of Mowi ASA. 

 

Suppose the number of Decision-Making Units (DMUs) are n, the number of inputs and outputs of 

each DMU are m and s respectively. For a specific DMU, input-oriented BCC model is: 
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In the formula 1.1, 
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jy are input and output vector, 
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Tv are variable weights. Through 
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Charnes-Cooper transition, the linear programming of BCC model is obtained: 
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2.3.5 Two-stage DEA model 

Suppose there are n Decision-Making Units (DMUs), , j 1,2,....., njDMU = , the two-stage DEA 

model is composed of two stages of input and output indicators, in which the output of the first stage 

is also the input of the second stage, called intermediate variable. Thus, there are m inputs in the first 

stage: , i 1,2,.....,mijx = , 1 output: , 1,2,.....,djz d l= . 

There are s outputs in the second stage: , 1,2,.....,rjy r s= . For a specific DMU, the two-stage DEA 

model can be shown as below: 
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Since this thesis will evaluate sustainability performance along the value chain from operations, 

marketing and sales, and technology development in the analytical framework, the two-stage DEA 
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model will be applied to the operations stage and marketing and sales stage. 

 

Chapter 3 Literature review and theory 

3.1 Literature review on sustainability 

3.1.1 Overview of sustainability 

The view of sustainable development can be traced back to 1980, when three environmental non-

governmental organizations IUCN, WWF, and UNEP formed a union and proposed the concept in 

the World Conservation Strategy. In this strategic document, they emphasized the meaning of 

sustainable development as “conserving the earth’s natural resources” (IUCN, WWF, & UNEP, 1980). 

In 1987, the white paper called Our Common Future was launched by former Norwegian Prime 

Minister Gro Harlem Brundtland, where the concept of sustainable development was officially used 

for the first time in the World Commission on Environment and Development (WCED). She defined 

sustainable development as “development that meets the needs of the present without compromising 

the ability of future generations to meet their own needs” (Brundtland, 1987). This report not only 

gives the definition of sustainable development, but also provide systematic elaboration revolves 

around the sustainable development. It is one of the outstanding definitions for sustainable 

development that are widely recognized by international society and used by scholars and researchers 

to form their different interpretations. There are hundreds of definitions for sustainable development, 

after collecting and sorting out definitions proposed by scholars, authorities and institutions, and 

referring to the classifications organized by different scholars, the definitions of sustainable 

development in the existing literature can be summarized as the following four categories. 

 

Firstly, the ultimate goal of sustainable development is to develop and ensure human survival. This 

kind of definition is mostly produced in the early stage concluded by ecologists and economists after 

comprehensive discussion on the ultimate goal of sustainable development. Representative figures 
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include Edward B. Barbier and Robert Costanza. Barbier (1993) emphasized the importance of 

optimal resource and environmental management on human survival. Costanza (1992) defines a 

sustainable system is one which survives or persists. Sustainable development is a relationship 

between a dynamic human economic system and a more dynamic ecosystem (Costanza, 1995). This 

relationship means that human existence can continue indefinitely and human cultures can develop, 

but it also means that the impact of human activities can be kept within certain limits, so as not to 

destroy the diversity, complexity, and basic functions of the ecological system (Costanza, 1995). 

Secondly, the essence of sustainable development is to find a dynamic balance between economic 

development and environmental ecology. Ecologists focus more on explaining the connotation of 

sustainable development from the perspective of ecological sustainability. They devote to create a 

dynamic balance between protecting ecological environment and enhance production capacity, 

making a better and optimized living environment for human beings. Such ecologist includes Daly 

(1994), who analyzed the contribution that different countries should make to environmental 

sustainability from geographical perspective. He claimed that the main contribution OECD countries 

should make is to stop environmental damage and reduce excessive waste and pollution such as 

greenhouse effect and ozone layer destruction, etc. while low-income countries should focus more on 

stabilizing population and speed up technological modernization. As a member of OECD, it is a must 

for Norway to strengthen the protection on environment while developing economic. Thirdly, the 

significance of sustainable development from social perspective lies in providing a high-quality living 

standard for human society. This type of definition regard the whole human society as the main focus 

of sustainable development, emphasizing the improvement of human health, life quality and access 

to necessary resources, and consolidate human’s living environment such as human rights, equality, 

and freedom. The definition in Caring for the earth: a strategy for sustainable living published in 

1991 is a typical representative: “improving the quality of human life while living within the carrying 

capacity of supporting ecosystems” (World Conservation Union, 1991). The rapid growth of salmon 

industry is driven by increasing income and improved life standard. As a branch of aquaculture 

industry with great potential for sustainable development, how to make more contribution to the 

welfare of human society is a trending topic. Fourthly, achieving sustainable development depends 
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on green and efficient technology. This is a perspective from technical aspect, which broaden the 

definition of sustainable development. Through researching, developing and applying more efficient 

and green technology, it is possible to enhance energy and resource efficiency, as well as reduce the 

waste and pollution.  

 

3.1.2 Sustainable development in salmon industry 

Previous studies on various aspects of sustainable development is summarized as three main factors 

as shown in figure 3.1: economic, environmental and social factors, this is also illustrated in three 

pillars of sustainability and first proposed by Barbier in 1987 (Barbier, 1987). The combination of 

social and economic sustainable development is equitable, the combination of economic and 

environmentally sustainable development is viable while the combination of social and 

environmental is bearable (Adams, 2006). Only when all three pillars are integrated will the 

sustainable development be achieved successfully. This can be described further in the salmon 

industry. As one of the fastest growing food industries in the world, the primary goal of salmon 

producing companies is optimize production capacity and create more jobs in the local communities 

to obtain economic development. With social responsibility, the production of healthy and nutritious 

seafood provides social value to human beings and more work opportunities which facilitate equity. 

Nevertheless, in order to make it more viable in the long term, the business must be operated on the 

basis of environmental protection.   
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Figure 3.1 Common diagrammatic representation of three pillars of sustainability 

 

In addition, Jørgensen and Pedersen (2018) further illustrated the interaction between economy, 

society and environment factors within sustainable development as can be shown in figure 3.2. For 

the salmon industry and also individual companies, the core is developing salmon business, and this 

is conducted in the social context and aim at creating value for the whole society. Environment is a 

much broader context for creating both economic value and social value. All activities are ought to 

be progressed based on protecting natural environment (Jørgensen & Pedersen, 2018). Therefore, the 

condition for achieving comprehensive sustainable development is dealing with the relationships 

between economic growth, care for the environment and social well-being in a proper way. 

 

 

Figure 3.2 Relation between environment, society and business 
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3.1.2.1 Players and stakeholders in salmon industry 

Besides Norwegian aquaculture companies who produce salmon play the main role in salmon industry, 

there are some other important players and stakeholders who act actively in this industry. A series of 

regulations, private standards, Norwegian and EU policies engage in the salmon industry and are 

committed to solving issues related to salmon production, diseases prevention and environmental 

impacts. It is the close cooperation between government, industry players and research institutes that 

lead to the successful industrial development in Norwegian salmon industry. 

 

The Norwegian aquaculture industry is regulated by Aquaculture Act and environmental monitoring 

(MFCA, 2005). In Norway, there are three kinds of production licenses which are Regular Concession, 

Development Concession and Green Concession (EUMOFA, 2017). Aquaculture licenses are issued 

in rotation according to allotments determined by the Ministry. The license specifies the maximum 

level of salmon a company or a production site can harvest in the sea at any time during the production 

process, which is also called the maximum allowed biomass (MAB) and is calculated in tonnes 

(MFCA, 2005). It varies by periods according to different temperature and by regions as can be seen 

in figure 3.3, the maximum allowed biomass in Sogn is much higher than that in other countries and 

the maximum allowed biomass in Rogaland is the lowest. 

 

Figure 3.3 Maximum Allowed Biomass in Norway per County 

Notes: this figure comes from Gaard (2016) 
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A recent regulation plan proposed by Norwegian government called the traffic light system is to limit 

further growth in production capacity and maximum allowed biomass (Olafsdottir, et al., 2019). They 

divide the coast into thirteen production sites and into three color zones which are red, yellow and 

green according to different biological environment. The main goal of this regulation plan is to 

facilitate sustainable development in the Norwegian aquaculture industry especially in terms of 

environmental dimension. Although sustainability involves also economic and social dimensions, the 

focus of this recent regulation plan is environmental issues and have an emphasize on consideration 

to wild salmon population. With the increase of sea lice and escaped farmed salmon to the open sea, 

it might have a bad influence on wild salmon stocks.  

 

In addition, the Norwegian government have put forward a sustainability strategy for the aquaculture 

industry in the aspect of environmentally sustainable development. It involves five elements of 

salmon farming which have an influence on the environment: genetic factors and escaping fish, 

pollution, disease, land use and feed resources (Salmonfacts, 2016). The two greatest challenges in 

the aquaculture industry nowadays are sea lice and escaping fish. Therefore, the hot spot in 

Norwegian salmon industry could mainly lies in environmental dimension of sustainability including 

biological issues such as sea lice and fish disease, escapes issues and so on. 

 

Global Sustainable Seafood Initiative (GSSI) is a public-private partnership on seafood sustainability 

aiming at solving seafood sustainability challenges that have an environmental, economic and social 

impact. Through gathering global efforts and resources, it facilitates the development of sustainable 

seafood including salmon in aquaculture sector. It is governed by a Steering Board on behalf of the 

whole seafood value chain, NGOs, governments, companies and international organizations including 

the FAO (GSSI, 2020). Moreover, in order to develop a seafood-specific social compliance 

benchmark, it collaborates with Sustainable Supply Chain Initiative (SSCI) of the Consumer Goods 

Forum. 
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The Global Salmon Initiative (GSI) is a leading initiative in the global salmon industry established in 

2013. It is organized by global farmed salmon producers with an aim of promoting sustainability 

development in the whole industry (GSI, 2020). GSI has 12 member companies located in Norway, 

the UK, Canada, Ireland, New Zealand, Australia, Chile and the Faroe Islands, which represent about 

50% of the global salmon production industry. Among these companies, three lies in Norway 

including Mowi, Cermaq, and Grieg Seafood ASA. Others are Bakkafrost, Blumar, Compañía 

Pesquera Camanchaca, Empresas AquaChile, Huon Aquaculture, Los Fiordos, Multiexport Foods 

S.A., New Zealand King Salmon; and Ventisqueros (GSI, 2020). They reached a consensus on 

achieving a common goal of producing healthy food to meet the demand of growing global population 

with a highly sustainable source whilst minimizing environmental footprint and increase social 

contribution. In addition, the GSI also has some associate members in pharmaceutical and feed 

industries, including Benchmark Holdings plc, BioMar, Cargill, Elanco, Merck, Sharpe and Dohme 

(MSD) Animal Health and Salmofood (GSI, 2020).  

 

In order to have a better evaluation for sustainability performance, GSI chooses ASC (Aquaculture 

Stewardship Council) certification as reference points and devote to achieving 100% certification 

among all farms run by GSI members (GSI, 2020). ASC is an independent non-profit organization 

established by WWF and IDH (Dutch Sustainable Trade Initiative) in 2010, and the mission is to 

achieve environmental sustainability and social responsibility in aquaculture industry with efficient 

market mechanisms that create value across the chain (GSI, 2020). The ASC certification is widely 

regarded as the strictest assessment of responsible aquaculture and provides a framework for other 

aquaculture related organizations to work towards (Ryan & Donald, 2017). In Norway, most of 

aquaculture companies has been certified to the ASC standard whereas some smaller companies or 

producers have not been certified due to the lack of implementation resources (Olafsdottir, et al., 

2019). 

 

The Food and Agriculture Organization of the United Nations (FAO) is a specialized organization of 

the United Nations committed to achieve food security for all people in the world. One of their three 
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main goals is related to sustainability, namely sustainable management and utilization of natural 

resources, including air, climate, water, land and resources for the benefit of both present and future 

generations (FAO, 2019).  

