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A B S T R A C T   

The global demand for aquaculture products is rising, driven by declining wild fisheries, food 
security, and blue economy policies and initiatives, suggesting that aquaculture is significant for a 
sustainable future, despite its negative environmental impacts. Here we investigate the role of law 
in accelerating the transition towards sustainable aquaculture activities. We use the EU taxonomy 
for environmentally sustainable activities to define transitional criteria and examine the use of 
regulations to accelerate the transition in Norway. Even though both the Norwegian government 
and industrial actors promote transition toward sustainability, we find few regulations in place 
that accelerate the transition, and we find that sustainability ambitions are likely to be unmet in a 
business-and-regulation-as-usual scenario. Additional to discussing the role of law in sustain-
ability transitions, we offer a method which can be employed to analyze regulation of different 
sectors or geographical areas and to devise policy recommendations for sustainable transitions.   

1. Introduction 

Global consumption of food from the sea is steadily increasing and perceived as a key element of sustainable food production for the 
future, given emissions from, and a lack of land and water for, agriculture (Costello et al., 2020; European Commission, 2020; Bartley, 
2018, FAO, 2022). In recent decades, the aquaculture sector has increasingly been recognized for its essential contribution to global 
food security and nutrition (FAO, 2022). Yet, aquaculture production is already known to have negative environmental impacts, such 
as high CO2 emissions and nutrient discharges (Bohnes et al., 2019; Jiang et al., 2022; Kim et al., 2020; Winther et al., 2020). Further 
expansion of aquaculture production requires a sustainable transition, meaning systemic changes necessary for human activities to 
reduce their overall environmental impacts and to transition from unsustainable to more sustainable activities (Johnstone and Newell, 
2018; Kivimaa and Kern, 2016). To achieve systemic changes, law has a role to play, although a transition to sustainability depends on 
multiple preconditions (such as management, innovation, and capital) that goes beyond law. This study analyzes the role of law in 
accelerating sustainability transitions, using salmon aquaculture in Norway as a case study. 

Understanding the role of law in sustainability transitions demands plural research perspectives at different levels of ana-
lysis—micro as well as macro (Köhler et al., 2019). This study perceives law as the collective body of binding rules, in which national 
law and regulations is a part, which is specific to and applicable in each (nation) state. Soininen et al. argue that law plays an important 
role in sustainable transitions but has been subject to research in transition literature to only a limited extent (Alomari and Heffron, 
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2021; Heffron and McCauley, 2018; Huhta, 2022; Kivimaa et al., 2021; Lähteenmäki-Uutela et al., 2021; Soininen et al., 2021). Huhta 
frames the roles of law as facilitative, restrictive, and steering (Huhta, 2022). Soininen et al. conceptualize the role of law in governing 
sustainability transition as the controls of a vehicle—the steering wheel reflecting goals, the brake pedal reflecting slowing down 
transitions, and the accelerator describing how law could speed up transitions (Soininen et al., 2021). Our study explores this 
conceptualization by examining whether Norwegian regulations are accelerating, or if an untapped capacity for accelerating the 
transition (Garmestani et al., 2019; MacLean, 2020) of aquaculture activities exists. Further, our study discusses the steering wheel that 
reflect the (sustainable) direction. 

We could add to this controls-of-a-vehicle conceptualization that sitting in the front seat is most often the (nation) state (Johnstone 
and Newell, 2018), the “Archimedean point or scale of reference in law” (Langlet, 2018). Law is inherently state-centric, as the state is 
a key subject of international law and the maker of national law. This study will demonstrate how national law and regulations, and the 
states defining them, have a powerful role in determining conditions for access to resources and space and conditions for how activities 
should be conducted, which defines the environmental impacts of an activity. These conditions are set out in complicated legislation, 
including sectoral regulations (specific to the activity in question), regulations targeting particular environmental impacts (such as 
pollution), regulations targeting particular resources (such as water), and planning laws and regulations (Schøning 2022). The con-
ditions are defined by nation states as policymakers or regulators, which in turn adhere to international and regional law, such as 
European Union (EU) law. 

Norway is not technically a part of the EU but implements most regulations and initiatives concerning trade and the environment as 
defined by the EEA Agreement (EEA Agreement, 1994). The many policies and legislative initiatives framed as the European Green 
Deal therefore impact the sustainable transition of activities in Norway. The EU Taxonomy Regulation is a finance mechanism 
incentivizing investments in environmentally sustainable activities (Taxonomy Regulation/852). This regulation will have conse-
quences for investments in the aquaculture industry, depending on whether aquaculture activities will be assessed as environmentally 
sustainable for investment purposes. 

The approach of the EU Taxonomy Regulation is arguably novel by providing a legal definition of, and a standard for, “environ-
mentally sustainable activities,” as defined by six environmental objectives. This study is inspired by the EU Taxonomy Regulation yet 
uses it for a different purpose. We use the six environmental objectives as transition criteria. Thus, we question whether Norway uses 
regulations to accelerate a transition of aquaculture activities to meet these criteria, i.e., to become environmentally sustainable. 

Fig. 1. Yggdrasil mapping solution, Norwegian Fisheries Directorate.  
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We assume that the development of activities to become environmentally sustainable, will demand three parallel and comple-
mentary transitional paths or trajectories: (1) Some existing activities would need to improve to meet these objectives; (2) some 
existing activities that would never meet the objectives would need to be phased out (“the flip-side of transitions” (Köhler et al., 2019)); 
and (3) some new activities meeting the objectives would need to be phased in. The latter two trajectories resemble the “creative 
destruction” policy mixes of Kivimaa and Kern (Kivimaa and Kern, 2016) and the three transition phases of Ludwig (Ludwig, 2019), yet 
they are supplemented by the first trajectory. In combining the trajectories, we examine whether Norwegian regulations are accel-
erating the transition of aquaculture activities along one or more of the trajectories. 

