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AbňŐńacŐ
The Swedish food system requires changes to become sustainableϴ Our current way of
producing and consuming food has brought challengesϵ for exampleϵ regarding food
securityϵ overfertilization of water courses and exploitation of the seaϴ Aquaponicsϵ a
closedЉsystem food production technology integrating the concepts of aquacultureϵ iϴeϴ fish
farmingϵ and hydroponicsϵ iϴeϴ farming of vegetables in soilless mediumϵ is an emerging
technology addressing some of these sustainability issuesϴ Thereforeϵ the thesis aimed at
exploring how an upscale of the Swedish aquaponic niche could be facilitatedϵ and thus
initiate change within the current food regimeϴ

The thesis was conducted in three phases and builded upon a theoretical framework
consisting of MultiЉLevel Perspectiveϵ Strategic Niche Management and Design Thinkingϴ The
first phase intended to understand the current aquaponic niche within the Swedish food
systemϴ Data was gathered through conducting interviews and focus groups with
stakeholders and thereaȅer analysed through an affinity diagramϵ a stakeholder mapping
and a force field mappingϴ The result implies that a potential upscale of the aquaponic
niche is a complex matterϵ as the thesis identified Ϭϫ categories of stakeholders and ϰϪ
enabling and restraining forces affecting an upscaleϴ In the second phaseϵ the aim was to
explore how the niche can be guided to facilitate an upscaleϴ Building upon the system
understanding gainedϵ twelve guidelinesϵ guiding the niche towards an upscaleϵ and five
areas of opportunityϵ suggested as contexts for actors to apply their guidelines and create
experimentsϵ was suggestedϴ Moreoverϵ the third phase aimed at exploring how an individual
niche actorϵ exemplified by the aquaponic producer Pond Fish & Greensϵ might contribute to
the facilitation of an upscale through the design of experimentsϴ To achieve thisϵ the result
from the prior phases was combined with design thinking and resulted in five concepts of
experiments and a suggested suitable point of interventionϵ providing a first step for Pond
Fish & Greens to facilitate an upscale of the nicheϴ

The results and findings of this thesis are believed to be of interest to actors within or with a
relationship to the aquaponic nicheϵ eϴgϴ aquaponic producersϵ authorities and potential
collaboratorsϴ Moreoverϵ through providing an example of a process guiding a niche to
facilitate an upscaleϵ it can as well provide implications for others interested in upscalingϴ

Ke42o-d.϶ Aquaponicsϵ Design Thinkingϵ Experimentsϵ Food Systemϵ MultiЉLevel
perspectiveϵ Strategic Niche Managementϵ Sustainable Transitionsϵ Upscaling
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VocabŕlańŰ
A,0a+*nic. a food production system in which the waste produced by farmed fish

supplies the nutrients for plants grown in soil less medium upon which the
water returns purified to the fish tanks

A,0ac0l/0-e farming of aquatic organisms in water environments

H4d-*+*nic. the process of growing plants in soilless mediums

H*-/ic0l/0-e plant agriculture

U+.caling the process in which niche experiments can come to influence or
transform regimes

E3+e-imen/. pilot or demonstration plants where learning and testing of realЉlife
experiences can be conducted
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Ȉȴ InŐńodŕcŐion
Food supply is currently a weak link in our aspirations towards a sustainable and resilient
coexistenceϴ Although the current food system has succeeded with securing high levels of
food supply and food safetyϵ it has simultaneously brough sustainability issues thatϵ if
continuedϵ will endanger natural resourcesϵ our healthϵ the climate and the economy ЖGroup
of Chief Scientific Advisorsϵ ϬϪϬϪЗϴ Amongst othersϵ the current way of consuming and
producing food has brought environmental issues such as overfertilization of watercoursesϵ
exploitations of the sea and large emissions deriving from an increase in consumption of
animal protein ЖFranke et alϴϵ ϬϪϫϲЗϴ Moreoverϵ as well on a national level it has brought
challengesϵ amongst othersϵ regarding the Swedish food securityϴ As imports reduce the
amount of food produced nationallyϵ the high amount of imported food in Sweden causes a
recognized need for food security in times of war or crises ЖLRFϵ ϬϪϫϳЗϴ Howeverϵ as well in
times of peace a low food security presents issuesϵ as it affects the possibilities of sustainable
food production and work opportunities ЖLRFϵ ϬϪϬϪЗϴ

A sustainable food system can be described as a system that delivers food security and
nutrition for people today without compromising the economicϵ social or environmental
bases to generate food for future generations ЖGroup of Chief Scientific Advisorsϵ ϬϪϬϪЗϴ Thusϵ
to become sustainableϵ the current food system requires changes ЖKuylenstierna et alϴϵ ϬϪϫϳЗϴ
Although a recognized need for system changesϵ the opinions and ideas of how a
sustainable food system might be designed and how to get there is not universally agreed
uponϴ Even soϵ there is a broad scientific consensus on what is needed for changing the
current system into a sustainable food systemϷ reduce food loss and wasteϵ foster changes
towards better diets for health and environment and maintaining agricultural yields and
efficiency while simultaneously decreasing the negative impact on biodiversityϵ soilϵ water
and air ЖGroup of Chief Scientific Advisorsϵ ϬϪϬϪЗϴ

One emerging technology claiming to have the potential of tackling some of these
sustainability issues is aquaponicsϴ Aquaponics is a closedЉsystem food production
technologyϵ integrating the concepts of aquacultureϵ iϴeϴ fish farmingϵ and hydroponicsϵ iϴeϴ
farming of vegetables in soilЉless media ЖLove et alϴϵ ϬϪϫϯϷ Rakocy et alϴϵ ϬϪϪϮЗϴ The
technology is built by the coexistence of greens and fishes efficiently reЉusing the nutritions
deriving from fish feed and fish feces as nutritions for the greens ЖRakocy et alϴϵ ϬϪϪϮЗϴ
Aquaponics is discussed to have potential to improve sustainability in terms of both food
security and as an alternative to the aquatic protein deriving from fisheries and aquaculture
ЖKloas et alϴϵ ϬϪϫϯϷ Tisdellϵ ϫϳϳϳЗϴ With fish being the animal protein with the highest feed
conversion ratio compared to chickenϵ beefϵ pork and sheepϵ it is claimed to be a protein
source with high potential of sustainability ЖRöösϵ ϬϪϫϮϷ Franke et alϴϵ ϬϪϫϲЗϴ Howeverϵ
fisheries as well as aquaculture face sustainability challengesϵ for exampleϵ contributing to
eutrophicationϵ overfishing and destruction of ecosystems ЖFranke et alϴϵ ϬϪϫϲЗϵ making
aquaponics an interesting alternativeϴ
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Based on the recognized need for changes in the food system and the argument that
aquaponics has the potential of improving sustainabilityϵ it altogether implies the
importance of exploring the possibilities with aquaponic technology to influence the current
Swedish food regimeϴ The aquaponic technology in Sweden can currently be defined as part
of a technological nicheϵ iϴeϴ the incubation room in which novelties are protected from the
mainstream market selection ЖGeelsϵ ϬϪϪϯϷ Ravenϵ ϬϪϪϯЗϴ Howeverϵ through the process of
upscalingϵ such a niche can come to influence the regime ЖJolly et alϴϵ ϬϪϫϬЗϴ Thusϵ to improve
the sustainability of the Swedish food system it is essential to understand how an upscale of
the current Swedish aquaponic niche can be managedϴ

ȈȴȈȴ Aim and Reňeańch QŕeňŐion
Based on the issues presented aboveϵ this thesis aims to explore how an upscale of the
Swedish aquaponic niche can be facilitatedϵ and thus contribute to sustainable development
of the Swedish food system through impacting the current foodЉregimeϴ This aim is partly
achieved through utilizing the Swedish aquaponic producer Pond Fish & Greensϵ from here
on referred to as Pondϵ exemplifying one actor within the Swedish aquaponic nicheϴ Setting
out to answer the thesis aimϵ the following four research questions are posed and addressed
during the thesis϶

ϫϴ Who are the stakeholders affecting an upscale of the aquaponic nicheϻ

Ϭϴ What are the enabling and restraining forces affecting the possibilities to scale
up the  aquaponic nicheϻ

ϭϴ How might aquaponic niche actors be guided towards facilitating an upscaleϻ

Ϯϴ How might Pondϵ exemplifying an actor within the aquaponic nicheϵ contribute
to an upscale through the design of experimentsϻ
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Ȉȴȉȴ RepońŐ DiňpoňiŐion
This report is structured into seven chaptersϴ Aȅer the introduction in Chapter ϫϵ Chapter Ϭ
and Chapter ϭ presents the background and the theoretical framework utilized as a base for
the thesisϴ Furtherϵ Chapter Ϯ presents a description of the process and methods used
performing the thesisϴ The method is divided into three sectionsϵ presenting the methods
utilized in the three different phasesϷ system understandingϵ navigating niche formation and
designing a set of experimentsϴ Similarlyϵ in Chapter ϯ the analysis and result of the thesis is
presented according to the three phasesϵ as visualised in Figure ϫϴ Firstlyϵ it explains the
understanding gained about the current aquaponic niche within the Swedish food system in
Phase ϫϴ Secondlyϵ it builds upon the understanding gained and in Phase Ϭ elaborates on
how the general aquaponic niche might be guided to navigate niche formation and facilitate
niche upscalingϴ Thirdlyϵ Phase ϭ explores how an individual niche actorϵ exemplified by
Pondϵ might contribute to niche upscaling through the design of a set of experimentsϴ
Chapter ϰ provides a discussion of the results by reconnecting to the posed questionsϵ
elaborate on implications and present suggested further workϴ Lastlyϵ Chapter ϱ summarises
the report briefly and concludes the main findingsϴ
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ȉȴ AŃŕaponicň and Őhe
ȸȴȴSŪediňh food ňŰňŐem
This chapter expands on the background of the thesis through elaborating on
the Swedish food systemƧ its sustainability issues and ambitions for changeƦ
MoreoverƧ it presents aquaponic technology as part of a transition towards a
more sustainable food system and the aquaponic producer PondƧ exemplifying
one niche actor within the aquaponic nicheƦ

ȉȴȈȴ The cŕńńenŐ ňŪediňh food ňŰňŐem
A food system can be described as Ƴthe interconnected system of everything and everybody
that influencesƧ and is influenced byƧ the activities involved in bringing food from farm to fork
and beyondϴЂ ЖCentre for Food Policyϵ ϬϪϫϳϵ pϴϫЗϴ That isϵ the food system involves everything
from productionϵ transportationϵ manufacturingϵ retailingϵ consumption and disposal of food
ЖKuylenstierna et alϴϵ ϬϪϫϳЗϴ Taking a closer look at the Swedish food systemϵ with an
emphasis on aquatic protein and greensϵ several factors can be highlighted to describe the
current Swedish food regimeϴ Figure Ϭϴ concludes identified relevant regime characteristicsϵ
further elaborated on in the following sectionϴ

Independent of where in the world food is being producedϵ the development of the food
industry follows similar patterns Љ from systems building on local conditionsϵ to large scaleϵ
specialised and centralised systems ЖAlmena et alϴϵ ϬϪϫϳϷ Naturskyddsföreningenϵ ϬϪϫϭЗ
dependent on fossil fuelsϵ fertilizers and chemical pesticides ЖWoods et alϴϵ ϬϪϫϪϷ
Naturskyddsföreningenϵ ϬϪϫϭЗϴ Similarlyϵ as well the manufacturing and retailing industry in
Sweden is nowadays oȅen characterized by large scale and centralised systemsϴ Although
conventional agricultural production dominates in Swedenϵ organic agricultural production
has grown into another important production practice being signified by its different view
upon pesticides and fertilizers ЖNaturskyddsföreningenϵ ϬϪϫϭϷ SLUϵ ϬϪϫϱЗϴ Moreoverϵ the EU
policies are to a large extent shaping the food production within the Swedish system
ЖKuylenstierna et alϴϵ ϬϪϫϳЗϵ for exampleϵ controlling what products can be labeled as
ecologically produced ЖKRAVϵ ϬϪϬϪЗϴ
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Independent of where in the world food is being producedϵ the development of the food
industry follows similar patterns Љ from systems building on local conditionsϵ to large scaleϵ
specialised and centralised systems ЖAlmena et alϴϵ ϬϪϫϳϷ Naturskyddsföreningenϵ ϬϪϫϭЗ
dependent on fossil fuelsϵ fertilizers and chemical pesticides ЖWoods et alϴϵ ϬϪϫϪϷ
Naturskyddsföreningenϵ ϬϪϫϭЗϴ Similarlyϵ also the manufacturing and retailing industry in
Sweden is nowadays oȅen characterized by large scale and centralised systemsϴ Although
conventional agricultural production dominates in Swedenϵ organic agricultural production
has grown into an important production practiceϵ signified by its different view upon
pesticides and fertilizers ЖNaturskyddsföreningenϵ ϬϪϫϭϷ SLUϵ ϬϪϫϱЗϴ Moreoverϵ EU policies to
a large extent shape the Swedish food production system ЖKuylenstierna et alϴϵ ϬϪϫϳЗϵ for
exampleϵ controlling what products can be labeled as ecologically produced ЖKRAVϵ ϬϪϬϪЗϴ

Studying the origin of the seafood produced within Swedenϵ ϱϯ percent originates from
commercial fishing while ϫϮ percent originates from aquacultureϵ iϴeϴ farming of fish
ЖBorthwick et alϴϵ ϬϪϫϳЗϴ Within the Swedish aquaculture sector fish is most commonly farmed
in freshwaterϵ with cage farming being the most utilized technique and rainbow trout being
the fish mainly produced ЖLänsstyrelsenϵ nϴdϴϷ Jordbruksverketϵ ϬϪϬϫЗϴ

Another characterizing factor within the Swedish food regime is the many middlehands
present between producer and consumerϴ According to Björklund etϴalϴ ЖϬϪϪϲЗ the normal
distribution chains in the Swedish food system oȅen include a production chain consisting of
several actorsϵ each responsible for one part of the chainϵ sharing the profitϴ Starting with the
farmerϵ the produced food is oȅen transported between food refinersϵ wholesale and stores
before reaching the consumerϴ
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Supermarkets are to a large extent controlling the Swedish food marketϵ with the three
largest actors together controlling ϱϲ percent of the market ЖEriksson et alϴϵ ϬϪϫϰЗϴ Thusϵ the
customers are generally accustomed to the convenience of purchasing food at low pricesϵ
independent of season and at one location ЖSmithϵ ϬϪϫϪЗϴ Moreoverϵ the supermarkets
connect the Swedish consumers to a global food marketϵ providing the consumers with a
wide range of productsϵ independent of season ЖKuylenstierna et alϴϵ ϬϪϫϳЗϴ Lantbrukarnas
Riksförbund ЖϬϪϬϪЗ highlights that the Swedish farmers in the early ϫϳϳϪs produced ϱϯҮ of
the food consumed in Swedenϴ As of todayϵ the selfЉsufficiency ratio has decreased into ϯϪҮϵ
leaving the Swedish food system dependent on importϴ The ratio of imported seafood in
Sweden is also highϵ as approximately two thirds of the consumed seafood is being imported
ЖBorthwick et alϴϵ ϬϪϫϳЗϴ Salmonϵ almost exclusively imported from Norwayϵ is the most
consumed seafood within the Swedish marketϴ

ȉȴȉȴ SŕňŐainabiliŐŰ iňňŕeň in Őhe ňŰňŐem
Although the current food system has succeeded with securing high levels of food supply
and food safety it has simultaneously brought sustainability issues thatϵ if continuedϵ will
endanger natural resourcesϵ our healthϵ the climate and the economy ЖGroup of Chief
Scientific Advisorsϵ ϬϪϬϪЗϴ

Regarding ecological sustainabilityϵ the current food system contributes to environmental
problems such as overfertilization and pollution of watercoursesϵ seas and lakesϷ emissions
of greenhouse gasesϷ exploitations of the seaϷ emergence of animal and plant diseases and
reduced biodiversity ЖFranke et alϴϵ ϬϪϫϲЗϴ Sustainability issues within the food system can be
derived from all parts of the value chainϷ from production issues such as overfertilizationϵ
greenhouse gas emissions and use of unsustainable feedϵ to consumption issues such as an
increase in intake of animal proteinϵ leading to larger emissions compared to vegetable
proteins ЖFranke et alϴϵ ϬϪϫϲЗϴ Another sustainability challenge within food production and
consumption concerns a lack of resource efficiency as the current economic system uses the
linear economic model ЁtakeЉproduceЉconsumeЉdiscardЂ ЖJurgilevich et alϴϵ ϬϪϫϰЗϴ Because
of thisϵ there is a high amount of waste created within the food system as it oȅen does not
imply utilization ofϵ for exampleϵ byЉproductsϴ Howeverϵ the ecological sustainability issues
within the food system moves beyond production and consumption of foodϴ For example it
also includes infrastructural issuesϵ as well in need of being addressed ЖKönig et alϴϵ ϬϪϫϲЗϴ As
the current food system is specialized and decentralised this affects whereϵ in relation to the
consumersϵ the food is being producedϴ For exampleϵ food produced in proximity to the
consumers reduces the need for transportationϴ

Similarlyϵ the production of aquatic protein within the Swedish food system faces
sustainability challengesϴ With the fish stocks already reaching ϲϯ percent of the biological
limit ЖVelingsϵ ϬϪϫϯЗϵ it is troublesome that the demand of fish worldwide is expected to
increase from ϲϪ million tonnes in ϬϪϫϭ to ϳϭ million tonnes in ϬϪϭϪ ЖThe World Bankϵ ϬϪϫϭЗϴ
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Thusϵ with overfishing being a problemϵ it is interesting to highlight alternative production of
aquatic proteinϴ Howeverϵ aquaculture currently also faces sustainability challenges since
farming of fish in oceans or lakes contributes to overfertilization and pollution as feedϵ
antibiotics and feces end up in the aquatic environment ЖFranke et alϴϵ ϬϪϫϲЗϴ The largest
environmental impact within aquaculture derives from the production of inputs such as fish
feed ЖJordbruksverket et alϴϵ ϬϪϫϭЗϴ Howeverϵ it is important to highlight that the
environmental impact of the feed differsϴ For exampleϵ herbivores or omnivoresϵ fed with
vegetable proteinϵ generally cause less impact than feed for omnivores or carnivoresϵ fed with
animal protein from other fish or animalsϴ According to ЖFranke et alϴϵ ϬϪϫϲЗϵ a lot of the
farmed fish are fed by wildЉcaught fishϵ thusϵ as well contributing to overfishingϵ loss of
biodiversity and disturbance of ecosystems within the oceansϴ

The challenges within the current food system go beyond ecological sustainabilityϴ Currently
in Swedenϵ the profitability of food producers and farmers is challengingϵ as the percentage
of profit reaching the producer is limited ЖLind et alϴϵ ϬϪϫϳЗϴ Of the money a consumer spends
on foodϵ nine percent ends up at the producerϴ Due to a decrease of food prices and increase
of production costsϵ this is a significantly lower share than in the mid ϫϳϳϪs when almost the
double ended up with the producerϴ Another challenge present within Sweden regards food
securityϴ The high amount of imported food within the Swedish food system is problematic
as a high import reduces the amount of food produced nationallyϵ causing problems in times
of war or crises ЖLRFϵ ϬϪϫϳЗϴ Howeverϵ as well in times of peaceϵ a higher self sufficiency ratio
is beneficial as it creates possibilities of sustainable productionϵ work opportunities and
export of food ЖLRFϵ ϬϪϬϪЗϴ
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ȉȴȊȴ AmbiŐionň of an alŐeńnaŐiũe ňŰňŐem
Acknowledging the sustainability issues present within the current food systemϵ as
previously presentedϵ it is interesting to on the other hand elaborate on a sustainable food
systemϴ According to FAO ЖϬϪϫϲϵ pϴϫЗϵ a sustainable food system can be described as a system
that Ёdelivers food security and nutrition for all in such a way that the economicƧ social and
environmental bases to generate food security and nutrition for future generations are not
compromisedƦЂϴ Although there is a recognized need for changes for the current food system
to become sustainableϵ the opinions and ideas of how a sustainable food system might be
designed and managed are not universally agreed upon ЖGroup of Chief Scientific Advisorsϵ
ϬϪϬϪϷ Kuylenstierna et alϴϵ ϬϪϫϳЗϴ Howeverϵ there is a broad scientific consensus on what is
needed for changing the current system into a sustainable food systemϷ reduce food loss
and wasteϵ foster changes towards better diets for health and environment and maintaining
agricultural yields and efficiency while simultaneously decreasing the negative impact on
biodiversityϵ soilϵ water and air ЖGroup of Chief Scientific Advisorsϵ ϬϪϬϪЗϴ

The need of transforming the current system into a more sustainable and resilient food
system is recognized by a wide range of stakeholders and ambitions for change are evident
on multiple levels in societyϵ both on a global level as well as in Sweden ЖFranke etϴalϴϵ ϬϪϫϲϷ
Kuylenstierna etϴalϴϵ ϬϪϫϳЗϴ One example of ambitions for change on a global level is the UN
Sustainable Development goals ЖSDGsЗϵ in many ways linked to the food system ЖKoehringϵ
ϬϪϫϳЗϴ In ϬϪϫϯ all member states of the United Nations adopted the ϬϪϭϪ Agenda for
Sustainable Developmentϵ including the ϫϱ Sustainable Development Goals ЖSDGsЗϵ that
provides a shared plan aiming for sustainability both for people and the planetϵ as well now
as in the future ЖUnited Nationsϵ nϴdϴЗϴ Briefly studying the SDGsϵ the thesis group can
connect several to the food systemsϵ as well argued by Koehring ЖϬϪϫϳЗϴ For exampleϵ SDG Ϭ
Zero Hunger strives to improve food security and promote sustainable agricultureϴ It
includes targets aiming at by ϬϪϭϪ having doubled the productivity and incomes of
smallЉscale food producersϵ implementing resilient agricultural practicesϵ helping maintain
ecosystems and increasing the investment in infrastructure at rural areas and agricultural
researchϴ Other SDGs are also related to food systemsϵ for exampleϵ SDG ϫϮ Life Below Waterϵ
aiming to sustainable usage of the oceansϵ and SDG ϫϬ Responsible consumption and
productionϵ aiming to ensure sustainable consumption and production patternsϴ

As well on a national level there are ambitions for changeϴ For exampleϵ the Swedish
government has the main responsibility of realizing the UN SDGsϵ with the help of actors
within all levels of society ЖFranke et alϴϵ ϬϪϫϲЗϴ Moreoverϵ Sweden has developed
environmental goalsϵ among several has a strong connection to the food systemϴ For
exampleϵ Sweden aims to secure a rich agricultural landscapeϵ restrict climate impact and
end overfertilizationϴ Sweden has also developed a national food strategyϵ aiming at by ϬϪϭϪ
eϴgϴ increasing the overall food producedϵ contributing to an increase in selfЉsufficiencyϵ
increasing the amount of locally and organically produced and consumed food and making
it easier for consumers to make conscious choices ЖGovernment Offices of Swedenϵ ϬϪϫϱЗϴ
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Not only within the state are ambitions for change neededϴ For exampleϵ to be able to reach
the goals of the Swedish national food strategyϵ the Government Offices of Sweden ЖϬϪϫϱЗ
highlights the importance of involvement and effort made by all companiesϵ organisations
and stakeholders along the food chain to be able to successfully realize the strategyϴ It could
be argued that ambitions for change to some extent already are present among these actorsϴ
For exampleϵ contributing to an increase in the organic food produced and consumedϵ the
producers and consumers themselves have an impactϴ Indicated by an increase of the land
utilized for organic food production and the organic food consumedϵ an increase in
ambitions for consuming more organic food seems to be present both amongst producers
and consumers ЖNaturvårdsverketϵ nϴdϴϷ Jordbruksverketϵ ϬϪϫϳЗϴ For exampleϵ between the
years ϬϪϫϱ and ϬϪϫϲϵ the land utilized for organic food production increased by ϰ percent
ЖJordbruksverketϵ ϬϪϫϳЗϵ and between ϬϪϪϮ to ϬϪϫϱ the consumed organic food increased by
ϯϵϰ percent ЖNaturvårdsverketϵ nϴdЗϴ Similarlyϵ a study made by Jordbruksverket in ϬϪϫϯ
shows that the amount of consumers consuming locally produced food as much as possible
has increased from Ϯϯ to ϰϫ percent between the year ϬϪϫϫ to ϬϪϫϮ ЖLööv etϴalϴϵ ϬϪϫϯЗϴ

ȉȴȋȴ AŃŕaponicň
Protein consumption is increasingϵ due to a growing middle classϵ and together with an
increasing population Velings ЖϬϪϫϯЗ calculates that in the year ϬϪϯϪ the world will require ϱϪ
Ү more protein sources than todayϴ With fish being the animal protein with the highest feed
conversion ratio compared to chickenϵ beefϵ pork and sheepϵ it is claimed to be one protein
source with high potential of sustainability ЖRöösϵ ϬϪϫϮϷ Franke etϴalϴϵ ϬϪϫϲЗϴ As current means
of producing aquatic protein facing sustainability challengesϵ it is interesting to explore
alternativesϴ

One rather new technologyϵ with roots in ancient timesϵ claiming to have the potential of
providing solutions to some of the sustainability issues within the current food systemϵ is the
aquaponic technology ЖKönig et alϴϵ ϬϪϫϲЗϴ Aquaponics is a closedЉsystem food production
technologyϵ integrating the concepts of aquacultureϵ iϴeϴ fish farmingϵ and hydroponicsϵ iϴeϴ
farming of vegetables in soilЉless media ЖLove et alϴϵ ϬϪϫϯϷ Rakocy et alϴϵ ϬϪϪϮЗϴ The
technology is built on the coexistence of greens and fishϵ efficiently reЉusing the nutritions
derived from fish feed and feces as nutritions for the greens ЖRakocy et alϴϵ ϬϪϪϮЗϴ Through
filtersϵ the ammonia from the fish water is converted into nutrientsϵ upon which the water is
recirculated into the fish tanks ЖThe Aquaponic Sourceϵ ϬϪϬϪЗϵ visualised in Figure ϭϴ
Moreoverϵ the technology can be applied in a diverse set of contextsϵ ranging from
commercial or community based urban food production to rural industrialЉscale production
ЖKönig et alϴϵ ϬϪϫϰЗϴ

Foremostϵ aquaponics is discussed to have the potential to improve sustainability as an
alternative to the aquatic protein deriving from fisheries and aquaculture ЖKloas et alϴϵ ϬϪϫϯЗϴ
Similarlyϵ König et alϴЖ ϬϪϫϰЗ argues that producing food in circular aquaponic systems results
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in a significant reduction of environmental impactsϵ in comparison to the common plant
production and fish farming of todayϵ as it does not to the same extent contribute to soil
erosion and pollution of the soil and groundwaterϴ Apart from claiming to be a nutrient and
waterЉefficient production methodϵ it as well can be operated with close to zero waste as the
small amount of waste producedϵ foremost in the form of sludgeϵ can be composted into
valuable productsϴ Moreoverϵ aquaponics is argued to have the potential of contributing to
increased food security ЖKönig et alϴϵ ϬϪϫϰϷ Kloas et alϴϵ ϬϪϫϯЗϴ For exampleϵ König et alϴЖϬϪϫϰЗ
argues that aquaponics applied in urban areas has the potential of increasing food
production within cities and thus contribute to overall increasing food securityϴ Moreoverϵ
aquaponic is argued to have the potential of contributing to sustainability through other
means than only as sustainable food productionϴ For exampleϵ it is argued to fulfill a purpose
being an educational tool within schoolsϵ providing a better indoor climate being interior
greening or as a unit in social institutions ЖKönig et alϴϵ ϬϪϫϰЗϴ

