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Abstract

Eutrophication ! and the need to produce materials from renewable resources are
sustainability challenges that we are currently presented with. One solution for
these issues is the cultivation of algae, because it provides ecosystem-services such
as mitigation of eutrophication and can be processed into a variety of inherently bio-
based products. The opportunities for macroalgae cultivation that the long coastline
on the Swedish West Coast o [ers have however hardly been seized. Therefore, this
thesis aims at identifying the developments that have taken place and the factors
that are hindering or promoting the development, resulting in a proposal of policy
changes required for further development. The overarching aim of this thesis is to
take on complex sustainability challenges in the setting of the Challenge Lab at
Chalmers University of Technology. The identification of a sustainability challenge
by using the backcasting approach is the first part of this thesis with the second
part of finding a strategy towards closing the sustainability gap.

Opinions and insights from di Lerknt stakeholders were the main source of infor-
mation, gathered during ten interviews and one workshop. Complementary actions
were researching existing publications and reports on the technology of macroalgae
as well as identifying connected activities in Western Sweden. The data analysis
was carried out based on the framework of the Technological Innovation System.

The study shows that the development of macroalgae is in an early stage, but
emerging entrepreneurial activities and increasing knowledge development are mov-
ing the development forward. Additionally, the support from funding is what has
been enabling the development and is necessary to generate incentives to induce
new activities and to further advance the knowledge base. However, it is necessary
to simplify the process to obtain a cultivation permit and to provide subsidies for
ecosystem services to overcome the barriers that legislative issues pose. These are
necessary changes in order for macroalgae to unfold its potential to develop into a
noteworthy technology in Western Sweden.

Keywords: backcasting, macroalgae, stakeholders, technological innovation sys-
tem, policies

LExcess of nutrients in the water, caused by human activities
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1

Introduction

A global challenge that humanity is currently presented with is the climate change,
which because of its high complexity requires collaborative e orts in order to keep
the global temperature rise in this century below ZC compared to pre-industrial
levels. This central aim of the Paris Agreement is necessary to limit dangerously
disruptive climate impacts (The Paris Agreemenf 2016). The issue of human per-
turbations that destabilize the conditions the earth is in was taken up by the frame-
work of planetary boundaries, which indicate the condition of nine di erent critical
processes. Whereas for the case of climate change, the condition is in the zone of
uncertainty, biogeochemical ows of nitrogen and phosphorous are beyond the zone
of uncertainty and pose a high risk that needs to be taken care of (Ste en et al.,
2015)

Accordingly, the region of Vastra Gotaland has set an ambitious climate goal to
become a region that is independent of fossil resources by the year 2030. To reach
this goal, the strategy for growth and development plans to reduce greenhouse gas
emissions by 80%. Therefore, one focus lies on developing renewable and resource-
e cient products and services with one strategy being the accomplishment of a
greater market for bio-based materials and fuels (Lunder and Roupe, 2016). This
aspect was taken up by the West Swedish Chemical and Material Cluster, who in
collaboration with the Maritime Cluster is exploring the opportunities of marine and
aquatic raw materials to be used in di erent applications as renewable resources.

1.1 Challenge Lab

The Challenge Lab was established in 2014 in order to address and solve complex
sustainability problems, for which it is necessary that the industry, society and
academia work together collaboratively. The aim is for students to facilitate this
process as they are seen as non-threatening, but nonetheless challenging, giving
them the ability to induce listening and trust. The collaboration between industry,
society and academia, which is called the triple helix, was induced in Western Sweden
by the identi cation and creation of ve knowledge clusters. These are facilitated
by the universities, due to their stable presence in the region. Additionally, the
universities incorporate three elements: research, innovation and education, the
knowledge triangle. Whereas research been in focus of the collaboration with the
industry and society at Chalmers, the Areas of Advance were created to strengthen
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and integrate all elements of the knowledge triangle. The knowledge triangle is then
connected with the other elements of the triple helix through the students of the
Challenge Lab (see Figure 1.1) (Holmberg, 2014).