While we illustrate our approach by regulation of Norwegian salmon aquaculture, the methodology, including transition criteria 
and trajectories, could be employed to other sectors or activities, or a different geographical scope. Further, this study demonstrates 
how the standard of environmentally sustainable activities of the EU Taxonomy Regulation could be used to interpret, specify, or 
clarify environmental legal obligations or political ambitions for transitions to be (environmentally) sustainable, in Norway and 
beyond. The following Section 2 introduces the methodology, Section 3 analyzes the three transitional trajectories, Section 4 discusses 
the findings, and finally, Section 5 concludes the study. 

2. Methodology 

2.1. The case of Norway 

In addition to being the world’s leading producer of Atlantic salmon, Norway is the largest aquaculture producer in Europe and the 
eight largest aquaculture producer in the world (FAO, 2022; Rocha et al., 2022). In 2022, Norway exported 1.3 million tons of fish from 
aquaculture worth NOK 111.3 billion (~EUR 10.4 billion), to Europe, the USA, China, and Japan (Norwegian Seafood Council, 2023). 
The size of this Norwegian industry implies that the environmental impacts are correspondingly high. Thus, the laws and regulations 
that define the environmental impacts of these activities make an interesting case for examining trajectories for sustainability 
transition. 

Production of salmon dominates the Norwegian aquaculture industry (Winther et al., 2020). In 2021, along the long and fjord-rich 
coastline of Norway, 1243 salmon farming licenses were in operation (Norwegian Fisheries Directorate, 2022a), as indicated by red 
dots in Fig. 1. 

Salmon aquaculture activities exert pressures and have impacts upon ecosystems, as any food production does, whether land or sea 
based. Salmon farming consists of multiple phases involving different inputs, outputs, and services, including breeder fish production 
(to make eggs); hatchery fish production (production of fry, i.e., young salmon in fresh water); food fish production (feeding of salmon 
at sea) (Misund, 2022); slaughtering, processing, and packaging; and transport to secondary processing facilities or onward to different 
markets via road, rail, or air transport (Falconer et al., 2022). The different inputs, outputs, services, and production phases induce a 
range of environmental pressures, some locally, others globally (e.g., CO2-emissions), some measurable, others not. 

An underlying assumption of this study is that salmon aquaculture in Norway could transition to become environmentally sus-
tainable as per the transition criteria that Section 2.2 will unpack. This assumption is not necessarily shared by all. Other sustainability 
perspectives on, and criticism of, the sustainability of salmon aquaculture not captured by our perspective exist (Osmundsen et al., 
2020). We will give a brief recap of some of these perspectives, as they show the range of sustainability issues salmon aquaculture gives 
rise to, and illustrate how sustainability could and should be approached in multiple ways, while this study only captures one. We do 
not analyze whether salmon aquaculture should be replaced by aquaculture of a more diverse set of marine species, by protein sources 
with fewer environmental effects (e.g. wild-caught white fish (Ziegler et al., 2021) or plant-based protein) nor whether aquaculture 
should replace other sources of protein with higher environmental effects (e.g., red meat) (Kanemoto et al., 2019; Kim et al., 2020; 
Winther et al., 2020). We do not question whether making human food of the feed provided to the salmon (which in 2020 consisted of 
73.1% vegetable ingredients such as soy protein and 22.4% marine ingredients from fish meal or fish oil (Aas et al., 2022)) would be a 
more efficient use of resources (in 2020, a total of 1976,709 tons of feed ingredients were used to produce 1467,655 tons of salmon 
(Aas et al., 2022)), as well as providing improved food security for the poor (Metian, 2009; Seto and Fiorella, 2017). 

Some other sustainability perspectives that this study does not discuss involve certain negative impacts associated with salmon 
aquaculture (compared with using the feed for food), such as: the breeding and feeding of salmon is technology heavy and accordingly 
expensive; it raises salmon welfare issues (Olaussen, 2018; Sommerset et al., 2022); and it occupies marine areas, which leads to 
competition and conflicts over marine areas (negatively impacting on, for example, coastal fisheries) (Sætre and Østli, 2021; Winther 
et al., 2020). Neither do we discuss positive impacts of salmon aquaculture, including the creation of jobs at the coast, profit op-
portunities for investors, and tax income. If one assumes that salmon aquaculture is non-sustainable, only the trajectory based on the 
phasing-out of aquaculture activities would be valid. This study, however, assumes that salmon aquaculture could be environmentally 
sustainable by meeting the six environmental objectives of the EU Taxonomy Regulation. The implied sustainability transition is 
therefore simplified to make an analysis possible. 

2.2. Transitional criteria and sustainability ambitions 

The six environmental objectives used as transitional criteria are climate change mitigation; climate change adaptation; the sus-
tainable use and protection of water and marine resources; the transition to a circular economy; pollution prevention and control; and 
the protection and restoration of biodiversity and ecosystems. Thus, we question whether existing aquaculture regulations in Norway 
support a transition of these activities to meet these criteria as per the three trajectories and to become environmentally sustainable. 
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The Aquaculture Act of Norway sets out a standard for the acceptable pressures and impacts of these activities (Aquaculture Act, 
2005). The act imposes that aquaculture shall be established, conducted, and winded up in an “environmentally sound way” 
(Aquaculture Act, 2005), a phrase referred to as the environmental norm. This study argues that the environmental sustainability 
standard of the EU Taxonomy Regulation is one way of interpreting the environmental norm. Thus, first, the present case hinges the 
environmental sustainability standard of the EU Taxonomy Regulation on the environmental norm of the Aquaculture Act. 

Second, the environmental sustainability standard of the EU Taxonomy Regulation could be considered as an interpretation, 
specification, or clarification of legal or political ambitions that aquaculture activities should transition to be (environmentally) 
sustainable. The purpose of the Aquaculture Act includes promotion of the profitability and competitiveness of the aquaculture in-
dustry “within the frames of sustainable development” (Aquaculture Act, 2005). 