Although aquaponic is argued to have the potential of being a sustainable optionϵ it
currently faces sustainable as well as economic issuesϴ König et alϴ ЖϬϪϫϰЗ conclude that
aquaponic systems can only be managed sustainably with a thorough knowledge of the
individual components of fishϵ greens and bacteria as well as on a system levelϴ With the
interrelations between these three being highly complex and interdependent ЖTyson et alϴϵ
ϬϪϫϫЗϵ this presents a challenge to achieve sustainable and profitable systemsϴ Moreoverϵ it is
a labourЉintensive technologyϵ in need of daily monitoringϵ and competes with
conventionally grown productsϵ as well presenting challenges regarding profitability ЖKönig
et alϴϵ ϬϪϫϰЗϴ The importance of future research is highlighted by König et alϴ ЖϬϪϫϰЗ for this
quite new and quickly developing technology to understand and assess its full sustainable
potentialϴ Amongst othersϵ future research is needed on achieving maximum yield through
successful cycling of nutrients and pH levelsϵ technological advancements and alternative
fish feedsϴ
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ȉȴȌȴ The aŃŕaponic niche acŐoń Pond
This section presents the niche actor utilized as a starting point in this thesis when aiming at
exploring how an individual niche actor can contribute to facilitating an upscale through the
design of experimentsϴ The actor addressed is the aquaponic producer Pondϴ Furtherϵ the
company and one of its business concepts are presentedϴ

Pond is a small company located on the West Coast of Swedenϵ focusing on urban food
productionϵ especially aquaponic technology solutionsϵ as a means to increase food security
by providing landЉbased food options ЖNϴ Wennbergϵ personal communicationϵ march ϫϫϵ
ϬϪϬϫЗϴ Since ϬϪϫϮ Pond has been part of developingϵ building and running multiple fish
farmsϵ oȅen combined with vegetablesϵ in urban context within the region of Västra Götalandϴ
In ϬϪϫϮ Pond developed its first aquaponic facility in the urban area Slakthusområdetϵ
Gothenburgϵ together with a network of actors aiming at creating an ecological center in the
currently empty factory premises within the neighbourhood ЖStadsjordϵ nϴdϴЗϴ Apart from
filling the urban void with food productionϵ Pond aimed at involving citizens as well as
politicians in dialogue on food cultureϵ sustainability and food security as a means to
increase the knowledge within these areasϴ As of todayϵ Pond has moved out of the facilities
in Slakthusområdet and has establishments at the sustainability hub Garverietϵ Flodaϵ where
fish is being produced and sold to private persons both at the hubϽs restaurant as well as at
its Fish shop ЖÖhmanϵ ϬϪϬϪЗϴ In order to secure competence to take care of Ponds facilitiesϵ
Pond promotes competence from the neighbourhood ЖWennbergϵ ϬϪϫϳЗϴ In Ponds current
facilitiesϵ they have been training young people from the neighbourhoodϵ refugees
ЖWennbergϵ ϬϪϫϳЗ and people taking part in activity work programs ЖSikϵ ϬϪϬϪЗϵ iϴeϴ a service
providing meaningful activities based on an individualϽs abilitiesϴ Moreoverϵ Pond is currently
working with expansions and collaborations as well in Sweden as across borders ЖWennbergϵ
ϬϪϫϳЗϴ One idea being explored is the use of standard containers as a means to provide
modular and scalable aquaponic unitsϴ
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The idea of a modular container concept is partly based on the winning entryϵ Season ϯϵ in
the competition Urban Food From Residual Heat in ϬϪϫϱ ЖTailorMadeϵ nϴdϴЗϴ During the
competitionϵ Niklas Wennbergϵ CEO at Pondϵ was a part of the winning teamϵ contributing
with his knowledge of sustainable and urban aquaponic productionϴ Season ϯ is a scalable
and modular urban food production unitϵ combining fish farming in shipping containers with
vegetable farming at greenhouses on top of the containersϴ Focusing mainly on the
aquacultural part of Season ϯϵ Pond is developing a mobile and modular landЉbased
aquaculture unitϵ fitting fish tanks and connected tools required to run the production into
standard containers ЖNϴ Wennbergϵ personal communicationϵ december ϫϬϵ ϬϪϬϪЗϴ Although
currently at concept stageϵ it is built upon the technology and knowledge from Ponds
established production facilitiesϴ The advantages of focusing on shipping containersϵ
implicating modularity and mobilityϵ are manyϴ Being scalable and flexible increases the
ability to fit a modular production unit into a variety of contextsϵ independent of size
ЖGreenhouse Living et alϴϵ ϬϪϬϪЗϴ Furtherϵ a modular container is easy to build at a site but it is
also easy to disassemble and removeϴ Thusϵ being a nonЉpermanent method of buildingϵ it
allows for temporary building permits and makes it suitable for temporarily nonЉused urban
or rural spacesϴ So farϵ PondЀs container unit represents microЉscale food productionϵ with a
capacity of producing ϬЉϬϪ tonnes of fish a year ЖNϴ Wennbergϵ personal communicationϵ
march ϫϫϵ ϬϪϬϫЗϴ Howeverϵ as utilizing containers implies a flexible solutionϵ it can be either
scaled up or down to fit into the context of interestϴ
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Ȋȴ TheońeŐical FńameŪońk

The theoretical framework for this thesis builds upon theories on system
understanding and design thinkingƦ The theories used are Design ThinkingƧ
Multiƻlevel Perspective ǄMLPǅƧ and Strategic Niche Management ǄSNMǅƦ In the
following chapterƧ the theories will be further described and concluded by
presenting takeaways on how the theories will contribute to the thesis processƦ

ȊȴȈȴ Deňign Thinking
The term design thinking first appeared during the ϫϳϰϪs when design methodology was
launched as a subject ЖCrossϵ ϬϪϪϱЗϵ shiȅing the attention from the artefacts of design to the
general process of designing ЖRyanϵ ϬϪϫϮЗϴ Thusϵ design thinking is not only applicable to
product developers but may as well be applied when generating service solutionsϵ
processesϵ governance models or business strategies ЖConway et alϴϵ ϬϪϫϱЗϴ Ryan ЖϬϪϫϮЗ
defines design thinking as a normativeϵ userЉcentred and iterative approach to innovationsϴ
Moreoverϵ Owenϵ ЖϬϪϪϰЗ presents characteristics argued important in design thinkingϵ
amongst othersϷ humanЉcentred focusϵ environmentalЉcentred concernsϵ ability to visualiseϵ
ability to use language as a toolϵ systemic visionϵ tolerance for ambiguity and affinity for
teamworkϴ The process of design thinking is not universally agreed uponϵ although Wölbling
et alϴ ЖϬϪϫϬЗ present one example of a process in five stepsϷ understanding the problemϵ
processing dataϵ ideating solutionsϵ prototyping and testingϴ

In recent yearsϵ researchers and practitioners have been starting to explore the combination
of design thinking and systems thinking Жeϴgϴϵ Ryanϵ ϬϪϫϮϷ Design Councilϵ ϬϪϬϫϷ Conway et
alϴϵ ϬϪϫϱЗϴ For exampleϵ Conway et alϴϵ ЖϬϪϫϱЗ conclude that while design thinking has been
proven successful when creating new products and servicesϵ it still needs to be explored how
it can support innovations attempting to scale and impact systemic changeϴ Thusϵ
augmenting design thinking with a systems thinking approach is suggested to ensure that
the dimension of a systemic understanding and impact as well is recognisedϴ
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Ȋȴȉȴ MŕlŐiɉleũel PeńňpecŐiũe
The MultiЉlevel Perspective is a theory on how to understand and structure socioЉtechnical
systems and system innovationsϴ It consists of three levelsϷ the macroЉlevel formed by
socioЉtechnical landscapesϷ the mesoЉlevel by socioЉtechnical regimesϷ and the microЉlevel
by technological niches ЖGeelsϵ ϬϪϪϯЗϴ

Mac-*Љle1el϶ S*ci*Љ/ech)ical La)d.ca+e

The landscape refers to both material and immaterial aspects affecting the socioЉtechnical
development of the wide exogenous environment ЖRavenϵ ϬϪϪϯЗϴ These aspects could be eϴgϴ
cultural aspectsϵ macroЉeconomic aspects or environmental changesϵ as well as material
infrastructural changes such as highways and citiesϴ The landscape works as a base and
background for the socioЉtechnical system and may not be directly affected by actors ЖGeelsϵ
ϬϪϪϯЗϴ When changes occur in the landscapeϵ it results in pressure on the regime ЖGeels &
Schotϵ ϬϪϪϱЗ which oȅen leads to a change in the socioЉtechnical regimeϴ

Me.*Љle1el϶ S*ci*Љ/ech)ical Regime.

A socioЉtechnical regime is a dynamic concept of structures of rules set by different social
groups of certain technological systems or artefacts ЖRavenϵ ϬϪϪϯЗϴ The terms of ϿrulesЀ
explain the body of the regime and cover all from engineering practices to product
characteristics and production processes ЖRip & Kempϵ ϫϳϳϲЗϴ Geels ЖϬϪϪϯЗ adds the aspects
of Ͽsocial groupsЀ to further explain the complex configuration of the regimeϴ The social
groups include all actors who may affect the elements and linkages within the
socioЉtechnical systemϴ These groups may be all from research departmentsϵ to the finance
sectorϵ to endЉusers ϴ In order to understand the concept and to structure a certain systemϵ
the regimes are possible to explain by categorizing aspects into socioЉtechnical
characteristics ЖSTЉcharacteristicsЗϷ technologyϵ market and user preferencesϵ culture and
normsϵ policies and lawsϵ knowledge and scienceϵ and infrastructure and industry Жeϴgϴ Geels
& Kemp ЖϬϪϪϪЗϷ Geelsϵ ϬϪϪϯЗ

Mic-*Љle1el϶ Tech)*l*gical Niche.

The niches are special application domainsϵ where radical innovation may occur ЖGeelsϵ
ϬϪϪϯЗϵ protected from the context in the regime ЖRavenϵ ϬϪϪϯЗϴ In other wordsϵ since radical
novelties are initially fragileϵ they need to emerge in soЉcalled Ͽprotected spacesЀϵ separated
from the mainstream market selectionϴ Niches do therefore function as Ͽincubation roomsЀ
ЖGeelsϵ ϬϪϪϯЗϴ These incubation rooms are important for the development of learning
processes and social networks which in turn are important for the radical innovations to
growϴ
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ȊȴȊȴ SŐńaŐegic niche managemenŐ
Strategic Niche Management ЖSNMЗ is a theory foremost applied as a policy tool or research
modelϴ It has been used to understand how new sustainable technologies are introduced
focusing on societal experimentsϴ The theory was born because of the questions of why
most environmentally improved technologies never become large enough to work
commercially ЖRavenϵ ϬϪϪϯЗϴ Kemp et alϴ ЖϫϳϳϲЗ put emphasis on how governments can work
as facilitators to steer transitionsϵ but they also explain that different actors may apply SNM
to manage sustainable changeϴ

ȔɉȔɉȒɉɰSocieŎalɰeŭpełimenŎņ
The SNM literature has drawn from former literature on niches and innovations and suggests
that niches do not naturally exist but have to be createdϵ or formatedϴ To create themϵ the
SNM suggests societal experiments to be conductedϵ giving room for the innovations to
evolve and improve ЖKemp et alϴϵ ϫϳϳϲϷ Ravenϵ ϬϪϪϯЗϴ Sengers et alϴϵ ЖϬϪϫϳЗ mean that
experiments are important in the process of learning and shall reflect the socioЉtechnical
configurations of society to be representative and useful for structural transitions of
socioЉtechnical systemsϴ Experiments could be described as pilot or demonstration plants
where learning and testing of realЉlife experiences can be conducted ЖRavenϵ ϬϪϪϯЗϴ
Therefore they have an opportunity to develop since they oȅen are protected from the
societal rules existing in the regimeϴ Thusϵ they face fewer societal obstacles and are eϴgϴ
sometimes subsidised by authorities ЖKemp et alϴϵ ϫϳϳϲЗϴ

ȔɉȔɉȓɉɰThłeeɰaņpecŎņɰofɰnicheɰfołmaŎion
Along with the experimentsϵ three important aspects of how to succeed with the creation of
a niche have been identified by Schot et alϴϵ ЖϫϳϳϰЗ according to Raven ЖϬϪϪϯЗϷ the
communication of visions and expectations from the actorsϵ the creation of social networks
promoting the experimentsϵ and the learning processes within the nicheϴ To form a nicheϵ it
is suitable to acknowledge how the three aspects interrelateϵ eϴgϴ changes in one aspect
result in changes in the othersϴ Based on Raven ЖϬϪϪϯЗ Figure ϯ demonstrates the
connections of how the aspects are dependent on each other and how this impacts new
designϵ incremental design or no change of the experimentϴ

E3+ec/a/i*). ϩ Vi.i*).

For a niche development it is crucial to have successfully articulated expectations and
visions for the future since it demonstrates a certain direction and legitimates the protected
space ЖGeels & Schotϵ ϬϪϪϲЗϴ Geels & Schot ЖϬϪϪϲЗ draws from earlier literature by Elzen et alϴϵ
ЖϫϳϳϰЗ and Hoogma et alϴ ЖϬϪϪϬЗϵ summarized three aspects for the expectations to
contribute to a successful niche developmentϷ they should be specific because general
expectations may not guide the development enoughϷ they should have a high quality to be
competitiveϷ and they should be more robust which means to be agreed among actors
within the nicheϴ
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The creation and enforcement of a strong social network is important for the development of
the nicheϴ This network facilitates for actors to grow and create good connectionsϵ it creates a
window for the new innovation to develop furtherϵ and enables for the existence of necessary
resources ЖGeels & Schotϵ ϬϪϪϲЗϴ The type of actors varies from societal groups and policy
makers to users and producersϴ They are important to bring forward the expectations and
rules within the niche ЖRavenϵ ϬϪϪϯЗϴ Likewiseϵ Geels & Schot ЖϬϪϪϲЗ continued on the
literature by Elzen et alϴ ЖϫϳϳϰЗ and Hoogma et alϴ ЖϬϪϪϬЗ and summarized two aspects which
are important for the social networksϷ deep networks is important because it creates space
for the involved actors to develop or rearrange within their organisationϷ and broad networks
to contribute with different views from a large number of stakeholdersϵ including not directly
dependent stakeholders since they may give necessary insightsϴ Hoogma et alϴ ЖϬϪϪϬЗ also
discuss the importance of a variety of actors since established actorsϵ compared to new
actorsϵ are more influenced by the regime and may therefore contribute to more successful
navigation of the niche formationϴ Furthermoreϵ Raven ЖϬϪϪϯЗ explains how an experiment
may contribute to network formation and writes that experiments have mostly used already
existing networksϴ Existing networks have established and working channels that the
experiment can take advantage ofϴ
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Learning processes from different levels are important for niche developments ЖKemp et alϴϵ
ϫϳϳϲЗϴ These learning processes may be divided into seven areasϵ similarly to the
STЉcharacteristicsϷ societal and environmental effectsϵ regulations and government policyϵ
industry and production networksϵ infrastructure and maintenance networksϵ cultural and
symbolic meaningϵ market and user preferences and technical aspects and design
specifications ЖGeels & Schotϵ ϬϪϪϲЗϴ Experiments can be constructed to nurture learning
within the development in order for the niche to develop successfully ЖRavenϵ ϬϪϪϯЗϴ
Furthermoreϵ Hoogma et alϴ ЖϬϪϪϬЗ established relationships between the process of learning
and the actorЉnetwork and concluded that there is a higher possibility of market niche
creation if the actor selection is widerϵ even including both outsiders and usersϵ and thus
contributes to a more encompassing learning processϴ

ȔɉȔɉȔɰFoœłɰpaŎŎełnņɰofɰnicheɰfołmaŎion
Out of the internal niche formation process and the experiment cycleϵ see Figure ϯϴϵ four
patterns of niche formation appear ЖHoogma et alϴϵ ϬϪϪϬЗϴ These are technological niche
proliferationϵ development of market nichesϵ regime transformation and technological or
market niche extinction ЖHoogma et alϴϵ ϬϪϪϬϷ Ravenϵ ϬϪϪϯЗϴ

Firstlyϵ the technological niche proliferation emerges if the internal niche process results in
various new experimentsϴ Howeverϵ the technology is not stable enough to be sufficiently
competitive and therefore the Ͽprotected spaceЀ needs to be continuously maintained
ЖRavenϵ ϬϪϪϯЗϴ Secondlyϵ the pattern of development of market niches occurs if a technology
has reached economic sustainability and consists of technological niches merging into one
or more market nichesϴ A market niche is a niche possible to impact and influence the
regime since the novel technology of the market niche has an advantage over the
established technology in the regime ЖHoogma et alϴϵ ϬϪϪϬЗϴ Howeverϵ the niches are not yet
visible in the regime and only a few actors rearrange into this new technology ЖRavenϵ ϬϪϪϯЗϴ
Similarlyϵ the process in which niche experiments can come to influence or transform a
regimeϵ through activities embedding the experiment in regime level structuresϵ is by others
called upscaling ЖJolly et alϴϵ ϬϪϫϬЗϴ Thirdlyϵ through the pattern of regime transformationϵ a
new dominant technology emergesϵ hence the regime transforms ЖRavenϵ ϬϪϪϯЗϴ This
happens if new technologies transferϵ via technological and market nichesϵ into the
dominant technologyϴ It results in a changed regime even though most oȅen many aspects
from the old regime remainϴ The last pattern of niche formation occurs if the niche is not
successfully developed and accordingly returns to a R&D option againϴ
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ȔɉȔɉȕɰDebaŎedɰņhołŎcomingņɰofɰSNM
Literature reveals some debated shortcomings with the SNM theoryϴ For exampleϵ Raven
ЖϬϪϪϯЗ debates the theoryЀs simplicityϵ not including enough internal and external forcesϴ
Moreoverϵ both Raven and Hoogma et alϴ questioned whether the theory is applicable as a
tool for transitionϵ since transitions are such complex phenomenons ЖHoogma et alϴϵ ϬϪϪϬЗϵ
and since there is a lack of literature and research on how to steer experimentation
management over longer periods of time ЖRavenϵ ϬϪϪϯЗϴ Furthermoreϵ the number and
spread of experiments during the niche formation process is a challenging and debated
subjectϴ For exampleϵ Hoogma et alϴ ЖϬϪϪϬЗ mean that experiments do not contribute enough
to change the regime since they do not affect actors sufficientlyϵ of which other incentives
should contributeϵ and that a variety of experiments has been shown necessaryϴ

Ȋȴȋȴ ApplicaŐion of Őheońieň
The thesis will be characterized by a design thinking approachϵ eϴgϴ inspiring the processϴ
While combining design thinking with a systems perspectiveϵ MLP and SNM will be appliedϴ
The MLP will foremost be used to understand the current food systemϵ and to structure
interviews and resultsϴ The definition of niche and regime as well as the STЉcharacteristics are
most importantϴ Similarlyϵ since the aim of the thesis is to manage an upscale of the
aquaponic nicheϵ SNM will be applied while structuring resultsϵ analysis and the process of
niche formationϴ Most important for the thesis are the three aspects of niche formationϵ the
process of upscalingϵ and the definition of societal experimentsϴ In additionϵ the debated
shortcomings of the theory will be consideredϴ
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ȋȴ MeŐhod

This chapter presents the methods applied during the thesisƦ The chapter is
divided into three main sectionsƧ Phase 1Ƨ Phase 2 & Phase 3Ƨ and presents the
methods accordinglyƦ Phase 1 presents methods utilized for data gathering and
data analysisƧ aiming at understanding the aquaponic niche within the current
food systemƦ Phase 2 presents the methods used when aiming at providing
guidance for aquaponic actors to navigate niche formationƦ LastlyƧ Phase 3
presents methods aiming at exploring and exemplifying how an individual niche
actor might contribute to the facilitation of an upscaleƦ Figure Ƣ presents a
graphical representation of the steps and methods applied in the thesisƦ
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ȋȴȈȴ Phaňe Ȉȶ SŰňŐem UndeńňŐanding
With the aquaponic niche within the current Swedish food system as its setting of researchϵ
Phase ϫ aimed at understanding the current system through mapping stakeholders and their
relationships and identifying forces restraining and enabling an upscale of the nicheϴ Furtherϵ
the methods utilized to gather and analyze the data are presentedϴ

ȕɉȒɉȒɰDaŎaɰgaŎhełing
Data was gathered performing interviews and focus groupsϴ Furtherϵ these methods as well
as their applicability in Phase ϫ are presentedϴ

ȕɉȒɉȒɉȒɉɰInŎełŧieŨņ
Setting out to understand the systemϵ interviews were conducted with a variety of actors
withinϵ or with a relationship toϵ the aquaponic nicheϴ All interviews were held as online video
meetings and were documented by audio recordingsϵ later transcribed to enable data
analysisϴ The interviews were of semiЉstructured character with openЉended questionsϵ
allowing the interviews to provide depth and new perspectives but also allowing comparison
and analysis of the answers ЖLeechϵ ϬϪϪϬЗϴ To structure the interviewsϵ a question template
was used ЖAppendix AϴЗϴ
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In totalϵ eleven interviews of approximately one hour each were conducted in Phase ϫϵ with
fiȅeen participantsϴ The first stakeholders were selected aiming at including a broad variety
of actors from both marketϵ civil society and stateϵ see Table ϫϴ Moreoverϵ the aim was to
include actors from the aquaponic as well as from relevant related fields such as
aquacultureϴ All actors had some previous knowledge and relationship to the aquaponic
technology and aquaponic producersϴ The initial selection was complemented as
interviewed stakeholders were asked for recommendations on others relevant to interviewϵ
setting the foundation for further selectionϴ

ȕɉȓɉȒɉȓɰFocœņɰgłoœpņ
To capture perspectives of potential customersϵ two focus groups were held as online video
meetingsϵ with in total seven participantsϵ as visualised in Table Ϭϴ A focus group is oȅen
defined as a method aiming at gathering qualitative data through a group discussion with a
specific focus ЖHylanderϵ ϫϳϳϲЗϴ Foremostϵ the aim was to identify and validate forces
affecting change deriving from the experience of potential consumers and customers of fish
and greens produced in the aquaponic systemϴ The focus group was of semiЉstructured
character with openЉended questions ЖLeechϵ ϬϪϪϬЗϵ and followed a semiЉstructured
question template ЖAppendix BϴЗϴ

As the aim was not to generalizeϵ nor compare the resultϵ but rather collect a brief
understanding of potential forces affecting changeϵ a representative and statistical selection
was not considered necessary ЖHylanderϵ ϫϳϳϲЗϴ The selection for the two focus groups was
made using the snowballing techniqueϵ where othersЀ were asked to identify potential
participants ЖTursunovicϵ ϬϪϪϬЗϴ Furtherϵ focus groups are oȅen created according to a rather
homogeneous selection with certain characteristics focused upon when composing the
groups ЖHylanderϵ ϫϳϳϲЗϴ Aquaponic food being relatively new to the marketϵ the selection
was made to gather data from individuals with low or no previous knowledge of aquaponics
but with a high likelihood of purchasing aquaponic foodϴ The first focus group was set up by
participants with a high interest in sustainable food andМor commonly purchasing food
directly from the producers whilst the other group consisted of participants with some
interest in sustainable food and some in purchasing food directly from the consumersϴ
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The focus group was divided into two partsϴ The first part consisted of a general discussion of
what factors are important when purchasing foodϵ for exampleϵ at a supermarketϵ at a
restaurant or at a farmers marketϴ The second part of the focus group was built around the
scenario of a customer having the option of purchasing aquaponically produced foodϴ
According to ЖHylanderϵ ϫϳϳϲЗϵ a scenario is one way of uniting a focus group around a
common focus and discussionϴ The participants in the two focus groups were approached by
the scenario at three timesϵ with three levels of knowledgeϷ with brief theoretical knowledge
of aquaponicsϵ and aȅer a session with questions and answers simulating a dialogue with
the producerϴ The purpose of this was to learn about potential enabling and restraining
forces amongst customers with different levels of knowledgeϴ As a tool to communicate
knowledge visually to the participantsϵ pictures and illustrations were usedϴ

ȕɉȒɉȓɉɰDaŎaɰanalŮņiņ
Further the data analysis methods are presentedϷ stakeholder onion diagramϵ affinity
diagram and force field diagramϴ

ȕɉȒɉȓɉȒɉɰSŎakeholdełɰmappingɰœņingɰaɰSŎakeholdełɰOnion Diagłam
Studying the aquaponic niche within Sweden there are several actors with a relation to the
nicheϵ apart from the aquaponic producers themselvesϴ These actorsϵ soЉcalled stakeholdersϵ
are defined as someone who affects decisions made within a project or someone who gains
or loses something of a projectϵ eϴgϴ financialϵ functional or status ЖAlexander & Robertsonϵ
ϬϪϪϮЗϴ Aiming at understanding the system of the aquaponic nicheϵ understanding the
stakeholdersϵ their relationship and their role in the system is believed to be importantϴ Thusϵ
a Stakeholder Onion Diagram was used to map and visualise the stakeholders in relation to
an aquaponic food producerϴ

To identify stakeholders the thesis group created a first draȅ of a mapϵ based on previous
knowledge and experienceϵ aiming at identifying a first set of stakeholdersϴ Utilizing these
identified stakeholders as a starting point the stakeholder onion diagram was further
evaluated and updated through the stakeholder interviewsϴ

A stakeholder onion diagram visualises the relationship between a projectϵ or in this case an
aquaponic food producerϵ and its stakeholders ЖAlexander & Robertsonϵ ϬϪϪϮЗϴ Basing the
diagram of this analysis on the diagram created by Czischke ЖϬϪϫϲЗ the diagram visualises
stakeholders according to three levels of involvementϵ as involvement increases closer to the
center of the chartϵ and according to three different types of relationshipϵ visualised by
arrowsϴ Furtherϵ it as well bases the diagram on three domains to which the stakeholders
belongϷ the marketϵ the state and the civil societyϴ
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The relationships between the project and its stakeholders are mapped according to three
levels of involvement surrounding the projectϷ primary stakeholdersϵ secondary
stakeholders and the wider environment ЖCzischkeϵ ϬϪϫϲЗϴ

● Primary stakeholders϶ Stakeholders with significant influenceϵ strong legitimacy
andМor strong control over resourcesϴ Involved on a dayЉtoЉday basisϴ

● Secondary stakeholders϶ Stakeholders that play an important role in the projectϵ
but are not involved in dayЉtoЉday operationsϴ

● Wider environment϶ Individuals or organisations that are indirectly affected but
whose actions and competence provide a framework for the projectϴ

To visualise as well the relationship between the stakeholders in the diagramϵ arrows were
used to visualise three different types of relationships ЖCzischkeϵ ϬϪϫϲЗϴ

● Strong collaboration relationship϶ Relationships related to dayЉtoЉday operational
aspects and actors who are mutually interdependentϴ

● AdЉhoc collaboration relationship϶ Relationships limited to more specific meansϴ
● Indirect relationship϶ Latent or implicit relationshipsϵ oȅen with a connection to

laws or regulationsϴ

ȕɉȒɉȓɉȓɉɰThemaŎicɰanalŮņiņɰŎhłoœghɰAƁniŎŮɰDiagłam
Having gathered data through the use of focus groups and interviews the transcript was
analysed using an affinity diagramϴ An affinity diagramϵ or KЉJ analysis as it as well is known
byϵ is a way to organize field data and reveal common issues and themes ЖHoltzblatt & Beyerϵ
ϬϪϫϱЗϴ The data is transferred ontoϵ for exampleϵ sticky notes and grouped into categoriesϵ
oȅen consisting of ϮЉϰ pieces of dataϵ describing a specific issue or pointϴ It is oȅen built
bottomЉup and starts without predefined categories to allow new knowledge and insights to
be gainedϴ The identified categories can further be arranged into larger areas of interestϴ