Figure 1.1: Challenge Lab in the centre of the regional knowledge cluster, from
Holmberg (2014)

In the last study period before the start of the thesis, the preparatory course
"Leadership for Sustainability Transitions" took place, where the method of back-
casting and relevant tools to implement it were taught. The backcasting process was
applied to the example of the 'sustainable campus’, which introduced the students
to the transformative and integrative processes in the Challenge Lab.

For this year's master theses, the group consists of 16 students from 11 di erent
master programs. The process in the Challenge Lab is conducted in two phases.
Phase 1 is characterized by the identi cation of regional sustainability challenges by
conducting dialogues with stakeholders from the elements of the triple helix. As part
of the approach of backcasting, the students create criteria for a sustainable future,
which are used together with an identi cation of the present situation to identify
sustainability gaps in the region. This is is the foundation for an iterative process on
leverage points to intervene in the system, which ends with the formation of thesis
pairs that explore a research question aiming at taking on regional sustainability
issues. Phase 2 is then characterized by e orts to answer the posed research question
and to nd a way to close the identi ed sustainability gap.

1.2 Purpose and research question

During a stakeholder dialogue on the topic of circular products and services as
part of the thesis process in the Challenge Lab, this project was presented by a
representative from the West Swedish Chemical and Material Cluster. It was pointed
out that there is currently an interest in this topic, because aquatic raw materials
could support the transition from a linear to a circular economy. Additionally, they
provide ecosystem services, which are bene cial e ects from ecosystems to human
well-being, e.g. air puri cation and removal of excess nutrients (Hattam et al., 2015).
After connecting with the interdisciplinary Swedish research project on macroalgae,
Seafarm (Groéndahl, 2014), we concluded that in particular macroalgae is a promising
renewable resource for the future. Whereas the research project is researching how

2
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to carry out the di erent steps of the value chain, this thesis aims at evaluating the
potential of macroalgae to take part in the transition.

This is achieved by identifying the innovation system surrounding the technolog-
ical eld of macroalgae within the later described scope. The goal is to have an
understanding of the value chain and the stakeholders involved to understand the
strengths, weaknesses and the state of development of the system. From this nding,
a proposal can be made on which developments are necessary to foster the growth
of the technological eld and what barriers are hindering it. The research is guided
by the following research-question:

Does macroalgae currently contribute to the transition towards a sustainable future
in Western Sweden and how does the prospective potential look like?

The aim is to answer this question by evaluating the following two questions:

What are the actors, institutions, interactions and infrastructure that can be iden-
ti ed in the focal TIS and where are they found in the corresponding value chain?

What drives and what hinders the development of the focal TIS?

1.3 Scope and delimitations

The scope of the thesis is de ned by three aspects: time-scale, geography and focus
of attention. In this case, the time-scale of identifying the history of macroalgae of
ve years is set and the geography is narrowed down to the regional context of West-
ern Sweden, based on the vision of the Challenge Lab to act on a local or regional
level. As this thesis bene ts from a broad geographical scope and benchmarking,
the regional scale is a large limiting factor. The focus of attention is limited to the
circular value chain of macroalgae production and its technological use, highlighting
the case from cultivating macroalgae to the nal product of high value compounds.
Therefore, on-land cultivation of microalgae, as well as co-cultivation with other raw
aquatic materials was excluded and other possible products neglected. These limita-
tions are necessary to be able to write a thesis in the limited time given and attempt
to ensure that the thesis has enough depth and is not only covering surface aspects.
However, this results in the issue that the perspective is too narrow to accomplish
meaningful ndings and will not depict the system in its entirety. Additionally, the
language barrier of being a non-native speaking person limits the understanding to
mainly English literature.

1.4 Outline of the thesis

The thesis process is characterized by two phases: Phase 1 covers the process
of applying the research methodology of backcasting to identify sustainability chal-
lenges in the region, from which the research question originates. Phase 2 continues
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with developing a strategy to answer the posed research question, which is in this
thesis carried out by applying the Technological Innovation System framework to
macroalgae.