Additionally, the ambition that the aquaculture industry in Norway should be sustainable enjoys broad support. The Norwegian 
aquaculture industry has declared ambitions to become sustainable by 2030, (Seafood Norway, 2018). Political consensus exists on the 
ambition that the aquaculture industry in Norway should be sustainable by 2030 (Solberg, 2021; Støre, 2021). This political ambition 
is even included in an international policy statement adopted by Norway and 13 other coastal states as the High-Level Panel for a 
Sustainable Ocean Economy (High Level Panel, 2020). The High-Level Panel defines as an outcome in 2030 that “aquaculture is 
sustainably grown to meet global needs, and waste is minimised and managed throughout the value chain” and as a priority action to 
this end to put “in place policies and management frameworks to minimize the environmental impacts of aquaculture” (High Level 
Panel, 2020). 

2.3. The three transitional trajectories 

The first transitional trajectory investigates whether Norway uses regulation to accelerate improvement for existing aquaculture 
activities for each of the transitional criteria or environmental objectives. This investigation asks two questions. The first is whether the 
regulations demand any positive (meaning beyond-zero) contribution to any of the environmental objectives. The second question is 
whether they demand any improvement of negative impact relevant to the environmental objectives. For example, a positive contri-
bution to climate change mitigation means reducing CO2 in the atmosphere, unlike improving the carbon footprint by reducing CO2 
emissions, which the second question target. 

In comparison, the approach of the EU Taxonomy Regulation, which concerns screening activities for investment purposes, is that 
activities to be regarded as environmentally sustainable should significantly contribute to one of the six environmental objectives and 
do no significant harm to any of the other five objectives. This study rather combines contribution with improvement, reflecting that 
we investigate transitioning as a process over time, rather than a one-off decision of harm significance to qualify for future green 
investments. Nonetheless, the investigation of improvement will shed light on regulatory potential for reducing harm for all six 
objectives. 

The second trajectory analyzes whether the regulatory framework for aquaculture activities provides for a phase-out of activities 
that are not environmentally sustainable. Köhler et al. refer to the phasing-out of systems and regimes (unlike activities) as the “the 
flip-side of transitions” (Köhler et al., 2019). The underlying assumption is that the systems and regimes are not necessary or eligible 
alternatives exist. Several drivers of a phase-out could be imagined: replacement by new innovations, lack of demand for 
un-sustainable alternatives, or different kinds of disincentives (Rinscheid et al., 2021). This study focuses on the use of regulation as a 
phase-out tool. 

The study of the third transitional trajectory examines whether the phase-in of new activities, which are environmentally sus-
tainable at the outset, is provided for in the conditions for issuing concessions and access to localities. The second and third trajectories 
resemble the “creative destruction” policy mixes of Kivimaa and Kern (Kivimaa and Kern, 2016). By combining them with the first 
trajectory, this study accounts for the assumption that some existing aquaculture activities and actors could become environmentally 
sustainable, unlike a need for total replacement. The next section analyzes whether Norwegian aquaculture regulations are acceler-
ating transitions of activities along one or more of the trajectories. 

3. Analysis 

3.1. First trajectory: Improvement of existing activities 

3.1.1. Climate change mitigation 
The CO2 emissions of aquaculture production in Norway have been examined in different assessments (Bohnes et al., 2019; Jiang 

et al., 2022; Winther et al., 2020). A 2022 study by SINTEF and partners conducts a life cycle assessment of the climate footprint of 
different Norwegian salmon products (Johansen et al., 2022). This study alongside other studies identifies two main drivers of climate 
change emissions: feed (Bohnes et al., 2019) and transport (specifically air freight, in which the salmon is flown to Asian and US 
markets) (Johansen et al., 2022; Winther et al., 2020). Winther et al. state: 

The fish feed is the single factor that contributes most to the carbon footprint of farmed fish [1,7]. In the last ten years, there has 
been a shift in the fish diets towards a more crop-based diet and currently salmon feed typically consists of about 70% of crop- 
based raw materials [20]. Fresh Norwegian fish has become a success in many markets, including Asia and the US, especially as 
regards salmon used in sushi and sashimi. This has led to a large increase in airfreight of fresh seafood from Norway in recent 
years [21] (Winther et al., 2020). 
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Additionally, drivers of climate change that are relatively minor yet not unimportant include emissions resulting from different 
product inputs, related services, and product phases including energy use in the food production phase (ABB and Bellona, 2021), 
processing, packaging, smolt production, and the use of biproducts (Johansen et al., 2022). Nonetheless, for the supply chains using 
air-freight, the air-freight accounts for 68–82% of the carbon footprint. When emissions from transport to market is excluded, 75% of 
the carbon footprint is attributed to production of feed (Johansen et al., 2022). 

The feed and the air freight are goods and services provided for the production of farmed salmon. The environmental norm of the 
Aquaculture Act and the sustainability ambitions for the aquaculture activities equally apply to providers of goods and services to the 
aquaculture industry (Aquaculture Act, 2005; Støre, 2021). The High-level Panel for Sustainable Ocean Economy emphasizes a 
management framework to minimize the environmental impact of feed (High Level Panel, 2020). The sustainability vision document 
of the seafood industry includes statements involving the reduction of fossil fuels and the selection of feed to reduce the carbon 
footprint (Seafood Norway, 2018). These initiatives show how reducing CO2 emissions throughout the value chain of salmon pro-
duction enjoys broad support. 

Currently, no regulations relevant to aquaculture activities demand a positive (beyond zero) contribution to climate change 
mitigation. Neither do regulations demand that CO2 emissions from feed shall or should be improved, nor do they incentivize or 
require a de-escalation of emissions to meet the 2030 target. However, the SINTEF study calculated an emission reduction of around 
10% since 2017, due to changed feed composition (Johansen et al., 2022), which therefore results from voluntary contributions. The 
nonetheless high CO2 emissions resulting from the use of feed have been known about for decades, without triggering any regulatory 
measures so far. The governmental strategy of both the previous and current governments has so far been to facilitate or stimulate to 
improve the climate footprint of feed (Solberg, 2021; Støre, 2021). These strategies did not discuss the scalability of these innovations, 
risks associated with these efforts, or any projections or monitoring of whether they will be sufficient to meet the 2030 goals and under 
which conditions. The SINTEF study concludes that “there are plenty of improvement opportunities in salmon supply chains that could 
reduce greenhouse gas emissions as well as production costs further” (Johansen et al., 2022). He et al. suggest that climate change 
mitigation efforts for the aquaculture industry include reduced use of energy-intensive feedstuff, improved feed management, and 
reduced fuel use (He et al., 2018). None of these mitigation efforts are demanded by regulation today. 