The purpose of using Affinity Diagram in this thesis was to analyse the data collected
through interviews and focus groupsϴ As the data was collected in a semiЉstructural mannerϵ
using Affinity Diagram enabled a way to structure the data through clustering it and
visualizing patterns and themesϴ This was done through collecting interesting information
from the transcripts on sticky notesϵ upon which they were grouped as patterns of enabling
and restraining forces for change emergedϴ In a second round of analysisϵ the forces were
grouped into the six characteristics of a socioЉtechnical system Жsee Section ϭϴϬϴЗϵ see Figϴ ϱϴ
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ȕɉȒɉȓɉȔɉɰViņœaliņaŎionɰofɰfołceņɰaƀecŎingɰchangeɰŎhłoœghɰFołceɰFieldɰAnalŮņiņ
To further analyse and visualise the forces identified in the Affinity Diagramϵ a Force Field
Analysis was usedϴ Force Field Analysis is a method that maps out and visualises forces
favouring and resisting a proposed changeϵ in this caseϵ an upscale of the aquaponic niche
ЖThomasϵ ϫϳϲϯЗϴ The forces favouring and resisting change are represented by arrows or
vectors opposed to one another in the diagram Жeϴgϴ see Section ϯϴϫϴϬϴЗϴ The length of the
arrows can be used as a representation of the relative strength of the forcesϴ Change and
movement within a system can either be achieved by increasing the forces for change or
reducing the forces opposing the changeϴ

In this thesisϵ the Force Field Analysis was used with the purpose of visualising the enabling
and restraining forces affecting an upscale of the aquaponic nicheϴ Unlike how Thomas
ЖϫϳϲϯЗ utilizes the length of the arrows to represent the relative strength of the forces
affecting changeϵ the length in this case instead represents the number of actors directly or
indirectly mentioning a certain forceϴ As a resultϵ one step in the diagram represents one
interview or focus groupϴ Thusϵ instead of showing the relative strength of the forcesϵ this
diagram rather shows how widespread the awareness and knowledge about a certain force is
amongst the interviewed actorsϴ

ȋȴȉȴ Phaňe ȉȶ NaũigaŐing niche fońmaŐion
The purpose of Phase Ϭ was to study how to guide the niche actors to navigate niche
formationϵ and thus facilitating an upscale of the aquaponic nicheϴ Thusϵ the research setting
focuses on the aquaponic niche within the current Swedish food systemϴ Furtherϵ the
methods applied to generate guidelines and identify and evaluate areas of opportunity are
presentedϴ

ȕɉȓɉȒɉɰFołmœlaŎingɰgœidelineņɰŎoɰfaciliŎaŎeɰanɰœpņcale
With the purpose of identifying what might be needed from the aquaponic niche to either
increase the enabling forces or reduce the restraining forces and thusϵ facilitate movement
within the system ЖThomasϵ ϫϳϲϯЗϵ the identified forces from Phase ϫ were further analyzedϴ
Much similar to the Affinity Diagram applied to conduct a thematic analysis of the interviewsϵ
this was done through grouping the forces into themes and areas formulated as guidelines of
how to potentially facilitate an upscale of the aquaponic nicheϴ The identified guidelines
were further analysed in a second round and grouped into groups of guidelinesϴ Grouping
the guidelinesϵ the three processes of Strategic Niche Management Жsee Section ϭϴϭϴϬϴЗϵ
expectations & visionsϵ social networks and learning processesϵ were used as a starting pointϴ
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ȕɉȓɉȓɰIdenŎiƃcaŎionɰofɰałeaņɰofɰoppołŎœniŎŮ
The interviews conducted with stakeholders not only generated a general system
understanding but discussions with stakeholders were also held on potentially new
directions of the Swedish aquaponic nicheϵ new actors to include and unexplored areas with
potentialϴ Having transcribed the interviewsϵ these new ideas were gatheredϴ Doing soϵ four
potential areas of opportunity were identified in which the aquaponic niche could continue
to develop to facilitate an upscaleϴ

ȕɉȓɉȔɉɰEŧalœaŎionɰofɰałeaņɰofɰoppołŎœniŎŮ
Aiming at mapping how the four identified areas of opportunity relates to the set of
guidelines createdϵ an evaluation was done using a concept weighting matrix ЖWikberg
Nilsson etϴalϴϵ ϬϪϫϯЗϴ Concept weighting is done to evaluate and rank concepts using a matrix
in which the concepts are placed on one axis and relevant criteria decided upon on the other
axisϴ In this caseϵ the areas of opportunity were the concepts and evaluated against the
guidelinesϵ utilized as the criteriaϴ Performing the methodϵ each concept is compared to each
criterion and given a score indicating how well it is fulfilledϴ In this caseϵ the thesis group
assigned scores ranging from ϫЉϭϵ illustrating how much focus the area of opportunity
potentially puts on addressing each guidelineϴ If applicableϵ the points can be summarised
into final scores for each of the concepts by summarizing the points for each concept and
divide it by the number of criteria utilized ЖWikberg Nilsson et alϴϵ ϬϪϫϯЗϴ As the aim of the
evaluation was to evaluate the areas towards the guidelinesϵ rather than evaluating them
towards one anotherϵ these final scores were not applicable during this stage of the process
but instead applied when evaluating the concepts developed for Pond to identify a suitable
point of intervention Жsee Section ϮϴϭϴϬϴЗϴ

As a final step of the method of creating a concept weighting matrix analysis of weak spots
can be made ЖWikberg Nilsson et alϴϵ ϬϪϫϯЗϴ This is done by identifying the spots in each
concept where the points are low and secure that these spots are addressed in the final
conceptϴ Based on the idea of a weak spot analysisϵ this thesis instead identified the
guidelines in which none of the identified areas of opportunity had a high focusϴ Based on
these identified unaddressed guidelinesϵ a fiȅh area of opportunity was added to secure that
the areas in combination had a high focus on all guidelinesϴ

ȋȴȊȴ Phaňe Ȋȶ deňigning a ňeŐ of eůpeńimenŐň
While Phase Ϭ aimed at guiding the general niche towards an upscaleϵ the purpose of Phase ϭ
is to exemplify and further explore how an individual niche actor might contribute to an
upscaleϴ Thusϵ the focus of the research shiȅs onto the aquaponic producer Pond and their
current businessϵ exemplifying a specific niche actor within the aquaponic nicheϴ Furtherϵ the
methods applied when exploring how this specific actor can contribute to an upscale are
presentedϴ

Ϭϱ
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ȕɉȔɉȒɉɰIdeaŎionɰofɰconcepŎņɰofɰeŭpełimenŎņɰfołɰPond
Aiming at exploring and exemplifying how one actor within the aquaponic nicheϵ in this case
Pondϵ can utilize the areas of opportunity and the guidelines to contribute to an upscaling of
the aquaponic nicheϵ concepts of five experiments were developedϴ The experiments were
based on the business idea of Pond and each one mapped to one specific area of
opportunityϴ

Aiming at developing concepts based on Ponds businessϵ three interviews were held to gain
an understanding of Pondϵ their drives and values and learn about their current business and
ongoing collaborationsϴ The interviews were of semiЉstructured character ЖLeechϵ ϬϪϪϬЗ and
each aimed at exploring a certain theme of interestϵ see Table ϭϴ The interviews lasted
approximately Ϯϯ minutes and were all held as online video meetingsϴ

With a base in the understanding gained through the interviewsϵ concepts were ideated
during an ideation session utilizing brainstorming and brainwritingϴ Brainstorming is a
method aiming at generating a large number of ideas by stimulating the participantsЀ
creativity through sharing ideas ЖWikberg Nilsson et alϴϵ ϬϪϫϯЗϴ In order to do soϵ the
importance of aiming at a quantity of wild and crazy ideasϵ instead of qualitative ideasϵ and
group climate characterized by safety and nonЉcritique is highlightedϴ Building upon the
same ideasϵ braindrawing instead utilizes sketches and therefore potentially stimulates other
perspectives and ideas ЖWikberg Nilsson et alϴϵ ϬϪϫϯЗϴ A brainstorming or brainwriting session
can be set up in a variety of waysϵ however oȅen circulates around predefined themes or
questionsϴ In this caseϵ the session was divided into five partsϵ each part focusing upon
ideating concepts addressing one area of opportunityϴ During each partϵ focus was as well
put on addressing the guidelines related to each area of opportunityϴ Each area was firstly
individually ideated uponϵ using a combination of text and sketches Жsee Figure ϲϴЗϵ for
approximately thirty minutesϴ Aȅerwardsϵ the ideas were shared within the thesis group and
combined into five concepts further visualisedϴ

Ϭϲ
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ȕɉȔɉȓɉɰEŧalœaŎingɰconcepŎņɰinɰaɰŨołkņhop
To explore which of the five concepts had the highest possibility of being successfully
implemented and maintained by Pondϵ while still having the potential of facilitating an
upscale of the nicheϵ the thesis group and Pond together evaluated the conceptsϴ

The evaluation was done during a one and a half hour workshop sessionϵ held as an online
video meetingϵ in which the CEO of Pond was invited as an expert of their current businessϴ A
workshop is a collaborative working meeting aiming at exploring a certain area of interest
ЖWikberg Nilsson et alϴϵ ϬϪϫϯЗϴ A workshop can be arranged in a variety of waysϵ however in
this case it utilized a concept weighting matrix as its starting pointϴ As previously described
in Section ϮϴϬϴϭϴϵ a concept weighting matrix places the concepts on one axis and evaluation
criteria on the other axis ЖWikberg Nilsson et alϴϵ ϬϪϫϯЗϴ Thusϵ relevant evaluation criteria was
firstly decided upon togetherϴ Howeverϵ to ensure that the concepts ability to facilitate niche
upscaling was not neglectedϵ the criterion of how well the concept addressed the guidelines
was already decided upon and rated by the thesis groupϴ Apart from this preЉset criterionϵ
each concept was evaluated against each of the criteria using an interactive matrix Жsee
Appendix CЗ and assigned with scores ranging from ϫЉϭϴ Lastlyϵ the final score for each
concept was summarisedϴ As one criterion was regarded as more important by Pondϵ the
impact of this score was doubled to ensure a fair final scoreϴ

With a base in the final score for each conceptϵ together with recommendations from Pondϵ a
concept was chosen to further developϴ

Ϭϳ
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ȕɉȔɉȔɉɰIdeaŎionɰofɰņœggeņŎedɰpoinŎɰofɰinŎełŧenŎion
Based on the result from the workshop with Pondϵ the suggested point of intervention was
further ideated uponϴ This was done by combining one concept with elements from another
complementary conceptϵ aiming at creating a final concept with an improved possibility of
targeting guidelines as well as criteria used in the evaluation matrix Жsee Section ϮϴϭϴϬϴЗϴ
Similar to when ideating conceptsϵ the ideation of the suggested point of intervention was
done using the methods brainstorming and brainwriting ЖWikberg Nilsson et alϴϵ ϬϪϫϯЗϴ

ϭϪ
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Ȍȴ ReňŕlŐň& AnalŰňiň

This chapter contains results and analysis of the thesis workƧ divided into three
partsƦ Phase 1 regards the system understandingƧ Phase 2 explores how actors
might navigate niche formation and Phase 3 focuses on exemplifying by
designing a set of experiments based on the aquaponic producer Pondϴ

ȌȴȈȴ Phaňe Ȉȶ SŰňŐem ŕndeńňŐanding
The first phase of the project aimed at understanding the socioЉtechnical food system where
the aquaponic niche is a partϴ This concluded in a mapping of the stakeholders involved or
relevant to the systemϵ and forces affecting change within the systemϴ Furtherϵ the result and
analysis of the second phase is presentedϴ

ȖɉȒɉȒɉɰMappingɰofɰņŎakeholdełņ
Within the aquaponic food system there are several actors who affect or in other manners
are relevantϴ The semiЉstructured interviews with stakeholders resulted in a deeper
understanding of who these actors areϵ what sector they are part ofϵ their connection to the
core aquaponic food producerϵ and how they interrelateϴ The stakeholder mapping is
illustrated in a stakeholder onion diagramϵ see Figure ϳϴϵ presenting the stakeholders and the
connections that are considered most important when aiming at understanding the systemϴ
The diagram as well shows which stakeholders have been participating in interviewsϴ
Followingϵ a description of each actor and their relationships to one another is presented
according to the three levels of involvementϷ primary stakeholdersϵ secondary stakeholders
and the  wider environmentϴ

ȖɉȒɉȒɉȒɉɰAqœaponicɰfoodɰpłodœceł
The stakeholder diagram is analyzed placing the aquaponic food producers in its centerϴ
Being the owner of the production facilitiesϵ they are perceived as the primary force pushing
the niche forwardϴ Their main focus is to produce fish and greens through utilizing
aquaponic technologyϵ thusϵ providing an alternative to current food productionsϴ
Additional focuses are as well present among the producersϵ eϴgϴ knowledge sharing and
research collaborationsϴ
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ȖɉȒɉȒɉȓɉɰPłimałŮɰņŎakeholdełņ
The thesis identified four primary stakeholders who may be involved in a dayЉtoЉday
operation with the core aquaponic food producerϴ Moreoverϵ all primary stakeholders have a
direct relationship to the core aquaponic food producer meaning they are mutually
dependent and have a high frequency of involvementϴ All primary stakeholders are
customers of the raw product from the core aquaponic food producerϴ

C*).0me-.

The consumers include people who consume the fish and greens produced by the
aquaponic food producerϴ They couldϵ for exampleϵ be endЉcustomers purchasing the fish
and greens or visitors at restaurants or eventsϴ The consumersЀ relation to the core
aquaponic food producer is strong since they are in direct and oȅen continuous contact with
the productϴ ConsumerЉbehaviour affects the businessϵ for example in the number of
purchasesϵ just as the communication from the producer affects the perceptions of the fish
and greens for the consumerϴ The consumers haveϵ apart from a direct relationship to the
core aquaponic food producerϵ also strong relations to food refiners and retailers as well as
ecoЉlabelsϴ Likewiseϵ the refiners and retailers of aquaponic food are just as dependent on
the consumers as the aquaponic food producer isϴ Moreoverϵ ecoЉlabelling seems to impact
many consumers since it gives promises of ethically produced and ecoЉfriendly foodϵ which
many consumers request according to several of the interviewed stakeholdersϴ

F**d -efi)e-.

Food refiners consist of stakeholders such as restaurants and other companies refining foodϵ
for exampleϵ a company selling preЉcooked mealsϴ These actors are customersϵ although not
the endЉcustomersϵ purchasing the produced aquaponic raw productϴ According to several
of the interviewed stakeholdersϵ significant for many food refiners is a demand for
continuous delivery of the productϴ This may be challengingϵ but also beneficial since it may
induce agreements with the aquaponic food producerϵ entailing repeated purchases and
ensuring future salesЉchannelϴ Thusϵ they are very valuable collaborators according to the
interviewed stakeholdersϴ The food refiners have a direct relationship to the consumersϵ
since the consumers purchase their productϵ and to the core aquaponic food producer since
they buy the raw product from themϴ

F**d -e/aile-.

Supermarkets or niched stores such as fish storesϵ are examples of food retailers who may
sell the produced fish and greensϴ The food retailers vary in typeϵ size and locationϴ Like the
food refinersϵ the food retailers are in direct relationship to the consumers and the core
stakeholder because they are mutually dependent on a strong relationshipϴ The core
aquaponic food producer may as well sell their own products by entailing a producer to
consumer strategy and sales channelϵ thusϵ taking on the role as food retailer as well as
aquaponic producerϴ
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C0./*me-. 2i/hi) ./a/e

This group is similar to the food refiners but do specifically target consumers within the
public sector instead of eϴgϴ civil visitors at restaurantsϴ The customers within the state are eϴgϴ
schoolsϵ hospitals or public companiesϴ They may include larger segments of individualsϵ eϴgϴ
universities or hospital restaurantsϵ and can therefore be very important for the aquaponic
producer since they ensure strong sales channelsϴ Furtherϵ they usually come with public
agreements and procurementsϴ

ȖɉȒɉȒɉȔɉɰSecondałŮɰņŎakeholdełņ
During the thesisϵ nine secondary stakeholders were identified which are important for the
core stakeholder but not involved on a dayЉtoЉday basisϴ The majority of the relationships
between a secondary stakeholder and the aquaponic food producer within this system is
adЉhocϵ however both direct and indirect relationships exist as wellϴ

M0)ici+ali/ie.

The municipality in which an aquaponic producer is located may have relations to the
aquaponic producerϵ foremost regarding regulations and permissionsϴ Due to the decision
making positionϵ the boards of the municipalities have some power over the aquaponic
producerϴ At the same timeϵ the aquaponic producer has opportunities to influence the
boards and their decisions through creating knowledge and awarenessϴ Similarlyϵ other
aquaponic producers and the aquacultural nonЉprofit organisation might influence the
municipalities through creating knowledge and awarenessϴ Moreoverϵ since the
municipalities are not involved daily with the aquaponic producer and because they have
different dependency on each otherϵ their relation is adЉhocϴ

G*1e-)me)/al age)cie.

Swedish governmental agenciesϵ such as agencies specialized in agricultureϵ ocean and
waterϵ and foodϵ are placed between being a secondary stakeholder and the wider
environment since their role in the aquaponic projects variesϴ Just as the municipalitiesϵ the
agencies have an impact through matters regarding regulations and permissionsϵ but may
also function as enablers regarding subsidiesϵ guidance and supportϴ They are normally not
involved daily with the aquaponic producer and altogether the relationship to the aquaponic
producer is adЉhocϴ Moreoverϵ the agencies have a direct relationship to the governmentϵ
maintaining the law and specialized knowledgeϵ and adЉhoc relations to the aquacultural
nonЉprofit organisationϵ and scientists and researchers since they collaborate in education
and knowledge sharingϵ just as developing the technologyϴ

Scie)/i./. ϩ Re.ea-che-.

Like the agenciesϵ this group is positioned between being a secondary stakeholder and the
wider environment since they can play an important part for the stakeholdersϵ just as they
may direct and support the technology with a framework from a distanceϴ They could
propose new business strategiesϵ as well as improvements of the technologyϵ beneficially for
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the current food system to transfer into higher sustainability levelsϴ Since the scientists and
researchers oȅen are involved in limited projects or as temporary counsellorsϵ their relations
to the aquaponic producer is adЉhocϵ even though the relations at times with daily
collaborations may be directϴ

Neighb*0-h**d.

Neighbourhoods are defined as groups of people or organisations that are not in direct
contact with the aquaponic producer as consumers but will be affected by their presenceϴ
For exampleϵ the neighbourhood might be affected as the aquaponic producer spreads
knowledge and awarenessϴ Their presence may as well impact how individuals move around
the neighbourhoodϵ and may potentially attract new groups to the siteϴ The neighbourhood
actors may therefore be indirectly involved dayЉtoЉday with the aquaponic producer since
they are not necessarily in direct contact purchasing the productϴ

C0./*me-. *f a,0a+*)ic .*l0/i*)

The aquaponic producer not only has the possibility of selling the produced foodϵ but also
the production system and knowledge about the technology as suchϴ Thusϵ stakeholders
who may buy the technological solution are defined as customers of the aquaponic
solutionϴ They are positioned as a secondary stakeholder as they are not involved dailyϵ but
rather occasionally when selling solutions or knowledgeϴ Howeverϵ a oneЉtime purchase of
the technology may for example shiȅ into a leasing contract which makes the secondary
stakeholder position debatableϴ Neverthelessϵ they have a direct relationship with the
aquaponic producer since they are mutually dependent on each other while managing the
tradeϴ

S0bc*)/-ac/*-.

All actors who deliver products or services to the core stakeholder to make the business
possible are defined as subcontractorsϴ It could be both subcontractors involved daily as
well as more seldomlyϴ They are positioned as secondary stakeholdersϵ although their
involvement and their interdependency might varyϴ One example of an important
subcontractor is companies delivering spawnϴ Although not involved dailyϵ the system is
highly dependent on themϴ Other subcontractors areϵ for exampleϵ fish feed suppliers or
waste disposal businessesϴ Generallyϵ their relationship with the aquaponic producer is
direct since they are strong and on operational aspects involved dayЉtoЉday in the businessϴ
Similarlyϵ they also have a direct connection to other aquaponic protein producersϴ

I)1e./*-.

Investors are essential for the aquaponic producer if there is a lack of capitalϴ The investors
could include public or organisational fundings as well as private investmentsϴ If the
aquaponic producer itself has enough capitalϵ this stakeholder will expireϴ The investors will
not be involved in the daily businessϵ but on the other handϵ they will have mutual interests
with the aquaponic producer in economic terms which makes the relationship directϴ
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Facili/4Љ ϩ la)d *2)e-.

FacilityЉ and landowners are highly important for the aquaponic producer since they provide
the space for the productionϴ Howeverϵ the owner may as well be the aquaponic producer
itselfϵ if the aquaponic producer already owns the land or facilityϴ An external facilityЉ or
landowner is a secondary stakeholder since its terms will be present daily although not
involved in operational aspectsϴ Furtherϵ the relationship to the aquaponic producer is
adЉhoc since it is limited to specific means regarding facilityЉ or land mattersϴ

O/he- a,0a+*)ic f**d +-*d0ce-.

There are currently a few aquaponic food producers in Swedenϵ but the interviews revealed
hopes for an increase in the number of actorsϴ These aquaponic food producers have similar
prerequisites as the core aquaponic producer and therefore might have similar relationships
to stakeholders such as subcontractorsϵ media and authoritiesϴ Howeverϵ other stakeholders
are not necessarily shared with the core aquaponic producerϴ For exampleϵ the investor and
the customers might differ between the aquaponic producersϴ The relationship between the
core aquaponic producer and other aquaponic producers is adЉhocϵ although varies
depending onϵ for exampleϵ the frequency of collaborationϴ Howeverϵ the other aquaponic
food producers will not likely be involved dayЉtoЉday and are therefore secondary
stakeholdersϴ

ȖɉȒɉȒɉȕɉɰWidełɰenŧiłonmenŎ
The stakeholders in the wider environment are spread over different sectors and have various
levels of power and influence over contextual matters as well as laws and regulationsϴ The
relationships to the aquaponic producer are never directϵ but the actions made in the wider
environment still affects the aquaponic producer significantly through providing a
frameworkϴ

EU

The European Union holds laws and regulations the national government inherits and
upholdsϵ thusϵ providing a framework for the aquaponic producerϴ Although rarely in direct
contact with the aquaponic producerϵ their relationship is indirectϴ Moreoverϵ the relationship
to the governmentϵ policymakers and some ecoЉlabels are adЉhoc since they are in contact
more frequentlyϴ

P*lic4make-.

Policymakers are most oȅen members of the state sector with strong relations to the
governmentϵ although might as well be members of developmentЉ or strategy departments
at companiesϴ They are not frequently involved with the aquaponic producer but may affect
them significantly with their policyЉmakingϵ therefore they have an indirect relationship to
the aquaponic producerϴ The policyЉmaking couldϵ for exampleϵ include more emphasis on
R&D departmentsϵ new subsidies or tax reductionsϵ focus on network creation or knowledge
and information spreadϴ Moreoverϵ they are also dependent on EU regulationsϴ
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G*1e-)me)/

The government is the stakeholder setting laws and regulationsϵ but may also provide
fundings and policymakingϴ The government delegates certain matters to authoritiesϵ
agencies and municipalities and is therefore seldomly in direct contact with the aquaponic
producerϴ Howeverϵ the aquaponic producer will be heavily affected by actions and
decisions made by the governmentϴ The government is also in relation with the European
Unionϵ upholding international regulationsϴ

Ec*Љlabel *-ga)i.a/i*).

There are currently several ecoЉlabels on the marketϴ Their role is most oȅen to determine
ecologyϵ ethics and social sustainability of products and servicesϵ making them framework
providers within the wider environmentϴ During interviewsϵ KRAV is the label most frequently
discussedϵ although currently not available for landЉbased fish farmingϴ Thusϵ there areϵ
according to the intervieweesϵ no generally wellЉknown label enlightening environmental or
ecological sustainability applicable for aquaponic technology and productionϴ Moreoverϵ the
consumers are in direct relation with the EcoЉlabels since they share interests in defining the
sustainability of productsϵ and are very dependent on each otherϴ The connection to the EU
is also interesting since KRAVϵ for exampleϵ is based on EU termsϴ

Va//e)b-0k.ce)/-0m O./

This stakeholder is a nonЉprofit organisation with the interest of developing aquaculture and
water useϴ Since their main focus is not on aquaponics solelyϵ but rather on improving the
prerequisites for aquacultureϵ they and the aquaponic producer have a limited exchange
and do therefore claim an adЉhoc relationϴ On the other handϵ their competence will support
the aquaponic producer and the system even though they are not involved dayЉtoЉdayϵ
which is why they belong to the wider environmentϴ Moreoverϵ they have adЉhoc relations
with authorities since they educate these groupsϴ

Media

Stakeholders within the media include journalists and reportersϵ using different channels
such as papersϵ TV or internet to communicateϴ They belong to the wider environment since
they provide an indirect framework for the societyϵ and thereby the aquaponic producerϵ
with their actions and choices of focal pointsϴ Like the governmentϵ the media will affect all
stakeholders in the diagram since they oȅen reach many readers and listenersϵ but more
seldomly are in contact with each stakeholder which makes the relation to the stakeholders
indirectϴ

H*-/ic0l/0-e Ac/*-.

The stakeholders defined as horticulture actors include actors such as vegetable farmersϵ
plant nurseries and hydroponic farmersϴ Currentlyϵ they are competitorsϵ since they already
provide customers with greens and therefore have an indirect relation to the aquaponic
producerϴ Howeverϵ several of the interviewed aquaponic actors expressed interest in
establishing more direct relationships by initiating collaborations with horticulture actorsϴ
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P-*d0ce-. *f a,0a/ic +-*/ei)

Just as the horticulture actorsϵ the relations to producers of aquatic protein is indirect since
they are currently competitorsϴ Likewiseϵ the interviewed aquaponic and aquacultural actors
also expressed interest in a collaborative futureϴ As highlighted by intervieweesϵ these actors
and the aquaponic producer usually produce different types of aquatic proteinϵ but might
still share the same consumers purchasing fishϴ Therefore the aquatic producers share a
connection to the same consumers as the aquaponic producer indirectlyϴ

ȖɉȒɉȓɉɰFołceņɰaƀecŎingɰchange
The Force field diagram maps forces affecting change within the studied systemϴ The forces
are divided into six groupsϵ replicated from the socioЉtechnical characteristics found in the
MultiЉlevel perspective theoryϴ Each group includes forces both enabling change and
restraining changeƦ The length of each bar represents how many of the interviewees
mentioned the forceϴ Each focus group counts as one voice instead of replicating the
participant quantityϴ Some forcesϵ replicated by curvy bars in Figure ϫϪϴϵ are defined to be
dynamic as the forces are created due to an increase or decrease of a certain aspectϵ eϴgϴ an
increased interest among actorsϴ

ȖɉȒɉȓɉȒɉɰInfłaņŎłœcŎœłe& IndœņŎłŮ

Forces positioned in the infrastructure and industry category regards communicationϵ
collaboration and distributionϴ

E)abli)g f*-ce.