Phase 1 includes the following text bodies:
Chapter 2 - Explanation of backcasting as a framework and relevant theory con-
nected to the di erent steps
Chapter 3 - Description of the specic steps carried out to propose the research
guestion
Chapter 4 - Presentation of the outcome of conducting backcasting, resulting in the
research question

Phase 2 includes the following text bodies:

Chapter 5 - Presentation of relevant theory, namely the framework of Technological
Innovation System (TIS) Analysis and a review of previous research

Chapter 6 - Introduction into the process from cultivating macroalgae to di erent
applications

Chapter 7 - Description of the study approach and collection of data

Chapter 8 - Setting the scope of the focal TIS, followed by the structural and func-
tional analysis

Chapter 9 - Identi cation of the phase phase of development and barriers and drivers
Chapter 10 - Concluding discussion with policy recommendations



Phase 1






2

Theory

The theory presented in this chapter consists of di erent tools, frameworks and ap-
proaches used during Phase 1 to identify the sustainability gap and to de ne the
research question. They were utilized as tools to carry out the process of back-
casting and are therefore structured according to their contribution to conduct the
backcasting process.

Backcasting is a planning method that is applicable to approach problems of high
complexity and uncertainty, which is given for many sustainability challenges. It
resulted from the problem that solutions were too reliant on the present situation
when approached with forecasting. In contrast to forecasting, which is done by trend
extrapolation, backcasting is carried out by rst creating sustainability criteria of a
desirable future and going backwards from there, thus preventing possible lock-ins in
today's situation (Holmberg and Robert, 2000). With the aim of the Challenge lab
to address challenge-driven sustainability transitions, backcasting is the core method
used, complemented with relevant tools to carry out the di erent steps (Holmberg,
2014). The approach of backcasting is divided into four steps, starting with de ning
a framework for sustainability, followed by describing the current situation in rela-
tion to the framework. Adjoining with envisioning a future situation, the last step
includes nding strategies for sustainability (Holmberg and Robert, 2000).

Figure 2.1: Steps in strategic planning for sustainability, from Holmberg (1998).

Each step is then approached by two di erent perspectives: the outside-in per-
spective with the aim to analyze the system by taking a global perspective, as well as
the inside-out perspective that is concentrating on the individual and includes self-

7



2. Theory

leadership dialogue tools (Holmberg, 2014). The theory for the four steps, including
the di erent perspectives, is presented in the following paragraphs.

2.1 De ning criteria for sustainability

The rst step in backcasting is to de ne criteria for sustainability, which is a
process that involves acquiring self-leadership skills and has as a result a common
vision of a sustainable future.

Outside-in

The starting point is to understand the conditions that need to be met in a
sustainable future, thus a sustainability framework is developed for the dimensions
well-being, society, economy and nature. The dimensions relate to each other in a
way where the ecological criteria (nature) are the foundation for the dimensions of
society and economy. When combined, they form the conditions to guarantee the
well-being in the future (Holmberg, 2015).

The necessity to have a vision of a sustainable future also arises from the fact
that the global demands for natural resources are increasing due to global popula-
tion growth, ever growing economies, and increasing resource intensity per service.
This is met with a decreasing supply capacity of natural resources, caused by in-
creasing resource, assimilation, and land area restrictions. Combining the increasing
global demand of natural resources with the decreasing supply capacity, the space to
act within becomes smaller, which can be visualized as a time-dependent (resource)
funnel that becomes more narrow as time goes on. With the decreasing resource
potential, it is then even more pressing to move towards a sustainable future (Holm-
berg, 1998).

Inside-out

Holmberg (2014) argues that it is necessary to supply students with leadership
skills that enable them to induce co-creative processes and to challenge prevailing
perceptions that individuals have on the way that certain systems function. This
type of leadership requires knowing ones values and strengths, which form the foun-
dation of self-leadership. Moreover, knowing ones values and strengths, empowers
students to identify their vision. Being aware of theses aspects gives the students
the opportunity to connect to their intrinsic motivation, which is helpful for the
transformation of complex systems (Stewart et al., 2011). As this is the goal of the
Challenge Lab, there is an emphasis on gaining self-leadership skills.

2.2 Understanding the present system

The second step consists of understanding today's situation to be able to describe
the present situation in relation to the criteria for sustainability. This is done by
mapping the system with the aim to result in the identi cation of a gap between
the envisioned future and the present.
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Outside-in

The outside-in perspective in this step is used to understand the dynamics of
the existing system. In order to map the system, di erent tools can be applied, in
particular system thinking and multi-level perspective.