 

3.1.2.2 Sustainability and related indictors of salmon industry 

According to the sustainability report published by GSI (2020), the dimensions of sustainable 

development in salmon industry can be further decomposed into a series of indicators and explained 

in a more detailed way. In terms of environmental indicators, it includes fish escapes, fish mortality, 

antibiotic use, sea lice counts, sea lice treatments, hydrogen peroxide use, non-medicinal methods, 

wildlife interactions, use of marine ingredients in feed, certifications and environmental licenses (GSI, 

2020). Social indicators include compliance, occupational health and safety, community engagement, 

direct labor and R&D investment (GSI, 2020). In terms of economic indicators, it mainly involves 

wealth and distribution, financial performance, production costs, indirect effects on economic activity, 

investments in technology and innovation, license and permit conditions. Salmon farmers create lots 

of work opportunities and facilitate the economic development of local communities and Norway 

(Mowi, 2020). However, trade barriers might have a bad influence on the availability of the 

company’s salmon products in different markets. In this thesis, I am mostly concerned with 

environmental indicators and economic indicators which affect the sustainability of salmon industry 

and evaluate the performance based on market report, company reports, databases from the 

Norwegian Directorate of Fisheries and a two-stage DEA model. 
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Figure 3.4 Sustainability indicators in salmon industry 

 

3.2 Value chain theory 

In the production activities of sustainable value chain, sustainable procurement is not only the initial 

point, but also the key to link all sustainable production activities, which is paid special attention by 

enterprises. On the other hand, the sustainable value creation activities of enterprises need to be 

understood and supported by consumers. Only through consumers' consumption behaviors can they 

form a new consumer surplus and complete the creation process of the whole value chain. The 

difference between sustainable value chain and sustainable supply chain is that the former includes 

integration process by producers and consumers, while the latter only includes the sustainable 

activities of producers (Woodruff, 1997). The key focus of this thesis will be value chain and how to 

form a sustainable value chain as this is the core for an industry or enterprise to increase value, deliver 

and capture value. Along the value chain, operations activities, technology development activities and 
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marketing & sales activities will be focus more on in the following analysis chapter, within these 

areas, sustainability performance will be evaluated especially in terms of economic indicators and 

environmental indicators.  

 

Professor Michael Porter (1985) of Harvard University stated in his book Competitive advantage: 

creating and sustaining superior performance that the competitive advantage of enterprises comes 

from the strategic opportunities within the organization. “Competitive advantage cannot be 

understood by looking at a firm as a whole," Porter wrote, "it stems from the many discrete activities 

a firm performs in designing, producing, marketing, delivering, and supporting its product" (Porter, 

1985). Based on this understanding, Porter first proposed the concept of value chain to incorporate 

all these activities and regarded it as a tool to identify firm’s competitive advantage. 

 

The concept of value chain divides a firm’s activities into two categories: primary activities and 

support activities, the value chain model is shown in figure 3.5. Primary activities mainly consist of 

five components: inbound logistics, operations, outbound logistics, marketing and sales, service 

(Porter, 1985). Inbound logistics involve receiving, warehousing, and managing inventory. In salmon 

industry, it is mainly described as production and supply of raw materials especially fish feed. Some 

are provided by specialized feed producing companies, some are provided by the in-house production 

of salmon producing companies. Operations involve the process of converting raw materials into a 

finished product. It is divided into two stages in the salmon industry: production cycle and processing. 

Production cycle include freshwater production cycle and seawater production cycle. Processing 

involves primary processing and secondary processing. Outbound logistics are activities which can 

distribute a final product to a consumer, namely distribution. Marketing and sales involve strategies 

to choose target customers and increase presence in the market. Service means providing services to 

increase or maintain product value such as customer service. Support activities are designed as four 

components to enhance the efficiency of primary activities, these activities are normally denoted as 

overhead costs on a company’s income statement (Porter, 1985). Procurement involves how a firm 

obtain raw materials. Technological development mainly represents a company’s research and 
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development process, it can take place in every part or level of the business. Product-related 

technology development will complement the entire value chain, while other technology development 

will be related to specific primary and support activities. Technology development plays a significant 

role in salmon industrial development or operating salmon business, it is also a vital element for 

sustainable development as mentioned before, achieving sustainable development depends on green 

and efficient technology. The Norwegian salmon industry or even the aquaculture industry is of great 

significance both in Norway and in the world. However, due the limited ocean resources and 

environment protection, it is impossible for Norway to increase farming area and production capacity 

unlimitedly. Hence, with the aim of maintaining rapid development, they must be supported by 

advanced science and technology. Human resources (HR) management include hiring and retaining 

employees to manage company’s operation, produce, market and sell the product. It not only works 

on a single primary or support activity, but also supports the entire value chain. Infrastructure involves 

company systems and management team like planning, accounting, finance and quality control. The 

detailed salmon industrial value chain is going to be shown and analyzed in chapter 4. 

 

Figure 3.5 Value chain analysis model 
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The concept of value chain is a kind of management thought based on “value”. It regards the business 

activities of the industry or enterprise as a whole, in other words, it is a method to manage the value-

added chain of the industry (Porter, 1985). On the basis of relative independence of economy and 

technology, the value increment process of an enterprise can be divided into several independent and 

interrelated value activities, which eventually constitute a unique value chain. Value activities are the 

technical and material activities that an industry or enterprise is engaged in. Since the division and 

composition of value activities in different industries or enterprises are different, the value chain is 

also various. Each value activity will contribute different amount of value to the total value a company 

will ultimately achieve. Value chain is a prevailing notion nowadays in economic activities, and there 

exists industrial value chain between the upstream and downstream related enterprises, enterprise 

value chain which link every business unit within an enterprise, and also value chain among each 

business unit (Porter, 2001). 

 

In order to deeply understand the value chain, following points must be realized. First of all, value 

chain analysis is based on value rather than cost, the main purpose of introducing and utilizing this 

concept is to create value. Through analyzing the value chain, an industry or enterprise is able to 

identify which business unit create the most value and which create less value along the value chain, 

whether in primary activities or support activities. Secondly, enterprise value chain is part of a broader 

chain of activities embodied in the value system, which also includes the supplier value chain, the 

distribution value chain and the buyer value chain. Thirdly, different components of the value chain 

can be decomposed. For example, as a basic value-added activity, marketing and sales can be 

subdivided into marketing management, advertising, sales team management, sales business, 

promotion and other activities. Through further decomposing detailed elements, improve drawbacks 

and strengthen advantages, the industry or enterprise can manage activities along the value chain in 

a better way. Finally, different activities along the value chain in an enterprise are interrelated and 

influenced each other. The improvement in one activity could promote the other’s progress. Thus, it 

is very important to recognize the most essential parts along the value chain for a specific industry or 
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enterprise and make an in-depth analysis. 

 

Value chain plays an important role in operating and developing an enterprise. A firm's value chain 

and the way in which it carries out various value activities reflect its history, strategies and methods 

of implementing them, as well as the economic effects of these activities themselves. Although 

enterprises in the same industry have similar value chains, the value chains of competing enterprises 

are often different, and the difference between the value chains of competing enterprises is the 

primary source of competitive advantage (Porter, 1985). The significance of Professor Porter's value 

chain theory is that it clearly reveals that the competition between enterprises is not only the 

competition in a certain activity, but also the competition in the whole value chain (Porter, 1985). It 

is the competitiveness of the whole value chain that determines the competitiveness of enterprises. 

Therefore, only when an enterprise has in-depth understanding of its value chain and have effective 

management will it consolidate competitive advantage and realize a sustainable development.  

 

3.3 Performance evaluation 

Performance evaluation originated from business practices, which experienced result evaluation, 

focusing on the evaluation of behavioral process, and finally combined the two and integrated with a 

company's development strategy. The evolution of performance evaluation can be divided into four 

stages: reward and punishment adjustment under equalitarianism, subjective evaluation, virtue and 

ability performance evaluation, and quantitative assessment and target assessment (Chardine-

Baumann & Botta-Genoulaz, 2014). The performance evaluation system at each stage is determined 

by the social and economic environment the enterprise is in and the management requirements of the 

enterprise. The difference of performance evaluation is mainly reflected in the index system of 

performance evaluation. 

 

The concept of sustainable performance was put forward after that of sustainable development, it was 

defined as the combination of a practice’s economic, social and environmental performances in 8th 
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International Conference on Corporate Social Responsibility (Farooq, Farooq, & Reynaud, 2009). As 

can be seen in figure 3.6, Economic performance is the integration in investment and access to 

financial market. Environmental performance involves in reduction of pollution, security of products, 

security of installations and plants, exhaustion of resources. Social performance includes equal 

treatment, respect for human rights ad good working behavior. These three dimensions exert influence 

on an enterprise’s comprehensive sustainable development and only when enterprise integrate three 

dimensions in a synthetic approach can it have a better sustainability. Therefore, evaluating 

sustainable performance is of great importance in the development process of a company, especially 

in terms of sustainable development. In the meantime, by evaluating sustainable performance from 

the perspective of value chain, the enterprise will have a comprehensive understanding of its synthetic 

ability in economic contribution, environmental performance and social responsibility along the value 

chain. According to Professor Porter (2001), through the analysis of enterprise value chain, the 

competitive advantages of enterprise can be enhanced and the resources will be allocated effectively, 

so as to promote the sustainable development of enterprises.  

 

Figure 3.6 Sustainable performance 

 

The sustainable performance concept is a recent research topic and its evaluation is even more recent. 

Chardine-Baumann and Botta-Genoulaz (2014) summarized some tools and conceptual models 
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proposed by other researchers to evaluate sustainable performance such as multi-criteria approaches 

and composite sustainable indexes. However, most of the contributions about mathematical models 

are focused on one dimension of sustainable development which is economic dimension. There are 

several researches which integrate two sustainable dimensions that utilize multi-criteria approach. 

One is published by professor Sawadogo and Anciaux (2010) in Reducing the environmental impacts 

of intermodal transportation: a multi-criteria analysis based on ELECTRE and AHP methods. 

Professor Cruz and Wakolbinger (2008) also utilized in Multiperiod effects of corporate social 

responsibility on supply chain networks, transaction costs, emissions, and risk. In addition, according 

to the research made by professor Büyükozkan and Karabulut (2018), most publications about 

sustainable performance focus more on environmental elements and are committed to decrease 

ecological impacts whereas neglect social and economic dimensions. Moreover, they identified the 

ignoring on what to exactly measure and how to interpret them in order to identify sustainability 

performance. 

 

Professor Büyükozkan and Karabulut (2018) stated that the current sustainability science is dispersed 

with the using of various approaches and topics. They devote to describing the overview of 

sustainable performance assessment and the current state of literature, as well as analyzing and linking 

the trends with a unique perspective on corporate sustainability performance assessment. Based on 

definitions of sustainability performance, performance evaluation, performance measurement and 

environmental performance assessment, they defines sustainable performance evaluation as the 

quantification of an corporate’s overall performance with a series of performance indicators, which 

involve its decisions, policies, and actions related to economic, environmental and social results 

(Büyükozkan & Karabulut, 2018). Sustainability performance is a combination of sustainability 

accounting, assessment and reporting procedures. Sustainability accounting is to collect information 

and data for example key performance indicators and find a proper method to measure them, it thus 

requests conceptual models for example indicator sets. Sustainability assessment is to utilize 

analytical integration techniques to explain and describe collected qualitative and quantitative data 

which can be effectively solved by numerical methods. Once the process of sustainability accounting 
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and assessment is finished, sustainability performance will be reported as a strategic tool for 

enterprise’s management and communication (Maas, Schaltegger, & Crutzen, 2016). However, 

research papers related to both accounting and assessment are very limited, they usually describe the 

state of the art rather than critically analyzing and identifying patterns for a comprehensive 

sustainability performance evaluation, especially for corporate sustainability performance evaluation 

within organizational boundaries. Therefore, it is of great importance to progress accounting, 

assessment and reporting process in order to evaluate sustainability performance with a holistic view 

and find out the interactions between different sustainability perspectives, and then take further 

necessary measures to mitigate or improve them (Williams, Kennedy, Philipp , & Whiteman, 2017). 