During both interviews and focus groupsϵ a In/e-e./ f*- +-*d0ce-Љc*n.0me- di./-ib0/i*n was
highlightedϴ ProducerЉconsumer distribution means fewer middle hands as the consumer
instead may meet the producer directlyϴ Several interviewees mentioned both the increase of
the number of actors focusing on this business typeϵ as well as their sizeϴ One aquaponic
producer said϶ ƳI meanƧ Rekoƻcircles ǆproducerƻconsumer distributorǇ has gone from 300 000
customers to ƣ00 000 customers in one and a half yearsƦƴ Contradictoryϵ it was also discussed
that there is a lack of these channels for producerЉbusiness and the opportunities for scaling
up this distribution typeϴ

As the aquaponic is a combination of the technologies of aquaculture and horticulture in
one systemϵ several actors discussed the possibility of linking actors from these two fields to
collaborate or learn from each otherϴ This led to a force of the possibility of Linking
a,0ac0l/0-e and h*-/ic0l/0-eϴ For exampleϵ one researcher emphasized the possibilities of
linking these two fields϶ ƳI started to work on this ten years agoƧ and what I tried to do was
linking actors from the aquaculture field and the horticulture fieldƴϴ On the other handϵ the
researcher continued϶ ƳI noticed that here in Germany horticulture actors are very reluctantƴƧ
which demonstrates the possible complications within such collaborationsϴ
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One of the most widespread forces highlighted by many actors was the P*.i/i1e a//i/0de *f
c*llab*-a/i*nϵ within the aquaponic niche as well as with aquaculture actorsϵ authorities and
researchersϴ The overall sense was that no actors were against collaborationϵ and most of
them saw collaboration before competitionϴ A researcher elaborated further on the benefits
of a broad collaboration϶ ƳI believe in trying to connect all in the industryƧ not only in
aquaponics or RAS ǆƦƦƦǇƦ It is such a small industry in SwedenƧ so I believe all would benefit from
thisƦ Because if it would count as aquacultureƧ then the ones farming in cages would benefit
from itƴƦ In additionϵ sharing learning experiences and together reducing costs were some of
the benefits brought upϴ An aquaponic producer said϶ ƳIt is easier towards authorities if you
have started a community or network where you collaborate and where you can take on
problems togetherƴƦ

Re./-ai)i)g f*-ce.

One restraining force related to the enabling force of Growing interest for producerƻconsumer
distribution is High +-*fi/ /* middleЉhand.ϵ l*2 +-*fi/ /* +-*d0ce-.ϴ The general market
system existing today is based on a certain chain of purchases and costsϴ This is expressed
during interviews to oȅen lead to high profit to middle hands and low profit to producersϵ
limiting existing producers as well as new entrantsϴ One aquaponic producer emphasised϶
ƳOur principle is that if you are more localƧ you can aim directly at the customerƦ Then more
money can end up with them who do the workƧ not only to middle handsƴƦ

Another force that might limit the Swedish aquaponic market is the Im+*-/ needed *f feed
and .+a2nϴ Currently in Swedenϵ there is no producer of the fish spawn requested by
aquaponic actorsϵ which makes the industry dependent on importϴ One aquaponic producer
described the supply of spawn϶ ƳIt is not too simple in SwedenƧ it is easier in other countriesƯƯƦ
On the other handϵ this may not bring any troubleϵ as long as the relations remain stable and
smoothϴ Moreoverϵ there are some similar questions related to feedϵ and the same producer
commented϶ ƳƦƦƦit is not sustainable to buy this fish feed with a lot of fish in itƧ even though feed
for Tilapia ǆa fish speciesǇ contains much less compared to salmonƦ And there is no production
of feed in Sweden eitherƯƯƦ Howeverϵ it is discussed during interviews that research is held in
Sweden to find alternative methods for feed productionϴ

A restraining force underpinning the enabling force of positive attitude of collaboration is the
current Lack *f c*llab*-a/i*nϴ For exampleϵ one aquaponic producer described a lack of
collaborative initiatives and commented on the communication between actors϶ ƳYou do not
talkƴƦ These collaborative issues also include cage farmers and aquaculture actorsϵ which is
described to affect aquaponic actors as wellϴ One researcher elaborated϶ ƳIn the aquaculture
field there is some friction between cage farmers and actors who have been in the business for
a long timeƴƦ The researcher further described an example of an established aquaculture
actor who currently faces issues϶ ƳThey have had large problems from the big companies who
want nothing less than for them to simply failƦ The companies look at it as a system which
threatens their businessƦƴ
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The interviews revealed a difference among actors in vision and ideas of the future for the
aquaponic nicheϵ implying the force Lack *f .ha-ed 1i.i*n am*ng /he a,0a+*nic
c*mm0ni/4ϴ For exampleϵ one researcher described how ƳI already observed that the actors
have different ideas about what the technology looks like in the futureƴϴ As an exampleϵ the
researcher further mentioned how approaches differ between actors϶ ƳWhat I observed in the
dynamic in the aquaponics network is that they are still diverse approachesƦ Also on where to
put the emphasisƧ on the fish or the plantsƴƦ The force is defined as restraining sinceϵ according
to the theory of Strategic Niche Management Жsee Section ϭϴϭϴϬЗϵ a niche needs to have
specific and highly qualitative expressed expectations and visionsϴ They should also be more
robustϵ meaning it is more successful if many actors within the niche are agreeing upon
themϴ In additionϵ an Unce-/ain/4 *f f0/0-e .cale *f a,0a+*nic. is present among actorsϴ
One producer commented on the complicated future of productionЉscale϶ ƳI also believe
smallƻscale is goodƦ I think it is successful if we have smallƻscaled ǆproductionsǇ tooƦ But I think
it is wishful thinking to believe that smallƻscale will be dominant in the futureƴƧ and continued϶
ƳWe need industrial scaleƴƦ An aquatic producer expressed a different view϶ ƳI believe
aquaponics is most suitable for smaller productions ǆƦƦƦǇ I think it is a very good developmentƦƴ

Another restraining force in the industry category is the Need *f .ec0-ing c*n./an/
+-*1iding as restaurantsϵ food refiners or supermarkets oȅen require constant providingϴ
One aquacultural producer mentioned a typical request from customers϶ ƳIf it shall be on the
menuƧ we need to get fresh fish every weekƴƦ A reseller as well described the problems with the
uneven provision϶ ƳWhat happens with the shelfƭ If a new product arrives which can be
delivered all year round ƻ wellƧ then the other will lose because we never want an empty shelfƴƦ
Although defined as a restraining forceϵ it is also highlighted by interviewees that an
aquaponic facility has huge potential of securing constant providing since it is not
dependent on eϴgϴ weather situations or current catchϴ

ȖɉȒɉȓɉȓɉɰPolicieņ& laŨņ

This group includes forces related to lawsϵ regulations and policiesϴ As visualised in Figure
ϫϪϴϵ no enabling forces were identified within this categoryϴ This is since no comments from
the interviewees evolved around enabling forces related to legal and regulatory mattersϴ

Re./-ai)i)g f*-ce.

Several interviewees emphasized the importance of labelling products to prove an
ecologicallyϵ environmentally and socially sustainable productionϴ The ecological label
discussed was the KRAV certificateϵ but likewise its impossibility of being used in aquaponic
technologyϴ Thereforeϵ present for the aquaponic community is the Lack *f 2ellЉkn*2n
ec*Љlabelling suitable for aquaponicsϴ An existing challenge is that aquaponic production
can currently not be counted as ecologicalϴ One aquaponic producer said϶ ƳThere is this
problem that it canƲt be classified as ecological because closedƻloop systems are not includedƴϴ
Another aquaponic producer reflected upon how the existing certificates might not reflect
the actual benefits of the technologyϵ giving false impressions to the customers϶
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Ƴit is important for the public sector to fight for real definitions and not say
that Clarias is as good as trawled crayfishƦ Or even that it is better with
trawled crayfish because it is environmentally certified and land based fish
farming canƲt be certifiedƦƴϴ

Contradictoryϵ it was discussed whether a label even is required from the publicϵ or if the
technology itself or the information given to the customers directly in the storeϵ may bring
enough information of sustainabilityϴ Howeverϵ most interviewees from the focus groups
commented on the importance and reliability of certified productsϵ and said they preferred
themϴ

Interviewed actors expressed a need for the authorities within Sweden as well as abroad to
take action to deal with the impossibility of ecoЉlabelling aquaponic production϶ ƳWe build
our whole systems on EU legislationsƦ It is not until the EU changes thisƦƦƦƴƦ Similarlyϵ a general
Lack *f ac/i*n. .0++*-/ing /-an.i/i*n 2i/hin ./a/e emerged during interviewsϴ One
aquaponic producer expressed the possibilities with legal impactsϵ and commented on
needed actions for environmentally advantageous technologies϶ ƳWe can make regulations
on what is allowed to doƦ We have done it beforeƧ prohibited lead in gasoline ǆƦƦƦǇ and CFCs in
refrigerators ǆƦƦƦǇ We must do so with other things as wellƴƦ

In additionϵ the process of taking action within the state oȅen comes with Sl*2 de1el*+men/
and +-*ce..e.ϴ The aquatic protein producer said϶ ƳIt is the slow system that exists which is an
obstacle for us ǆƦƦƦǇ and authorities and regulations have not understood that it has to happen
rather fastƴƦ

Furthermoreϵ there also exist problems around Inade,0a/e la2. and -eg0la/i*n. regarding
aquaponicsϴ The agency gave an example϶

ƳIt is important to remember the complicated regulationsƧ especially for fishƦ
ǆƦƦƦǇ it is demanded from animal protection laws to be able to demonstrate a
theoretical education when you are responsible for the fishƦ But there is
nowhere any demand for what the education must containƴƦ

In additionϵ an existing Mi.fi/ be/2een a,0a+*nic. and ag-ic0l/0-al c*n1en/i*n. adds upon
the problems with regulatory processesϴ One researcher described϶

ƳMany who produce in this way stand between producing fish and greensƧ so
it gets strange when filling in your permissionsƦ You produce both ǆƦƦƦǇ The
papers you should fill inƧ it is rather comicalƧ they are made for agricultureƦ
You should fill in how many stables you haveƦ It is rather strangeƴƦ

Another researcher further elaborated on the existing misfits϶ ƳAquaponics has also difficulties
that it is so highƻtech that it is difficult to link it to a stream of agriculture innovation systemsƧ
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because some people think it is not agricultureƧ it is food productionƴƦ Moreoverϵ the agency
expressed their future thoughts϶ ƳConditions must be created to make it easier to get
permission for this type of circular flow of nutrients than what exists today ǆƦƦƦǇ We could
probably clarify the laws about what it takes to get permission to farm fishƴƦ

ȖɉȒɉȓɉȔɉɰKnoŨledge
This category includes forces regarding knowledge and science about aquaponicsϵ the
combination of fish and greensϵ and salesЉchannelsϴ

E)abli)g f*-ce.

Although the aquaponic technology and actors still are rather unknown among the larger
publicϵ there is an increasing In/e-e./ in a,0a+*nic. within societyϴ One aquaponic
producer commented on interest from potential producers as well as the general public϶
ƳThere is a huge interest right nowƧ many organisations run fishing projects such as
aquaponics ǆƦƦƦǇƦ We have many study visits from these groupsƦ The general public also starts to
show interestƴƦ The producer also described how the interest from politicians Ёincreases all
the timeƴƦ Moreoverϵ the interviewed agency themselves predicted a future of working more
with aquaponics϶ Ƴwe will start trying to be better in aquaponics ǆƦƦƦǇ We want to learn more
and feel we need to increase our competence to be able to contribute moreƦ It is definitely
something we talk aboutƴ

For the technology to developϵ research is importantϴ During interviewsϵ several Ong*ing
-e.ea-ch projects within the aquaponic niche emergedϴ For exampleϵ one producer said϶
ƳRight now we have product development and research projects which aim to remove the
traditional fish feedƴƦ Furthermoreϵ other currently explored research topics discussed during
interviews was the storage of fertilizers and linking horticulture and aquacultureϴ

Re./-ai)i)g f*-ce.

Although there is an increasing interest in aquaponicsƧ there is still Lack *f a,0a+*nic
kn*2ledgeϴ The lack of knowledge was problematized by several interviewees and it
appears to exist among the general public as well as among the aquaponic producers
themselvesϴ One researcher described the low spread of knowledge among the population϶
Ƴnot many know about aquaponicsƴϴ The interviewed agency explained problems with lack
of knowledge about fish care among the producers϶ ƳWarningƧ warningƧ it is actually animals
we talk aboutƦ Many I come in contact with thinkƨ Ʊonly add some fish and then we connect the
systemsƲƦ But it takes a lot of knowledge to make these animals live wellƴƦ Furthermoreϵ it
appears to be a Lack *f +-*d0ce-Љ/*Љma-ke/ kn*2ledgeϵ presenting a challenge for
aquaponic producers out of a business perspectiveϴ As described by a researcher϶ ƳA
challenge for many actors is to start sellingƦ They donƲt oƚen think about the endƧ that this has
to reach the customerƦ ǆƦƦƦǇ How shall you get this to the marketƭ What logisticsƭƴ
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Similar to the existing general lack of aquaponic knowledgeƧ the same problems occur in
Lack *f a,0a+*nic kn*2ledge 2i/hin ./a/eϴ The interviewees highlighted the importance of
knowledge within authorities since they have strong decisive positions and may affect
change beneficiallyϴ One researcher commented on the current gap of information϶ ƳIt exists
among them we believe should knowƦ I am thinkingƧ some decisionƻmakers who work within
the municipalities should have a good perceptionƧ but donƲt have itƴƦ The researcher continued
and stressed the lack of knowledge even regarding aquaculture in general϶ ƳBecause most
donƲt even know what aquaculture isƴƦ On the other handϵ understanding of the difficulties for
authorities was also emphasizedϴ One producer said϶ Ƴ it is not easy to grasp something newƧ
they have their heads and desks filled with everything elseƴƦ In additionϵ the interviewed
agency themselves expressed interest in aquaponics and were optimistic about a future of
working more with aquaponics϶ Ƴwe will start trying to be better in aquaponics ǆƦƦƦǇ We want to
learn more and feel we need to increase our competence to be able to contribute moreƦ It is
definitely something we talk aboutƴ

A challenge in knowledge sharing and understanding of the technologyϵ both within the state
and among actorsϵ is the C*m+le3 c*mbina/i*n *f kn*2ledge be/2een fi.h and g-een.ϴ A
researcher said϶ ƳIt is definitely a limitation in knowledgeƧ both within administrators who
manage permissionsƧ but also for the practitionersƦ You donƲt only need to know about the
greensƧ but also the fishƴƦ

ȖɉȒɉȓɉȕɉɰTechnologŮ
All forces regarding aquaponic technology and production are included in the category of
technologyϴ

E)abli)g f*-ce.

According to the interviewsϵ aquaponics has been struggling with undeveloped technologies
and systems but have improved during the last decadesϴ As described by one producer϶
ƳWhen we returned we realised that aquaponics had developed and that you nowadays
actually can start up without yourself having to experiment in all areasƦƴϴ Thereforeϵ there is an
enabling force of E3i./ing /echn*l*g4 contributing to the development of the industryϴ
Moreoverϵ interviewees also mentioned beneficial development in other applicable
technologiesϵ eϴgϴ the solar panel industryƦ Stillϵ the technology needs to continue improving
and one researcher elaborated on the difference between more established technologies
and the aquaponic technology϶ ƳThe other ǆindustriesǇ are so established in Sweden ǆƦƦƦǇƧ you
can buy a system and start without needing to think so much about itƦ Since it ǆaquaponicsǇ is
newƧ it might be a problemƦƴ

The interviews revealed several applications and variants of aquaponic productionϵ
demonstrating the Ada+/abili/4 *f /echn*l*g4ϴ Actors running smallЉscale aquaponic
facilities as well as actors planning to implement largeЉscale industries were interviewedϴ The
diversity within aquaponics was described by one producer as ƳLargeƻscale and smallƻscaleƧ
urban and ruralƦ Everything simultaneouslyƴƦ
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The interviews also elaborated on the technologyЀs P*..ibili/4 *f .0./aining c*n.i./en/
,0ali/4 and exemplified one producer who has experienced improvements in the fish
production϶ ƳNow we have control over it and it has a consistent qualityƴƦ Another chef showed
belief in the technology while comparing it to fish auctions and ocean fishing϶ ЁExactlyƧ here
you can probably get consistent quality all the timeƧ if you find the key in the farmingƴƦ

One force contributing to the possibility of sustaining constant quality is the R*b0./ fi.h
oȅen used in aquaponic systemsϴ ƳClariasƧ pangasius and tilapia are extremely easily farmed
ǆƦƦƦǇ They can withstand nearly anythingƴƧ said a producerϴ The producer continued
emphasising the importance of robust and less sensitive fish if something occursϵ eϴgϴ if the
greensЀ nutrition uptake is decreasedϴ Moreoverϵ the robustness also contributes to the
sustainability of the system since there is less risk of wasting fish or greens producedϴ

As describedϵ aquaponic technology might be a good solution to some of the food
production challenges existing and there is great belief in its P*/en/ial *f add-e..ing
.0./ainabili/4 c*nce-n.ϴ ƳIt is not like aquaponic solves all problemsƧ but aquaponics can
solve some of the problemsƴϵ said one producerϴ A researcher addressed the potential of
aquaponics as a sustainable alternative϶ Ƴif you can succeed with marketing aquaponics as a
sustainable way of producing this fish ǆƦƦƦǇ then it is a winƧ absolutelyƫƴϴ Another researcher
further elaborated on the potential in the sustainability promises sold by the aquaponic
technologyϵ engaging investors and customersϴ

One area in which the technology has the potential of addressing sustainability concerns
regards the DiȂic0l/ie. 2i/h *cean fi.hing and cage fa-mingϴ ƳRight now the fish farming
industry is in a shiƚƦ From the ocean and up on landƦ Farming in the ocean is deeply unmodern
and very soilingƧ overfertilizing etceteraƦ There are grand problems with fish and diseasesƯƯƧ was
quoted from one aquatic protein producerϴ Another producer added϶ ƳWe know the oceans
are overfishedƦ It doesnƲt work anymore ǆƦƦƦǇ We knowƧ the Baltic sea is overfertilizedƴƦ This
opens possibilities for aquaculture and landЉbased fish farmingϴ

The aquaponic technology is advantageous regarding how efficiently it may use waste and
resources to produce fish and greensϴ The Re.*0-ce eȂicienc4 in aquaponics is exemplified
by one producer϶ Ƴseeing a waste or a byproduct as an asset instead of a problemƴϴ Essential
is the feed conversion ratioϵ described by one producer϶ Ƴ1 kilo of feed gives approximately 1
kilo of fishƧ and may also give 10 kilos of greensƴƦ Another benefit of the resource efficiency of
the technology is the water useϵ explained by a researcher϶ ƳIt is a very efficient way of
producing both fish and greens in a way that saves waterƴƦ

Ϯϯ



Re./-ai)i)g f*-ce.

Several interviewees described the aquaponic system as a C*m+le3 .4./em since it involves
both farming fishϵ growing greensϵ running a business as well as managing technologyϴ The
problems seem to occur especially in the initiation of productionϴ The interviewed agency
described problems about fish care the fish farmers may meet϶ ƳI have heard about fish
farmers who have started with fish and who maybe had other animals or greens beforeƦ They
said they did not know what they were doing in the first yearsƪƴƦ The entrepreneurial risk when
entering new areas of business demanding new technological and farming abilities was also
discussedϴ A researcher commented϶ ƳI think many of these entrepreneurs who have these
business perspectivesƧ underestimate what it means to run a farmƴƦ Moreoverϵ a largeЉscale
producer further explained the complexity arising when recirculating a lot of water϶ ƳWhen
you increase the circularity levelƧ the complexity increases drasticallyƦ A lot of things happen
and there is a lot to think about to do it rightƴƦ In contradictionϵ one interviewed producerϵ
running a smallЉscale aquaponic systemϵ instead expressed the simplicity of the system϶ ƳIt is
very simple and only to start upƦ It worksƧ the fish thrive and the greens growƴƦ Thusϵ it is
interesting to acknowledge the different perspectives of complexity existing within the nicheϴ

In addition to the complexityϵ the system is also Ene-g4 in/en.i1e϶ ƳIt requires a large energy
supplyƴƧ as explained by the agenciesϴ The energy used while warming the water tanks is also
highlighted by a producer϶ ƳIf you are having these exotic fish in Sweden they need heatƴϴ
Furtherϵ the agency brought up collaborations that could be initiated to bridge the heating
issues϶ ƳYou could reduce costs by applying some sort of agreement with the industry where
you can take advantage of energy wasteƴƦ

Moreoverϵ the system is described as Lab*- in/en.i1eϴ A researcher said϶ ƳIt is a lot of labour
needed in aquaponics compared to a regular fish farmƦ A lot of the fish farms can be
automated and it is a bit harder in aquaponicsƴƦ An aquaponic producer added the difficulties
related to a smallЉscale system϶ ƳIt takes a lot of time to make it workƦ It is manualƧ it is not
possible to make it work commercially on that scale ǆƦƦƦǇ You have to do it as a hobbyƴƦ

As aquaponics requires recirculation of waterϵ one actor implied the challenge of Limi/ed
-adi0. *f *+e-a/i*nϵ iϴeϴ fish tanks and greens need to be placed relatively close to one
another to manage the recirculationϴ The actor explained϶ ƳWe are locked in nutrition
transported by waterƧ demanding the greens to be relatively closely locatedƴϴ Furtherϵ the actor
elaborated on how this might cause problems in environments and sites with a lack of spaceϵ
for example citiesϵ where instead a separation would be suitableϴ

Since aquaponics implies the production of two types of foodϵ thus requiring knowledge in
two fieldsϵ a C*nflic/ing em+ha.i. *n fi.h and g-een. was mentioned by several actorsϴ One
researcher described the Ƴdiverse approaches on where to put the emphasisƧ on the fish or the
plantsƴ in the aquaponic networkϴ This was as well prominent among the interviewed actorsϵ
as an emphasis oȅen was put on either the production of fish or greensϴ
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Related to the simultaneous production of both fish and greensϵ the DiȂe-ence. in .cale *f
fi.h and g-een. +-*d0ced was problematized by several intervieweesϴ The production
facility requires a much larger scale of greens than fish produced if the greens are to
singleЉhandedly manage the uptake of fish fecesϴ Thusϵ a researcher elaborated϶ Ƴthen the
main product is no longer the fishƧ but the greensƴƦ This was mentioned in the interviews as a
problem for actors who want a focus on fish productionϵ but still are interested in
aquaponicsϴ One producer of seawater fish exemplified a similar problem in seawater
systems϶ ƳWe canƲt just clean our water with algaeƧ because that would require a huge algae
farmƴϴ Furthermoreϵ one producer described a challenge with the In.ec0-i/4 *f c*n.i./enc4
in n0/-i/i*n 0+/ake if the greens are singleЉhandedly managing the nutrition uptake϶ ƳIt
would be like when we have harvested the greensƧ we have to stop feeding our fishƴƦ Therefore
the producer continued϶ ƳWe must actually dimension our biofilters to manage fully without
algaeƴƦ

ȖɉȒɉȓɉȖɉɰMałkeŎ& œņełɰpłefełenceņ

This category highlights forces related to the market of the aquaponic technology as well as
user preferences revealed during the interviewsϴ

E)abli)g f*-ce.

The interviews showed a Ma-ke/ +*/en/ial for aquaponic technologyϵ establishing the
technologyЀs potential of growing into a market nicheϴ The agency said϶ ƳI believe the market
exists for this type of productionƦ Many want to buy sustainably produced foodƧ and in
aquaponics there is definitely a circular thinking in the productionƴƦ The current import of fish
is also discussed and it is concluded by a researcher that ƳWe import a lot of fish ǆƦƦƦǇ so there
is still room in the market for many who produce fishƴƦ As an example of market potentialϵ one
food reseller highlighted the absence of smoked eelϵ a dish traditionally eaten during
holidaysϵ and explained that Clarias have an opportunity of replacing it since it Ƴactually
tastes like itƴƦ

In additionϵ several interviewees talk about the increased P-*d0ce- in/e-e./ϴ There are eϴgϴ
Ƴmany organisations running fishing projects as aquaponics and aquaculture and we have
many study visits from these groupsƴƧ as exemplified by a producerϴ As well the agencies
highlight the producer interests and add ƳIt is very trendyƦ Many are curious about this type of
productionƴƦ Another researcher emphasised the increased interest in aquaculture in general϶
ƳThere is a huge interestƦ There are some really large who are about to start but there are
many small too ǆƦƦƦǇƦ That means they are under the Ơ0 tonnes limit ǆof fish producedǇƴƦ

As the interviews demonstratedϵ aquaponic technology has a P*..ibili/4 *f /-an.+a-enc4 in
+-*d0c/i*nϵ eϴgϴ due to its tightϵ circular systemϵ the possibility of local production and
producer pride of sustainable technologyϴ Simultaneouslyϵ several interviewees emphasize
the importance of using communication of knowledge to get customers and other actors to
understand the technologyϴ Thereforeϵ using transparency as a communication tool seemed
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to be of favour for many producersϴ One producer elaborated on the importance for
customers to know the origin of the products they buy and continued϶ ƳWe believe in being
very open about what we are doingƧ and share experiencesƯƯƦ A researcher discussed the usage
of transparency regarding the fish welfare while demonstrating a production facilityϵ and
exemplified that it might be beneficial to create a more visually attractive fish farm because
Ƴeven if you know it has nothing to do with the fishƧ it always looks better for the public that the
fish lives wellƴƦ Interestinglyϵ one participant in the focus group elaborated on transparency
and believed in a production where the producer is Ƴvery open and makes a thing about itƩ
Ʊcome and see how our fish are doingƲ ǆƦƦƦǇ Then I believe you trust them even moreƴƦ This shows
how the force of transparency may be used to benefit the technologyϵ but also that it has to
be handled with care to present information in a fair wayϴ

In additionϵ the possible S/*-4/elling *f .0./ainabili/4 was also highlighted as important
when communicating the benefits of the technologyϴ Storytelling was defined in the
interviews as stories of sustainability and origin of the productsϴ The importance of
storytelling when selling was described by a producer϶ ƳYou sell more and more storiesƦ A kind
of feeling that Ʊthis is goodƲ ǆƦƦƦǇ if you have a story of sustainabilityƧ local production and so onƧ
then itƲs amazingƴƦ This possibility seems to be important for both restaurants as well as other
end customersϴ

While marketing the aquaponic technologyϵ the force to E1*ke fa.cina/i*n is of importanceϴ
Many interviewees emphasize on the reaction most people get when they are presented with
aquaponic technologyϴ One researcher exemplified a reaction϶ ƳWowƧ is it possible to do thisƭ
ǆƦƦƦǇ DonƲt you add anythingƭ The plants grow simply in waterƭƴϵ the researcher further adds϶
ƳFor many it is amazing and I think so tooƦ It is an extraordinary way of producing foodƴƦ A
refiner built on the consequences of fascination and elaborated on the benefits for a
restaurant to present a new product on their menu϶ ƳThey will think it is superb to get
something newƧ something excitingƧ something to compete withƴƦ

Finallyϵ the force of P*.i/i1e /a./e -eac/i*n when tasting the fish is an enabler for the future of
the productionϴ Beneficiallyϵ both people working with aquaponics as well as newly
introduced people seem to have positive reactionsϴ A food reseller talked about the taste and
said϶ ƳIt is a very fine fishƧ and it is very tastyƴƦ Another producer added϶ Ƴevery time I serve the
fishƧ everyone is so happyƴƦ

Re./-ai)i)g f*-ce.