System thinking addresses the issue that problems are often cut into smaller
pieces, which has as a result that the big picture becomes unclear and e orts made
to put the pieces back together do not result in depicting the original situation. Con-
sequently, Flood (1998) describes the core of system thinking in a review of Senge's
Fifth Discipline that it Explores things as wholes [...] they are all interconnected
(p.260) . Gathering knowledge of certain small reoccurring patterns, so called sys-
tems archetypes, helps to gain awareness of underlying processes to be able to make
sense of the complexity. When using backcasting, the ability of systems thinking
helps nd holistic solutions, as sustainability issues are often multifarious and often
interconnected. If a too narrow mindset is applied, improving a certain aspect, can
lead to a worsening of others when important connections were not detected (ibid.).

The multi-level perspective, as described by Geels (2005), is an analytical frame-
work that can be used to understand how innovations can be introduced into a
system. Therefore, it distinguishes three di erent system levels: niche, regime and
landscape that interact and in uence each other. The regime refers to socio-technical
systems that are formed by social groups that interact and in uence each other and
can be described by seven functions, as indicated in Figure 2.2. The technological
niches o er opportunities for radical novelties to develop in a protected space. If
they grow the ability to compete with prevailing solutions, they have the chance
to alter the socio-technical systems and even to have an in uence on the landscape
development. The landscape refers is formed by the surrounding environment and
in uences the way socio-technical regimes are built up. It is the most rigid system
level and thus the hardest to in uence and change.

Figure 2.2: A dynamic multi-level perspective on system innovations (Geels, 2002).
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Inside-out

The main tool used for the inside-out part is the conduction of dialogues to gather
and mediate the opinions and insights of the di erent stakeholders on the present
situation. According to Holmberg (2014), the ability to conduct a dialogue is thus
essential in getting people to listen to each other and to be able to understand
and appreciate di erent standpoints, especially when matters become complex. An
important foundation to conduct a valuable dialogue is the ability to create trust.
Jewell-Larsen and Sandow (1999) explain that it is listening and observing that
lead to understanding, which is the foundation of collaboration. Collaboration then
enhances listening, as well as increased patrticipation. This then nourishes creativity
and innovation and then leads to excitement and appreciation, which is the last step
in closing the so called positive feedback loop with coming back to collaboration.

2.3 Envisioning future solutions

The third step includes the envisioning of solutions that t within the sustain-
ability framework that was created in the rst step are envisioned, based on the
evaluation of the present situation. Because the previous steps only set the general
direction, there are various possible future solutions (Holmberg, 1998). A tool that
can be used for this step is design thinking.

2.4 Finding strategies towards sustainability

To nish the backcasting process, the last step that needs to be taken is the
identi cation of feasible ways to realize the envisioned future solutions. To nd a
holistic strategy, the following questions should be considered:

N

"Will each measure (e.g. investment or product ) bring us closer to sustain-
ability?

Is each measure a exible platform for the next step towards sustainability?
Will each measure pay o soon enough?

Will the measures taken together help society to make changes at a su cient
speed and scale to achieve sustainability without too many losses for humans
and other species during the transition?" (Holmberg, 1998, p.39)

According to Holmberg (1998), these question are meant as guidance, resulting in a
strategy with the largest possible impact only if all of them are combined

10
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Method

Phase 1 was performed by carrying out the rst and second step of backcasting,
which resulted in the formulation of a research question as well as the formation of
thesis pairs. The di erent steps taken are described in the following paragraphs.

3.1 Creating a shared mental model

Phase 1 began with the creation of a shared mental model, which was developed
by both taking the outside-in perspective to investigate global sustainability aspects
and the inside-out perspective to achieve self-awareness of each individual student.

Outside-in

The outside-in perspective was taken to develop criteria for a sustainable future
of the four pillars (ecological, social, economical and well-being). Therefore, focus
groups on each of the pillars were formed and in each focus group, the particular
sustainability criteria were created by reviewing the material of previous courses
and thesis groups, as well as literature. They were then presented to the entire
group, discussed and decided upon. When an agreement was found, the criteria
were registered and provided from thereon the framework for a sustainable future
for the students to build the following processes and their thesis upon.