 

3.4 Research about data envelope analysis (DEA)   

With the development of performance evaluation theory and the continuous reform of enterprises, 

methods for enterprise performance evaluation are constantly innovating. The evaluation system 

changes with different evaluation purposes. In 1978, DEA evaluation method was proposed by 

Charnes, Cooper and Rhodes (1978) to evaluate efficiencies of Decision Making Units (DMU), which 

led to the combination of non-financial indicators and financial indicators of enterprise performance 

evaluation, and the effective integration between different methods. It provides a mathematical 

programming method to estimating best practice production frontiers and evaluating the relative 

efficiency of different entities, and it has the function to convert multiple inputs into multiple outputs 

(Kaoru , 2002). DEA approach was first used for non-profit organizations and this approach has been 

studied in many research papers and utilized in different types of industries over the last decade. In 

1986, Banker et al. (1986) applied DEA method to evaluate the efficiency of each hospital in North 

Carolina. The earlier DEA model assumes that the enterprise is an entirety with full efficiency and 

traditional DEA models cannot take into account the complex relation among activities within 

organization. When considering the influence of internal structure and organizational efficiency of 

the enterprise on input and output, as well as the output and re-input of intermediate products, the 

two-stage network DEA appears, so as to combine the structural efficiency of the enterprise with 



32 

 

external input and output for research. Fukuyama and Weber (2015) conducted a dynamic two-stage 

network DEA approach to evaluate the Japanese bank performance. The first stage includes three 

desirable inputs: labor, equity capital and physical capital, two intermediate outputs was produced 

and used as inputs for the second stage to produce two desirable outputs and one undesirable output. 

On the basis of the dynamic framework, resources can be allocated over time, production of desirable 

outputs can be maximized while that of undesirable outputs can be minimized (Fukuyama & Weber , 

2015). In 2016, a relational network DEA model was utilized in an international shipping company 

in Iran to evaluate its performance and calculate the efficiency of its supply chain (Omrani & 

Keshavarz, 2016). Tsai (2016) applied DEA model in clarifying the relationship among government 

expenditures, energy consumption, labor forces, GDP, and CO2 emissions, and the result is of great 

importance for improving sustainability in both European and Asian countries. Zeng et al. (2016) 

adopted a three-stage DEA model to calculate the efficiency of investments made in the Chinese 

culture industry, and it shows that the efficiency of culture industry will remain low.  

 

The first time that DEA was utilized in sustainable performance evaluation in value chain was in the 

Vietnam textile and apparel industry. Due to impressive growth and fierce competition of the industry, 

performance evaluation is very essential in addressing the insufficient value chain and estimating the 

values of companies over time (Le & Wang, 2017). Among a series of different DEA models, they 

use Malmquist productivity index and window analysis model for sustainable performance evaluation 

because of the benefit compared to conventional DEA techniques. Since DEA has never been used in 

the salmon industry, therefore, the contribution of this thesis is the utilization of two-stage network 

DEA approach in Norwegian salmon industry and individual enterprise along the value chain. 

 

Chapter 4 Analysis of value chain of Norwegian salmon industry 

The Norwegian aquaculture industry has been world-leading among the global salmon market and 

has the ability to compete for seafood on the world market. As the largest farmed-salmon producing 

country, the high price and increased demand of farmed salmon benefit many Norwegian aquaculture 

enterprises. Norway currently has more than 120 aquaculture companies, with an annual output of 
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nearly 1.3 million tonnes of Atlantic salmon (NSC, 2018). Among the world’s largest salmon 

producers, the top four are all Norwegian companies including MOWI ASA, Lerøy Seafood ASA, 

Cermaq Norway and SalMar Farming AS (Olafsdottir, et al., 2019). It is estimated by Norwegian 

Seafood Council that in 2017, Norway exported 1 million tonnes of salmon which is the highest value 

for salmon compared to previous years, and also have an increase of 2.8 percent in volume compared 

with 2016 (NSC, 2018). The thriving of salmon industry also brings more job opportunities, the 

people involves in this industry increased gradually in recent years and further facilitate local 

economic growth. Figure 4.1 (Statistics Norway, 2020) shows the persons at work in the hatcheries 

and production section in salmon industry from 2007 to 2019. The number of workers in production 

section grows gradually in the past decades and reached approximately 6500 in 2019. In addition, 

there are about 40,000 people specializing in Atlantic salmon processing, marketing and research and 

other services. In this chapter, the sustainability performance of the whole salmon industry will be 

illustrated first from the perspective of value chain, and then it will be narrow down into the case 

company - Mowi, and evaluate its sustainability performance with the use of DEA approach. 

 

Figure 4.1 number of workers in production section 

Notes: adapted from The Directorate of Fisheries (Statistics Norway, 2020) 

 

4.1 Current sustainability performance of salmon industry  

According to the value chain theory and features of salmon industry, the value chain of salmon 

industry can be divided into seven sections from upstream to downstream as shown in figure 4.2: 

suppliers, land-based activity, sea-based activity, primary processing, secondary processing, 
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distribution, and marketing & sales. Upstream value chain is from suppliers to sea-based activity 

while downstream value chain starts from processing activity, ended in the marketing & sales section 

and are provided to customers. Suppliers are normally responsible for feed manufacture, equipment, 

fuel and energy, professional services, transport, etc. Due to the importance of fish feed in salmon 

production industry, the analysis about suppliers will only be focus on fish feed suppliers. The 

operations activity originated from value chain theory is divided into two stages in the salmon 

industry: production cycle and processing. Production cycle include freshwater production cycle 

(land-based activity) and seawater production cycle (sea-based activity). Processing involves primary 

processing and secondary processing. Distribution involves transportation, warehousing, export and 

import. Last but not least, marketing and sales to transfer the product from producers to customers.  

 

Figure 4.2 Value chain of salmon industry 

 

With the development of new technology and advanced techniques, the production costs have 

declined and productivity has been improved in the Norwegian salmon industry during the past 

several decades. However, with the rapid development of the whole industry, some issues have 

already aroused. The costs have a rising trend in the past few years and production grow at a slow 

rate because of some external factors such as the increasing feed costs, biological costs like sea lice 

treatment, fish escapes and more rigorous regulatory compliance procedures. Thus, how to balance 

the relation between economic development and biological environment is the most essential 

challenge that the industry should address. The two greatest challenges in the aquaculture industry 
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nowadays are sea lice and escaping fish in the production cycle. Therefore, the hot spot in Norwegian 

salmon industry could be the biological issues in the environmental dimension of sustainability, and 

it will be put more attention on. 

 

4.1.1 Suppliers- Fish feed providers  

Nowadays, the development of feed producers in the salmon industry has been more and more stable 

with three large producers who controlled most of the salmon feed output: BioMar (subsidiary of 

Schouw), Skretting (subsidiary of Nutreco) and Ewos (EY, 2019). Besides independent feed 

producers, some salmon producing companies have set their own feed plants and established their 

own affiliated feed producing companies in order to have more control over the business and have a 

vertically integrated value chain. Such feed producing companies include Marine Harvest Fish Feed 

AS, Skretting AS, Ewos AS, BioMar AS, Aker Biomarine Antarctic AS and so on (EY, 2017). 

 

As a biological input factor, fish feed plays an indispensable role in creating the best fish health and 

performance, but also environmental footprint. Although salmon farming is one of the most climate-

friendly types of animal husbandry with a low carbon footprint, fish feed contributes to the largest 

part among the salmon farming industry value chain. Carbon footprint can be also described as total 

greenhouse gas (GHG) emissions. According to statistics from EY (2019), the GHG emission from 

feed production section account for around 95% of that in traditional salmon farming. Feed efficiency 

and feed ingredients (raw materials) are the main sources of carbon footprint and should be focused 

more on when it comes to sustainability. In terms of feed efficiency, it is dependent on feed conversion 

ratio (FCR), which represents feed amount used to produce a certain number of salmon (Mowi, 2020). 

If the feed can be eaten and converted completely to salmon weight, the feed efficiency will be high, 

however, this is not the case in reality. Normally, the feed released in the water cannot be eaten by 

salmon 100%, thus, the amount of feed beyond what is eaten by salmon will further contribute to 

greenhouse gas emission. In turn, the less feed amount is consumed, the lower feed conversion ratio 

will be calculated, and thus the higher feed efficiency is going to be obtained. According to the 
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statistics from EY (2019), 10% reduction in FCR will lead to 9.5% decrease in carbon footprint. Since 

fish feed contributes to the largest part of carbon footprint among the industry value chain, how to 

minimize the feed waste is of great significance for reducing GHG emission. Nowadays, some salmon 

companies are committed to reducing feed waste with the use of underwater cameras and sensors. 

Feeding control systems are also developed, with the function of controlling the maximum feed intake, 

it is easier for companies and farmers to make full use of the feed and reduce waste. It guarantees that 

when the intake reached the maximum, feeding will be stopped immediately. Moreover, feed 

formulations and feed manufacture are ought to be improved in order to decrease the quantity of feed 

used in farming salmon and optimize FCR (SINTEF, 2020).  

 

As for feed ingredients, it also affects carbon footprint in different degree by changing the proportion 

of different types of raw materials. The original feed ingredients of salmon in Norway mainly include 

fish meal, fish oil and vegetal raw materials. Because of cost optimization and shortage of marine raw 

materials-fish meal and fish oil, the main part of feed ingredients has gradually turned into vegetal 

ingredients such as sunflower, soy, corn, wheat, peas, beans and rapeseed oil (Waagbø, 2019). Figure 

4.3 illustrates the development of raw materials in salmon feed in Norway from 1990 to 2019 

(SINTEF, 2020). The percentage of fish meal decreased largely from 65% in 1990 to 13% in 2019 

while the percentage of vegetal raw materials increased significantly from 11% in 1990 to 76% in 

2019. In addition, the percentage of fish oil also declined from 24% to 11%.  

 

Figure 4.3 Development of raw materials in salmon feed in Norway 
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The increase of vegetal raw materials seems to be a positive trend for the future sustainable sourcing 

of feed ingredients. However, this shift lead to the increase in carbon footprint since the vegetal raw 

materials have a higher carbon footprint than marine resources especially soy (SINTEF, 2014). This 

have been emphasized in a new research from the Norwegian research institute SINTEF, which 

studied and compared the carbon footprint of different kinds of seafood and land-based food in 

Norway. It is claimed that the extensive requirements of plant-based ingredients result in rising GHG 

emissions for farm-raised salmon (Bæk, 2020). Therefore, the ingredients of salmon feed are still an 

important factor that feed producing companies should focus on. In order to overcome the 

challenges, 44 salmon farming companies in Norway have signed an agreement with one of the 

largest feeds producing companies-BioMar, to obtain a bespoke feed formulation that will help to 

lower the carbon footprint by 20% (Byrne, 2019). The formulation combines purification technology, 

microalgae and by-products of fish. Although most of the salmon companies are small and medium-

sized, their purchasing amount is approximately 190,000 tons per year, which account for 12% of the 

total fish feed that is sold to salmon companies in Norway (Byrne, 2019). Hence, the sustainability 

practices of small and medium-sized companies cannot be neglected as well. 

 

Traceability of feed ingredients is another essential factor for feed producing companies to keep 

sustainable development. They must ensure that feed raw materials come from legal, regulated and 

reported catches, and are not from fish species that are categorized as endangered on the International 

Union for the Conservation of Nature (IUCN) red list (Mowi, 2020). However, there are still some 

reports of fraud in many salmon markets. In 2019, with the aim of improving traceability and 

transparency of marine ingredients, one of the global-leading feed producing companies, BioMar, 

proposed a DNA testing and have the ability of genetically testing whether the species composition 

in a sample of raw material matches the reported composition on the traceability certificate (Salmon 

Business, 2019). 
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4.1.2 Operations activities 

Operations activities along the salmon value chain will be divided into three sections: land-based 

activity, sea-based activity and processing. The salmon farming production cycle is around three years, 

including freshwater production cycle (land-based activity) and seawater production cycle (sea-based 

activity). Freshwater production cycle is the process of juvenile’s production (smolt) while seawater 

production cycle refers to the growing process from smolt to market size (Olafsdottir, et al., 2019). It 

takes around 10-16 months in the first phase and 12-24 months in the second phase. Processing refers 

to primary processing and secondary processing. Many producing companies operate both of them 

and are committed to gain direct ownership of a series of production activities: hatcheries, farming, 

salmon processing and exporting. In Norway, large producing companies have slaughtering 

equipment such as well boats for fish transport and primary processing whereas small producing 

companies have to rent or buy slaughtering services from other large companies. This section will 

divide the current operation activities into three parts: land-based activity and sea-based activity, 

illustrating the sustainability situation along the Norwegian salmon industry value chain. 