In response to the second driver, transport, studies suggest to find alternatives to air-freight, and if not feasible for fresh products, to 
shift towards products with longer shelf-life (e.g., frozen) (Iversen et al., 2022; Johansen et al., 2022; Tveiterås et al., 2022; Winther 
et al., 2020). Further, a report on Ocean Solutions to Climate Change, published by the High-Level Panel on Sustainable Ocean 
Economy, recommends avoiding the transport of fish by air (Hoegh-Guldberg et al., 2019). Any measures to improve the climate gas 
emissions of the transport sector in general (e.g., mode of transport and source of power) could potentially benefit the transport that 
results from demand from the aquaculture industry. Yet, in addition, a sector-specific perspective is useful. To reduce transport 
emissions from aquaculture activities, the regulator could consider disincentivizing the air-freight of salmon. In contrast, the current 
national transport plan for 2022–2033 is paving the way for increased export of seafood from Norwegian airports (Solberg, 2020). 

Climate gas emission reduction plans and policies (unlike regulation) focus on reducing emissions from aquaculture production 
facilities and service vessels (Norwegian Environmental Directorate, 2020a; Norwegian Government, 2020-Norwegian Government, 
2021). The focus on electrification is not explained, yet it is clearly relevant (ABB and Bellona, 2021) despite not being the main driver. 
The case may be that, implicitly, an approach that combines the aquaculture sector with the fisheries sector limits to the commonalities 
between these two sectors (such as ports and marine transport), thus excluding feed, air-freight and other drivers of climate gas 
emissions specific to aquaculture (and those specific to fisheries). Contrastingly, an approach based on main drivers from specific 
sectors or activity types could reveal more potential. 

To improve the carbon footprint, the government could, for example, demand that the quantity of non-carbon friendly feed and 
transport should decrease to meet the 2030 vision. Further, the government could adopt reporting requirements such as yearly plans 
and risk analysis from each actor to be compiled into an overview of the industry that the regulator could use as a decision-basis for any 
further measures (or relief of measures as the case may be). 

3.1.2. Climate change adaptation 
Adapting to climate change means adapting to many different climate-related hazards that could be expected because of climate 

change, such as a warming ocean, runoff of toxins, or landslides (First Delegated Act of the EU Taxonomy, 2021). These hazards would 
have a biological impact and socioeconomic consequences. Some examples of impacts and consequences of climate change for the 
aquaculture industry are decreased productivity due to changing biological conditions, loss of production facilities or infrastructure, 
limited access to feeds from marine and terrestrial resources, and limited access to fresh water (Dabbadie et al., 2018). 

In 2010, the 16th Conference of the Parties (COP 16) of the United Nations Framework Convention on Climate Change agreed to 
formulate and implement national adaptation plans as per the Cancun Adaptation Framework (UNFCCC, 2010). Currently, Norway has 
developed adaptation plans and measures for some sectors and risks, such as the energy and transport sector (Norwegian Environ-
mental Directorate, 2020b). Further, some general guidelines that highlight the role of municipalities in climate change adaptation 
have been issued (Norwegian Government, 2018). Currently, no plan for climate change adaptation for aquaculture has been adopted. 
Guidelines for creating climate adaptation plans for aquaculture exist, which provide good practice recommendations for making such 
plans, including how adaptation plans should identify risks and opportunities, relevant measures and their operationalization (Pham 
et al., 2021), and suggested adaptation responses relevant to salmon aquaculture (Falconer et al., 2022). 

The lack of a plan makes it hard to identify the extent to which adaptation measures are implemented in the Norwegian regulations. 
For example, recently, new technical regulations and standards for floating aquaculture installation have been adopted with the 
explicit purpose to reduce escaped salmon (Technical Regulation for Aquaculture Installations, 2022). The regulations require such 
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installations to be designed and used in accordance with best practices and best knowledge (Technical Regulation for Aquaculture 
Installations, 2022). Such practices and knowledge would include those related to climate change adaptation. Yet, whether 
climate-related hazards have been considered in the wake of the regulations and whether impacts and consequences beyond escapees 
have been considered is unclear. In any case, no existing regulation explicitly demands a positive contribution to climate change 
adaptation or improvement measures. 

3.1.3. Sustainable use and protection of water and marine resources 
Aquaculture activities use water resources in different ways throughout the value chain. In Norway, the food fish production phase 

mainly takes place as open net pen production (in a sea cage) in the fjords and near-shore coastal waters. Thus, nutrients such as 
uneaten feed and feces affect these waters. The food fish production phase is a key driver of eutrophication (Bohnes et al., 2019), yet 
the Norwegian Institute of Marine Research considers that the risk of regional effects in Norway is low (Grefsrud et al., 2022). 

The Norwegian regulations on the use and protection of water quality, concerning all kinds of activities, aquaculture included, are 
set out in the Water Resources Act and the Water Regulation (Water Regulation, 2006; Water Resources Act, 2000). The Water 
Regulation includes the obligation that coastal waters (and beyond) shall have at least good ecological and chemical status, reflecting 
the implementation by Norway of the EU Water Framework Directive (Water Framework Directive, 2000/60/EC). The regulations ban 
deterioration of coastal waters caused by any kind of activities, including aquaculture (Water Regulation, 2006). However, the 
directive does not demand any activities to positively contribute to sustainable use and protection of water and marine resources. 