Inside-out

The rst activity of the thesis process included taking an inside-out perspective
by creating a "Coat of Arms" by drawing pictures to the following topics: This is
me, Why | chose Challenge Lab, What makes me concerned, What makes me happy.
The process of the creation of a shared mental model then nished with a day-long
workshop on self-leadership skills, which involved the identi cation of the values of
the individuals. These were subsequently communicated to other students in an
active listening exercise to induce collaboration in the group by addressing the pos-
itive listening feedback loop, as explained in 2.2. Finally, a strength assessment was
conducted, where the students identi ed their individual strengths and continued
to describe the corresponding overdone strength, complementary strength and chal-
lenge in order to recognize how di erent strengths can collaborate to balance each
other out. It nished with the identi cation of speci ¢ individual personality traits
from which the students positioned themselves within the given characteristics.

11
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3.2 Finding leverage points

The second step led to an understanding of the current situation in the region Vas-
tra Gotaland, the identi cation of leverage points and the formulation of a research
guestion.

Outside-in

As an introduction to the topic, representatives from the region presented their
climate strategy to become a fossil-independent region by the year 2030. To reach
this goal, the region developed four focus areas and climate actions of which three
were adapted to the focus areas of the Challenge Lab, namely Circular Products
and Services, Urban Futures, and Mobility (Lunder and Roupe, 2016). In addition
to the information about the region's work with sustainability, Chalmers' Areas of
Advances presented their strategy to get an understanding of our university's work.
The synthesis of the dialogues, described in the inside-out perspective, was carried
out using the multi-level perspective and system thinking (see Chapter 2.2). After
each dialogue, the students met to discuss the topics that were brought up and
clustered the results into sub-topics, from which the identi cation of leverage points
followed. They were continuously iterated and nally assembled on one map that
clustered and connected all leverage points identi ed during the di erent dialogues.
Guiding questions for the iteration process were the following:

What can Challenge Lab do? (De ne a clear starting point.)

Who are the stakeholders connected to this starting point?
Which other leverage points is this leverage point connected to?

Inside-out

Stakeholder dialogues on the three focus areas were held in a shbowl-setting
to discuss sustainability challenges that the stakeholders saw and possible lever-
age points. They were prepared by conducting research on the topics, from which
sustainability challenges were identi ed by the students beforehand, from which
guestions were formulated to be asked in the dialogue. Additionally, two facilitators
were named, as well as a secretary and the nal preparation included deciding who
would take part in the inner circle and who would observe from the outer circle.
The dialogue was then conducted based on the structure given by the facilitators.
The table 3.1 below shows the background stakeholders that were present during
the di erent transition dialogues.

The iteration on the leverage points was carried out in a way that students had
to choose two leverage points to further investigate and leverage points that had
less than two interested students were taken away. Thus, a natural process emerged
where students with common interests started to communicate with each other and
started to form groups. This process was additionally guided by the supervisors
from the Challenge Lab, who then gave support for the nal formation of the thesis
pairs.

12



3. Method

Table 3.1: Stakeholders present during the three dialogues

Topic area

Institution

Circular products and
services

West Swedish Chemical and Material Cluster
Innovation and Chemistry industries in Sweden
Chalmers - PhD

Chalmers Industriteknik

Urban futures

Framtiden AB

Goteborgs Stad, Kretslopp och vatten
Chalmers - Docent

Chalmers - Senior researcher
Alvstranden AB

Yes In My Backyard (YIMBY)

Mobility

RISE Victoria

DenCity

Yes In My Backyard (YIMBY)

Tra kkontoret Goteborg

Chalmers - PhD

Area of Advance Transport - Chalmers
Chalmers - Assistant professor

13
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Results & Discussion

The results from the di erent activities that ranged from creating the coat of arms
to identifying the research question are presented in this chapter.