 

4.1.2.1 Land-based activity  

Eggs and smolt are juvenile production inputs for hatchery and land-based activity. Some of the 

suppliers of eggs with a large quantity in the salmon industry include Rauma Stamfisk, Benchmark 

Genetics and AquaGen (NSC, 2018). They have the ability of producing eggs the whole year and 

marketing in different countries internationally though it might be restricted by import or export 

regulations of some countries. Smolt is mostly produced in-house by salmon producing companies 

or farmers for their own use. The land-based smolt production period is approximately 6-12 months 

from fertilization of an egg to a mature smolt with a weight from 100 to 250 grams. The subsequent 

post production of larger smolt with a weight from 250 to 1,000 grams has become more often in the 

past few years. Salmon farmers and production companies tend to prolong the time for producing 

post-smolt as it is easier to control the production process and interaction between post-smolt and 
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external ocean conditions. The industry has invested in freshwater equipment and it will shorten the 

smolt period at sea and thus shorten the time exposed to sea lice and other diseases. When they are 

transferred to the sea, mortality and biological risks such as sea lice and other fish diseases will be 

reduced and thus increase quality and survival rate. It is estimated that the survival rate of larger smolt 

with a weight of 2.5kg is approximately 99% while that of smolt in traditional sea farming is only 

84%. The larger smolt will then be delivered to seawater cages and grow to 4-5 kg there during a 

period of 12-24 months. The more detailed Atlantic salmon production cycle and land-based farming 

will be shown in appendix.   

 

Land-based farming with RAS (recirculating aquaculture systems) technology has attracted wide 

attentions of Norwegian farms and salmon companies in recent years due to a range of advantages 

compared with traditional sea-based open net-pen production such as full escape and sea lice control, 

minimal water consumption. However, since land-based activity requires larger investments and 

higher degree of technological capacity, and also substantial land areas to conduct these activities, the 

economic challenges also need to be considered when balancing different aspects of sustainability. 

An aquaculture report from EY (2019) stated that the carbon footprint of land-based activity of salmon 

in Norway is 28% higher than traditional net-pen production due to several reasons such as feed 

conversion ratio on land and electricity uses. As a consequence, land-based production is not as 

positive as net-pen production in terms of carbon footprint impact. In addition, Norway still has 

limited experience in the post-smolt production process, the outcome between reduced biological 

risks and increased carbon footprint are still unknown, as a consequence, further research still needs 

to be conducted.  

 

4.1.2.2 Sea-based activity  

In the progress of sea-based activity, escaped farm-raised salmon to the open sea result in genetic 

changes in the wild salmon, namely the wildlife interaction issues among the environmental 

indicators (Mowi, 2020). Although most escaped salmon cannot survive due to disease or starvation, 
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there are still some of them which can survive and escape into the river every year. Through 

interactions and interbreeding with wild salmon, it might result in possible genetic changes in the 

wild salmon population. According to the statistics from the Institute of Marine Research (NVI, 2019), 

all the 13 production areas in Norway are at a risk of further genetic changes. Seven of them are at a 

high-risk level, three are at a moderate risk level and the other three are at a low risk level. It is said 

that in order to prevent salmon escapes and sea lice issues in sea-based activity, new areas along the 

Norwegian coasts has been explored to develop offshore farming and closed or semi-closed systems 

(EY, 2017). It forms physical barriers to stop the interaction between farm-raised salmon and external 

ocean environment. Figure 4.4 shows the changes in number of escaped salmon in Norway from 1998 

to 2019, related statistics are collected from the database of Directorate of Fisheries in Norway. The 

original data can be found in appendix. The number of escapes has been effectively controlled in 2008 

due to the efforts made by Norwegian salmon industry and individual companies. And then it 

fluctuates in the following years with a peak of 364,000 in 2011 and a lowest point of 16,000 in 2017. 

The number continue to increase after 2017. According to salmon market report by FAO (2019), 

Norwegian government have paid more attention on reducing escaped farmed-salmon. Since salmon 

companies and farmers have a goal of zero escapes, there is still a long way to go. 

 

Figure 4.4 Number of escaped salmon from 1998 to 2019 
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In the process of seawater production, sea lice counts are a biological issue that cannot be 

underestimated in Norwegian salmon industry. The proliferation of sea lice posed a big threat on not 

only farm-raised Atlantic salmon, but also wild salmon and other kinds of fishes. Sea lice are small, 

highly reproductive marine parasites that can develop into mature sea lice in a few weeks. It is 

parasitic on salmon and feed on its skin and outer membrane. On the one hand, sea lice will directly 

harm the fish body by piercing through the skin of salmon and parasitic on the surface, and gradually 

eat the fish body, causing the death of salmon, lesions or secondary infections, making it uneatable. 

On the other hand, if salmon with sea lice on surface escape from cages, sea lice can infect wild 

salmon and fishes, causing serious biological pollution. In the second half of 2018, 8% of Norwegian 

salmon companies reported high sea lice level above regulatory control limit due to high seawater 

temperatures (FAO, 2019). This further result in increasing production costs and decreasing harvest 

weights and volumes at the end of the year. The current outbreak of sea lice appears to be linked to 

global warming, the higher the water temperature, the easier it is for sea lice to breed (EY, 2019). 

Many salmon farms in Norway are studying and measuring various methods to control and eliminate 

this parasite, including the use of chemical pesticides, adopting closed enclosure in the seawater, 

heating the water to make parasites separated from fish, utilizing underwater laser to kill parasites, 

etc. Moreover, some of the farms and companies mix farm-raised salmon and cleaner fish such as 

lumpfish in the sea-based activity, in this way, sea lice can be removed directly without harming the 

parasite hosts, and this physical method will not lead to any ocean pollution or environment issues. 

However, these methods are not perfect and highly effective, for instance, pesticides can harm other 

shellfish in the ocean and cause food safety problems, while cleaner fish species are threatened by 

overfishing.  

 

In 2017, the traffic light system was proposed by Norwegian government in order to control the 

outbreak of sea lice parasites (Nærings- og fiskeridepartementet, 2017). According to the rule, the 

coast of Norway is divided into 13 main producing areas of Atlantic salmon, and the status of sea lice 

in these areas is represented by green, yellow and red respectively. The green area indicates that the 

risk of Atlantic salmon escape and sea lice is low, and the yield can be increased by 6% based on the 
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maximum allowable biomass (MAB). The yield in the yellow area is allowed to remain unchanged. 

The red zone must reduce production by 6%. According to the updated traffic light color of production 

area along Norwegian coastline as can be seen in figure 4.5 (Blaalid, 2020), nine of the thirteen 

producing areas were rated green, two of them get yellow lights and another two - Nordhordland to 

Stad and Stadt to Hustadvika, were rated red which means the production must be reduced by 6%. 

 

 

Figure 4.5 Traffic light system of production areas 

Notes: this figure comes from Blaalid (2020) 

 

The production loss result from sea lice, fish escapes and diseases have existed for a long time in the 

whole industry, although some measures have been taken as mentioned above especially the use of 

cleaner fish, the real effects and outcome attract my attention. What is the performance over the years? 

Is it efficient to take these measures? A new scientific report claims that “using cleaner fish to remove 

sea lice from farmed salmon can be economically or ethically justified are not backed up by robust 

evidence” (The Fish Site, 2020). In order to explore the loss of salmon in terms of mortality, 

declassified and escapes in the past years, as well as the comparison with the usage of cleaner fish, 

related statistics are collected from the database of Directorate of Fisheries in Norway. The original 

data can be found in appendix. Figure 4.6 shows the number of mortalities, escapes, declassified 
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salmon from 1998 to 2019, and the number of cleaner fish used accordingly. The total loss of salmon 

has an increasing trend during the 22 years from 1998 to 2019. Although it decreased to some extent 

in 1999, 2004 and 2012, the total number rose again in the following year and keep the upward trend. 

The industry started to enhance the use of cleaner fish from 2008 in order to reduce the death of 

salmon, however, with the stable increase of production loss, the number of cleaner fish used has 

rocketed from 2008 to 2019. This further led to a significant increase in farming costs, and it is clear 

that the situation has not been effectively brought under control. 

 

 

Figure 4.6 Numbers of salmon died, declassified, escaped, compared with numbers of cleaner fish 

used from 1998 to 2019 

 

Sea lice treatments with medicine affect not-target species in different ways. Bath treatments have a 

short-term influence on other species while oral treatment have a relatively long-term influence on 

other non-target species (Mowi, 2020). Bath treatments are conducted whether in the pen directly or 

in the well boat with medicines including hydrogen peroxide. If the treatment take place in pens, the 

medicine will be released into the open sea directly. If the treatment is done in a well boat, the 
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medicine will be released when the vessel is in motion. The good news is that purification systems 

which can be used in bath treatments to reduce medicine have been developed in the last few years, 

and also an amount of non-medical tools, which will reduce the risk of medicine use for the ocean. 

The medicine composition in oral treatment include diflubenzuron, teflubenzuron and emamectin, 

which might affect the environment through feed and feces. The environmental challenges in the 

western Norway mainly lies in frequent sea lice treatment. In recent years, cost in sea lice 

management account for a large proportion of salmon producing companies’ total cost. But the good 

news is that sea lice issues happened in 2019 have stabilized at 2018 levels. 

 

According to salmon market report published by FAO (2019), the algal bloom in northern Norway 

has led to 8 million salmon mortality among which the majority are young generations. As a cold-

blooded animal which also called ectotherm, water temperature has a significance influence in the 

salmon’s growing process. The best temperature range for Atlantic salmon is 8-14℃ and they survive 

well from 4-18℃. High seawater temperatures may increase the risk of disease whereas low 

temperature under 0℃ increase the possibility of mortality. Since the seawater temperature varies 

from north Norway to south Norway, the growing size and period changes by time of the year and 

different regions. The challenges in the north Norway are mainly lies in low temperatures and 

bacterial wound infections, which might further cause mass mortality (Mowi, 2020). 

 

Pollution problems has aroused widespread concern of salmon producing companies and farmers 

such as antibiotics, chemicals, nutrients dissolved into the water through feed, and especially the 

increase of microplastic in recent years. As an emerging pollutant, microplastics have attracted 

worldwide attention. It is defined as plastic particles less than 5mm in diameter, the sources of 

microplastics are mainly divided into two types. One is primary microplastics whose particle size is 

less than 5mm at the time of production, and are often used in toiletries that have cleansing effect. 

Another is secondary microplastics, which are comes from large pieces of plastic. Microplastics 

release harmful additives into the water which will affect fish in the ocean. Several initiatives and 

measures have been taken by these related players to reduce plastic waste. For instance, some 
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companies are improving their waste management and proposing beach clean-up events to call for 

plastic waste reduction; improve the packaging of products and detect the content percentage of 

microplastics and plastic-related contaminants in salmon. 

  

In terms of certification & environmental license indicator, in all regions that produce and farm 

salmon, the local authorities have licensing policies to restrict the maximum production for each 

company and the industry to protect environment. Hence, a license is the prerequisite for salmon 

producing companies to have a long-term development. The limitations for salmon production in 

Norway are called “maximum allowed biomass” (MAB) as specified in chapter 2. Among the thirteen 

production areas along the Norwegian coast, MAB is dependent on the level of sea lice (EY, 2019). 