While discussing sustainability problems on societal levelsϵ the Cla.h be/2een +-ice /ag and
/-0e c*./ emergedϴ The price tag represents what customers pay for the produced foodϵ
while the true cost represents the societal and environmental impacts of the productionϴ The
interviews problematized the clash when the negative effect on society is higher than what
the customer paysϴ A producer described the problem by exemplifying϶ ƳIf I destroy life for
future generationsƧ it should be shown in the price tagƴƦ The system and economic problems
could currentlyϵ according to the producerϵ be described with a structure where the polluters
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do not payϴ Since aquaponic technology produces products with a high emphasis on
sustainabilityϵ this force is defined as restraining and something most aquaponic actors
probably will faceϴ

The general perception of aquaponics seems to demonstrate a high belief in the
sustainability of the technologyϴ Howeverϵ there also seem to exist DiȂic0l/ie. media/ing
.0./ainabili/4 +-*.ϴ The focus groups brought up questions on how sustainable the
technology really isϵ since the visual perception of a shown production facility was very
highЉtech and not aligned with their thoughts on usual sustainable productionsϴ Moreoverϵ
the agency also emphasized the difficulties some producers have while mediating
sustainabilityϴ They described϶ ƳManyƧ when we question them a bit and ask Ʊhow is it
sustainableƭƲ and Ʊhow is it environmentally friendlyƭƲƧ they have a hard time showing itƴƦ

Similarly to other forces regarding economic mattersϵ all interviewees elaborated on the
DiȂic0l/ie. 2i/h +-*fi/abili/4ϴ The interviews emphasized two particular situations when the
profitability is most crucialϷ during the initiation of production and in smallЉscale
productionsϴ One smallЉscale producer said϶ ƳIt is hard to see any economy in it since both the
spawn and the feed are too expensiveƴƦ Another producer commented on a larger production
initiation϶ ƳIt will be very profitable but it is hard in the beginning since it demands quite a lot of
capital to startƴƦ Moreoverϵ the agencies added϶

ƳA great challenge is to reach the market competitivelyƦ How to get
profitableƭ ǆƦƦƦǇ At the same time as you compete with the aquaculture and
the fish industryƧ you compete with commercially grown vegetablesƦ And
that is a great challengeƧ I thinkƴƦ

Similarlyϵ other interviewees talked about the T*0gh c*m+e/i/i*n present for current
aquaponic actors as well as new entrantsϴ One researcher elaborated on the possible
difficulties aquaponic actors may face if new largeЉscaled aquaculture farms enter the market
as Ёthey will be way too big and outrival all small actorsƴϴ In additionϵ the agency explained
current competition in the vegetable market϶ ƳYou compete in the exact same market as the
ones growing tomatoes elsewhere ǆƦƦƦǇ They are also your competition so it has to have just as
good price and quality as they doƴƦ

Furthermoreϵ the interviews established how the E3+en.i1e fi.h is restraining the businessϴ
One refiner of Clarias discussed϶ ƳWe will never make it trendy if we sell it for a very high priceƦ I
believeƧ maybe not subsidize it but if you can sell it at a beneficial priceƧ you can get the society
to produce itƴƦ A potential customer from the focus groups commented accordingly϶ ƳIf they
say it costs 3ơ0 SEKǊkgƧ I will leaveƧ I will go to another placeƦ So it canƲt cost too much ǆƦƦƦǇƦ The
price has a great impactƴƦ
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There are moreover some restraining forces related to the fishϵ making the production and
distribution more difficultϴ Interviewees mention the problem of a L*2 demand *f 0nkn*2n
fi.hϴ One producer commented϶ ƳIt is like everything elseƧ there has to be a demandƴƦ A refiner
of the fish discussed the low interest of the fish and the lack of hype as problems while a
producer exemplified a common customerЉreaction to this new type of fish϶ ƳI donƲt know
what that isƯƯƦ The same experiences had been present for a reseller of the fish who
mentioned the importance of marketing the fish to a larger audience϶ ƳIf you see some things
all the timeƧ it may become a natural reasoning for peopleƴƦ Furthermoreϵ the esthetics of the
fish seems to be an issue when selling and preparing the fishϴ Some interviewees comment
on the N*/ e./he/ic fi.h and its difference to peoplesЀ usual mental models of what a fish
looks likeϴ A reseller exemplified϶ ƳMany say it doesnƲt look like a usual fishƧ so many are a bit
afraid of their looksƴƦ Another reseller continued϶ ƳYou have to sell it in filesƦ You canƲt have it
ǆnot fileadǇ on the counterƴƦ Contradictoryϵ several interviewees from the focus groups said
they did not care about the looksϵ they had eaten worse beforeϵ and one commented϶ ƳIt
wouldnƲt surprise me if the majority of people in the world eat these kinds of fishƴƦ Howeverϵ
there seem to be some Ta./e i..0e. presentϵ even though there simultaneously exist present
positive taste reactionsƦ As a food refiner reflectedϵ freshwater fish sometimes have the
perception of giving a taste of mudϴ

Finallyϵ one force restraining many actions within society as of today is the current pandemic
and the following Re./-ic/i*n. *n f**d e3+e-ience.ϴ During interviewsϵ it was discussed how
knowledge sharing and demonstration of food and taste is restricted and how this changes
the possibilities of marketing new fishϴ For exampleϵ since restaurant experiences have been
affectedϵ a challenge has emerged as they serve as suitable channels for new taste to reach
the publicϴ One reseller of fish discussed϶ ƳOne downside I see now is covid while it
simultaneously may be difficult to scale up as it isƴƦ

ȖɉȒɉȓɉȗɉɰCœlŎœłe& nołmņ

Forces coming from cultural conditions and norms present in the societyϵ are described in
this categoryϴ As seen in Figure ϫϪϴϵ several of these forces are marked dynamicϴ This mirrors
how societal trends commuteϴ

E)abli)g f*-ce.

Several interviewees highlight how the increasing A2a-ene.. ab*0/ ec*l*gical
.0./ainabili/4 is an enabling forceϴ One reseller of food expressed the current perception
from the public϶ ƳToday it is superƻhipƦ It is rather so so if you donƲt do itƴƦ Similarlyϵ a producer
commented϶ ƳIt has been a trend for a long time now ǆƦƦƦǇ Sustainability is hugeƴƦ Another
producer established the force dynamics by discussing the food trend϶ ƳPeople do more and
more understand that we have to do something about thisƴƦ Similarlyϵ there is an increasing
In/e-e./ in l*call4 +-*d0ced f**dϴ ƳThis about local production is also a strong trendƴƧ was
expressed by a producerϴ Elaboratelyϵ a reseller with a high focus on food production
discussed϶ ƳActuallyƧ I believe it is more important with local production than ecologyƦ Suddenly
you understand the effects of carbon dioxide emissionƦ It is easy for a person to understand how
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far food has travelledƴƦ Even the increasing In/e-e./ in c*n.0med f**d is in favour of
aquaponic technologyϵ since according to a reseller϶ Ƴit is important to mediate the health
effects for people and what it means to produce thisƴƦ The reseller continued talking about the
increasing amount of knowledge about fish among people϶ ƳYou notice there are a lot more
people who are interested and know more about fish and crayfish than fiveƻten years agoƦ You
are more conscious about what you consumeƴƦ A refiner added϶ ƳYou want to learn new thingsƧ
find new flavoursƧ this interest of what actually is on the plate has increased tremendously in
societyƴƦ

The A2a-ene.. ab*0/ need *f highe- f**d .ec0-i/4 seems to be increasing according to the
interviewsϴ The agency elaborated on the current pandemic϶ ƳIt has created an increased
awareness about the food chain being fragile sometimes and that selfƻprovision has come
back into the spotlightƴƦ Several other producers agreed on the need for higher food security
and had this argument as a cornerstone of their businessϴ

Finallyϵ interviewees also discussed the P*..ibili/4 *f c-ea/ing al/e-na/i1e 1al0e. emerging
when new aquaponic productions are initiatedϴ These values fluctuate from creating new
work opportunities to more sustainable productionsϴ As exemplified by one producerϵ
aquaponics canϵ apart from food productionϵ as well be about Ёsocial valuesƧ pedagogical
values and circularityƴƦ Furtherϵ the producer elaborated on even making alternative values
profitable϶ ƳWe would say it is possible to reach profitability in a 10 tonnes facilityƧ but then the
production must generate more than only fishƦ It must be a pedagogic institution where you
talk about societyƦ That is advantageousƴƦ

Re./-ai)i)g f*-ce.

According to the interviewsϵ a general Bad -e+0/a/i*n *f a,0ac0l/0-e is a problem reaching
from over forty years back in timeϴ One researcher elaborated϶ ƳMany have a negative image
of aquacultureƧ especially cage farms and salmon farms etceteraƴƦ The interviews further
discussed how consumers may reactϵ and the researcher continued by exemplifying what
some say϶ ƳNoƧ I would never eat farmed fish because it is geneƻmodifiedƴƦ In additionϵ this
subject was discussed in the focus groups and one participant questioned϶ ƳFish farming is
linked to quite some additives and chemicals to the fishƦ Is it the same in aquaponicsƭ Or is it
less chemicalsƭƴƦ Meanwhileϵ the technology has changed during the years and a significant
reduction in chemicals and additives according to the interviewees is clearϵ the old
reputation seems to still be occasionally presentϴ

Since aquaponic technology involves farming and keeping animalsϵ the Pe-ce+/i*n *f fi.h
2elfa-e is determined as an important forceϴ In generalϵ it was reflected upon how fish will
be seen as individuals more and moreϴ One researcher said϶ ƳYou have to start thinking about
welfare and not only their physiological health and their growth but also their mental healthƴƦ
The researcher continued and elaborated on how the ethics will be questionedϴ In additionϵ
the agency also highlighted the problem that many seem to believe that fish can be treated
without special care϶ ƳIt is actually animals we talk about ǆƦƦƦǇ It takes a lot to make these
animals live wellƴƦ This issue was also discussed in the focus groups and first perceptions
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from participants evolved around productions looking artificial and crampedϴ Interestinglyϵ
one participant reflected upon farmed fish϶ ƳIf I could choose wildƻcaught fish insteadƧ I would
have bought itƧ because it feels better if the fish may live naturally rather than being farmedƴƦ
Furthermoreϵ another participant added϶ ƳWe put human values on the living standards of
fishƴƧ and continued explaining why the fish tanks should be larger and more similar to their
natural habitat϶ ƳOut of a humanistic and philosophic perspectiveƧ we think they would like it
betterƴƦ

The C0./*me-.Ѐ habi/0al c*n.0m+/i*n was established as a force both reseller and
customers themselves have to deal with to change a normative behaviour and enable a
change in food consumedϴ A producer with experience of working in the food industry
commented϶ ƳTo change peopleƯs behaviour is very cumbersomeƧ it is not easyƦ If you ask
people ƱAre you open to changes and willing to try new foodƭƲƧ then ƥƥȿ say ƱyesƧ IƲd love toƲƦ But
they go to the store and buy the same food anywaysƴƦ Another reseller continued in the same
pattern϶ ƳThey have their thinking but you have to try to make them think and maybe change
courseƴƦ For exampleϵ a participant from the focus groups determined one type of habitual
action϶ ƳI always buy fish at a fish resellerƴƦ

Furthermoreϵ the interviews revealed a tendency to a general F*c0. *n .al/2a/e- fi.h in
c*a./al a-ea. where there is saltwaterϴ Accordinglyϵ one refiner usually working in coastal
areas elaborated on how freshwater fish seldomly is a part of their menu and discussed
behaviour from people϶ ƳIt is probably just in peoplesƲ mindsƦ On the west coast you eat
crayfish from the sea and on the east coast you eat crayfish from lakesƴƦ Another producer
commented on how the general agenda of aquaculture in the west coast has been aiming at
saltwater production and continued϶ ƳThen it is interesting to hear what people think if
freshwater systems have a future and may be valuableƴƦ

Another trend several interviewees highlighted was the increasing In/e-e./ in 1egan and
1ege/a-ian die/.ϴ The discussions evolved on how the fish might not be favoured by
vegetarians and how vegans might perceive the greens being grown in a circular system
where fish is a partϴ One producer discussed϶ ƳIf Ʊfish eatingƲ people become vegetariansƧ then
people donƲt eat fishƴƦ Determinedlyϵ a participant from the focus group elaborated on
veganism϶ ƳI am wonderingƧ if a vegan got to know that the vegetables have been grown in
connection with fish productionƧ maybe they would not be very committedƴƦ

Another trend commented by some interviewees was the Lack *f kn*2ledge ab*0/ fi.h
+-e+a-a/i*n in general as well as in detail regarding fish suitable for aquaponic productionϴ
ƳPeople donƲt know how to prepare fishƴƧ explained a refiner about fish in general and specified
the problem related to typical aquaponic fish϶ ƳPeople donƲt know how to handle itƴƦ Similarlyϵ
a producer added϶ ƳIf you ask people if they wish to eat more fish they say Ʊyes I would like to
eat more fishƲ and then nothing happens because they donƲt know how toƴƦ
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Ȍȴȉȴ Phaňe ȉȶ NaũigaŐing niche fońmaŐion
The second phase of the project aimed at further exploring how an upscale of the aquaponic
niche can be facilitatedϴ With a focus on the aquaponic niche in generalϵ this section
presents the findings of how an upscale of the aquaponic niche can be navigatedϴ The
conclusion is a set of guidelinesϵ serving as a guide for how to facilitate upscaleϵ and five
identified areas of opportunityϵ potentially serving as contexts for addressing the identified
guidelinesϴ

ȖɉȓɉȒɉɰGœidelineņɰŎoɰfaciliŎaŎeɰanɰœpņcaleɰofɰŎhe niche
This section presents guidelines that can be used by the aquaponic niche as a guide for
facilitating niche upscalingϴ The guidelines are based on the identified enabling and
restraining forces Жsee Section ϯϴϫϴϬϴЗ and may serve as a guide for how to either increase the
enabling forces or reduce the restraining forcesϵ thusϵ creating movement within the system
ЖThomasϵ ϫϳϲϯЗϵ in this caseϵ movement in the form of niche upscalingϴ Visualized in Figure
ϫϫ are the twelve guidelinesϵ divided into five themesϷ network formationϵ learning
processesϵ articulation of expectations & visionsϵ interplay with the regime and strategies for
aquaponic businessesϴ Three of these themes are inspired by the three processes of
Strategic Niche Management ЖSNMЗ Жsee Section ϭϴϭϴϬϴЗϵ while the two other themes are
identified by the thesis groupϴ

Ne/2*-k f*-ma/i*)

Aiming at facilitating niche upscalingϵ formation of the aquaponic network is believed to be
of great importanceϴ Similarlyϵ SNM highlights the importance of network formation as itϵ
according to Geels & Schot ЖϬϪϪϲЗϵ facilitates for actors to grow and creates a window for the
new innovation to develop furtherϴ One of the identified guidelines relates to network
formationϷ facilitate collaborationsϴ

The guideline Facili/a/e c*llab*-a/i*n. highlights the importance of collaboration within the
niche as well as between the niche and other sectors to facilitate niche upscalingϴ As
emerged during interviewsϵ there are currently factors related to collaborations both
enabling and restraining an upscale of the aquaponic nicheϴ Among the forces enabling
change is a generally positive attitude towards collaborations within the niche and
opportunities arising as aquaponics is linking aquaculture and horticultureϴ Building upon
the existing enabling forcesϵ the restraining force of a current lack of collaboration is reducedϴ
This altogether induces movement within the systemϴ
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I)/e-+la4 2i/h /he -egime

Aiming at niche upscalingϵ which potentially may influence the regime ЖJolly et alϴϵ ϬϪϫϬЗϵ the
interplay between the aquaponic niche and the food regime becomes interestingϴ Three
guidelines are included in this categoryϵ inviting the niche actors to both challenge and
involve the existing regimeϷ foster authority dialoguesϵ utilize societal interests and events
and challenge normsϴ

Aiming at influencing the regimeϵ f*./e- a0/h*-i/4 dial*g0e. is an important guidelineϴ
Authorities are important actors within the current food regimeϵ currently posing several
challenges restraining an upscale of the aquaponic nicheϴ For exampleϵ authorities are
affecting restraining forces such as inadequate laws and regulationsƧ slow development and
processes and lack of actions supporting transitions within stateƦ Thusϵ the contribution of all
niche actors to foster authority dialogues is important when aiming at reducing these
restraining forces while simultaneously inviting a key regime player to be involved in the
nicheϴ

Another important guideline aiming at influencing the regime is for the niche to challenge
n*-m.ϴ As emerged during interviewsϵ several restraining forces affecting the upscale of the
aquaponic niche derived from societal normsϵ eϴgϴ unesthetic fishƧ focus on saltwater fish in
coastal areas and clash between pricetag and true costϴ Thusϵ the aquaponic niche should
altogether aim at challenging the norms to create opportunities for the niche to influence
the regimeϴ

Howeverϵ there are not only general opinions within society appearing as restraining forces
for the aquaponic nicheϴ There are as well societal interests and events beneficial for the
nicheϴ Thusϵ 0/ili5e .*cie/al in/e-e./. and e1en/. is a third guideline encouraging the
aquaponic niche to benefit from these interests and eventsϴ For exampleϵ during interviews
several actors highlighted an increased interest in aquaponicsϵ the potential of aquaponics to
evoke fascination amongst people being introduced to the technology and an increased
interest in locally produced foodƦ These examples all serve as potential opportunities for the
aquaponic niche to utilize societal interest to facilitate an upscaleϴ

S/-a/egie. f*- a,0a+*)ic b0.i)e..e.

Lastlyϵ while categorising the guidelines a fiȅh category appeared with guidelines specifically
related to strategies for aquaponic businessesϴ Four guidelines were identified within this
categoryϷ encouraging aquaponic business to communicate values and benefitsϵ uphold
transparency in productionϵ utilize strengths of aquaponic technology and explore business
strategy and distribution channelsϴ

ϯϯ
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Firstlyϵ the guideline c*mm0nica/e 1al0e. and benefi/. encourages aquaponic actors to
spread knowledge about the benefits and values of the aquaponic technologyϴ As there is
currently a force restraining the upscale related to difficulties mediating sustainability prosϵ
actors need to highlight the potential of aquaponics and build upon enabling forces such as
storytelling of sustainability and potential of addressing sustainability concernsƦ Doing so
mightϵ according to the interviewsϵ serve as a great marketing opportunity when designing
experiments utilizing aquaponic technologyϴ

One enabling force frequently discussed during interviews was the possibility of transparency
in productionϵ eϴgϴ since it strengthens the reliability of fair productionsϴ Thusϵ encouraging
aquaponic producers to take on a strategy that enables the producers to 0+h*ld
/-an.+a-enc4 in +-*d0c/i*n is believed to be beneficial when aiming at facilitating niche
upscalingϴ Howeverϵ it is important to highlight the necessity of balancing transparency with
knowledgeϴ

A third guidelineϵ related to strategiesϵ is encouraging aquaponic producers to 0/ili5e
./-eng/h. *f a,0a+*nic /echn*l*g4ϴ Among the enabling forces identifiedϵ several addresses
the many strengths existing within the aquaponic technologyϵ eϴgϴ adaptability of technologyƧ
resource efficiency and possibility of sustaining consistent qualityƦ Thusϵ while encouraging the
actors related to aquaponic business and experiments to utilize these strengthsϵ these
enabling forces will be utilizedϴ

Lastlyϵ even though there are many strengths within aquaponic technology there are as well
areas in need of further explorations to develop the nicheϴ Analysing the forcesϵ the business
channels and distribution strategies of aquaponic producers were identified as two such
areas in need of further explorationϴ Thusϵ the guideline e3+l*-e b0.ine.. ./-a/eg4 and
di./-ib0/i*n channel. encourage aquaponic businesses to explore these areas furtherϵ
hopefully contributing to overcoming restraining forces such as high profit to middle handsƧ
difficulties with profitability and tough competitionƦ

ȖɉȓɉȓɉɰAłeaņɰofɰoppołŎœniŎŮ
While aiming at facilitating an upscale of the aquaponic nicheϵ it is of interest to define areas
of opportunity together with guidelinesϴ These areas can serve as contexts in which the
aquaponic niche can innovate to address the guidelinesϴ The interviews with stakeholders
resulted in four identified areas of opportunityϴ The fiȅh area of opportunity presentedϵ
network formationϵ was added by the thesis group to secure the potential addressment of all
guidelines Жsee Section ϮϴϬϴϭϴЗϴ Arguments and ideas underpinning this area of opportunity
could be found within interviewsϴ This section further elaborates the five areas of
opportunityϴ

C*llab*-a/e 2i/h e3i./i)g h*-/ic0l/0-e +-*d0ce-.

As aquaponic farming is a combination of both aquaculture and hydroponicsϵ the
technology has the potential of complementing and adding value to both existing industriesϴ
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Thusϵ further exploring how aquaponic technology has the potential of contributing with fishϵ
nutrition and circularity within horticulture is of interestϴ The idea of linking actors from the
horticulture and aquaculture field is present within researchϵ although sometimes an
opportunity missed by the aquaponic niche actors themselvesϴ An interviewed researcher
described how these ideas had been present within research for several yearsϵ although
added that϶

Ƴthe aquaponic actors were so fascinated by the promises of their
technology that they did not really think of what it would mean for an
existing horticulture entrepreneur to build the next greenhouse with an
aquaponic approachƦƳ

Howeverϵ several interviewed actors appeared to be well aware of this area of opportunity
and stressed the potential of finding new collaborators and areas of use in the horticulture
fieldϴ One of the interviewed aquaponic producers described how interest has been shown
from Swedish horticulture actors in adding fish farming into their existing hydroponic
productionϴ

Another opportunity mentioned by an aquaponic producer is a described collaboration in
the Netherlands where a fish producer and a plant nursery are collaboratingϴ This example
highlights that the opportunity of collaborating with horticulture not only addresses existing
aquaponic actors but also invites new actors from the horticulture and aquaculture sector
into the aquaponic nicheϴ Furtherϵ the aquaponic producer described the winЉwin in these
kinds of collaborations϶ ƳIf you are a fish producerƧ you are not so interested in farming saladƧ
and if you are a vegetable farmer ƻ you are not so interested in building a fish farmƦ But
connecting these two would be a winƻwinƦƳƦ

Based on the interest expressed byϵ and expressed toϵ the interviewed actors it is interesting
to further explore how this area of opportunity can be innovated within and how
collaborations with existing horticulture actors can be set upϴ

C*llab*-a/e 2i/h e3i./i)g +-*d0ce-. *f a,0a/ic +-*/ei)

Both the wild fishing sector as well as the aquaculture sector currently face challenges Жsee
Section ϬϴϬϴЗϴ With overfishing being a great environmental problemϵ it is of importance to
produce aquatic protein by other means than wild fishingϴ However freshwater cage farmingϵ
which is the currently most frequently utilized technique in Swedenϵ also faces
environmental problemsϵ for exampleϵ related to eutrophication and pollutionϴ Due to the
presence of these challengesϵ it is interesting to further explore how aquaponics could
contribute as part of a solutionϴ
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Similar to how aquaponics can be implemented in collaboration with existing horticulture
actorsϵ several of the interviewed actors highlighted the opportunity of aquaponics to
collaborate with actors in the aquaculture and wild fishing sectorϴ An interviewee from the
Swedish Board of Agriculture stressed the opportunities with collaborations between
aquaculture and horticulture϶ ƳAquaculture is fighting to get permission to emit fertilizers and if
it is possible to combine with horticulture technology insteadƧ who uses the fertilizersƧ even that
process will be easierƴƦ Similarlyϵ other actors highlighted the opportunity of collaborating
with the wild fishing industryϴ According to several of the interviewed actorsϵ interest has
been shown from the wild fishing sector in exploring the potential with aquaponicsϵ and
especially landЉbased aquacultureϴ For exampleϵ one actor within the aquaculture sector
describedϷ

ЁFishermen are thinking about future generationsƧ what shall our children
and grandchildren do for a livingƭ They see that wildƻcaught fish is uncertainƧ
ǆƦƦƦǇ one year they get to fish for herring and the next year they donƲtƦ They see
this ǆlandƻbased aquacultureǇ as safer and think it is super interestingƦ Ƴ

Although one challenge with implementing collaborations with actors within aquacultureϵ
discussed during interviewsϵ may be that these actors mainly have an interest in producing
aquatic proteinϴ As expressed by one aquaponic producer϶ Ёif you are a fish producerƧ you are
not so interested in producing saladƴϴ Even soϵ it is interesting to further explore how this area
of opportunity can be utilized to design experiments balancing the different interests among
different actors while simultaneously contributing to niche upscalingϴ

E)abli)g -e.ea-ch a)d i))*1a/i*)

Research and innovation is an important contributor to the development of the aquaponic
nicheϴ One aquaponic producer described how the technology in the aquaponic niche has
developed in recent years϶

ƳWeƲve been familiar with aquaponics for quite some timeƧ but for starters the
technology did not feel mature enoughƦ When we returned we realised that
aquaponics had developed and that you nowadays actually can start up without
yourself having to experiment in all areasƦƴƦ

Even though this indicates how a lot has happened in the aquaponic niche during recent
yearsϵ interviewed actors still stress the importance of development to address challenges
through collaborations with researchersϴ For exampleϵ the interviews presented ongoing
research and experimentation within areas such as feedϵ farming substrate and storage of
residual nutritionϴ There is thus a continuous need for research and innovation within the
aquaponic niche to continue to developϴ
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S+-eadi)g k)*2ledge a)d a2a-e)e.. /h-*0gh +0blic +-e.e)ce

Although increasingϵ there is still a general lack of awareness within society about aquaponic
technology as well as its values and benefitsϴ Lack of awareness and knowledge exists
among potential customers and potential producers as well as among authorities and
politiciansϴ According to an interviewed researcherϵ one potential way to create awareness is
to focus on marketing aquaponics to the general public϶ ЁJust out with the messageƦ And then
the politicians will get the message tooƦ They are part of the public societyƦƴ For exampleϵ
several interviewees discuss the idea of placing an aquaponic unit at an accessible and
frequently visited public placeϴ The Swedish Board of Agriculture discussed϶ Ƴyou can put it at
a square somewhere and show that here we are producing the food and this is where the fish
and greens come fromƦƴ

If succeeding in creating increased awareness within the general societyϵ many opportunities
may arise within the aquaponic nicheϴ As stated by one researcherϷ ƳAs long as everyone
knows about it it gets easierƦ If there is a market requesting the aquaponic productsƧ laws and
policies will followƴ Thusϵ further experimenting with spreading knowledge and awareness
through public presence is believed to be interestingϴ

B0ild )e/2*-k f*-0m.