4.1 Creating a shared mental model

The coats of arms was the rst introduction to the inside-out perspective with
the goal to get acquainted with the group and to start the collaborative process. It
made us re ect on the purpose of being in the Challenge Lab to do our thesis and
we presented who we are, instead of focusing on what we have done. The following
three days were used to agree on criteria for a sustainable future, as proposed by
Holmberg (2015). This task was harder than expected, because of having di erent
cultural backgrounds, beliefs and education. Finally, we agreed on the following
criteria for sustainable future:

Well-being
" Everyone should have the right tohuman basic needs (subsistence, pro-
tection), such as health, security, food, water, sanitation, recreation, shelter,
energy

Human life should ful I psychological needs , such as a ection, understand-
ing, participation, idleness, creation, identity

Everyone should have the equal opportunity and freedom
To choose or to opt out

To express one's identity

To de ne and pursue their own goals, objectives and commitments
without limiting others' freedom or harming others

Societal
A sustainable society is a system of individuals built upon the following criteria:
" Empowerment

Equity & Justice
Trust (such as between individuals, transparency)

System for well-being (maintain access to food, medical service, support &
safety)

N
N

N

15
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Openness to Development and Novelty

Nature
" Substance* emission:Nature is not subject to systematically increasing con-
centrations of substances.

Substance extraction:Substances are not extracted in a way it disturbs the
balance of natural cycles.

Ecosystem balance: Exist in harmony as one system, enabling ecosystem ser-
vices and biodiversity.
* A species of matter of de nite chemical composition

Economy

The economic system is an instrument that enables the other criteria, to be met
e ciently and e ective in such a way that:

" Resources* are used inde nitely non-depleting.

N

It ensures a fair distribution of resources*

N

It is resilient to disturbance and disruption and is exible enough to adapt to
changing conditions

N

It facilitates transparency and trust
*Resources include natural and man-made.

4.2 Finding leverage points

The procedure to identify challenges and leverage points was carried out and
resulted in the identi cation of the leverage points and challenges presented in the
following gures according to the three focus areas.

Circular Products and Services
Table 4.1: Challenges and leverage points identi ed during the Circular Products
and Services dialogue

Challenge | Leverage point
. Forest based bio-materials
Raw materials
Algae
Food waste
Reuse/Recycle Content declaration
(Mainly food, textiles, | Excess heat for algae production
plastics) Modular products
How to recycle di cult end-use products?
Users Consumer-based collaboration
Understanding the Connect and waste recycling

system

Bridge gap of prot vs. sustainability
Business models Advantage of circular market segment
Questioning owner ship

Legislation/ Policies

16



4. Results & Discussion

Urban Futures

Table 4.2: Challenges and leverage points identi ed during the Urban Futures
dialogue
Challenge \ Leverage point

Use of Space

Density vs building in-between and connecting general plan
Existing Stock: cost vs sustainable renovation
Flexible Housing: ownership, growing housing demand

Environmental

RiverCity and the sea level rise
Food production and resources independent cities, urban farming

Social

Social Space: Playful city and Empowerment and opportunity
Gothenburg a sharing city. Change in consumption patterns

Understanding the

Connect stakeholders and citizens' opinions

system Planning symbiosis (top-down vs. bottom-up)
Infrastructure/ Comparing Gothenburg and Malmd
Resources

Mobility

Table 4.3: Challenges and leverage points identi ed during the Mobility dialogue

Challenge \ Leverage point
. UbiGo, why did it not succeeded
Private .
Parking Norm
Adaptability
Infrastructure Data: Integration of di erent actors
Use transportation structure for energy
Barriers in the transportation system
Public Multimodal: use of bikes and buses
Pods/ platooning
Land Use tLiJc;c,ne water as mean of mobility, integrating cargo/ human transporta-
Environment Noise and V_ibration
Water Pollution
Behaviour Use transport to create trust

During the dialogue on circular products and services, it was pointed out by the
representative from the West Swedish Chemical and Materials Cluster that algae
as a renewable resource was an interesting material to be integrated into existing
industrial processes. The cluster therefore was planning to explore the opportunities
of marine and aquatic raw materials to be used in di erent applications as renew-
able resources. In collaboration with the Maritime cluster a seminar was held in
March with di erent stakeholders to look for the opportunities in this eld. This
appeared to be a solid starting point for an interesting research eld for me, as
well as another student, which resulted in us forming a thesis pair that was later
resolved into two individual research projects. After connecting with a supervisor
with a background in analyzing innovation system, a research approach was set and
the following research questions formulated:

17



4. Results & Discussion

Does macroalgae currently contribute to the transition towards a sustainable future
in Western Sweden and how does the prospective potential look like?