If sea lice level decrease, the MAB can increase by 6% while if the sea lice level increase, the MAB 

will decrease by 6%. Norwegian government are responsible for confirming the condition for 

production on existing and new licenses every second year. Figure 4.7 (Mowi, 2020) illustrate the 

production regulations in Norway for one company in terms of licenses. Each company has 3 allowed 

sites to produce and farm salmon. The number of licenses for a specific area are 5 with 780 tonnes 

live weight (LW) biomass threshold per license. Thus, the MAB for one company will be 3,900 tonnes 

(LW).  

 

Figure 4.7 Production regulations in Norway for one company 

 

When harvesting salmon, the optimal weight is between 4 and 5 kg although the market weight of 

salmon is usually between 3,5 and 7 kg. The timing of harvest is important for companies’ revenue 
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and profit due to the volatile market prices. If they postpone the harvest time, it will lead to feed cost 

and monitoring cost. If they harvest earlier with a related low price, it will directly influence the 

financial income. In this situation, the decision of whether harvest at a current known price or wait 

for larger salmon with an unknown price is essential for the company (Lillevand, Ulsund, & Denstad, 

2015). 

 

4.1.2.3 Processing  

Processing of salmon include primary and secondary processing. Primary processing involves 

slaughtering, gutting, chilling and packaging. Secondary processing involves filleting, fillet trimming, 

portioning, producing, smoking or marinating (Olafsdottir, et al., 2019). According to the statistics 

from Olafsdottir et al. (2019), it is the quality of harvest that determines where to further process the 

salmon. Approximately 20% of superior quality salmon have the secondary processing in Norway 

while the rest is mainly used for export and further processed in the worldwide, 80% is exported from 

Norway in fresh head on gutted (HOG) and further processed into other products such as smoked 

salmon, portions, fillets, or ready-meal products in the European market, 13% in the Asian market 

and 3% in Canada, USA and others. Products that have secondary processing are value-added 

products (VAP) because they have more value to the retailer. 

 

4.1.3 Marketing and sales  

In retail and consumption sector, it is a trend to market value added products and differentiate them 

from selling fresh whole salmon to fresh boneless cuts and ready to eat food. The main reason behind 

is the stagnated growth in salmon production caused by biological issues such as sea lice. Just as FAO 

(2019) stated in Globefish Salmon Market Report in 2019, “Proliferation of ecolabel-led products, a 

shift towards the fresh fish segment and an emphasis on convenience remain the characterizing trends 

in salmon markets globally. On the industry side, identifying effective solutions to biological 

challenges, particularly sea lice, will remain a core focus”. Therefore, producing companies focus 
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more on integrating downward in the value chain of salmon industry (Olafsdottir, et al., 2019). 

 

4.1.4 Technology development 

With the rapid development in aquaculture industry, it is crucial to turn experienced-based production 

into knowledge-based production in order to optimize production process and mitigate environmental 

effects. More and more technological companies have started to engage in this industry. They provide 

technical solutions and services across the whole value chain in improving aquaculture technologies 

to address biological challenges and the rise in production cost. For example, Akva Group ASA, 

SINTEF Ocean AS, Steinsvik AS, Optimar AS and Egersund Net AS are companies who provide 

solutions from the aspects of barges, wellboats, feeding systems, cages, mooring systems, sea lice 

treatments and software (Olafsdottir, et al., 2019).  

 

4.2 Analysis of case company – Mowi   

4.2.1 Company history and structure  

Mowi ASA, with its headquarters in Bergen, Norway, is a Norwegian seafood company in the 

aquaculture industry with a focus on producing and offering Atlantic salmon products such as fresh 

and frozen salmon, other products such as coated fillets, trout and halibut fillets, and ready-to-eat 

meals. The major source of revenues is from selling Atlantic salmon. Established in 1964, it 

experienced a long history during the past 50 years such as mergers with or acquisitions of other 

seafood companies, the change of name to Marine Harvest ASA, and integration within the company. 

Today, it has been a world leading salmon producer which provide salmon products to restaurants, 

wholesaler and retailers in more than 70 markets in Europe, Americas and Asia under a range of brand 

names such as Ducktrap and Kendall Brook in the US, the Irish Organic Salmon Company in Ireland 

and Supreme Salmon. Its operation plants are not only in Norway, but also Canada, Scotland, Chile, 

the Faroe Islands and Ireland, covering most of major salmon farming regions. In the European 
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market, processing plants are located in many different countries which lead to the convenience of 

offering customers fresh and healthy salmon products in a short time. As for the Americas market, 

Mowi opened a new large facility in Miami, the US last year to enhance its production capacity, and 

this indeed facilitate the increase in volumes and revenues in the Americas market. There are more 

and more operation sites in Asia because of huge market potential. Mowi opened its first factory in 

China in 2019 with the aim of offering fresh and healthy products in a faster way and enlarging 

Chinese market.  

 

The company has an outstanding financial performance in 2019. According to the 2019 annual report 

of Mowi (2020), the total revenue increased by 8.5% from 2018 to 2019 with EUR 4135.6 million. 

The weight of harvest salmon increased from 375237 tonnes in the end of 2018 to 435904 tonnes in 

the end of 2019. In terms of market presence in the world, the revenues from European market account 

for the largest percentage, around 70% of total revenues in 2019, market sales in Benelux, the UK, 

the southern and eastern Europe all shows positive growth. In addition, Germany and France are still 

essential countries in the European markets. Revenue from the American market also increased in 

2019 because of high demand and sales volumes in the US and Chile. Asian market shows a stable 

trend in the past two years because of shortages of large-sized salmon. In terms of different types of 

product, the percentage of primary processed salmon, namely fresh whole salmon, increased from 

37.6% in 2018 to 39.1% in 2019 while that of secondary processed salmon decreased by 1%. 

 

People or talents are the most valuable asset in a company. In the rapid development of social 

informatization, the competition among enterprises is ultimately the competition among talents, 

talents are the fundamental resource for its survival and development. The core of sustainable 

development of an enterprise is people development, how to attract, train, manage and retain talented 

people is the key to the long-term sustainable development of an enterprise in the fierce competition. 

Mowi is always committed to creating a good working environment for its employees, and comply 

with the UN SDGs so as to have sustainable operations in every level of its business. Their 

management of employees is in line with three of the SDGs: gender equality, decent work and 
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economic growth and reduced inequalities. In 2019, the total amount of employees increased by 329 

and is up to 14866 across 25 countries in the world, with diverse nationality, age and competence. 

Women account for 40.3% while men account for 59.7%. In management level, male account for 76% 

while female only account for 24%. Mowi has a goal of involving 30% females in the management 

level and reaching 1:1 ratio for men and women among its employees by 2025. In addition, Mowi 

provide a series of talent development program and create an online learning platform called Mowi 

Academy. In general, the company did a good job in facilitating sustainable workforce development 

and retaining talented people. 

 

Mowi is committed to operating in a responsible way, not only provide nutritious and high-quality 

farmed salmon to the whole world, but also realize high standards of sustainable development. Among 

its corporate values - passion, change, share and trust, trust the core. It provides fundamental guideline 

to embed social responsibility and environmental sustainability in every business area of Mowi. In 

order to achieve both economic and environmentally sustainable development, Mowi has invested 

much capital and formed an integrated value chain in order to fully control its salmon product from 

feed to fork. However, Mowi has been affected by a series of issues along its value chain. For instance, 

protection of worker’s right and public acceptance of salmon farming in the social dimension. Climate 

change, farming regulations, license and certification restrictions in the environmental dimension. 

Trade barriers in different regions and the availability of products in the economic dimension. In the 

next section, the structure of Mowi’s value chain is going to be described combined with its current 

sustainability development in different activities along the value chain with a focus on environmental 

and economic dimensions.  

 

4.2.2 Sustainability performance along the value chain  

Mowi’s main business areas include feed, farming and sales and marketing, an integrated value chain 

is thus formed as can be seen in figure 4.8 combining the key interactions with suppliers and 

customers. 
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Figure 4.8 The Mowi value chain 

 

Feed production 

In order to have more control over the value chain, Mowi expanded its business areas to feed 

production in 2012 and established its own feed plant in Norway. In this way, Mowi is able to source 

a large proportion of feed internally and use in farming operations besides the feed provided by feed 

suppliers, the expenditure previously paid to suppliers are internalized as internal profit. With another 

new feed plant set up in Scotland in 2019, Mowi is expected to achieve self-sufficient feed supply in 

Europe. As the largest proportion in carbon footprint, feed efficiency and sustainability are also 

significant to Mowi. Mowi guarantees the traceability of feed and ensure that feed raw materials come 

from legal, regulated and reported catches, and are not from fish species that are categorized as 

endangered on the International Union for the Conservation of Nature (IUCN) red list (Mowi, 2020). 

In terms of feed ingredients, Mowi comply with the industry efforts to reduce the proportion of 

fishmeal and fish oil, and increase the use of vegetable raw materials. Its contracts with external feed 

suppliers specified that Mowi only accept soy materials which satisfy with soy certifications such as 

ProTerra. This year, Mowi just declared in July that all external suppliers who provide soy to its feed 

production is going to have a supply chain with 100% deforestation-free (Mowi, 2020). 

 

Operations activity  

The operations activity in Mowi include both freshwater production (land-based activity) and 

seawater production (sea-based activity). With continuous investment in both sides, the smolt 

stockings keep growing in recent years, which lead to an increase in harvest volume of salmon. 

However, biological issues and production costs rises in the past few years. Mowi is making effort to 

improve its production strategies, process and infrastructure through investment in smolt facilities 
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and updated sea pen technologies in order to solve these challenges and farm in a more responsible 

way. 

 

Ensuring salmon health and welfare is one of Mowi’s goals since it facilitate both economic growth 

and environmentally sustainability. The company have a 100% vaccination rate among farmed 

salmon and take good care of them to the great extent in order to reduce infectious diseases and 

guarantee the quality of smolt. In 2019, the monthly survival reached 98%, with 32% of the 

production loss resulting from infectious diseases and the rest resulting from other non-infectious 

reasons.  

 

Sea lice issue is a noticeable and long-term challenge that affect and plague the whole salmon industry 

in Norway. Mowi used medicinal treatment system to control the outbreak of sea lice in the early 

years, although the control effect is obvious, it had a terrible influence on ocean environment and 

biodiversity. In order to balance between sea lice issue and effect on environment, Mowi proposed a 

sea lice management strategy in 2015 and greatly increased R&D activities to manage sea lice. A Lice 

Action Team was set up in 2017 to explore more sustainable methods for effective and efficient sea 

lice management, one of the methods is the use of cleaner fish. Mowi put an effort on enhancing 

cleaner fish production and strengthen relevant R&D, among those production areas which have 

access to cleaner fish, 77% has already in use. However, the effectiveness of using cleaner fish is not 

that positive as proved in previous section. The company resist medicine usage in controlling sea lice 

unless the situation cannot be controlled by any other ways. Mowi achieved 68% non-medicinal sea 

lice treatments in 2019 which is a tremendous advance comparing with only 12% in 2015. The sea 

lice level in Mowi’s production areas in Scotland, Norway and Canada are stable compared with 2018, 

while that in Faroes and Chile grows compared with the previous year. 

 

The performance of controlling salmon escapes is not that prominent in recent years. Although the 

total number of escapes decreased from 783,323 in 2018 to 68,145 in 2019, the number of escape 

incidents rose from 10 to 16 comparing the past 2 years. According to the observation and 
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investigation by Mowi, the main reason lies in human errors and technical failures. Hence, it is 

supposed to be not enough to emphasize training of employees and improvements on technical 

solutions. Moreover, Mowi has established a bonus remuneration to motivate employees to work hard 

towards the zero-escapes target.  

 

In 2019, Mowi put forward its sustainability strategy “Leading the Blue Revolution Plan”, which 

focus on four guiding principles: planet, people, product and profit. This is consistent with the triple 

bottom line of sustainable development. The principles offer fundamental guideline to operate 

business and provide healthy, high-quality salmon products on the basis of protecting natural 

resources and environment, and gain positive profit and economic growth at the same time. 