Fostering collaborations and sharing of knowledge within the aquaponic niche is addressed
as highly importantϵ although somewhat trickyϵ by the interviewed actorsϴ As implied by the
interviewsϵ a generally positive attitude towards collaborations between the aquaponicϵ
aquaculture and horticulture sector appears to existϴ Simultaneouslyϵ a lack of
collaborations within and between the sectors is expressedϴ An aquaponic producer
described challenges with collaborations϶ ƳYou want collaborationƧ but you do not want to
shareƴƦ Similarlyϵ another interviewee addressed the same topic϶ ƳSometimes people want to
hold on to their ideasƧ but I believe in sharing ideas with everyoneƦ ǆƦƦƦǇ If you should write every
recipe in the world with this fish it would take a huge effortƴƦ Thusϵ experimenting with how to
foster collaborations is believed to be interestingϴ

One opportunityϵ brought up by several of the interviewed actorsϵ is the creation of
aquaponic networksϵ creating a shared space for sought collaborations and
knowledgeЉsharingϴ One aquaponic actor described the lack of such networks϶ ƳWho is really
organizing aquaculture and aquaponicsƭ You can find a few actorsƧ but they do not have any
impact at all reallyƦ No regional or national reachƦƴϴ Further exploring the idea of aquaponic
network formationϵ is believed to be interesting to seize opportunities arising when enabling
collaborations within the aquaponic nicheϴ As described by one aquaponic producer϶ ƳWe
want to collaborate with as many as possible to be able to transform the system ǆƦƦƦǇƦ Because
we think it is easier to work together to transform the system than doing it yourselfƦƴ
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ȖɉȓɉȔɉɰEŧalœaŎionɰofɰałeaņɰofɰoppołŎœniŎŮ
Having identified five areas of opportunity it is of interest to evaluate how potential
experiments innovated within these areas correspond to the guidelinesϴ As visualised in
Figure ϫϬϴϵ each area was given a score ranging from low ЖϫЗ to high ЖϭЗϵ indicating the
probability of an experiment within this area to address the guidelinesϴ This section further
presents the result of the evaluationϴ

The first area of opportunityϵ c*llab*-a/e 2i/h e3i./ing h*-/ic0l/0-e +-*d0ce-.ϵ focuses on
forming collaborations with the horticulture sectorϴ By inviting actors to the aquaponic nicheϵ
the guideline facilitate collaborations has a high probability of being addressedƦ As
horticulture actors already are a part of the regime within the current food systemϵ forming
new collaborations with these established regime actors might as well enable opportunities
to explore business strategy and distribution channelsƦ For exampleϵ this could be achieved
through utilizing the horticulture actorsЀ existing distribution channels and customer
segmentsϴ Furtherϵ the area as well addresses the guideline utilize strength of aquaponic
technology as it utilizes the existing technology of aquaponics and its focus on resource
efficiency as a means to provide their production facilities with fertilizersϴ

Similarly to collaborations with horticultureϵ as well experiments innovated upon within the
second area of opportunity c*llab*-a/e 2i/h e3i./ing +-*d0ce-. *f a,0a/ic +-*/ein is
believed to have a high potential of addressing the guidelines facilitate collaborationsƧ
explore business strategy and distribution channels and utilize strengths of aquaponic
technology as it invites collaborations with an already established regimeЉactorƦ This area of
opportunity as well challenge norms to a great extentϵ for exampleϵ as it provides the
possibility of increasing production and potentially the demand of a currently unknown and
unesthetic freshwater fishϴ Furtherϵ challenging two common means of producing aquatic
proteinϵ wild fishing and cage farmingϵ through instead marketing and producing aquatic
protein produced on landϵ the area can foster innovations with a strong focus on
communicating values and benefitsƦ For exampleϵ the potential for aquaponic technology to
provide a solution to current difficulties with ocean fishing and cage farming can be utilizedϴ

Instead of focusing on facilitating new collaborations to induce new productionsϵ the third
area of opportunity enable -e.ea-ch and inn*1a/i*n rather focus on the creation of
knowledgeϴ This as well affects the guidelines which potentially could be addressed by an
experiment within this areasϵ as it foremost has a high probability of addressing the guideline
strive to improve aquaponic systemƦ
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Similar to the area enabling research and innovationϵ the fourth area of opportunity .+-ead
kn*2ledge and a2a-ene.. /h-*0gh +0blic +-e.ence as well fosters experiments focusing on
knowledgeϴ Howeverϵ instead of producing new knowledgeϵ this area rather focuses on
spreading the knowledge to the general publicϴ Thusϵ it has a strong probability of addressing
the guidelines share knowledgeƧ uphold transparency in production and communicate values
and benefitsƦ Furtherϵ this area is believed to be able to both utilize societal interests and
events and challenge norms as it aims at spreading awareness of a normЉbreaking means of
producing food while simultaneously utilizing increasing societal interests aboutϵ for
exampleϵ food security and locally produced foodϴ

Lastlyϵ the fiȅh area of opportunityϵ b0ild ne/2*-k f*-0mϵ differs from the four other areas as
it neither focuses on facilitating collaborations to induce productions nor creating or
spreading knowledgeϴ Insteadϵ this area of opportunity aims to serve as a context that can
facilitate an upscale of the niche through fostering the collaboration and knowledge sharing
between actors with relation toϵ interest inϵ or potential future interest in the aquaponic
nicheϴ Thusϵ this area of opportunity addresses guidelines such as share knowledgeƧ facilitate
collaborationsƧ continue to learn and strive to improve aquaponic systemƦ Moreoverϵ this area
of opportunity is the only area of opportunity with a high potential of fostering experiments
addressing the guidelines align visions within the network and foster authority dialogues as it
might provide a platform for the involved actors to align their visions and unite their efforts to
influence authoritiesϴ

While evaluating each of the areas of opportunity against the guidelinesϵ it can be argued
that it is not possible to facilitate niche formation through the development of only one
experiment within one area of opportunityϴ As the areas of opportunity to different extent
have the potential of fostering experiments addressing the different guidelinesϵ it is believed
that a set of experimentsϵ each experiment relating to a different area of opportunityϵ is
preferable to successfully facilitate an upscaleϴ Furtherϵ not all these experiments need to
derive from one single actorϴ Insteadϵ a collaboration within the nicheϵ where different actors
set up experiments that in different ways contribute to niche upscalingϵ is advisableϴ
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ȌȴȊȴ Phaňe Ȋȶ Deňigning a ňeŐ of eůpeńimenŐň
Aiming at exploring and exemplifying how one actor within the aquaponic niche might
facilitate an upscale through the design of experimentsϵ this section builds upon the
previous results and utilizes the aquaponic producer Pond as an exampleϴ Through applying
the areas of opportunity and guidelinesϵ five concepts of experiments are developedϵ
together forming a set of experimentsϴ Furtherϵ an evaluation of the concepts is presentedϵ
concluding in the identification of a suitable point of interventionϴ

ȖɉȔɉȒɉɰConcepŎņɰofɰeŭpełimenŎņ
The five concepts presented in this section are examples of experimentsϵ based on Ponds
current businessϵ that in different ways might facilitate developments contributing to an
upscale of the aquaponic nicheϴ Each concept maps towards an identified area of
opportunityϵ and thusϵ foremost focuses on addressing the related guidelines Жsee Section
ϯϴϬϴϭϴЗϴ Four of the concepts are based on Ponds container concept Жsee Section ϬϴϯϴЗϵ whilst
the fiȅh conceptϵ Swedish Aquaponic Associationϵ relates to Pond as an actor within the
aquaponic networkϴ Followingϵ each of the concepts will be presentedϴ
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F-*m h4d-*+*)ic. /* a,0a+*)ic.

The concept From hydroponics to aquaponics is based on the area of opportunity
collaborating with existing horticulture producersϴ The concept introduces a collaboration
with an existing horticulture producer producing vegetables through hydroponic technologyϴ
Initiating collaborations with the horticulture sector through firstly approaching hydroponic
actorsϵ already applying hydroponicsϵ is believed interesting as these actors already are
familiar with producing vegetables in soilЉlessЉmediaϴ Thusϵ the knowledge and system
changes needed to shiȅ into aquaponic production are believed to be less challenging than
for a farmer producing vegetables in soilϴ

Aiming at complementing the business of a rural horticulture farmerϵ producing vegetables
through hydroponic technologyϵ the concept From hydroponics to aquaponics adds fish into
the farmerЀs current systemsϵ as visualised in Figure ϫϭϴ The context is defined by an already
existing hydroponic setЉupϵ where vegetables are grown in large greenhouses using nutrition
purchased from subcontractorsϴ Adding on a line of containers with fish tanksϵ dimensioned
according to the vegetable productionϵ instead provides the farmer with the possibility to
produce the fertilizer neededϴ Simultaneouslyϵ a new business opportunity emerges in selling
fishϴ Being an add on to an already existing business within the food sectorϵ there is as well an
already existing network of resellers and distributorsϴ Utilizing thisϵ the farmer mainly sells the
fish produced to already established business contacts such as local restaurants and
supermarkets but also the local farmers marketsϵ which the farmer regularly participates inϴ
Howeverϵ fish production being a new area of expertise for the farmerϵ there is a lack of
knowledge in implementing and maintaining an aquaponic systemϴ Thusϵ the knowledge of
Pond is neededϵ both during implementation and startЉupϵ but occasionally as well in the
long term in case of problems or unexpected eventsϴ
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F-*m 2ild fi.hi)g /* a,0ac0l/0-e

Based on the identified area of opportunity collaborating with existing producers of aquatic
proteinƧ the concept From wild fishing to aquaculture targets wild fisheriesϴ As previously
discussedϵ one potential challenge within this area of opportunity is the potential lack of
interest from wild fisheries to produce vegetables Жsee Section ϯϴϬϴϬϴЗϴ Moreoverϵ there are
currently actors within the aquaponic niche questioning the definition of aquaponics
described as tight loops within a limited radius of operation϶

ƳAquaponics is really about tight systems where you do not dissipate
energy and nutrientsƦ ThenƧ it becomes interesting when you allow
aquaponics to include systems where you store nutrients ǆƦƦƦǇƦ Where
aquaponics is allowed to be defined broader than these tight loopsƴƦ

Thusϵ one potential way of initiating collaborations with the aquaculture sector could
therefore be to redefine what aquaponics actually isϴ Building upon this ideaϵ From wild
fishing to aquaculture introduces a landЉbased aquaculture systemϵ borrowing the mentality
of circularity and noЉwaste from aquaponicsϵ while focusing on producing sustainable
aquatic proteinϴ

From wild fishing to aquaculture aims at adding landЉbasedϵ recirculatingϵ aquacultural
systems into the current business of wild fisheriesϵ as visualised in Figure ϫϭϴ Being a
complementϵ rather than a substituteϵ to the current business of the addressed wild fisheryϵ
this concept consists of a rural landЉbased aquaculture farm located right at the harbour
where the company currently operatesϴ As the wild fishery has aquatic protein production as
their main interestϵ the unit focuses on the production of fish and fertilizersϵ the latter being
sold to nearby farmersϴ Thusϵ it is by definition not an aquaponic unit but borrows the idea of
sustainable food productionϵ circularity and noЉwaste mentality from the aquaponic
technology as the nutrition from the fish waters is withdrawn from the system and reЉused by
local farmersϵ allowing the cleansed fish water to recirculateϴ Focusing on fish productionϵ the
fish produced is distributed to local supermarkets and fish shops as well as restaurantsϵ
building upon the existing network of the wild fisheryϴ Moreoverϵ it is possible to open up for
events inviting local residents to gain knowledgeϵ insight and sensory experience of ocean
fishing as well as landЉbased production of aquatic protein right at the production siteϴ

For startersϵ the concept is designed as a smallЉscale production lineϵ producing up to ϮϪ
tons of fish each yearϴ According to the interviewsϵ introducing a production line this small
allows for an easier permit application process although simultaneously allowing the fishery
to learn about the technology of fish farmingϴ To aid the implementation and learning
processϵ both the container concept and the knowledge needed for the setup and
maintenance can be leased by Pond to the fisheryϴ Further onϵ if the concept and business
model is proven successfulϵ it is possible to both upscale as well as buy the conceptϴ
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Re.ea-ch H0b

Sprung from the area of opportunity enabling research and innovation the Research Hub
explores the opportunity of collaborating with researchers to further promote research and
innovationϴ Being located in the urban context of a campus areaϵ the Research Hub aims at
triggering research and innovation through placing a smallЉscale aquaponic unitϵ provided
by Pondϵ right in the center of research and developmentϵ as visualised in Figure ϫϯϴ As the
focus is set on facilitating learnings about how to improve the aquaponic system and
technologyϵ the unit is built up by a modular containerϵ producing fishϵ and a greenhouseϵ
providing a space for vegetable farmingϴ The research hub has the potential of hosting
multiple research projectsϵ and thus demands flexibility as the needs vary between the
projectsϴ Accordinglyϵ an extra container is added to provide a flexible space adaptable to
ongoing research projectsϵ and the modularity of the container concept as well allows for
upЉscaling of the hub by further adding containersϴ

Being a research hubϵ the aim is as well to share research throughϵ for exampleϵ hosting
lecturesϵ workshops and seminarsϴ The proximity to the campus serves as a great benefit
since facilities serving this purpose are presentϴ Another advantage of being located at the
campus is the proximity to studentsϵ as it serves as a great possibility of encouraging student
projects and sparking interest amongst a future generation of researchersϴ Howeverϵ
byЉpassers and residents of surrounding residential areas as well occupy the campus areaϴ To
share knowledge and create awareness amongst them allϵ information is shared outside the
hub on the ongoing research as well as of aquaponics in generalϴ
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Neighb*0-h**d Ce)/e-

The concept Neighbourhood Center utilizes the area of opportunity spreading knowledge
and awareness through public presence as its starting pointϴ Consisting of a smallЉscale
aquaponic unitϵ with the purpose of demonstrating the technology rather than producing
fish and greensϵ the concept will be located at the center of an urban neighbourhoodϵ as
visualised in Figure ϫϰϴ Thusϵ the context is defined by proximity to a variety of local actors
and communitiesϵ as well as a lot of movement of peopleϵ and invites a wide range of citizens
to learn about aquaponicsϴ Furtherϵ being an urban centerϵ access to space is limitedϴ
Thereforeϵ a smallЉscale aquaponic unit is suitable to use as it can be adapted to a variety of
city environmentsϴ

The unit will consist of one container and a greenhouseϵ producing fish and greensϵ but will
primarily focus on information sharing through exhibitionЉlike areas sharing a brief
introduction of the aquaponic technology as well as its benefits and challengesϴ In parallel
with knowledgeЉsharingϵ the exhibition areas offers the visitors a glimpse into the containers
and greenhousesϴ Even though being smallЉscaledϵ the production unit and exhibition areas
need daily careЉtakingϴ Being located in a neighbourhoodϵ there is a possibility of using local
competence as dayЉtoЉday keepersϴ For exampleϵ people who are taking part in daily activity
programs could be included as an important part of the keeping of the facilitiesϵ similar to
Ponds existing production facilitiesϴ

To further contribute to the spreading of knowledge and awarenessϵ events will regularly be
held where the visitors or byЉpassersϵ for exampleϵ can have a chat with the aquaponic
farmerϵ enter the production site or participate in a workshop or lecture in the outdoor
classroomϴ Tasting experiences is as well an important part of the aquaponic experienceϴ
Thusϵ it is advisable to create the opportunity for the visitors to as well purchase the
produced foodϴ Collaborations could for example be made with adjacent restaurantsϵ food
trucks and supermarkets where it is possible to purchase the foodϴ Being a small scale
production unitϵ collaborations with other aquaponics producers could be made to ensure
constant providing of Clarias and vegetables to the local resellersϴ
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Figϴ ϫϳϴ Neighb*0-h**d cen/-e

Be)efi/.

- Potential of creating knowledge and
awareness among a wide range of
people on topics such as aquaponicsϵ
aquacultureϵ hydroponics and
sustainable food consumptionϴ

- Allows for transparency in productionϴ
- Contributing to expanding the

customer segmentϴ
- Possibility of utilizing urban voidsϴ
- Contributing to a bustling

neighbourhoodϴ

Challe)ge.

Complex network of actors needed for
a successful experimentϴ

Uncertainties of financeϵ ownership
and maintenance of the conceptϴ
With the main focus being the
production of knowledgeϵ profitability
may be a challengeϴ
Lack of space in urban areasϴ
More greenhouses needed to balance
the fish productionϴ
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S2edi.h a,0a+*)ic a..*cia/i*)

Building upon the area of opportunityϵ network formationϵ The Swedish aquaponic
association has its starting point in the experienced lack of collaborations within the Swedish
aquaponic nicheϴ

The concept is a nonЉprofit trade associationϵ coЉfounded by the aquaponic actors within
Swedenϵ as represented in Figure ϫϱϴϴ It aims to facilitate collaborations amongst aquaponic
producers and together conduct advocacy work and share knowledge about aquaponics
and its benefits to potential consumers as well as politiciansϵ both within Sweden and the
EUϴ Through collaborationϵ the association aims at facilitating systemЉchanges towards more
circular and sustainable food production methodsϴ The association is led by a board of
elected individuals representing a variety of actors within the fieldϴ Each member pays a
yearly membership fee that helps finance the association and its activitiesϴ

To facilitate a space for knowledge sharing and diffusion of knowledge among the niche
actorsϵ the association arranges activities such as a yearly aquaponic conferenceϵ webinarsϵ
study visits and lectures in which the members can participateϴ Amongst the activities are
both activities only for members but also activities open to the publicϵ depending on the
topic and the aimϴ The association also arranges regular onlineЉdiscussionsϵ where
aquaponic actors meet up and share thoughts and ideasϴ Occasionallyϵ the association
arranges online meetings with other aquaponic associations around the world to be able to
collaborateϵ share knowledgeϵ learn and connect as well across bordersϴ The activities are
announced through the associationϽs web pageϵ which also serves as the main
communication channelϴ
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ȖɉȔɉȓɉɰEŧalœaŎingɰconcepŎņɰofɰeŭpełimenŎņ
This section presents the evaluation of the five conceptsϵ aiming at identifying low hanging
fruitsϵ iϴeϴ the most easily achieved conceptϵ both based on Ponds business interests as well
as the possibility of addressing the guidelines Жsee Section ϯϴϬϴϭϴЗϵ thusϵ potentially facilitating
niche upscalingϴ Thusϵ the eight criteria represent both these aspects and are further
described in Appendix Cϴ With a base in the eight criteriaϵ the five experiments were graded
together with Pond on a scale from ϫЉϭϵ from low to high fulfilmentϵ as visualised in Figure ϫϲϴ
Furtherϵ based on the result of the evaluation and discussions with Pondϵ a concept was
suggested as a suitable point of intervention for Pondϴ

The concept F-*m h4d-*+*nic. /* a,0a+*nic. received the highest total score among the
five conceptsϴ One benefit highlighted by Pond is that the horticulture sector already is a
strong sector within the current regime϶ Ƴthere are a lot of ǆhorticultureǇ actors already with
good financesЂƦ Thusϵ inviting existing regime actors to collaborateϵ both ease of
implementation and profitability has a high potential of fulfilmentϴ Howeverϵ its contribution
to social sustainabilityϵ a factor regarded as important by Pondϵ was questioned϶ Ёthe
traditional side of horticulture is that it is not visitableƧ it is not inclusive and there are very few
employeesƯƯƦ The low scores on social sustainability leave room for improvementsϴ Moreoverϵ
the concept has relatively high adressment of the guidelinesϵ eϴgϴ as it facilitates
collaborations and explores business strategies and distribution channelsϴ In conclusionϵ the
concept is argued to have a high potential of contributing to an upscale of the niche while
simultaneously having a general high potential of addressing Ponds interestsϵ making it a
suitable point of interventionϴ
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Similar to the concept From hydroponics to aquaponicsϵ the concept F-*m 2ild fi.hing /*
a,0ac0l/0-e as well creates opportunities for food production through collaborations with
existing regime actorsϵ resulting in high addressment of profitability and ease of
implementationϴ The similarity between these concepts is described by Pond϶ Ёthese two
have a special characterƧ more towards business and larger scalesƴϴ Unlike the horticulture
sectorϵ the wild fishing industry is characterized by few but large actors϶ Ёa bit complicated
with wild fishing is that there are relatively few fishing operations in SwedenƦ On the other
handƧ these ones are big with good financesϴЂ According to Pondϵ this might make the ease of
implementation somewhat more challenging as there are fewer actors present to approachϴ
Howeverϵ if succeeding in collaborations with one of these large actorsϵ there is a high
potential of impactϴ Another interesting aspect highlighted by Pond during the workshop is
the conceptЀs high addressment of environmental sustainabilityϴ Although this concept
focuses less on circularity compared to eϴgϴ the concept From hydroponics to aquaponicsϵ
the benefits for the environment compared to the current wild fishing industry is very high϶
ƳWhat are you replacing with this kind of fish productionƭ That replacement may be more
important than the contribution from collaborating with horticultureƴϴ Moreoverϵ considering
the addressment of the guidelinesϵ this concept shares the highest mean of fulfilmentϴ Thusϵ
it is argued that From wild fishing to aquaculture has a high potential of both contributing to
niche upscaling and addressing Ponds interestsϴ

The concept Re.ea-ch H0b is believed to have a high addressment of factors such as
environmental sustainabilityϵ socioЉeconomic contribution and potential for Pond to
contributeϴ Howeverϵ it is believed to have a somewhat lower possibility of addressing Ponds
interest among the evaluated conceptsϴ One challenge emerging during the workshop was
its potential difficulties with profitabilityϴ Even though research is believed to be highly
important for economic growth over timeϵ difficulties with short term profitability are
discussed϶ ЁWhat is research worthƭ One could reason that it mainly costs a lot of moneyƦ ǆƦƦƦǇ It
is not very easy to make money out of itƦƴƦ Another challenge implied is the somewhat lower
interest shown by researchersϵ compared to other addressed actors϶ Ёthere is not much
interest shown from researchersƦ But it could be that we have not addressed the researchers in
this way ǆproviding research hubsǇƴƦ Furtherϵ Pond argues that their contribution to research is
mainly through providing them with contexts of aquaponic productions϶ Ƴwe have the
production facilitiesƦ We believe it to be important to research not only in research labsƧ but as
well in productionƴƦ Concludingϵ the concept Research Hub can be argued to have the
potential to contribute to a niche upscaleϵ and as well somewhat answers to Ponds interestϴ
Howeverϵ the opportunities of research and innovation to facilitate a niche upscale might be
better approached by Pond through supporting research possibilities in other contexts than
the proposed conceptϴ

In contrast to the two concepts focusing on initiating production and collaborations with the
existing horticulture and wild fishing sectorϵ the concept Neighb*0-h**d cen/e- rather has
its main focus in knowledge sharing and educationϴ Although this is a great benefit with the
Neighbourhood centerϵ resulting in high fulfilment of guidelines and socioЉeconomic

ϱϯ



contributionϵ it also serves as a drawback for the potential profitability and ease of
implementationϴ As described by Pondϵ ƳIt is not possible to motivate the investment out of
only a production perspectiveƦ Pedagogy needs to have an essential role as wellƴƦ As further
discussed by Pondϵ Ёthere is perhaps somewhat less resources available to finance the
expertise neededϵ making this somewhat harderƴ resulting in lower addressment of
profitability as well as ease of implementationϴ One benefit of this conceptϵ discussed during
the workshopϵ is its potential in contributing to social sustainability and social inclusionϴ As
described by Pond϶ ƳThis can actually be a space for people in a marginalized existence and
without any employmentƦ It could serve as a way for them to get back to their own life and role
in societyƦƴ Concludingϵ the concept Neighbourhood center is believed to have good potential
both to contribute to niche upscaling as well as addressing the interests of Pondϴ

Lastlyϵ the concept S2edi.h A,0a+*nic A..*cia/i*n differs from the four other concepts as it
focuses on Pond as an actor within the aquaponic niche rather than their business ideasϴ The
creation of an association is described by Pond as Ёreally important to get a development
within the industryƴ and it shares the highest addressment of the guidelinesϴ Even soϵ it is the
concept receiving the lowest mean scoreϴ Among othersϵ this is described to be due to
challenges with ease of implementation and profitability϶ ƳRunning an association is tiring
and it has low profitabilityƴƦ Moreoverϵ the association is believed to create a low potential in
contribution for many actors within the niche as Ƴthe ones working nowƧ they have a lack of
resources and do not have timeƦ They truly want thisƧ but they really do not have timeƦ ƳƦ Thusϵ it
could be argued that this concept could be a highly important contributor to niche upscaling
by fostering knowledge sharingϵ authority dialogues and alignment of visions within the
networkϴ Howeverϵ due to the current characteristics of the nicheϵ there might be difficulties
finding initiators and actors taking ownership of such a networkϴ

Based on the results of the evaluation and discussions with Pondϵ the concept from
Hydroponics to Aquaponics was identified as a low hanging fruit suitable point of
intervention for Pond to enable niche upscaling while simultaneously addressing their own
interestsϴ Howeverϵ the evaluation revealed a few drawbacks of the conceptϵ foremost
concerning a lack of social sustainability and knowledge sharingϴ As described by Pondϵ Ƴyou
have the potential of adding both the social aspect and pedagogyƧ but now it is business
producing a lot of food that is the main focus for hydroponics to aquaponicsƴƦ Thusϵ the
concept will be merged with elements from the Neighbourhood center to include elements
of social sustainability as well as knowledge sharingϴ
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ȖɉȔɉȔɉɰSœiŎableɰpoinŎɰofɰinŎełŧenŎionɰfołɰPond
Based on the evaluation and discussions with Pond Жsee Section ϯϴϭϴϬϴЗ a combination of the
concepts Hydroponics to Aquaponics and Neighbourhood center was identified as a
suggested suitable point of intervention for Pondϴ Thusϵ sprung from a collaboration
between Pondϵ providing a solution of aquacultureϵ and a Swedish Hydroponic farmerϵ with
existing hydroponic productionϵ this concept consists of an aquaponic system in where
tomatoesϵ being produced in large greenhousesϵ are fertilized by the generated nutrition
from the fish Clariasϵ being produced in a set of standard containers placed in connection to
the greenhousesϵ as visualised in Figure ϫϳϴ Thusϵ this concept presents the possibility of
producing food in an aquaponic systemϴ Moreoverϵ the concept includes elements such as a
cafeϵ a farm shopϵ exhibition areasϵ school programs and programs providing work
opportunities and collaborations with people currently outside the labour marketϴ Thereforeϵ
it also presents possibilities of spreading knowledge and awareness and addressing social
inclusionϴ
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P-*d0c/i*) a)d di./-ib0/i*) *f a,0a+*)ic f**d

The main goal of this concept is to increase the production and distribution of vegetables
and fish produced with aquaponic technology on the Swedish food marketϴ The production
is divided into two partsϷ providing tomatoes as well as the fish Clariasϴ As in the concept
From hydroponics to aquaponicsƧ as well this concept adds on the fish production to the
production of tomatoes to replace the currently utilized fertilizers with the generated
nutrition from the fish productionϴ Thusϵ apart from the tomatoes currently being produced
and sold by the farmerϵ the fish are added to the businessϴ

There are several possible channels for distributing the produced fish and vegetablesϴ Since
the horticulture actor being an already established regime actorϵ there are already existing
distribution channels and collaborations withϵ eϴgϴ wholesaleϵ supermarkets and restaurants
where the tomatoes are currently being soldϴ Thusϵ aiming at as well distributing the
produced fishϵ these sale channels could be utilizedϴ The produced food can as well be
distributed directly to the consumerϵ serving as a complementary sales channel that allows
for a larger profit for the producerϴ Through suggesting elements such as a farm shopϵ the
possibilities for customers to pick their own tomatoesϵ and a cafeϵ part of the distribution of
fish as well as vegetables can be managed directly to the consumersϴ

S+-eadi)g k)*2ledge a)d a2a-e)e..