Most of the coastal waters of Norway have good or high environmental status. Where coastal waters have less than good status, 
which is the case for a few areas in Norway, the Water Regulation demand that the status shall be improved and restored (Water 
Regulation, 2006). Therefore, these regulations include improvement measures relevant to aquaculture activities, where these are the 
source of negative impact. Accordingly, as required by the EU Water Framework Directive, Norway has regulations requiring the 
improvement of the environmental status of coastal waters where the coastal waters have less than good status. 

3.1.4. Transition to a circular economy 
As per the EU Taxonomy Regulation, circular economy refers to “an economic system whereby the value of products, materials and 

other resources in the economy is maintained for as long as possible” (Taxonomy Regulation/852). In aquaculture, this objective could 
relate to the aquaculture actors’ roles as producers of food, byproducts, sludge, packaging, and waste; consumers of feed, equipment, 
plastics, vessels, and facilities; and recipients of residual raw materials and other recirculated products (Solberg, 2021). 

A circular economic system may require circular value chains, reflected in regulation that transcends established value chains, 
traditional sectors, and borders, such as products and materials law, patents and trademark law, competition law, procurement law, 
and consumer law (Nogueira López, 2022). Nonetheless, aquaculture in Norway produces, consumes, and receives distinct products, 
materials, and resources, as per the examples in the previous paragraph, which supports the appropriateness of considering supple-
mentary sectoral regulations. Some of these products, materials, or resources, such as production facilities and vessels, are already 
subject to safety and environmental regulations, to which conditions of reuse, repairability, waste reduction, and recirculation could 
be added. For example, the recently adopted regulations on a technical standard for aquaculture production facilities that only have 
one explicit purpose–to avoid escape of farmed salmon (Technical Regulation for Aquaculture Installations, 2022)–could further have 
included the purpose of transitioning to a circular economy. Furthermore, the handling of the remaining products, materials, and 
resources could be eligible for regulatory conditions, incentives, or restrictions promoting circular economic principles. 

Nevertheless, no regulations for aquaculture activities have been identified that require contribution to, or improvement of, the 
transition of circular economy. Nonetheless, the purpose of the Pollution Act may reflect certain circular economic principles: to 
reduce existing pollution, to reduce waste, and to advance waste management (Pollution Act, 1981). This act will be discussed in the 
next section. 

3.1.5. Pollution prevention and control 
Pollution and waste from aquaculture production facilities possibly includes, aside uneaten feed and feces, copper from impreg-

nated nets and other chemicals (for cleaning, disinfection, maintenance, etc.); foreign substances including veterinary medicinal 
products and plastics from feed hoses, net cage rings, and ropes; oil and diesel spills; noise; and waste from discarded production 
facilities (European Commission, 2016; Institute of Marine Research, 2016; Norwegian Environmental Directorate, 2017; Solberg, 
2021). Further, pollution emerges from the preceding fish hatchery and smolt production and the subsequent production stages, 
including lice removal, slaughter, and transport. 

The Pollution Act includes an overall obligation to avoid pollution, however, aquaculture facilities have obtained permission to 
pollute and are thus exempted (Pollution Act, 1981). Production at sea by open net pens (sea cages) involves no system for filtering or 
removing pollutants; thus this technology and the regulations permitting it, as the regulator explains, assume that the solution to 
pollution is dilution (Norwegian Environmental Directorate, 2017). Regulations exist on the cleansing of nets and restricting available 
locations (Aquaculture Act, 2005; Salmon Allocation Regulation, 2004). Moreover, restrictions exist on the quantity of fish per facility, 
which, individually and combined, provides a local and national ceiling of total pollution (Aquaculture Operation Regulation, 2008). 
However, since, nationally, there has been a continuous increase of aquaculture over the recent decades (Norwegian Fisheries 
Directorate, 2022a), unless pollution per facility is continuously diminishing, the national total pollution ceiling is continuously 
expanding. In any event, Norway does not require of aquaculture to contribute-beyond-zero to pollution prevention and control. 

Currently, an individual pollution permit is nonetheless required. Recently, a change to the pollution permit system has been 
proposed. In this relation, the authorities describe the pollution permits in the following manner: 
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Since it is not possible to clean emissions from open net pen production facilities at sea, the pollution permits include no 
pollution limits. Instead, the permits impose an upper limit of how much fish the owner at any time may have at the locality, 
assessed as maximum permitted biomass. Further, the pollution permits normally includes conditions that the owner shall 
monitor the organic influence on the seafloor around the facility (Norwegian Government, 2020), author’s translation). 

Thus, the pollution permits focus on the maximum mass of fish per locality and the influence on the seafloor underneath the at-sea 
production facilities. In addition to these types of requirements, procedures for the handling of waste, including dangerous waste exist 
(Pollution Act, 1981), disposal of waste in harbors (Pollution Regulation, 2004), and a requirement to be particularly cautious to avoid 
unacceptable effects on the near environment when emitting medications and other chemicals (Aquaculture Operation Regulation, 
2008; Product Control Act, 1976). Yet, none of these regulations require an improvement by a reduction of emissions. 

Finally, the internal control regulations request each aquaculture actor to have an internal control system (Internal Control 
Regulation, 1996). The internal control system demands the actors set environmental goals and make environmental risk assessments. 
Nonetheless, these regulations and guidelines leave the impression that they focus on preventing pollution that is visible or moni-
torable in the food fish production phase at sea, as they discuss the “recipient” or the near environment of production facilities (In-
ternal Control Regulation, 1996; Norwegian Environmental Directorate, 2017). Certainly, it is important that pollution from 
production facilities directly affecting the local environment is in focus. Nevertheless, there is the potential to target, through regu-
lation, pollution prevention throughout the stages of salmon production that demand continuous improvement, independent of where 
the pollutants end up or whether they are measurable. In any event, the current regulations leave the aquaculture actor to set the 
environmental goals. 