 

Technology development 

Mowi regards innovation and research and development as an indispensable part along its value chain 

and incorporate it in every level of its business. Through technological innovation and biological 

innovation, combing with the artificial intelligence and machine automation, it is more efficient to 

utilize the ocean and development farming in a more sustainable manner and enhance competitive 

advantage among the industry. In 2020, Mowi consolidated its initiatives about digitalization and 

automation, involving release of the collaboration with X, Alphabet’s innovation engine (Mowi News, 

2020). Mowi works with Tidal, X’s sustainability team with the aim of testing and researching new 

technologies. With the combination of new camera technology and machine perception, Tidal’s 

system have the ability of tracking and modeling fish behaviors, environmental conditions and the 

health of salmon over time (Mowi News, 2020). It is estimated that the R&D expenditure increased 

from EUR 43.9 million in 2018 to EUR 46.5 million in 2019, which means Mowi’s efforts on constant 

investment in R&D. One of the reasons that Mowi invest in R&D across the entire value chain is the 

life cycle of salmon. The life cycle takes approximately 3 years from freshwater production to 

seawater production, there are many problems that could happen during the period such as fish 

diseases, sea lice, farmed salmon escapes, plastic pollution which will further result in death of 

salmon. Learning problems and improve the corresponding facilities in the shortest time help Mowi 
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to mitigate those challenges to a large extent and optimize salmon quality and performance. 

 

Beyond key activities and operation components along the value chain, transparency is also an 

essential element that cannot be negligible when talking about sustainability. Transparency is the 

prerequisite of trust. By transparentizing its social, environmental and economic performance through 

official website, annual report, GSI sustainability report, ASC audit reports, as well as auditing 

sustainability data through third parties, Mowi is able to build trust with both stakeholders and 

customers.  

 

Marketing & sales 

Trade restrictions are likely to be intensified, adversely affecting Mowi’s prices in some countries. 

Since many of its production bases are located outside the main markets, exposing it to trade 

restrictions in different regions and further affect its sales volumes or competitive prices in certain 

regions. 

 

With the purpose of operating business in a sustainable way and have long-term development, Mowi 

make efforts across its entire value chain and keep the balance between economy, environment and 

society. However, it is too subjective and limited to observe only the newest information and data in 

the company’s annual report over the past two or three years. In order to have a more in-depth analysis 

of the sustainable development of Mowi in a longer period, next section will track several indexes 

and observe the evolution of Mowi’s sustainability performance in the past 13 years from 2007 to 

2019 with a focus on carbon footprint. 
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4.3 Performance evaluation of Mowi based on DEA approach 

4.3.1 Index selection and sample data 

4.3.1.1 Principle of selecting index 

In order to evaluate sustainability performance of Mowi ASA objectively, accurately and 

comprehensively, it is critical to select the appropriate inputs and outputs for DEA model. Thus, there 

are five principles that need to be followed. Firstly, the selected indexes must be scientific. Since the 

results of DEA are influenced by pre-selected indexes, it must be reasonable and scientific, reflecting 

the company’s current sustainable development in different aspects such as finance, products and 

labor force, in the meantime all indexes in the index system should be reliable and independent with 

each other. Secondly, the indexes must be important. There are many indexes to evaluate 

sustainability from the perspective of scientific, however, more is not always better. The most 

important indexes should be selected to ensure the rationality and representativeness of the whole 

evaluation index. Thirdly, the indexes should be evaluated quantitatively to reduce the possibility of 

objective judgements. When quantifying index, the index units, period and content need to be 

consistent to ensure equivalence of data information. Fourthly is the availability of collecting index 

and data. If some data is missing or the data collection process is extremely complicated, the 

evaluation process will be more difficult. Finally, it must be compliance with characteristics of DEA. 

DEA requires completed data support from all indexes. And all data should conform to DEA method, 

for example, if the input-oriented model is considered, data for input index must be non-negative; if 

the output-oriented model is considered, data for output index must be non-negative. In addition, 

there should be a strong positive correlation between input and output index.  

 

4.3.1.2 Pre-selected inputs and outputs 

On the basis of satisfying the index selection principle of DEA model and research object and purpose 

of this thesis, as well as different activities along the company’s value chain, the DEA analysis will 
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be divided into two stages. The first stage is operations, through investment in research and 

development, labor and raw materials to obtain salmon and other related products. The second stage 

is marketing and sales, which involves revenues and profits the company gains by selling salmon and 

other products. In the first stage, there are four inputs which include feed cost, production cost, 

number of employees and research & development expenditures. Output for the first stage is harvest 

volume of salmonids. In the second stage, input is harvest volume of salmonids, namely the output 

of first stage. Outputs are revenue and other income, profit or loss for the year, and undesirable output-

greenhouse gas emission. The total greenhouse gas (GHG) emissions are also called carbon footprint, 

which is an important and increasingly popular indicator to monitor the global environmental impact. 

Hence, GHG is a necessary output to measure the environmental impact caused by Mowi. The overall 

input-output index system to evaluate sustainability performance for Mowi ASA is shown below: 

 

Table 4.1 input-output index system for sustainability performance evaluation 

Stage Index Index Description 

Stage 1 Feed cost（Input） Reflects the raw material input 

Cost in box（Input） Reflects the production cost input 

Number of employees

（Input） 

Reflects the investment in R&D personnel 

R&D expenditure

（Input） 

Reflects the R&D investment  

Intermediate 

stage 

Harvest volume of 

salmonids (Intermediate) 

Reflects the output  

Stage 2 Revenue and other 

income（Output） 

Reflects the income output  

Profit or loss for the year

（Output） 

Reflect the profit output 

Greenhouse Gas emission

（Output） 

Reflect the carbon emission output 
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In order to verify if the input and output index system of Mowi is compliance with DEA model, 

correlation test will be conducted to identify whether there is positive correlation between the index. 

Firstly, the correlation test is applied to the input and output index of first stage with Stata software. 

As shown in table 4.2, x1-x4 are feed cost (input), cost in box (input), number of employees (input), 

R&D expenditure (input), y1 is harvest volume of salmonids. It can be seen that the correlation 

coefficients are all over 0.5 and the significance level exceed 0.05%, therefore the input and output 

of first stage is compliance with DEA model. 

 

Table 4.2 Correlation test for input-output index at the first stage 

  y1 X1 x2 x3 x4 

y1 1         

x1 0.687*** 1       

x2 0.656** 0.978*** 1     

x3 0.702*** 0.860*** 0.856*** 1   

x4 0.574** 0.930*** 0.924*** 0.887*** 1 

 

Then the correlation test is applied to the input and output index of second stage with Stata. As shown 

in table 4.3, x1 is harvest volume of salmonids, y1-y3 are revenue and other income (output), profit 

or loss for the year (output) and greenhouse gas emission (output). It is obvious that correlation 

coefficients are all over 0.5 and the significance level exceed 0.05%, therefore the input and output 

of second stage is also compliance with DEA model. 

 

Table 4.3 Correlation test for input-output index at the second stage 

y1  y1 y2 y3 x1 

y1 1       

y2 0.739*** 1     

y3 0.968*** 0.756*** 1   

x1 0.732*** 0.545** 0.632** 1 
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Overall, the inputs and outputs index selection are compliance with two-stage DEA model, the 

positivist analysis can be further conducted with numerical data. 

 

4.3.1.3 Sources of data 

Due to the availability and authenticity of data information, all the sample data shown below is 

collected and organized from Mowi’s annual report from 2007 to 2019. Through positivist study of 

the company’s 13 years’ data, the sustainability performance could be evaluated more objectively. 

 

Table 4.4 Input-output data information of Mowi ASA 

PERIOD FC(I) CIB(I) NOE(I) R&D E(I) HVOS(IV) RAOI(O) PFTY(O) GGE(O) 

2019 1.7 4.26 14866 46.5 435904 4135.6 476.3 249477 

2018 1.63 4.13 14537 43.9 375237 3811.9 567.2 236007 

2017 1.69 4.16 13233 43.6 370346 3649.4 462.7 217141 

2016 1.71 4 12717 51.3 380621 3510.2 539.3 200483 

2015 1.63 3.68 12454 26.3 420148 3112.4 158.3 159757 

2014 1.23 3.27 11715 12.2 418873 3053.2 112.4 105509 

2013 1.19 3.41 10676 9.2 343772 2456.2 321.8 83912 

2012 1.11 3.24 6389 3.77 392306 2069.2 54.7 79107 

2011 1.09 3.11 6324 3.44 342820 2067.8 132 82422 

2010 0.99 2.90 6148 3.02 295010 1908.2 384.3 69221 

2009 0.89 2.75 6012 2.67 327100 1674.4 149.1 61814 

2008 0.80 2.59 7071 2.41 326623 1639.6 -346.7 54408 

2007 0.71 2.43 8736 2.16 339848 1758.2 0.6 47001 

 

4.3.2 Positivist analysis based on DEA 

This section will make a comparative analysis between efficiency without undesirable output and 
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efficiency with undesirable output based on two-stage DEA model. By measuring the sustainability 

performance with MAXDEA 8 PRO software, the overall efficiency, stage 1 (operations) efficiency 

and stage 2 (marketing and sales) efficiency will be shown and analyzed. 

 

4.3.2.1 Sustainability performance evaluation without undesirable output (GHG) 

 

Figure 4.9 Efficiency in different stages without undesirable output 2007-2019 

 

The above figure 4.9 illustrates that the overall efficiency grows in fluctuations from 0.509 in 2007 

to 0.689 in 2019. The efficiency in stage 1 (operations) declines in fluctuations from 1.000 in 2007 to 

0.654 in 2018 which is the lowest point during the thirteen years, and then it increases slightly to 

0.738 in 2019. In stage 2 (marketing and sales), the efficiency increases in fluctuation from 0.509 in 

2007 to 1.000 in 2018, and then decrease slightly to 0.934 in 2019. 

 

On the basis of not taking the undesirable output (greenhouse gas emission) into consideration, when 

observing the variation trend of efficiency and input-output index, it can be included that: In the case 

of a significant increase in all inputs, the harvest volume of salmon showed “U-shaped" change from 

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Tatal Score 0.509 0.493 0.504 0.730 0.544 0.519 0.527 0.658 0.606 0.660 0.639 0.654 0.689

Score Stage1 1.000 0.998 1.000 0.847 0.916 1.000 0.749 0.917 0.831 0.704 0.659 0.654 0.738

Score Stage2 0.509 0.494 0.504 0.862 0.594 0.519 0.703 0.718 0.729 0.937 0.970 1.000 0.934
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2014 to 2019 and only get a boost in 2019, reaching its 13-year’s peak. It can be summarized that 

during the thirteen years, there is a bottleneck during the progress of salmon farming. The increase in 

production is very slow and even decrease. There is a peak in 2019 mainly because of the investment 

in R&D, especially the continuous input from 2016 to 2018, thus the company achieved a 

breakthrough in technology and improved the harvest volume of salmon in 2019. In terms of stage 1, 

although the efficiency has a decrease trend overall, the increase in 2019 is a very positive signal for 

the future. According to the increase in efficiency at stage 2, on the one hand, it results from the 

growing revenue and other income. On the other hand, the profit of the company increases to the peak 

at 567.2 in 2018, which further lead to the increase in efficiency to 1.000. Although the efficiency 

declined a little bit in 2019 due to the slightly decrease in profit and market competition, the overall 

tendency is positive economic growth. 

 

4.3.2.2 Sustainability performance evaluation with undesirable output (GHG) 

 

Figure 4.10 Efficiency in different stages with undesirable output 2007-2019 

 

From figure 4.10, it can be concluded that when considering the undesirable output (greenhouse gas 

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Tatal score 1.000 0.737 0.690 0.847 0.717 0.696 0.749 0.917 0.696 0.699 0.659 0.654 0.703

Score Stage1 1.000 0.998 1.000 0.847 0.916 1.000 0.749 0.917 0.831 0.704 0.659 0.654 0.738

Score Stage2 1.000 0.738 0.690 1.000 0.783 0.696 1.000 1.000 0.838 0.993 1.000 1.000 0.953
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emission), the overall efficiency of Mowi decrease in fluctuations from 1.000 in 2007 to 0.703 in 

2019. The stage 1 efficiency also decreases in fluctuation from 1.000 to 0.738 in 2019. The efficiency 

of stage 2 fluctuates during the thirteen years and there is no convergence, the lowest point appeared 

in 2009 at 0.690 and the highest point appeared in 2018 at 1.000. 