A subЉgoal of the concept is toϵ similar to the concept Neighbourhood centerƧ spread
knowledge and awareness about aquaponic technology and its values and benefits to the
general publicϴ Through providing the production of both fish and greens in direct proximityϵ
the concept provides the opportunities of sharing a brief understanding of the circularity in
aquaponic food productionϴ Howeverϵ unlike the concept Neighbourhood centerƧ a farm
might not be a location frequently visitedϵ providing a potential challenge while spreading
knowledge and awarenessϴ Even soϵ through adding elements such as a farm shopϵ
pickЉyourЉown opportunities and a cafeϵ the farm also has the possibility of being not only a
production facility but as well a destination for day trips and tourismϴ Furtherϵ it is also
possible to invite groups with potential interestϵ eϴgϴ schoolsϵ to learn more about
aquaponics and sustainable food productionϴ Initiating these elements will further enable
opportunities of spreading knowledge and awarenessϵ not only beneficial for the niche
development but as well for the farmer as an increased amount of visitors provide further
opportunities for businessesϴ

Aiming at spreading knowledge and awareness amongst the visitors of the farmϵ both
knowledge about the fishϵ the circularity and the tomato production are being
communicatedϴ For startersϵ presenting an overview of the aquaponic technology and
knowledge on the fish production as suchϵ an exhibition area in relation to the fish containers
is set upϵ visualised in Figure ϬϪϴ The exhibition area is designed to guide the visitors in two
stepsϷ demonstrating a transparent production while complementing it with knowledge to
understand what is being viewedϴ Thusϵ the visitors are firstly encountered with an exhibition
sharing knowledge about topics such as sustainability challenges within the
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food systemϵ the aquaponic technology and the fish and vegetables producedϴ Secondlyϵ
having gained an understanding of the production methodϵ the visitor is offered a glimpse
through an opening in the container wall and into the fish productionϴ By providing the
visitors with the knowledgeϵ for example about the fish and its preferencesϵ before guiding
them to have a glimpse into the systemϵ they will more likely have the knowledge to
understand what they seeϴ Thus their interpretations and understanding of the system will be
affected by the knowledge sharedϵ avoiding assumptions and misinterpretationsϴ Furtherϵ to
as well offer an insight into the circularity of water and nutrition in aquaponicsϵ the visitors
can follow the flow of waterϵ from the fish containers into the greenhouses through
transparent pipesϴ Having arrived at the greenhousesϵ the visitors can follow the water inside
and have a look inside one of the greenhousesϴ

S*cial i)cl0.i*)

Another subЉgoal of this conceptϵ as well partly addressed in the concept Neighbourhood
center is that of contributing to social inclusion through aiming at creating a place inviting
everyoneϵ independent of for example ageϵ abilities or originϴ

Expanding the current business of a horticulture farmer to include as well the production of
fishϵ but as well to include elements such as a cafe and a farm shopϵ new work opportunities
will be createdϴ In Ponds aquaponic production facilities in Lerum and Göteborg Жsee Section
ϬϴϯϴЗϵ people that are currently outside the labour market have been invited to take part in
the businessϴ For exampleϵ people taking part in activity work programs and people having
arrived in Sweden in recent years are involved in the dayЉtoЉday operation of the facilityϴ
Similarlyϵ aiming at social inclusionϵ the work opportunities arising when implementing this
concept can be utilized to invite these groups as part of the businessϴ Furtherϵ this kind of
concept might as well invite other groups in society to take part in and learn from farming in
general and aquaculture as suchϴ For exampleϵ through opening up the business for and
inviting groups such as school classes as well as politiciansϵ knowledge and insights are
shared and a space for people to learn and evolve is createdϴ
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ȍȴ Diňcŕňňion

This chapter reconnects to the aim of the research and aims at discussing the
research questions posed by highlighting the main findingsƦ FurtherƧ it discusses
the limitations of the thesisƧ its implications for practice and research and
suggests further workƦ

ȍȴȈȴ FŕlFillmenŐ of Aim and Reňeańch
ȸȸȸȴQŕeňŐionň
This thesis aimed at exploring how an upscale of the Swedish aquaponic niche can be
facilitatedϴ Aiming at fulfilling the aimϵ four research questions were posed and are further
discussed in this sectionϴ

ȗɉȒɉȒɉɰSŎakeholdełņɰaƀecŎingɰanɰœpņcaleɰofɰŎheɰniche
Knowledge for addressing the first research questionϵ Wh* a-e /he ./akeh*lde-. aȂec/ing an
0+.cale *f /he a,0a+*nic nicheϻϵ was gained by gathering data from stakeholder interviews
which were further analysed and visualized through a stakeholder onion diagramϴ Doing soϵ
the question was answered by identifying Ϭϫ different stakeholderЉgroupsϵ with different
levels of involvement and different connections to one anotherϴ

The Ϭϫ categories of stakeholders are found within the three domainsϷ stateϵ market and civil
societyϵ and are as well identified within all three levels of involvementϴ Furtherϵ the majority
of them have direct or ad hoc relationships with several of the involved stakeholdersϵ
indicating interdependencies among the stakeholdersϴ Howeverϵ mediaϵ a stakeholder
within the wider environmentϵ appears to be the one stakeholder where only indirect
relationships are identifiedϴ Through providing a framework for several of the aquaponic
niche actorsϵ media is believed to be an important actor affecting the possibilities to
upscaleϴ Howeverϵ only being indirectly affected by the actors within the aquaponic nicheϵ
there is a lack of mutual dependencyϴ Thusϵ for the aquaponic niche to find ways to interact
and impact Media to a larger extent is believed interesting to further exploreϵ as it might
serve as an opportunity to increase the potential of upscalingϴ For exampleϵ a stronger
connection to media could help in diffusing the knowledge and awareness about
aquaponics and its benefits amongst potential customersϵ collaborators and investors as
well as the stateϴ
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As of todayϵ a few of the identified stakeholders carry an active role in facilitating an upscale
of the aquaponic technologyϴ Among the stakeholdersϵ mainly the aquaponic food producers
themselves and Vattenbrukscentrum Ost is believed to actively strive for an upscale of the
technologyϴ Howeverϵ as well other involved stakeholdersϵ eϴgϴ consumersϵ authoritiesϵ food
retailers and food refinersϵ have a positive attitude towards an upscale of the technologyϵ but
are currently somewhat less engaged in a potential upscalingϴ Thusϵ for the aquaponic
producers and Vattenbrukscentrum to build on the relationships with these actorsϵ to engage
as well others in the aims for an upscaleϵ is believed an important stepϴ For exampleϵ further
engaging actors within the state domain is believed crucial as they provide an important
framework for the aquaponic nicheϴ

ȗɉȒɉȓɉɰFołceņɰaƀecŎingɰpoņņibiliŎieņɰofɰņcalingɰœp
The second research questionϵ Wha/ a-e /he enabling and -e./-aining f*-ce. aȂec/ing /he
+*..ibili/ie. *f .caling 0+ /he a,0a+*nic nicheϻϵ was addressed by gathering data from
stakeholder interviews and focus groupsϵ analyzed using an affinity diagram bringing up
relevant themesϵ and visualised in a force field mapping that highlighted enabling and
restraining forcesϴ Doing soϵ the question was answered through a representation of the
current restraining and enabling forcesϵ as pictured and expressed by the actors involved in
the thesis

In totalϵ sixty enabling or restraining forces affecting an upscale of the aquaponic niche were
identified according to six categoriesϷ infrastructure & industryƧ laws & policiesƧ knowledgeƧ
technologyƧ market & user preferences and cultures & normsƦ These six categories correspond
to the six characteristics of a socioЉtechnical system Жsee Section ϭϴϬϴЗ and forces were found
within all of themϴ This indicated a variety in nature of the forces found and may point
towards a broad coverage of forces enabling and restraining change in the thesisϴ Moreoverϵ
the forces identified were analysed out of their occurrence in interviewsϴ Among the most
frequently occurring enabling forcesϵ thus expressed by the largest number of interviewed
stakeholdersϵ was positive attitude of collaborationsƧ market potentialƧ fascination creation
and possibility of transparency in productionƦ On the other handϵ the most frequently
discussed restraining forces were low demand of unknown fishƧ lack of aquaponic knowledgeƧ
lack of wellƻknown ecoƻlabellingƧ difficulties with profitability and customers habitual
consumptionƦ Being occurrenceЉbasedϵ these forces are not by default the forces with the
highest impact on restraining or enabling changeϴ Even soϵ indicating what forces are on the
top of the actorsЀ mindsϵ they could be argued to be forces frequently encounteredϵ and thus
presenting important challenges and opportunitiesϴ

Among the sixty forces identifiedϵ nine were identified to originate from changes occurring in
societyϵ thus from a decrease or increase of a factor regarded as important by the
stakeholdersϴ These forces primarily regard changes in interests and awareness among the
general publicϵ for exampleϵ increases in interest in producerƻconsumer distribution and
awareness about need of higher food securityƦ The occurrence of these forces originating from
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current movementsϵ highlights the importance of this analysis and visualisationϵ
representing a snapshot of the present situationϴ Even though these forces marked
as dynamic arise due to movementsϵ all forces found in this thesis are or can be
subjects of changeϴ

ȗɉȒɉȔɉGœidingɰnicheɰacŎołņɰŎoŨałdņɰanɰœpņcale
The third research question was H*2 migh/ /he a,0a+*nic niche ac/*-. be g0ided /*2a-d.
facili/a/ing an 0+.caleϻϴ This question was addressed through the development of
guidelinesϵ guiding the niche towards facilitating an upscaleϵ and the identification of areas
of opportunityϵ serving as a context in which an upscale could be facilitated through the
implementation of experimentsϴ

The guidelines were based on further analysis of the identified forces and aimed at helping
the niche actors navigate the enabling and restraining forces affecting an upscaleϴ In totalϵ
twelve guidelines were identified and divided into five themesϷ network formationƧ learning
processesƧ articulation of visions and expectationsƧ interplay with the regime and strategies for
aquaponic businessesƦ Among the identified guidelinesϵ several appeared to be in line with
the three processes described by Strategic Niche Management ЖSNMЗ to be important factors
for succeeding with the creation of nichesϷ the communication of visions and expectationsϵ
the creation of social networks promoting the experiments and the learning processes
within the niche ЖRavenϵ ϬϪϪϯЗϷ Schot et alϴϵ ϫϳϳϰЗϴ For exampleϵ the guideline align visions
within network was in line with communication of visions and expectationsϵ and the
guidelines share knowledge and strive to improve aquaponic system are in line with learning
processes within the nicheϴ Howeverϵ several guidelines were found not relating to the
suggested processes of SNMϴ Thusϵ the two themes interplay with the regimeƧ including
guidelines aiming at drawing from or impacting the regimeϵ and strategies for aquaponic
businessƧ including guidelines presenting strategies for actors designing aquaponic
experimentsϵ were addedϴ

Moreoverϵ the areas of opportunity identified were based on ideas and discussions during
stakeholder interviews and aimed at serving as a context in which aquaponic experiments
can be implemented to facilitate an upscale of the nicheϴ Thusϵ these areas of opportunity
served as opportunities in which the guidelines could be appliedϴ In totalϵ five areas of
opportunity were identifiedƦ The first two areasϵ collaborate with existing horticulture
producers and collaborate with existing producers of aquatic proteinƧ regarded opportunities
arising when inviting the aquaculture and horticulture sector to collaborateϵ thusϵ aiming at
expanding the network of actors within the aquaponic nicheϴ Suggesting these two areas of
opportunity are in line with the SNM process network formationƧ as inviting new actors to the
aquaponic niche contributes to the creation of broad networks according to Geels & Schot
ЖϬϪϪϲЗϴ The third and fourth area of opportunity identifiedϵ enabling research and innovation
and spreading knowledge and awareness through public presenceƧ regards the creation and
diffusion of knowledgeϴ Thusϵ they create opportunities of facilitating learning processes
within the nicheϵ for exampleϵ regarding the areas technical aspects and design specifications
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and market and user preferences as suggested by Geels & Schot ЖϬϪϪϲЗϴ Lastlyϵ the fiȅh area of
opportunity build network forums regards the creation of platforms for the niche toϵ for
exampleϵ strengthen its networksϵ enabling diffusion of knowledge amongst the actors and
unite theirϵ eϴgϴ authority dialoguesϴ Thusϵ this area of opportunity provides an opportunity to
address all three processes within SNMϷ network formationƧ articulation of visions and
expectations and learning processesƦ In conclusionϵ it can be argued that all five areas of
opportunities are relevant when guiding the niche actors towards an upscaleϴ This claim can
further be strengthened as the resultϵ when evaluating the areas of opportunity towards the
guidelines Жsee Section ϯϴϬϴϫϴϭϴЗϵ highlights the need of all areas of opportunity if aiming at
addressing all guidelinesϴ

ȗɉȒɉȕɉɰPondņɰconŎłibœŎionɰŎoɰanɰœpņcale
The fourth research question was H*2 migh/ P*ndϵ e3em+lif4ing an ac/*- 2i/hin /he
a,0a+*nic nicheϵ c*n/-ib0/e /* niche 0+.caling /h-*0gh /he de.ign *f e3+e-imen/.ϻϴ This
was answered through developing and evaluating a concept of a set of experimentsϵ based
on PondϽs role as a niche actor and aquaponic producerϴ In totalϵ five concepts were
developedϷ from hydroponics to aquaponicsƧ from wild fishing to aquacultureƧ Research HubƧ
Neighbourhood center and Swedish aquaponic associationϴ The concepts were based on the
previously identified five areas of opportunity and guidelines guiding the niche towards
facilitating an upscaleϴ Thusϵ these experiments are all argued to have the potential to
contribute to niche upscalingϴ Furtherϵ aiming at suggesting one experiment for Pond to start
withϵ successful in addressing PondЀs business interests as well as acting as a facilitator of
niche upscalingϵ a concept of a point of intervention was identified through combining from
hydroponics to aquaponics with Neighbourhood centerϴ

C*)/-ib0/i*) /* )iche de1el*+me)/

Ensuring that this thesis has answered the posed research question it is interesting
elaborating on how the implementation of such a concept can come to contribute to niche
upscalingϴ To facilitate an upscaleϵ its contribution to either increasing the enabling forces or
reducing the restraining forcesϵ affecting an upscale of the aquaponic nicheϵ are keyϴ With the
concept presented having a focus on production and collaboration as well as spreading of
knowledgeϵ the concept is argued to come to directly have an impact on several of the
identified forcesϵ as visualised in Figure Ϭϫϴ

Firstlyϵ with the main goal of the concept being to produce aquaponic fish and greens
through collaborating with a hydroponic farmer it utilizes the enabling forces of linking
aquaculture and horticulture to initiate a collaborationϴ Doing soϵ this concept serves as a
great example of how aquaponics can link these two existing sectorsϴ Being an inspiration for
other potential collaborators the concept is believed to contribute to an increase in the
enabling force linking aquaculture and horticulture as well as an increase in producer interestƦ
Moreoverϵ through setting up a successful collaboration providing a good exampleϵ the
enabling force positive attitude of collaboration and the restraining force lack of collaboration
are as well believed to be positively affectedϴ
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Moreoverϵ setting up an aquaponic facility in collaboration with an existing actor within the
horticulture sectorϵ this concept expands the aquaponic niche to include as well the
horticulture sectorϴ Thusϵ the enabling forces potential of addressing sustainability concerns
and resource efficiency is becoming even more relevantϵ as the concept provides an example
of how aquaponics can increase resource efficiency and provide a solution to sustainability
concerns as well within the horticulture sectorϴ Doing soϵ these two enabling forces are
believed to be further increasedϴ

Furtherϵ the concept utilizes PondЀs business concept of adding standard containers as
facilities for fish productionϴ Thereforeϵ the concept is believed to further add to the
adaptability of the technology by providing an example of how mobile standard containers
can be utilizedϵ for exampleϵ where there are issues regarding building permit applicationsϵ
where the facilities are nonЉpermanent or where there is a lack of spaceϴ Another area in
which the concept is believed to add to niche development through providing a successful
example is the possibility of creating alternative valuesƦ The concept addresses social valuesϵ
for exampleϵ exemplifying how an aquaponic production can be inclusive and provide work
opportunityϵ but as well pedagogical valuesϵ exemplifying how to combine production with
spreading knowledge and awarenessϴ

As another goal of the concept is to spread knowledge and awarenessϵ the concept is
furthermore believed to have the potential of contributing to sharing knowledge within
society about topics such as aquaponicsϵ aquaculture and fish preparationϴ Thusϵ it may have
the potential of contributing to decreasing restraining forces such as lack of aquaponic
knowledgeƧ bad reputation of aquaculture and lack of knowledge about fish preparationƦ
Furtherϵ aiming at spreading knowledge and awarenessϵ the concept utilizes societal interests
to communicate and evoke interest amongst its visitorsϴ Enabling forces such as interest in
aquaponicsƧ interest in producerƻconsumer distributionƧ increased interest in locally produced
foodƧ evoke fascinationƧ increased interest about consumed food and increased awareness
about need of higher food security are all drawn uponϴ Doing soϵ this concept is believed to
even further increase these interests among societyϵ and thusϵ contributing to an increase
among these enabling forcesϴ General increased knowledge and interest among the general
public altogether are believed to imply an increase in the market potential but as well a
decrease in the restraining forces low demand of unknown fishƧ expensive fish and unesthetic
fishƧ as the perceptions among the general society may be influencedϴ

Howeverϵ the concept does not only share knowledge and awareness to the general publicϴ
Through implementing this conceptϵ an experiment will be set up resulting in learning on
topics regardingϵ for exampleϵ communicating aquaponics to the general public but also
about distribution and marketing of aquaponic foodϴ Serving as an experimentϵ this concept
is believed to contribute with learnings to the niche regarding communicationϵ for exampleϵ
on how to successfully communicate the sustainability values and benefits of aquaponics
and thus reducing the restraining force difficulties mediating sustainability prosƦ Moreoverϵ it
will contribute with learnings on how to balance a transparent production with knowledgeϵ
avoiding challenges with for example perception of fish welfareƦ Thereforeϵ it will contribute to
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the niche with an increased possibility of transparency in productionƦ Moreoverϵ the concept
will not only provide the niche with knowledge regarding communicationϴ Through
experimenting with business strategies and distribution channelsϵ eϴgϴ farmЉshopϵ
pickЉyourЉown and a caféϵ the concept may as well provide learnings to the nicheϵ decreasing
the restraining force lack of producerƻtoƻmarket knowledgeƦ

Sce)a-i* *f )iche 0+.cali)g

As arguedϵ if implementing an experiment such as the described concept of implementationϵ
the forces enabling and restraining an upscale of the aquaponic niche may be affectedϴ
Aiming at exemplifying how this might come to affect the general aquaponic niche
development it is interesting elaborating on a potential scenarioϴ Furtherϵ as visualised in
Figure ϬϬϴϵ such a scenario is presentedϴ

Successfully implementing the concept of point of intervention suggestedϵ regarding
technology as well as businessϵ the interest from other horticulture actors on setting up
similar facilities growsϴ Eventuallyϵ several experiments where aquaculture is used in
combination with horticulture is initiatedϴ An increasing amount of experiments contribute
to increasing diffusion of knowledge in societyϵ but as well to an increase in producer
interestϴ In timeϵ as well current aquaculture actors and wild fisheries learn the potential of
combining landЉbased fish production and production of greensϵ for exampleϵ to overcome
issues with sustainability and legislationϴ This may lead to new initiations of experiments
ranging fromϵ for exampleϵ wild fisheries complementing their existing business with
landЉbased production of Clariasϵ as exemplified in the concept From wild fishing to
aquacultureƧ to landЉbased aquaculture farms adding greens into their productionϴ

Moreoverϵ the diffusing knowledge and awareness about aquaponic food may as well have
an impact on research and collaborations between researchers and aquaponic food
producers may be initiatedϵ as exemplified in the concept Research HubƦ Thusϵ the
aquaponic niche continues developingϴ The aquaponic producers grow in number and in
financial strengthϵ due to increasing market potential and improved technology and
business strategiesϵ the potential for initiating networks growsϴ In timeϵ several of the larger
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aquaponic niche actors decided to collaborate to initiate an aquaponic networkϵ as
exemplified in the concept Swedish aquaponic associationƦ The network invites aquaponic
niche actorsϵ stakeholders and actors with an interest in aquaponicsϵ aquaculture and
horticulture to collaborateϴ Thusϵ the network may come to contribute toϵ amongst otherϵ
improved authority dialogues as well as diffusion of knowledge and learnings amongst the
niche actors themselvesϴ

Altogetherϵ as new actors get involved in the nicheϵ the amount of experiments growsϵ the
technology improves due to research collaborationsϵ and knowledge and awareness diffuse
amongst eϴgϴ authoritiesϵ society in general and potential producersϵ the aquaponic niche
becomes more establishedϴ In timeϵ it may come to influence the current regime Жsee Section
ϬϴϫϴЗ and its focus on producing aquatic protein through cage farming and wild fishing
ЖBorthwick et alϴϵ ϬϪϫϳЗϵ by providing an alternative of production in circular aquaponic
systemϴ Moreoverϵ it has the potential of challenging the current regimeЉcharacteristics of
food import ЖLantbrukarnas Riksförbundϵ ϬϪϬϪЗϵ shopping at supermarkets ЖEriksson et alϴϵ
ϬϪϫϰϷ Kuylenstierna et alϴϵ ϬϪϫϳЗϵ many middleЉhands ЖBjörklund et alϵ ϬϪϪϲЗ and low prices
ЖSmithϵ ϬϪϫϪЗ as the aquaponic technology and the nicheЉactorsϵ as exemplified in this thesisϵ
have the potential of providing food locally and directly to the consumer while spreading
awareness ofϵ for exampleϵ the true cost of foodϴ

ȍȴȉȴ LimiŐaŐionň& implicaŐionň of meŐhod
As a means for this thesis to fulfil its aim and answer the research questionsϵ the applied
methods have been of great importance in shaping the resultϴ Thusϵ discussing their impacts
and limitations is crucialϴ

The data gathered in this thesis was qualitative and has been gathered through eleven
semiЉstructured interviews and two focus groupsϴ In totalϵ ϬϬ participants have been
involvedϵ representing ten of the twentyЉone categories of stakeholders identified Жsee
Section ϯϴϫϴϫϴЗ and visualised in Figure ϳϴ Thusϵ the sample size of each category has been
small as the focus was put on creating a broad understanding of factors affecting an upscaleϵ
representing the perspectives of several stakeholders involvedϵ rather than a deep
understanding representing the perspective of only one type of stakeholderϴ This may have
had an impact on the resultϵ as the factors identified are interpretations of the perspectives
and beliefs of only one or a few representatives of each type of stakeholderϴ Even though the
aim was a broad pictureϵ not all stakeholders affecting an upscale have been involvedϴ Thusϵ
there might be forces perceived by excluded stakeholdersϵ eϴgϴ municipalities and
horticulture actorsϵ this thesis has not been able to identifyϴ Even soϵ the dataЉgathering
methods and its sample is believed successful in providing a general broad understanding of
the forces affecting changeϵ and thus sufficient in providing a base for the thesis to fulfil the
aim and the main question Ͽhow might an upscale of the Swedish aquaponic niche be
facilitatedƭƲƦ
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Furtherϵ analysing the data gathered in interviews and focus groupsϵ an affinity diagram was
applied to identify forces affecting an upscaleϴ The affinity diagram was performed by the
thesis group and therefore builds on personal perspectives and assumptionsϴ Thusϵ if a
different group were to analyse the gathered dataϵ it is possible for the themes and areas
identified to be somewhat differentϴ The same argumentation can be applied to the
methods used to develop guidelines guiding niche upscalingϵ to identify areas of
opportunity and to find and suggest a suitable point of intervention for Pondϴ Howeverϵ
building the results upon the data gathered in interviewsϵ but also through including
stakeholdersϵ the result has been aligned and validated with the perspectives of the
stakeholdersϴ

Lastlyϵ having been a thesis with a broad focusϵ both aiming at understanding the current
system and how to potentially facilitate an upscaleϵ a lot of methods have been appliedϴ
Doing so has been perceived as crucial to secure a wider understanding of the current nicheϵ
which acts as a base for exploring how an upscale can be facilitatedϴ Howeverϵ taking on a
narrower approachϵ for exampleϵ simply focusing on the facilitation of an upscale through
the design of experimentsϵ additional focus could have been put on validating the concepts
and suggested point of intervention with other users and stakeholders than Pondϴ For
exampleϵ the suggested point of intervention could have been validated with horticulture
producersϴ Currentlyϵ not having included validationϵ the actual feasibility of the five
concepts as well as the suggested point of intervention can not fully be validated but remain
to be explored by Pondϴ Howeverϵ having based the concepts in guidelines and areas of
opportunity deriving from interviewsϵ and having validated them together with Pondϵ the
result is argued to have a high likelihood of alignment with real contextsϵ users and
stakeholdersϴ

ȍȴȊȴ ImplicaŐionň
The thesis and its result may have implications to new practice as well as researchϴ
Followingϵ potential implications are presentedϴ

ȗɉȔɉȒɉɰMełgingɰdeņignɰŨiŎhɰaɰņŮņŎemņɰpełņpecŎiŧe
Building upon the acknowledged need among researchers and practitioners to combine
design thinking with systems thinking Жeϴgϴ Ryanϵ ϬϪϫϮϷ Design Councilϵ ϬϪϬϫϷ Conway et alϴϵ
ϬϪϫϱЗ this thesis combined elements of design thinking with a systems perspectiveϴ Conway
et alϴϵ ЖϬϪϫϱЗ highlight the importance of ensuring the dimension of a systemic
understanding and the potential impact of designϵ to support innovations attempting to
scale and impact systemic changeϴ Similarlyϵ this thesis was based on a broad system
understandingϵ through mapping of stakeholders and forcesϵ and acknowledged potential
impacts of the design outcomesϵ for exampleϵ evaluating and reflecting upon the impact of
the design concept on guidelines and forces for changeϴ
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Adopting a design thinking approach to facilitate an upscale aiming at system transitions
within this thesis has been successfulϵ both regarding design thinking as a process and as
valuable characteristics of a design thinkerϽs skills and mindsetϴ Firstlyϵ taking inspiration
from design thinking processes Жeϴgϴ Wölbling et alϴϵ ϬϪϫϬЗ has created a good foundation for
translating the system understanding of the problem into tangible innovationsϷ eϴgϴ
guidelinesϵ concept of a set of experiments and a suggested point of interventionϴ Moreoverϵ
the iterative characteristics of the design process have been important while conducting this
thesis as the iterations madeϵ eϴgϴ when evaluating and redesigning experiments Жsee Section
ϯϴϭϴϬЗϵ have ensured that insights from all steps of the process have been incorporated and
shaped the outputsϴ Secondlyϵ several characteristics of design thinking skills and mindsetϵ
as presented by Owen ЖϬϪϪϰЗ has been proven applicable when aiming at facilitating an
upscale within this thesisϴ For exampleϵ the humanƻcentred focus and the affinity of teamwork
are argued valuable when involving niche actors and acknowledging their interests and
needsϴ Furtherϵ the ability to visualise and ability to use language as a tool is argued valuable
when communicating guidelines as well as concepts to the niche actors involvedϵ translating
the findings of the thesis into an understanding amongst the stakeholdersϵ who are the
actual facilitators of an upscaleϴ However arguably most beneficial is the tolerance for
ambiguity and systemic visionϵ as taking on a systems perspective has proven to be holisticϵ
complex and accompanied with uncertaintiesϴ

In summaryϵ it can be concluded that this thesis has contributed with an example of how
design thinking and a systems perspective can be successfully combined in the creation of
concepts of innovationsϵ with the potential of scaling up and impacting systemic changeϴ

ȗɉȔɉȓɉɰImplicaŎionņɰfołɰpłacŎice
The implications for practice will be discussed both regarding the implication of the process
and the implication of the result of this thesisϴ Furtherϵ the implication is discussed according
to application areaϷ Pondϵ the aquaponic niche and the process of upscalingϴ

The thesis process and its way of applying methods and theory may foremost be used while
structuring the upscale of a nicheϵ such as the aquaponic nicheϴ This implies that any actor
aiming at the upscale of a niche may be inspired by the processϴ Through the thesisϵ the
process was beneficially followed and is thus believed to have the potential of being a solid
supportϴ Summarizing the processϵ it consists of three phasesϵ visualised in Figure Ϭϭϴ The
phase system understanding is outlined by data gatheringϵ to collect informationϵ and data
analysisϵ to structure the dataϴ Secondlyϵ navigating niche formation is outlined by a
formulation of guidelines and areas of opportunityϴ The third phase regards the design of a
set of experiments and identification of a point of interventionϵ with the potential of
facilitating changeϴ While it is argued that actors within any niche can take inspiration from
the process as a wholeϵ the aquaponic niche actors may foremost focus on the later parts of
the processϴ As this thesis has provided a system understanding and guidance in navigating
niche formationϵ other aquaponic actors can build upon this and focus on the process
aiming at designing experiments and finding points of interventionsϴ
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The result of the thesis also suggests implications for practiceϴ In particular for Pondϵ the
designed set of experimentsϵ the evaluation against criteria and the final suggestion of a
suitable point of intervention are recommended implications for their continuous workϴ
This result may also be used as inspiration for other niche actorsϴ For the aquaponic niche
and the different actors withinϵ the result presenting a system understanding and
navigation of niche formation may be used as a means of understanding the current system
as well as a guidance for an upscale of the nicheϴ Thereforeϵ the result is just as important
for the niche as a united movementϵ as it is for a single companyϴ