3.1.6. Protection and restoration of biodiversity and ecosystems 
In principle, aquaculture could contribute to the protection and restoration of biodiversity and ecosystem if, for example, 

contributing to flood control and protection of biodiversity as when providing habitats for amphibians or birds (European Commis-
sion, 2016). Yet, no regulations exist requiring aquaculture activities in Norway to contribute positively to the protection and 
restoration of biodiversity and ecosystems. The Biodiversity Act demands that public decision-making considers environmental effects 
(Biodiversity Act, 2009). However, conceptually, taking something into consideration does not include a duty to prioritize that 
consideration or improve the outcome of the decision on behalf of the environment (Schøning, 2019). This type of regulation may 
therefore not lead to the prioritization of biodiversity and ecosystems. 

Beyond climate gas emissions (Section 3.1.1), impacts on water quality (Section 3.1.3), and pollution (Section 3.1.5), aquaculture 
could impact biological quality elements by the interbreeding of salmon with wild stocks, pathogen infections (e.g., sea lice), escapees, 
and the introduction of non-native species (European Commission, 2016) that may, for example, displace native species and disturb 
existing ecosystems. Given the range of impacts that could be subject to improvement, this section will first discuss ways of selecting 
impacts and then which impacts the regulations cover. 

Strategic and individual environmental impact assessments are ways to assess impacts relevant to the protection and restoration of 
biodiversity and ecosystems. Strategic assessments are relevant to the authorities for strategic decisions, for example, considering 
impacts of the total load or increased load of all activities. However, Fauchald demonstrates how many strategic decisions concerning 
the regulatory system for aquaculture in Norway do not rely on impact assessments (Fauchald, 2020). Within the total load of 
acceptable impacts, individual environmental impact assessments are relevant for individual activities that differ with respect to 
location and production methods. However, the aquaculture regulations leave it to the aquaculture actors to decide whether impact 
assessments are necessary (Aquaculture Operation Regulation, 2008; Fauchald, 2020). For the granting of access to production sites, 
Norway has only exceptionally demanded aquaculture actors to provide environmental impact assessments (Fauchald, 2020). How-
ever, once production sites are in use, environmental monitoring is demanded, limited to the seabed underneath and near the pro-
duction facility (Aquaculture Operation Regulation, 2008). 

In addition to the limited monitoring requirements, Norway has adopted regulations that target two well-known risks to the 
protection and restoration of biodiversity and ecosystems. The first risk is farmed salmon escapees, which, by being genetically 
modified through breeding to accommodate for being farmed and consumed, pose a threat to the wild salmon stock by interbreeding 
(Grefsrud et al., 2022). The annual number of reported escapees over the last decade has ranged from an all-time high of 286,662 in 
2019 to an all-time low of 17,187 in 2017 (Norwegian Fisheries Directorate, 2022b). The escapees pose a further threat by displacing 
other species and disturbing existing ecosystems. Regulation (and strategies) to avoid escapees could be envisioned in multiple ways, 
such as by: reducing the total number of aquaculture activities; using land-based or closed facilities; regulating the genetic modifi-
cations allowed; regulating facility design, including barriers; regulating lice removal, reloading, and transport; regulating pre-
paredness; and regulating escapee targets, triggering stricter requirements if the target is not met (or relief of requirements if targets 
are met). 

Norway has a zero-escapees’ vision and strategy that involves knowledge gathering, experience sharing, safety systems, and 
preparedness (Strategy Against Escapees, 2017). The strategy mentions regulation only in one aspect: technical requirements for 
floating aquaculture facilities. This strategy involves “review of the regulations to safeguard necessary requirements to barrier steering 
of actors” (Strategy Against Escapees, 2017). The zero-escapees’ vision is not reflected in regulations requiring a decrease of escapees 
over time. 

The second of the two well-known risks to protection and restoration of biodiversity and ecosystems targeted by aquaculture 
regulation is sea lice. 
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The proliferation of sea lice—a parasite that thrives in dense, fish-farming sites—has been shown to be an important part of the 
explanation for the decline in wild salmon that return to Norwegian rivers (…) When salmon smolt migrate from their natal 
rivers during spring, passing a “belt” of salmon farms on their way towards the open sea, they often become heavily infested 
with sea lice. If such an infestation reaches between 0.04 and 0.15 mature lice per gram smolt weight, it may cause high stress 
levels and reduce the smolt’s swimming ability, heightening the risk of mortality at sea (…) (Larsen and Vormedal, 2021) 

Sea lice threaten not only wild salmon and trout but also the welfare and mortality of farmed salmon. The current sea lice regu-
lations provide for a decrease in production volumes if the Ministry of Trade, Industry, and Fisheries deems the effect of sea lice in each 
of 13 production areas unacceptable (Production Area Regulation, 2017). Sea lice proliferation therefore becomes key to growth for 
the aquaculture industry (Olaussen, 2018), providing strong incentives to reduce the occurrence of sea lice. Therefore, Norway has 
regulations requiring improvement related to this specific risk. In addition, regulations exist on a quality norm for wild salmon, 
including a goal for its quality (Quality Norm for Salmon Regulation, 2013). 

Strong incentives to combat sea lice may lead to other challenges (Olaussen, 2018), which the regulation system does not account 
for. Further, Larsen and Vormedal find that “successful compliance with lice thresholds has no observable, positive effect on the 
infestation pressure on wild salmon” and that the “environmental effectiveness of stricter thresholds is limited, and should be 
accompanied by complementary measures” (Larsen and Vormedal, 2021). Seemingly, the regulatory improvement requirements have 
not led to a reduced risk. 

3.2. Second trajectory: The phasing-out of un-sustainable activities 

As per the Aquaculture Act the ministry may change or revoke aquaculture permits “if this is necessary out of consideration for the 
environment” (Aquaculture Act, 2005). It could be argued that transition to environmentally sustainable activities is necessary for the 
environment. Based on this interpretation, the ministry may revoke individual aquaculture licenses. Further, on the same condition of 
necessity for the environment, the ministry may adopt regulations targeting the revocation of multiple licenses (Aquaculture Act, 
2005). The activities to be phased-out could be, for example, those actors that does not improve against the transition criteria within a 
set deadline, or those volumes, feed compositions, production methods, transportation means, or species that are not compatible with 
meeting these criteria. 