 

On the basis of taking the undesirable output into consideration, when observing the variation trend 

of efficiency and input-output index, it can be included that: stage 1 is almost the same as the 

efficiency without undesirable output, the harvest volume of salmon has a “U-shaped” curve from 

2014 to 2019 and have a boost in 2019. From stage 2, although the harvest volume reached a peak in 

2019, the efficiency decreased slightly. And the market performance is also not positive, although 

revenue and other income reached a peak, profit for the year decreased compared with that in 2018. 

The main reason behind might be: the market competition in the salmon industry in fiercer, which 

reduced profit of the company; with the increase of greenhouse gas emission and issues of sea lice 

and salmon escapes, government strengthen rules and regulations, which increases the operation costs 

and further reduced profit. Therefore, the overall efficiency in 2019 is a good trend for the future, but 

the significant increase in greenhouse gas emission should be pay more attention in order to enhance 

sustainable development, especially the balance between economic and environmental dimensions in 

sustainability. 

 

 

Figure 4.11 Overall efficiency with undesirable output vs. without undesirable output 2007-2019 

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

bad output 1.000 0.737 0.690 0.847 0.717 0.696 0.749 0.917 0.696 0.699 0.659 0.654 0.703

no bad output 0.509 0.493 0.504 0.730 0.544 0.519 0.527 0.658 0.606 0.660 0.639 0.654 0.689
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Comparing the overall efficiency with undesirable output and without undesirable output from 2007 

to 2019, it can be seen from figure 4.11 that when undesirable output is considered, the overall 

efficiency decreases from 2007 to 2019 in general, while when undesirable output is not considered, 

the overall efficiency increases. Thus, undesirable output plays an instrumental role in evaluating the 

company’s sustainability performance. Although the overall development of Mowi ASA is positive, 

their actions and measures in facilitating sustainable development is still not enough and has a long 

way to go. It is a must for contemporary enterprise to be responsible for not only itself, but also the 

environment and the whole society. However, since the overall efficiency in each situation increases 

in 2019 which reflects Mowi’s sustainability practices, this is a good tendency for their future 

development. 

 

 

Figure 4.11 Stage 1 efficiency with undesirable output vs. without undesirable output 2007-2019 

 

Comparing the stage 1 efficiency with undesirable output and without undesirable output from 2007 

to 2019, it is obvious that the value and tendency is almost the same, which means the influence of 

undesirable output (greenhouse gas emission) is not on an independent stage but the whole process 

which include operations and marketing & sales in this paper. 

  

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

bad output 1.000 0.998 1.000 0.847 0.916 1.000 0.749 0.917 0.831 0.704 0.659 0.654 0.738

no bad output 1.000 0.998 1.000 0.847 0.916 1.000 0.749 0.917 0.831 0.704 0.659 0.654 0.738
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Figure 4.12 Stage 2 efficiency with undesirable output vs. without undesirable output 2007-2019 

 

Comparing the stage 2 efficiency with undesirable output and without undesirable output from 2007 

to 2019, it can be seen that when considering the undesirable output, the efficiency fluctuates from 

2007 to 2019 without convergence. When the undesirable output is not considered, the efficiency 

increases in fluctuations, but both of them have a decrease trend in 2019. It can be concluded that the 

income and profits of Mowi rises with the increase of harvest volume of salmon when undesirable 

output is not taken into account, as the company only need to consider the market competition, market 

factors such as supply and demand. On the other hand, when taking undesirable output into 

consideration, they not only have to think of market factors, but also greenhouse gas emission in the 

process of production especially for fish feed, distribution, marketing and sales.  

 

4.3.2.3 Projection analysis with undesirable output 

In order to optimize input and output, a projection analysis can be made according to the data from 

overall efficiency with undesirable output from 2007 to 2019. Table 4.5 shows the slack value of four 

inputs and three outputs, positive value represents the amount of input that should be reduced in order 

to achieve efficient frontier while negative value represent amount of output that should be increased. 

Take 2019 as an example, in order to reach the optimal allocation, input 1 (feed cost) should be 

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

bad output 1.000 0.738 0.690 1.000 0.783 0.696 1.000 1.000 0.838 0.993 1.000 1.000 0.953

no bad output 0.509 0.494 0.504 0.862 0.594 0.519 0.703 0.718 0.729 0.937 0.970 1.000 0.934
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decreased by EUR 0.81/kg, input 2 (total cost) should be decreased by EUR 1.26/kg, input 3 (number 

of employees) should be reduced by 4413, input 4 (R&D expenditure) should be reduced by EUR 

43.78 million, and output 2 (profit for the year) is expected to be increased by EUR 79.12 million. 

 

Table 4.5 Projection analysis 

Period S1+  S2+ S3+  S4+  S1-   S2-   S3-   

2007 0.00  0.00  0.00  0.00  0.00  0.00  0.00  

2008 0.21  0.70  1862.53  0.63  0.00  -533.26  0.00  

2009 0.28  0.85  1862.90  0.83  0.00  0.00  0.00  

2010 0.17  0.44  938.66  0.46  0.00  0.00  0.00  

2011 0.34  0.88  1790.32  0.97  0.00  0.00  0.00  

2012 0.34  0.99  1943.10  1.15  0.00  -48.90  0.00  

2013 0.40  0.85  2674.97  6.73  0.00  0.00  0.00  

2014 0.35  0.27  977.36  9.53  0.00  0.00  0.00  

2015 0.86  1.12  3781.16  23.93  0.00  -144.58  0.00  

2016 0.85  1.20  3822.47  48.61  0.00  0.00  0.00  

2017 0.85  1.42  4512.97  40.97  0.00  0.00  0.00  

2018 0.83  1.43  5036.91  41.46  0.00  0.00  0.00  

2019 0.81  1.26  4413.22  43.78  0.00  -79.12  0.00  

 

 

Chapter 5 Discussion 

Based on the in-depth analysis in chapter 4, current sustainability performance of salmon industry 

and the case company can be understood well. This chapter will further discuss the evolution of 

sustainability practices along the value chain of salmon industry and the case company, and further 

illustrate the impact on economy and environment, and the balance between them. Then some 

recommendations for the industry to improve sustainable development will be put forward.  
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5.1 Evolution of sustainability practices along the value chain 

5.1.1 Industry’s performance and impact for sustainable development 

The salmon industry’s sustainability performance was analyzed along the value chain and mainly 

focus on feed production, operations activity and marketing & sales. Most environmental and 

biological issues are happened in the process of feed production and operations activity include land-

based activity and sea-based activity, while the negative environmental impact further hit the 

economic performance in marketing & sales process. Although global presence of Norwegian salmon 

industry still has an upward trend in the future and the total revenue has been growing, constant 

escalation of production cost and slowing down of production growth sound an alarm for the whole 

industry. 

 

In terms of fish feed, both feed efficiency and feed ingredients affect the amount of GHG emissions 

which is a vital element in affecting environmental sustainability. Although companies have already 

taken some measures to increase the feed efficiency such as underwater cameras and sensors, and 

feeding control system, the expenditure on R&D and related employees will be added as cost and 

contribute to the economic growth. Hence, how to optimize costs in the premise of reducing GHG 

emissions is a necessary topic. The change in feed ingredients also need to be noticed. Although the 

transition from marine raw materials to vegetal ingredients seems to be more sustainable and mitigate 

the shortage of fish meal and fish oil, the study about carbon footprint comparison on different raw 

materials is not a good signal for environment. There is still a need to find more types of feed 

ingredients rather than vegetal raw materials with higher carbon footprint. If producers continue the 

extensive use of plant-based ingredients, the GHG emission will rises in a larger extent and exacerbate 

climate change and global warming. 

 

The operations activity was divided into land-based activity and sea-based activity. In the process of 

land-based activity, the post-smolt production reduced mortality and biological risks effectively by 

shortening the time exposed to sea lice and fish diseases in seawater. However, the longer period on 
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land means higher emissions of greenhouse gas due to some reasons such as electricity uses.  

 

Most environmental issues lie in sea-based activity. Firstly, interaction and interbreeding with wild 

salmon result in possible genetic changes and will further brings biological risks in the ocean and 

affect biodiversity. From the evolution of escaped salmon in the past decades, it can be concluded 

that although the issue has been effectively controlled in 2008, it is still a must to further improve the 

performance since all 13 production areas have been marked as risky areas of genetic change and 

Norwegian government has paid more attention on this problem in 2019. Secondly, sea lice problems 

still exist and are likely to be linked to global warming. The higher the water temperature, the easier 

for sea lice to breed and mature. Hence, the increase in GHG emissions could directly affect biological 

environment and do harm to farmed salmon. In order to control sea lice by non-medicinal tools, 

cleaner fish is used widely in 13 production areas. It has positive effectiveness in the short term, but 

as the data analysis in chapter 4 about numbers of salmon died, declassified, escaped, compared with 

numbers of cleaner fish used from 1998 to 2019, it is obvious to see that the extensive use of cleaner 

fish didn’t work well in the long term to control sea lice and reduce mortality, and it reversely caused 

a big rise in production cost. At the same time, overfishing of cleaner fish damages ecological balance 

and biodiversity. In order to deal with the change in climate and ecological environment, it is an 

inevitable tendency to explore new methods to control sea lice. In recent years, the development of 

offshore farming and closed or semi-closed systems in Norway is a good way to prevent salmon 

escapes and sea lice issues. Thirdly, pollution problems especially microplastic waste is another 

element that will have negative impact on ocean environment. Last but not least, the distribution of 

certification and environmental licenses in Norway have a positive impact on controlling the amount 

of production and ensure maximum allowed biomass. 

 

5.1.2 Mowi’s performance and impact for sustainable development 

As a world leading salmon producer, Mowi has good reputation and financial performance in different 

markets and regions. In order to achieve both economic and environmentally sustainable development, 
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Mowi has invested much capital and formed an integrated value chain in order to fully control its 

salmon product from feed to fork. In feed production section, it established two feed plants own by 

the company and already achieved a large proportion of internal supply. In this way, it ensures the 

sustainable feed sourcing to the greatest extent. Its contracts with external raw material suppliers 

specified that Mowi only accept soy materials which satisfy with soy certifications such as ProTerra. 

This year, Mowi just declared in July that all external suppliers who provide soy to its feed production 

is going to have a supply chain with 100% deforestation-free (Mowi, 2020). But this also increased 

the emission of GHG as has been proved in DEA method. 

 

In operations activity, environmental and biological issues that Mowi experienced are consistent with 

the whole industry. From Mowi’s annual report, it can be seen that it made big efforts on developing 

sustainable business by enhancing investment in R&D, strengthening infrastructure and facilities, 

increasing the use of non-medicinal sea lice treatments, achieving 100% vaccination rate and so on, 

which should be encouraged and followed with. However, the constant increase in total costs didn’t 

solve challenges fundamentally. Take the use of cleaner fish as an example, although 77% of the 

production areas have utilized cleaner fish to control sea lice, the outcome is not as effective as 

imagine. In addition, salmon escapes result from human errors and technical failures still need to be 

improved. 

 

Since referring to only the company’s report and observing newest information in the past 2 years is 

too limited and biased, a sustainability performance evaluation based on DEA method was conducted 

with 13 years data from 2007 to 2019. As GHG emissions have a large impact on environment, this 

index is measured as an important undesirable output in the DEA analysis. By comparing the 

company efficiency with undesirable output versus without undesirable output, the sustainable 

performance can be evaluated more clearly and subjectively. When undesirable output is not taken 

into consideration, the outcome shows that economic development of Mowi is positive at both stages: 

operation activity and marketing and sales. This is consistent with what be found in its annual report. 