ȗɉȔɉȔɉɰImplicaŎionņɰfołɰłeņeałch
This thesis was outlined by the Strategic Niche Management ЖSNMЗ and the MultiЉlevel
Perspective ЖMLPЗ as two theories aiming at understanding a system and system changesϴ
While MLP was applied without adjustmentsϵ the application of SNM is important to
discuss furtherϴ Firstlyϵ literature demonstrated how the theory most oȅen has been used
as a research or policymaking tool ЖRavenϵ ϬϪϪϯЗϴ In this thesisϵ the models were used as a
base and framework to build a strategy of how the aquaponic technology could reach a
stronger niche structure aiming at challenging the current food regimeϴ This has partly
been questioned in literature as an inconvenienceϵ eϴgϴ due to the inability of single
experiments to successfully reach a transition ЖRavenϵ ϬϪϪϯЗϴ The thesis took inspiration
from literature that had been questioning the SNM as a transition tool Жeϴgϴ Ravenϵ ϬϪϪϯϷ
Hoogma et alϴϵ ϬϪϪϬЗϵ and implemented several and a variety of experiments which seems
to have included more possibilities for the creation of a stronger nicheϴ A variety of
experiments have the potential of covering more and larger areas and the ability to deal
with upcoming issues better than a few experiments doϵ which creates better opportunities
for the niche to establishϴ Thereforeϵ this thesis Жsee Section ϯϴϬϴϭϴЗϵ agrees with the
literature ЖHoogma et alϴϵ ϬϪϪϬЗϵ that a suitable variety of experiments are favourable while
conducting a niche enforcementϴ Moreoverϵ the literature ЖHoogma et alϴϵ ϬϪϪϬϷ Ravenϵ
ϬϪϪϯЗ also suggests that more known cases where several experiments have been
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consciously used to manage a niche development are in needϴ Since this thesis has
attempted to propose a set of concept experiments to navigate niche upscalingϵ it may be
seen as contributing to such a caseϴ

Secondlyϵ continuing on the discussion in Section ϰϴϫϴϭϴ about the addition of two new
processes while structuring the guidelines with support from the SNM theoryϵ the thesis used
the theory and extended it to serve the aim of this thesisϴ SNM proposes three aspects
important while managing a niche transitionϷ the network formationϵ learning processes and
articulation of expectations and visionϴ For the upscaling of the aquaponic technologyϵ the
thesis suggests to add two more processesϷ interplay with the regime and explore business
strategyϴ This addition seemed to be beneficial and was necessary since the guidelines
included in the newϵ additional processes were not suitable to position in the three already
existing processes in SNMϴ As a conclusionϵ the thesis suggests that the processes already
included in the theory are of use while it simultaneously could be beneficial to add processes
more suitable or even customized for the specific technology and nicheϴ

ȍȴȋȴ FŕńŐheń Ūońk
This thesis hasϵ apart from answering the research questionsϵ as well contributed to the
identification of new questions to poseϴ To answer these questionsϵ further research and
further work by Pond is suggestedϴ

The process and result of this thesis suggest further research on the understanding of the
systemϵ the applicability of SNM as a tool for transition and the applied process of facilitating
a niche upscaleϴ Firstlyϵ taking on a broad approachϵ this thesis presents a holistic picture of
the aquaponic niche within the Swedish food systemϴ Although perceived as beneficialϵ
further research is suggested on a larger scale to fully understand the systemϵ eϴgϴ including
more types of stakeholders and larger sample size to provide new perspectivesϴ Moreoverϵ
the dynamics and interrelatedness of the identified forces and their relative strengthϵ
hindering or enabling an upscaleϵ is suggested to further be researched aiming at deeper
understandingϴ Secondlyϵ this thesis utilizes SNM as a strategic approachϵ as discussed in
Section ϰϴϭϴϭϴ Utilizing SNM as a tool for transition is believed to be interesting to further
explore since it may help future radical innovations turn into technology niches and finally
market nichesϴ Thereforeϵ further research on SNM as a strategy approach is suggestedϵ eϴgϴ
to understand its relevanceϵ reliabilityϵ and areas of applicationϴ Lastlyϵ this thesis has
through its process suggested a way of working when facilitating niche upscaling that
potentially could be developed and generalizedϵ as discussed in Section ϰϴϭϴϬϴ To do soϵ the
process as such needs further developments and iterations to validate its applicability in
relation to other niche actors as well as other niches aiming at upscalingϴ
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Moreoverϵ this thesis has contributed to the identification of a concept of a suggested point
of intervention for Pondϵ however a concept far from finalizedϴ Serving as a point of
interventionϵ there is now a need of identifying the specific actors involvedϵ eϴgϴ a horticulture
farmer and investorsϵ and initiating collaborationsϴ During this thesisϵ the focus has been put
on addressing the guidelines of how to facilitate a niche upscaling and the interests of Pondϴ
Thusϵ it is suggested that Pondϵ as a next stepϵ acknowledges the interests and needs of all
actors addressed and involves them in the process of designing the experimentsϵ as
suggested in Figure ϬϮϴ
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Ȏȴ Conclŕňion
Acknowledging that the current food system requires changes to become a sustainable food
systemϵ this thesis provides an understanding of how an upscale of the aquaponic niche can
be facilitated to initiate change within the Swedish food regimeϴ Aiming at guiding actors to
facilitate such an upscaleϵ the thesis provides an understanding of the current aquaponic
nicheϵ gained through qualitative data gathering and analysis of the perspectives of multiple
stakeholdersϴ Based on this understandingϵ tools to guide the niche in navigating the niche
formation and a way forward for an individual niche actor are suggestedϴ Through the
process of this thesis insights and findings were providedϵ useful to build upon and draw
from for the aquaponic niche and its actors as well as researchers and other nichesϴ Furtherϵ
the main findings are concluded϶

● Mapping the stakeholders ЖRQϫЗ and the forces affecting the possibilities of an upscale
ЖRQϬЗϵ a broad understanding of the current aquaponic niche within the Swedish food
system was providedϴ Analysing the stakeholdersϵ Ϭϫ stakeholders categories were
found currently affecting an upscale of the nicheϴ Moreoverϵ sixty forces were foundϵ
either enabling or restraining an upscaleϴ

● Facilitating an upscaleϵ this thesis highlights the importance of creating several
experiments and suggests the involvement of multiple actorsϴ Generally guiding the
niche towards an upscale ЖRQϭЗϵ ϫϬ guidelines were identified with the potential of
navigating niche formationϴ Five areas of opportunityϵ deriving from interviewsϵ were
concluded and suggested as contexts for actors to apply guidelines and create
experimentsϴ

● For Pondϵ exemplifying a niche actorϵ five concepts were createdϵ forming a set of
experiments ЖRQϮЗϴ Among the conceptsϵ a combination of two was identified as a
suitable point of interventionϵ suggesting a collaboration between Pond and a
horticulture actorϴ This result provides a first step for Pond to facilitate niche upscalingϴ

● The process through which this thesis was conducted is on its own believed to be an
important findingϴ Through combining design thinking with a systems approachϵ the
process suggests a way of working within a niche to facilitate upscaling through the
design of experimentsϴ Although suggested to be further developed and validatedϵ the
process has been experienced as successful for this thesisϴ

● Applying Strategic Niche Management ЖSNMЗ as a tool for transition has resulted in
insights related to such an applicationϴ Although proven successfulϵ two additional
processes were added in this thesisϷ interplay with the regime and exploring business
strategiesϴ Thusϵ the findings imply that it might be beneficial to extend the theory by
including processes for the upscale of aquaponicsϴ

Concludingϵ we hope that this thesis will contribute with insightsϵ inspiration and new
perspectivesϵ deriving from results as well as the processϴ Doing soϵ we hope to guide many
actorsϵ interested in aquaponic technology as well as upscaling in generalϵ to together aim at
facilitating sustainable changeϴ
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Ripϵ Aϴϵ & Kempϵ Rϴ ЖϫϳϳϲЗϴ Technological changeϴ In Sϴ Rayner & Eϴ Lϴ Malone ЖEdsϴЗϵ Human choice and climate changeƨ
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Röösϵ Eϴ ЖϬϪϫϮЗϴ Matƻklimatƻlistan ЖReport Ϫϱϱ ISSN ϫϰϯϮЉϳϮϪϰЗϴ Department of Energy and Technologyϴ

Ryanϵ Aϴ ЖϬϪϫϮЗϴ A Framework for Systemic Designϴ FORMakademisk ƻ Forskningstidsskriƚ for Design Og Designdidaktikkϵ

ƣЖϮЗϵ ϫЋϫϮϴ https϶ММdoiϴorgМϫϪϴϱϯϱϱМformakademiskϴϱϲϱ

Schotϵ Jϴϵ Slobϵ Aϴϵ & Hoogmaϵ Rϴ ЖϫϳϳϰЗϴ De invoering van duurzame technologieƨ Strategische Niche Management als

beleidsinstrumentϴ

Sengersϵ Fϴϵ Wieczorekϵ Aϴ Jϴϵ & Ravenϵ Rϴ ЖϬϪϫϳЗϴ Experimenting for sustainability transitions϶ A systematic literature

reviewϴ Technological Forecasting and Social Changeϵ 1Ơơϵ ϫϯϭЋϫϰϮϴ

https϶ММdoiϴorgМϫϪϴϫϪϫϰМjϴtechforeϴϬϪϫϰϴϪϲϴϪϭϫ

Sikϵ Aϴ ЖϬϪϬϪϵ October ϬϫЗϴ Garveriet har ställt inЌNu ställer man omϴ Lerums Nyheterϴ

https϶ММlerumsnyheterϴseМgarverietЉharЉstalltЉinЉnuЉstallerЉmanЉomМ

SLUϴ ЖϬϪϫϱЗϴ Konventionell odling minskar mångfaldenϴ SLUϴ

https϶ММwwwϴsluϴseМewЉnyheterМϬϪϫϱМϮМkonventionellЉodlingЉminskarЉmangfaldenМ

Smithϵ Aϴ ЖϬϪϫϪЗϴ Translating Sustainabilities between Green Niches and SocioЉTechnical Regimesϴ Technology Analysis
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Stadsjordϴ ЖnϴdϴЗϴ Aquaponics Slakthusetϴ Stadsjordϴ https϶ММstadsjordϴseМportfolioМkvartersodlatЉslakthusetМ
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http϶ММdocumentsϫϴworldbankϴorgМcuratedМenМϮϯϲϰϭϫϮϰϲϫϯϬϭϱϰϰϰϲМpdfМϲϭϫϱϱϪWPϪPϫϫϬϰϪESϪϪϭϪϪϪFishϪt
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Tursunovicϵ Mϴ ЖϬϪϪϬЗϴ Fokusgruppsintervjuer i teori och praktikϴ Sociologisk Forskningϵ 3ƥЖϫЗϵ ϰϬЋϲϳϴ

Tysonϵ Rϴϵ Treadwellϵ Dϴϵ & Simonneϵ Eϴ ЖϬϪϫϫЗϴ Opportunities and Challenges to Sustainability in Aquaponic Systemsϴ

HortTechnologyϵ 21ЖϫЗϵ ϰЋϭϴ https϶ММdoiϴorgМϫϪϴϬϫϬϱϭМHORTTECHϴϬϫϴϫϴϰ

United Nationsϴ ЖnϴdϴЗϴ The 1ƣ Goalsϴ United Nationsϴ https϶ММsdgsϴunϴorgМgoals

Velingsϵ Mϴ ЖϬϪϫϯЗϴ The case for fish farmingϴ TEDϴ

https϶ММwwwϴtedϴcomМtalksМmikeГvelingsГtheГcaseГforГfishГfarmingнtЉϮϪϮϰϮ

Wennbergϵ Nϴ ЖϬϪϫϳЗϴ Pond FIsh & GreensЌSkalbar akvaponik för kvarteretϴ Pond Fish & Greensϴ

https϶ММdocplayerϴseМϫϰϭϱϬϬϫϯϰЉPondЉfishЉgreensЉskalbarЉakvaponikЉforЉkvarteretϴhtml

Wikberg Nilssonϵ Åϴϵ Ericsonϵ Åϴϵ & Törlindϵ Pϴ ЖϬϪϫϯЗϴ Designƨ Process och Metod Жϫ϶ϫЗϴ Studentlitteraturϴ

Wölblingϵ Aϴϵ Krämerϵ Kϴϵ Bussϵ Cϴϵ Dribbischϵ Kϴϵ LoBueϵ Pϴϵ & Taherivandϵ Aϴ ЖϬϪϫϬЗϴ Design Thinking϶ An Innovative

Concept for Developing User Centred Soȅwareϴ In Soƚware for Peopleϴ Springerϴ

Woodsϵ Jϴϵ Williamsϵ Aϴϵ Hughesϵ Jϴ Kϴϵ Blackϵ Mϴϵ & Murphyϵ Rϴ ЖϬϪϫϪЗϴ Energy and the food systemϴ Philosophical

Transactions of the Royal Society Bƨ Biological Sciencesϵ 3ƢơЖϫϯϯϮЗϵ ϬϳϳϫЋϭϪϪϰϴ

https϶ММdoiϴorgМϫϪϴϫϪϳϲМrstbϴϬϪϫϪϴϪϫϱϬ
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Appendi3 A Љ General In/er1ie2s

P-e.e)/ *0-.e'1e.
Explain that we wish to use the result in our report ƻ okƭ It will be anon4mousƫ
Is it oka4 to record the interview to use as base for our anal4sis ƻ onl4 we will have access to itƫ
The interview will last about an hourƦ
We are objective and want honest answersƦ Our goal is to investigate and understandƧ therefore all t4pe of
information is relevant for usƦ
You can whenever 4ou like interrupt the interviewƦ Of course it is fine if 4ou do not like to answer a question ƻ
just let us knowƦ

Wa-( 0+
ϫϴ Who are 4o0ϻ

Tell 0s a li//le bi/ abo0/ 4o0r compan4ϴ Wha/ are 4o0r 1isionsϻ

I)/-*d0c/$*)
Insigh/ abo0/ /he
in/er1ie2ee

T#e f**d .4./e(
In our thesis we look at transition to a more sustainable food s4stemƧ and we include
the whole food chainƨ from producer to consumerƦ

We work with a framework describing the s4stem out of six perspectivesƩ
infrastructure ƛ industr4Ƨ policies ƛ lawsƧ knowledge ƛ scienceƧ technolog4Ƨ market
ƛ user preferencesƧ and culture ƛ normsƦ This we can use as inspirationƦ

Ϭϴ Wha/ do 4o0 /hink is impor/an/ /o /hink of 2hen 4o0 in/rod0ce ne2
sol0/ions 2hich /r4 /o challenge and crea/e changeϻ

Ba--$e-. f*- )$c#e.
O0/ of /heir poin/ of
1ision
Open q0es/ion

A,0a+*)$c.
In our thesis we have chosen to specificall4 focus on the aquaponics possibilities to
scale up and complement and challenge the food production like it looks toda4Ʀ

ϭϴ Do 4o0 ha1e an4 /ho0gh/s abo0/ /he po/en/ial role of aq0aponics in /he
commercial food s4s/emϻ
Wh4ϻ Wh4 no/ϻ Upscaling possibleϻ Wha/ does i/ /akeϻ

Ϯϴ Do 4o0 /hink aq0aponics can challenge /he 2a4 2e prod0ce food /oda4ϻ
Wh4ϻ Wh4 no/ϻ

ϯϴ Do 4o0 see an4 forces or fac/ors in socie/4 4o0 belie1e can help
aq0aponics /o be more es/ablished and gro2ϻ
Wa1es /o rideϻ Mo1emen/s in socie/4ϻ

ϰϴ Wha/ do 4o0 belie1e res/rains aq0aponic /o ge/ es/ablished and gro2ϻ
Bo//le necksϻ Resis/anceϻ Barriersϻ

ϱϴ Aq0aponics or circ0lar RASЉfarmingϵ 2ha/ are /he ad1an/ages 2i/h
aq0aponicsϻ

U)de-./a)d
+*..$b$'$/$e.
Open q0es/ion



Do 4o0 /hink i/ is a disad1an/age /o no/ gro2 greens in direc/ con/ac/ϻ
Ma4be no/ all /echnicalϵ b0/ from a cons0mer perspec/i1eϵ socie/al
perspec/i1e or similarϻ

We have met some diƙerent thoughts during the project we thought we could get
4our opinions onƭ

ϲϴ Wha/ do 4o0 /hink abo0/ largeЉscale and smallЉscale facili/ies
respec/i1el4ϻ
Do 4o0 see an4 barriers or oppor/0ni/ies /o 0se 2hich are connec/ed /o
/he si5e of a farmϻ

ϳϴ Wha/ does /he c0rren/ collabora/ion look like in /he aq0aponicЉsphereϻ
Be/2een aq0aponicsЉaq0ac0l/0reЉhor/ic0l/0reϻ
Is more collabora/ion some/hing 1al0ableϻ

ϫϪϴ Ci/4Љϵ 0rbanЉ or r0ral farmsϻ
DiȂerencesϻ Similari/iesϻ Be//erМ2orseϻ

ϫϫϴ Is /here 1al0e in local prod0c/ionϻ
Are /here an4 1al0es follo2ing /ha/ϻ Wha/ 1al0es do 4o0 see among
cons0mersϻ

ϫϬϴ Do 4o0 ha1e an4 /ho0gh/s on salesЉchannelsϻ Direc/Љsales /o c0s/omersϻ
To res/a0ran/sϻ

ϫϭϴ ЖDo 4o0 1al0e mobili/4 or mod0lari/4ϻЗ
Are /here an4 2ins in mod0larМmobile s4s/ems 2hen i/ comes /o ne2
inno1a/ionsϻ

O+e) ,0e./$*).

ϫϮϴ Do 4o0 ha1e an4 /ho0gh/s on 2hich ac/ors are impor/an/ /o in/er1ie2ϻ

T$+
Open q0es/ions

C'*.0-e

Thank 4ou for participating ƻ it is ver4 valuable with 4our inputs for usƫ
Eventuall4 we will make more interviews longer in the projectƧ for example to get input on developed
solutions and conceptsƦ Would 4ou mind being contacted for such an interviewƭ
Please get in touch if 4ou have more questions or commentsƫ



Appendi3 B Љ Focus groups

I)/-*d0c/i*)
HiƧ
Ho2 nice /ha/ 4o0 2an/ /o pa-/icipa/e in /hi. foc0. g-o0pƫ
Fi-./ of all 2e 2o0ld like /o .a4 /ha/ e1e-4/hing 4o0 commen/ i. of 0.e fo- 0.ƫ The-e i. no
-igh/ and 2-ongƧ -ele1an/ o- i--ele1an/ 4o0 co0ld .a4Ʀ We ha1e no/ cho.en an4 .ide 4e/Ʀ

● We 2ill a.k .ome ,0e./ion. 4o0 can /alk abo0/ and 2e belie1e i/ 2ill /ake abo0/ Ơơ
min0/e.Ƨ depending on 4o0- di.c0..ionƦ

● One of 0. 2ill be /he mode-a/o- and /he o/he- one 2ill p-obabl4 a.k .ome
,0e./ion. o- make .ome commen/.Ʀ

● If /he-e i. an4/hing 4o0 do no/ like /o an.2e-Ƨ 4o0 ma4 pa..Ƨ and 4o0 can 2hene1e-
4o0 like lea1e /he mee/ingƦ Since /hi. i. held on Zoom i/ ma4 be diƙic0l/ /o .a4
.ome/hing .ome/ime.Ƨ .o 2e 2ill ma4be gi1e /he 2o-d /o .omeone if i/ i. nece..a-4Ʀ

● In /he -epo-/ and /he.i. 4o0 2ill all be anon4mo0.Ƨ b0/ i. i/ fine /o 0.e /he -e.0l/
/he-eƭ

● Fo- 0. /o be able /o pa-/icipa/e a. m0ch a. po..ible 2e 2onde- if i/ i. oka4 fo- 4o0
/ha/ 2e -eco-d /hi. in/e-1ie2 .o 2e can go back and li./en againƭ E1e-4/hing 2ill be
e-a.ed aƚe-2a-d.Ʀ

● We 2ill no/ /ell 4o0 .o m0ch abo0/ 2ha/ 2e a-e doing and /he p-o. and con.Ƨ b0/
2e a-e happ4 /o do .o aƚe-2a-d. if 4o0 likeƦ We p-efe- 4o0- fi-./ .pon/aneo0.
-eac/ion.Ʀ The-efo-e 2e 2ill no/ an.2e- an4 ,0e./ion. in /he beginning ƻ b0/ plea.e
a.k ,0e./ion. and 2e 2ill an.2e- /hem la/e- in /he con1e-.a/ionƫ

Pic/0-e Ɲ

Wa-( 0+
We /ho0gh/ 2e co0ld ./a-/ 2i/h a -o0nd 2he-e e1e-4one can /ell 0. .ho-/l4 abo0/ /hem.el1e.
and a fi.h o- 1ege/able di.h 4o0 find -eall4 /a./4Ʀ

Q0e./i*).
ϫϴ When 4ou bu4 fish and greens Љ 2hat factors are important for 4ou 2hile

purchasing the foodϻ
What channels do 4ou oȅen bu4 fromϻ Wh4ϻ

Pic/0-e ƞ ƻ
2ha/ aƙec/.
2ha/ kind of
food 4o0
b04ƭ

Ϭϴ In o0- /he.i. 2e 2o-k 2i/h a .pecial 2a4 of p-od0cing food called a,0aponic.Ʀ
Is there an4one 2ho kno2s about aquaponic farmingϻ

We /ell abo0/ a,0aponic.ƨ .ho2 ill0./-a/ion of /he ci-c0la-i/4ƭ A ci-c0la- .4./em
2he-e e1e-4/hing i. incl0dedƦ
Men/ion /he fi.h ƻ f-e.hƻ2a/e-Ʀ

ϭϴ What is 4our first reaction to thisϻ Is food produced like this something 4ou 2ould
like to bu4ϻ
What factors could be enabling or restraining for 4ou to bu4 this foodϻ

Pic/0-e Ɵ
The
ci-c0la-i/4

Ϯϴ Sho2 image. of /he fi.h fa-mƦ The fi.hƧ /he en1i-onmen/Ƨ /he /echnolog4Ƨ /he g-een.
e/cƦ This is 2hat an aquaponic farm looks likeϴ What do 4ou think about thisϻ
Positi1e reactionϻ Negati1e reactionsϻ

Pic/0-e Ơ
A,0aponic
fa-m
The g-een.



Љ If 2e no2 ask the same question as beforeϵ 2hat is the possibilit4 that
4ou no2 2ould bu4 the aquaponic farmed fish and greensϻ Is it diȂerent
no2 2hen 4ou ha1e seen it from the insideϵ or just heard about itϻ

The fi.h

ϯϴ We a-e .pecificall4 2o-king 2i/h a concep/ called Fi.h in a Bo3 2he-e i/ i. .0gge./ed
/o fa-m an af-ican fi.h called Cla-ia. .mallƻ.caled and locall4Ʀ ǄSho2 pic/0-e of
con/aine- and /he fi.hǅƦ

Љ What do 4ou think 2hen 4ou see thisϻ What does it take for 4ou to bu4 itϻ
What might restrain 4ou  to bu4 thisϻ

Љ Do 4ou think 4ou 2ould think diȂerentl4 depending on 2here 4ou 2ere
oȂered to bu4 the fishϻ Directl4 from the producerϵ at the supermarket
or at a restaurant for e3ampleϻ Wh4ϻ What 2ould it take for 4ou to bu4 it
directl4 from the producerϻ

Љ Would 4our 2ill in bu4ing the produced food change if there 2as onl4
fishϵ and the green production 2as placed else2hereϻ Ho2 important is
the green productionЀs closenessϻ Wh4ϻ

Pic/0-e ơ
Fi.h in a bo3

Pa0.e f*- ,0e./i*). f-*( +a-/ici+a)/.
Do 4o0 ha1e an4 ,0e./ion. .o fa-ƭ

ϰϴ What do 4ou think about aquaponics no2 that 2e ha1e talked about it for a
2hileϻ If 4ou 2ould come in contact 2ith it in the future Љ ho2 do 4ou think 4ou
2ould react and actϻ

Sh*2 /he .0./ai)abi'i/4 if /he4 2i.h
Sho2 ho2 .0./ainable i/ i.Ʀ The ci-c0la-i/4Ʀ Ma4be /ell mo-eƦ

Pic/0-e Ƣ

Tha)k 4*0Ϲ
No2 2e feel 1e-4 happ4Ʀ I. /he-e an4one 2ho 2o0ld like /o add .ome/hing e3/-a o- ha. a
,0e./ionƭ
We 2an/ /o /hank 4o0 a lo/ƫ

Pic/0-e ƣ



Appendi3 C Љ Evaluation 2orkshop

The criterias

ϫϴ The numbers in the criteria of G0ideline. add-e..ed 2ere recovered as calculated means from the
former evaluation of areas of opportunit4ϴ

Ϭϴ En1i-*nmen/al .0./ainabili/4 and ci-c0la-i/4 2as added since it is one of the aquaponic
technolog4Ѐs strengths and reasons for e3istenceϵ 2hich makes it ver4 importantϴ The concepts 2ere
given numbers as of their potential of fulfilling the criteria of being environmentall4 sustainable and
circular in the futureϴ

ϭϴ The criteria of Ea.e *f im+lemen/a/i*n 2as especiall4 importantϴ The concepts 2ere assigned
numbers of ho2 eas4 the container solution could be implemented in each possible conte3tϴ Since
the 2orkshop concluded that this criteria 2as most important 2hen finding the lo2 hanging fruitsϵ
it 2as assigned to be counted t2ice in the summar4ϴ

Ϯϴ Closel4 related to ease of implementation is the criteria Sh*2n in/e-e./ f-*m ac/*-.ϵ 2hich aims at
describing from 2hich areas actors had alread4 been sho2ing interest in the solutions from Pondϵ
making the search for collaborators or customers shorterϴ

ϯϴ Economic sustainability 2as changed to +-*fi/abili/4 since it better e3plains the contain of the
criteriaϴ It focuses on the belief in ho2 2ell the e3periment 2ould be profitable if set upϴ

ϰϴ When finding the lo2est hanging fruit for a specific compan4ϵ the P*/en/ial f*- P*nd /* c*n/-ib0/e
2as essentialϴ The concepts 2ere evaluated upon the probabilit4 of ho2 2ell Pond and the
associated solutions could contribute to a successful e3perimentϴ

ϱϴ Societal economic sustainability 2as changed to S*ci*ƻec*n*mic c*n/-ib0/i*n to better fit the
purposeϴ It 2as added during the 2orkshop  and found necessar4 as a complement to profitabilit4ϴ
This criteria 2as aimed at justif4ing ho2 beneficiall4 each e3periment 2ould contribute to a
sustainable econom4 for the surrounding societ4ϴ That could eϴgϴ be either b4 creating 2ork
opportunities as 2ell as dra2ing ne2 attention to the siteϴ

ϲϴ Finall4ϵ the criteria of S*cial .0./ainabili/4 2as added to demonstrate ho2 each concept 2ould
contribute to a better societal e3perience and social inclusionϴ Eϴgϴ educating peopleϵ building
thriving life and sustaining 2elfare 2ere included in this criteriaϴ
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