A legislative basis for Norway to revoke licenses exist, thus this trajectory may immediately seem straight forward. However, while 
aquaculture actors are aware of the risk of revocation, their expectations of predictability and protection of property and entitlements 
may make such regulations challenging to implement. In parallel with providing for revocation, the Aquaculture Act provides for how 
licenses can be mortgaged, thus facilitating for investments relying on these licenses. While revocation of licenses overrides any 
mortgages as per the Aquaculture Act, in practice such revocation becomes complicated. To accommodate such complications, a 
revocation of licenses in 2030 could, for example, be announced some years prior to revocation that provides some predictability for 
actors and investors. 

3.3. Third trajectory: The phasing-in of new sustainable activities 

Licenses are required for aquaculture activities in two ways, to become a licensed actor and to obtain a licensed location (Aqua-
culture Act, 2005). A general condition for the allocation of both kind of aquaculture licenses is that “it is environmentally sound” 
(Aquaculture Act, 2005). “Environmentally sound” could be interpreted to capture soundness considering environmental effects of a 
set of environmental objectives (Biodiversity Act, 2009), such as those discussed in this study and reflected in the EU Taxonomy 
Regulation. Thus, the potential exists to phase-in only those actors that conduct environmentally sustainable activities (Myklebust, 
2021) or to prioritize environmentally sustainable aquaculture production in the granting of localization licenses. 

How Norway has approached these environmental provisions in the granting of licenses is reflected in the detailed licensing 
regulations. Briefly, issuing of new licenses to actors depend on the highest monetary bid. Issuing of new licenses to localities depends 
on individual decisions considering area plans or area restrictions (Planning and Building Act, 2008) and permissions under multiple 
acts including the Pollution Act (Aquaculture Act, 2005; Auction Regulation, 2022; Salmon Allocation Regulation, 2004; Sund et al., 
2021). Thus, the potential to phase-in environmentally sustainable activities as per the Aquaculture Act is not reflected in the detailed 
regulations on the granting of licenses, such as explicating the environmental standards the companies must meet to qualify for a 
license. Rather, the granting of licenses depends on monetary auctions and individual decisions considering multiple different in-
terests, certainly including environmental interests (Biodiversity Act, 2009; Pollution Act, 1981). However, individual decisions 
considering multiple interests may not lead to the prioritization of environmentally sustainable actors. 

In addition to the aforementioned conventional licenses, special licenses have previously been granted to develop new technology 
and to reduce the negative impacts of escapees and sea lice on farmed salmon and the environment (Norwegian Fisheries Directorate, 
2022c). Currently, a proposal is at hearing for special licenses for a limited amount of fish for production facilities that have zero 
emissions of swimming sea lice and sea lice eggs or that collects a minimum of 60% of sludge (Ministry of Trade, Industries, and 
Fisheries, 2022). While these special licenses may phase-in activities that in one of these two respects are more environmentally sound 
than others, the proposal does not provide for a phase-in of activities that are environmentally sound in respect of the six environ-
mental goals as per the definition of environmentally sustainable activities. Phase-in could include, for example, aquaculture using 
different production methods; local resources as feed; increased local consumption and climate neutral transportation methods; and a 
combination of different species and methods that offers ecosystem services and synergic effects. One example of salmon aquaculture 
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activities that might lead to improvements or contributions relevant to the environmental objectives, is co-production between salmon 
and kelp, where nutrient emissions from salmon farming are used as nutrients for kelp production, and at the same time binds carbon 
(Ellis and Tiller, 2019). 

4. Discussion 

For the first transitional trajectory, we found that the regulations do not require of aquaculture activities to reduce CO2 emissions; 
implement climate change adaptation measures; or improve their contribution to a transition to a circular economy (such as through 
regulation of reuse, repairability, waste reduction, and recirculation). Improvement related to these environmental objectives depends 
on the voluntary contribution of the aquaculture industry. Regulation of the environmental objective “sustainable use and protection 
of water” involves the improvement schemes of the Norwegian Water Regulations, implementing the EU Water Framework Directive’s 
requirement of a good environmental status of coastal waters. Regulation demanding improvement of negative impacts to some extent 
exist for pollution prevention and control and for two selected impacts (farmed salmon escapees and sea lice) relevant to the objective 
on the protection and restoration of biodiversity and ecosystems. For none of the six environmental objectives do the Norwegian 
authorities demand an escalation of improvement to meet the 2030 sustainability ambitions. Regulations do not require positive 
contribution of aquaculture activities to any of the six environmental objectives. 

For the second transitional trajectory, we found that the regulatory framework provides a legislative basis for a phasing-out of non- 
environmentally sustainable aquaculture activities. Nevertheless, as investments are based on the licenses, any decision on a phase- 
out, such as in 2030, should be announced soon providing for some predictability for those investors, companies, and employees 
relying on the to-be phased out activities. 

For the third transitional trajectory, we found that the potential for the phase-in of new activities, which are environmentally 
sustainable at the outset, is provided for in the conditions for the issuing of concessions and access to localities. Thus, Norwegian 
authorities may issue new concessions and access to localities to those conducting environmentally sustainable aquaculture. However, 
the availability of localities is limited, therefore phasing-in new activities depends on the phase-out of activities under the second 
trajectory. 

We can conclude that Norway to a limited degree uses regulation as a tool to steer and accelerate aquaculture activities towards 
environmental sustainability by 2030 and that an untapped capacity to speed up transitions (Garmestani et al., 2019) exist for 
aquaculture activities. Except from the improvement demanded by the EU Water Framework Directive, Norway has the regulatory 
power to improve and accelerate aquaculture to sustainability. Thus, the state of Norway is the reluctant driver, sitting in the front seat, 
not yet using the accelerator. The current government has stated that it will review the regulatory framework of the aquaculture 
industry, to improve sustainability (Støre, 2021). It remains to be seen if Norway will push the accelerator in the future. 