Although it has some bottleneck in the process of production and operation, continued investment in 
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research and development has paid off especially at the beginning of 2019. When undesirable output 

is taken into consideration to evaluate the efficiency in the past 13 years, the overall tendency is not 

as positive as the former outcome, which explains the poor performance in environmental dimension 

of sustainability.  

 

It is interesting to find out that when analyzing Mowi’s sustainability practice based on qualitative 

information, it is easily to be biased by its feasible measures and huge efforts. But when quantify 

performance index in a positivist study and make comparison analysis on the basis of environmental 

index, the outcome is more straightforward and easier to observe. The effect of GHG emission on the 

company’s overall performance is worth being noticed. Nevertheless, the DEA analysis only involves 

the macroscopic change in GHG emission, without analyzing the effect degree of relevant factors that 

result in the change of GHG emission due to the unavailability of data, hence the study outcome is 

not perfect and need to be researched further. 

 

5.2 Recommendations for Salmon industry performance and sustainable 

development 

It is widely recognized by all stakeholders in the salmon industry that economic development and 

ocean protection must support each other. How to “produce, protect and prosper” is a long-term goal 

for the whole industry. Through case analysis, it can be seen that the sustainability practices of Mowi 

gained positive effect over the past two-three years, however, the expenditure on R&D lead to the 

increase of production costs and reduction of profits. Therefore, they still need to make balance 

between economic growth and environmental responsibility, and committed to achieving an 

optimized sustainability in the future. Therefore, this thesis will provide some recommendations to 

give some insights on facilitating more responsible practices and future sustainable development on 

the basis of previous analysis and discussion. 

 

Efficient use of salmon feed 
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The most important activities in improving sustainable development are feed production and sea-

based activity. Feed production account for approximately 50% of the total production cost and 

contribute about 95% GHG emissions in salmon farming. In addition, feed ingredients are not only 

vital for environmental sustainability, but also quality and health of farmed salmon. Therefore, the 

future for feed is essential across the value chain from both environmental, economic and social 

dimensions. As one of the biggest challenges among the industry, there has already been outstanding 

improvement during the past decades, however, the achievement on long-term sustainability still has 

a long way to go. Sustainable feed production will make a large contribution to the industry. On the 

one hand, in order to enhance feed efficiency, feed conversion ratio must be reduced as the dominating 

factor for environmental impact. For example, researchers should focus on more cost-efficient 

technological solutions which not only reduce FCR, but also save R&D expenditures. On the other 

hand, feed ingredients should be further improved. Firstly, some alternative protein source could be 

considered to replace marine raw materials, for instance, insects, algae or trimmings from other 

fisheries are all alternative sources that companies are testing. In this way, not only the long chain 

omega-3 fatty acid content could be remained, GHG emissions will also be reduced (EY, 2019). 

Secondly, the fish in-fish out ratio is better to be maintained or lowered in order to avoid overfishing 

and more influence on wild ocean resources. Thirdly, as some vegetal raw materials have higher 

carbon footprint than marine resources, more sustainable vegetal sources should be explored to reduce 

the GHG emission. Lastly, GSI (2020) tend to make full use of fish by-products from other fisheries 

which include fish part that didn’t be sold or consumed. This could be used in feed production.   

 

Control of escaped salmon 

In terms of controlling escaped salmon, Although Norwegian salmon industry made progress over 

the last 10 years, their zero-escape goal make the practices have a long way to go. On the one hand, 

they can refer to previous effective measures such as developing offshore farming and closed or semi-

closed systems to form physical barriers and stop the interaction between farm-raised salmon and 

external ocean environment. On the other hand, governments and local authorities should make strict 

rules and regulations on the quality of farming facilities in order to avoid technical problems. Salmon 
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companies should report any potential salmon escapes to the Norwegian Directorate of Fisheries. 

 

Use of cleaner fish 

Cleaner fish should be used more efficiently and properly. Although some data indicate that the use 

of cleaner fish have a good influence on controlling sea lice in some production sites, the overall 

effectiveness is not positive during the past decade as proved in chapter 4. Therefore, the industry 

still needs to make effort on studying factors affecting cleaner fish efficacy and create more efficient 

use economically and sustainably. In addition, due to the overstocking and extensive use of cleaner 

fish, it is also important for the industry to search for alternative fish type or explore more biological 

methods to solve the sea lice issue ethically.  

 

Further establishment of policy system and environmental regulations 

The local authorities should pay more attention on salmon industry and continue to regulate related 

action and policies. Moreover, the intensity of government supervision has also been significantly 

enhanced. Norwegian Atlantic salmon farming began in the 1960s with almost no restrictions on 

production until 1973, when the Norwegian government introduced a licensing system. Norway 

strengthened industry threshold through fees for farming licenses and maximum allowed biomass, 

which standardized enterprises’ production and facilitate sustainable development.  

 

Internationalization 

The global demand for farmed salmon is still increasing, while on the other hand, maximum capability 

and environmental regulations in Norway limit enterprise operations. Therefore, expanding operation 

site to other countries or regions is a wise idea for the industry to mitigate local sustainability 

pressures. The new established aquaculture operations in the Russian Federation, Iceland and China 

pave the way for further internalization of Norwegian salmon industry (FAO, 2019). Hence, they 

should further investigate local environmental conditions in different regions or countries and judge 

the possibility of developing new production base, and expand operation activity in the premise of 

not destroying local environment. 
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Value chain cooperation and integration.  

Through value chain analysis of salmon industry and learning the experience of Mowi, it can be seen 

that every activity along the chain is unique and indispensable, but all linked with one another, the 

integrated value chain from feed to fork help the enterprise to enhance control capacity over the whole 

chain and operation efficiency, which further promote implementation of sustainability practice. 

Hence, the industry should strengthen the integration and cooperation across the value chain. By 

collaborating with each other, share information and data, it will be more effective and efficient to 

trace the improvement on environmental performance. Moreover, there are many players and 

stakeholders that play important roles in the salmon industry including local communities, NGO’s, 

authorities, suppliers, employees and customers. By working together, each part could share 

experience and exert its unique influence in the industry and have a greater impact in facilitate 

industrial development in long-term sustainability.  

 

In addition, transparency build trust. In terms of sustainable development, creating information 

asymmetries among players and between sellers and buyers at every level of value chain is of great 

significance. Although it is voluntary to use sustainability reporting from nations or companies, it is 

still be largely encouraged to cooperate with each other. Every player and company in the industry 

are encouraged to provide transparent data related to environmental, social and economic 

performance. It is important to build trust with other stakeholders and correct misinformation. The 

sustainability report published by GSI is a good example. They offer sustainability data to evaluate 

the performance of different companies in different countries.  

 

Chapter 6 Conclusion 

In order to explore if the evolution of sustainability practices along the value chain of salmon industry 

improved performance, this thesis attempted to answer the following three sub-questions: How is the 

current sustainability performance of salmon industry along the value chain and how has it evolved 

over time? How is the sustainability efficiency of the case company-Mowi ASA measured and what it 
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says of the company performance? How the evolution of sustainability practices in value chain help 

create a more sustainable value chain for Norwegian salmon industry? The first question involves a 

value chain analysis of Norwegian salmon in 4.1, evolution of sustainability performance was 

evaluated in the sequence of suppliers, land-based activity, sea-based activity, outbound logistics, 

marketing and sales, and technology development. Moving on to the second question, a 

comprehensive performance evaluation was conducted based on DEA method to measure the 

efficiency of case company’s sustainability in 4.2 and 4.3. Third question is answered among the 

analytical framework, and after a discussion part of pervious two questions in 4.3, some 

recommendations are provided.  

 

6.1 Limitations  

Due to data unavailability, the DEA method only include a two-stage DEA model, without relative 

factors analysis. Next, there are many approaches in research papers to evaluate performance and 

company’s sustainability, but because of limited time and spaces, there are no comparison between 

different methods and only DEA and value chain analysis are selected and utilized. Moreover, I have 

been looking at only partial information according to company annual reports, database of Norwegian 

Directorate of Fisheries and Seafood Council, and focus on only environmental and economic and 

the relationship to balance them, so didn’t link all three elements in sustainable development and 

track the interaction among them. The more I concentrate and go deep into one area, the more difficult 

to keep track of everything else, how other factors affect the sustainability performance. Lastly, due 

to the difficulty of contacting the case company and make interview during this year, the data 

collected in this thesis are all secondary data from the internet, which may affect the depth and breadth 

of the research results. 

 

6.2 Future prospect 

Today's world is facing more and more challenges from climate, environment, society and other 
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aspects, which also put forward higher requirements for industry and enterprise management. While 

bringing more high-quality products to consumers, the industry and enterprises also need to protect 

the earth and natural resources, so that people can enjoy a higher quality and more lasting life. 

Sustainable value chain is not only a solution for the industry to explore future sustainable 

development, but also a strategic embodiment to consolidate the market competitive position and 

develop new competitive advantages for industry as well as companies, which has important 

commercial value and social value.  
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Appendix  

 

1. The Atlantic salmon production cycle  (Mowi, 2020) 
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2. Salmon production cycle (Mowi, 2020) 

 

 

 

3. Land-based salmon farming (Khan, 2019) 
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4. The loss of salmon in terms of mortality, declassified and escapes in the past years, as well as the 

comparison with the usage of cleaner fish 

 

Sources: Directorate of Fisheries 

 

 

5. Original data of DEA analysis- input & output information of Mowi ASA 

 

  

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Mortality 15,951 16,822 15,057 19,341 21,279 22,353 17,768 19,557 26,381 32,849 33,092

Declassified 3,600 1,661 1,133 1,940 1,838 2,750 1,997 1,686 1,420 1,775 3,217

Escapes 553 348 276 272 477 407 553 715 920 290 72

Others 5,456 953 704 504 5,344 5,636 5,394 3,135 2,323 3,573 7,595

Total 25,560 19,784 17,170 22,058 28,938 31,146 25,712 25,094 31,044 38,487 43,976

Numbers of cleaner fish 2369 2619 1876 2321 1573 1539 1134 781 682 1564 1696

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Mortality 36,894 36,576 37,312 29,664 30,119 39,277 43,533 46,184 49,480 47,685 55,303

Declassified 2,111 1,783 1,868 1,816 2,035 2,302 3,374 3,141 3,128 2,546 2,691

Escapes 199 241 364 38 198 271 163 82 16 139 93

Others 6,613 8,250 11,426 6,462 8,231 1,712 4,681 6,554 4,949 2,477 2,740

Total 45,817 46,850 50,970 37,979 40,583 43,562 51,751 55,961 57,572 52,847 60,827

Numbers of cleaner fish 4883 10976 10639 13903 16206 24467 26409 37359 54575 48929 60565.28

Feed cost (EUR /kg)
Cost in box
(EUR/kg)

Number of
employees

R&D expenditure
(EUR MILLION)

Harvest volume of salmon
(GWT tonnes of gutted

weight of salmon )

Revenue and other
income

(EUR MILLION)

Profit for the year
(EUR MILLION)

Greenhouse gas
emission (tons CO2e)

1.7 4.26 14866 46.5 435904 4135.6 476.3 249477
1.63 4.13 14537 43.9 375237 3811.9 567.2 236007
1.69 4.16 13233 43.6 370346 3649.4 462.7 217141
1.71 4 12717 51.3 380621 3510.2 539.3 200483
1.63 3.68 12454 26.3 420148 3112.4 158.3 159757
1.23 3.27 11715 12.2 418873 3053.2 112.4 105509
1.19 3.41 10676 9.2 343772 2456.2 321.8 83912
1.11 3.24 6389 3.77 392306 2069.2 54.7 79107
1.09 3.11 6324 3.44 342820 2067.8 132 82422
0.99 2.90 6148 3.02 295010 1908.2 384.3 69221
0.89 2.75 6012 2.67 327100 1674.4 149.1 61814
0.80 2.59 7071 2.41 326623 1639.6 -346.7 54408
0.71 2.43 8736 2.16 339848 1758.2 0.6 47001
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6. Business areas of Mowi 

 
 