The Norwegian authorities are responsible for the total environmental impacts of aquaculture activities in Norway. As per the 
Norwegian Constitution, they are obliged to take necessary action to ensure the protection of nature and biodiversity (Norwegian 
Constitution, 1814). Whether regulation is a necessary tool in this regard is to some extent a matter of (political) imagination or vision 
combined with empirical data. If politicians envision that desired and demanded improvements in the aquaculture industry, phase-ins 
of new sustainable aquaculture actors, and phase-outs of un-sustainable aquaculture activities would result from alternative strategies, 
then the powerful instrument of regulation may not be necessary. To meet the sustainability ambitions of 2030, only seven years 
ahead, the vision should be supported by data. To what extent have improvements, phase-ins, and phase-outs taken place as of today? 
Monitoring progress, related risks, estimated effects, and scalability is key to meeting objectives independent of strategies. Yet, the 
authors are unaware of any such overviews that may indicate the progress and scenarios and which sustainability standard will be met 
by the aquaculture industry by 2030. 

Whether regulation is a necessary tool to transition further depends on the willingness of industries. Sustainability transitions 
research explains how such transitions may threaten the economic positions and business models of large and powerful industries, with 
the result that such industries may contest the need to accelerate transitions to protect their interests (Köhler et al., 2019). If the 
sustainability standard desired by the aquaculture industry in Norway is less strict compared with that the regulator desires, the 
potential for voluntary adjustments by the industry is limited, which supports the use of regulation. Relevant to our case, a study by 
Aarset et al. found a trend of passive adaptation to external requirements, in the sustainability practices among some representatives of 
the Norwegian salmon-farming industry (Aarset et al., 2020), further supporting the need to use regulation as a tool. On this basis, 
meeting sustainability ambitions by 2030 seems unlikely in a business-and-regulation-as-usual scenario. 

Our approach to analyze sustainable transitions in aquaculture production by defining trajectories with criteria set by the EU 
Taxonomy Regulation for sustainable activities, provides a promising method for evaluating regulation as a transitional tool to meet 
legal demands and political ambitions of sustainability. As demonstrated, to take a value-chain and activity-specific focus, aligned with 
a general standard of environmental objectives, is one way to identify the environmental impacts or sustainability of a given sector. 
Moreover, it has shown how the environmental impacts are defined in a complicated legislation including activity-specific regulations, 
regulations targeting particular environmental impacts (such as pollution), regulations targeting particular resources (such as water), 
and planning laws and regulations. While aquaculture companies may voluntarily limit their environmental impacts beyond these 
regulations, they nonetheless define the maximum allowed impacts. The legislation defining the environmental impacts of an activity 
attest to nuance the use of categories such as environmental policies or environmental laws, as neither of these categories would 
normally include sector-specific regulation. Further, a focus on sector-specific regulation could enrich the discussion on industrial 
strategies (Busch et al., 2018) if the desired outcome is a change to the legally defined environmental impacts. Finally, the 
sector-specific approach has resulted in findings that could assist in the provision of policy-relevant advice, as each of the criteria and 
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trajectories have resulted in suggestions of alternative regulations. 
Section 2.1 has identified several sustainability perspectives relevant to aquaculture, while this study only captures one. Actors in 

the aquaculture industry in Norway have been requesting for one single sustainability standard for over a decade (forskning.no, 2011; 
Intrafish.no, 2022). The approach of this study deviates somewhat from the EU Taxonomy Regulation in questioning improvement 
unlike doing no significant harm. The EU Taxonomy’s technical drawing of a line between environmentally sustainable and 
un-sustainable activities for investment purposes may not align with either the purpose of regulators (such as Norway) in accelerating 
sustainability transition for aquaculture or the private certification schemes need for documentation and market shares. Multiple 
sustainability standards may therefore be a necessary reality. The legal standard and definition of environmentally sustainable ac-
tivities of the EU Taxonomy Regulation is nonetheless a welcomed initiative facilitating discussion and refinement of the content of 
(environmental) sustainability for aquaculture (Aarset et al., 2020; Mikkelsen et al., 2021; Osmundsen et al., 2020) from a regulator 
perspective. Any such definition should capture all impacts throughout the value chain of the activities (Tveiterås et al., 2022), 
including associated inputs, services, and output. In contrast, a focus only on environmental impacts on the near-by marine envi-
ronment of the production facility only captures selected negative environmental impacts. 

To the conceptualization of the role of law as the controls of a vehicle (Soininen et al., 2021), this study supports and nuances the 
role of law as an accelerator that could speed up transitions but that could further be unused, reflecting an untapped capacity for 
transitions in law (Garmestani et al., 2019). The study further supports the conceptualization of law as a steering wheel of any given 
(sustainable) direction and demonstrates how it could or should be interpreted and specified by states as regulators. Sustainability 
transitions research demonstrates how the notion of sustainability is highly contested (Köhler et al., 2019). Without clear sustainability 
or environmental standards or end goals, there is no direction for how the aquaculture actors should adapt, the evaluation of any 
adaptation, and the monitoring of progress. Lack of direction in regulations therefore remains risky for the aquaculture actors (Aarset 
et al., 2020). Further, when no environmental sustainability standard is explicated, there is no baseline for discussion, critique, or 
revision. 

5. Conclusion 

This study brings to the attention the role of national laws in defining conditions for access to resources and space and conditions for 
how activities should be conducted. These conditions define the environmental impacts of activities yet have little focus in envi-
ronmental and sustainability scholarship and debates. The responsibility of states to define and refine these impacts will be crucial to 
(environmental) sustainability transitions. Ultimately, defining and refining environmental impacts by law to accelerate transitions is 
not just a matter of how to regulate, but of political prioritization, courage, and power to make and operationalize such laws. 
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