The aim is to answer this question by evaluating the following two questions:

What are the actors, institutions, interactions and infrastructure that can be iden-
ti ed in the focal TIS and where are they found in the corresponding value chain?
What drives and what hinders the development of the focal TIS?

The starting point for this thesis was the seminar, with the main purpose to get
a rst overview over the situation in West Sweden and to connect with relevant
stakeholders. It also revealed opportunities and challenges in di erent marine tech-
nologies. Macroalgae was a frequently discussed topic with a great interest in the
eld, which is why this thesis focuses on this speci ¢ strain of algae.

The aim is to analyze the system using the Technological Innovation System (TIS)
framework, which was developed to explain why and how a technology has evolved
and spread into a society, or on the contrary, failed to do so. The framework is
integrated in the backcasting methodology as it approaches the fourth step, to nd
a strategy for sustainability transitions. The goal is to create recommendations on
what is necessary to support the development of the focal TIS. It is nalized as a
proposal for the clusters, and for the newcomers to the algae network.

18



Phase 2

19






5

Theory

During Phase 1, the approach of backcasting was used, resulting in the identi ca-
tion of the opportunity that macroalgae o ers as a potential solution to close the
identi ed sustainability gap. The task for Phase 2 is therefore to explore a feasible
way to realize the envisioned future solution (forth step of backcasting) by using the
Technological Innovation System (TIS) framework.

5.1 Analytical framework

The TIS framework is used to understand the processes and structures that foster
or dampen the innovative processes surrounding a technology, formulated by Bergek
et al. (2008), with the addition of di erent views and approaches from Wieczorek and
Hekkert (2012) and Sanden and Hillman (2011). It is a practical scheme, divided in
six steps, that was originally created as as an analytical framework to evaluate the
performance of a technological system and to support policy makers in identifying
key policy issues. The core part is the analysis of the key functions, in particular the
processes that "have a direct and immediate impact on the development, di usion
and use of new technologies" (Bergek et al., 2008, p.409). In the following section,
the six steps are presented.

5.1.1 The focal TIS

The scheme begins with setting the starting point by identifying the scope of
the TIS that is to be analyzed. According to Bergek et al. (2008), three di erent
aspects should be considered to describe the scope, with the rst one being the
focus of attention. Therefore, it has to be decided if the focus lays on a certain
product or product group, e.g. solar cells, or if a technological knowledge eld is to
be evaluated.

Secondly, the breadth and depth of the analysis is de ned by determining the
level of aggregation and the range of applications. The level of aggregation requires
a decision on the level of detail by choosing between aiming to get an overview of the
broad picture or an insight into speci ¢ aspects. Moreover, the choice on the range
of applications de nes which actors, networks and institutions will be included in
the second step of the analysis. Due to the uncertainty involved in setting a scope
from the beginning in eld that has an hitherto unknown structure, the focus can be
adjusted over the course of the analysis when it is discovered that the initial focus is
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not appropriate anymore. Additionally, the socio-technical system can be expressed
by depicting the elements of the value chain and by showing the relationship to
other technologies (Sanden and Hillman, 2011).

The third aspect includes setting the spatial domain, which is the decision on
the geographical context. The general tendency is that a global context should be
used, because TISs generally have a global character, whereas it can sometimes be
necessary to limit the analysis to a regional or local scope. This counteracts the need
for an international component, which is important to have because "a spatially
limited part of a global TIS can neither be understood, nor assessed, without a
thorough understanding of the global context" (Bergek et al., 2008, p.413).

5.1.2 Structural components of the TIS

The de nition of the starting point in the rst step then leads to the identi cation
and analysis of the structural components involved in the TIS. The structural com-
ponents can be categorized into the following four categories: Actors, institutions,
interactions and infrastructure (Wieczorek and Hekkert, 2012).

Actors in a TIS come from miscellaneous backgrounds and can be categorized de-
pending on their role in the economic activity, according to Wieczorek and Hekkert
(2012). The dierent categories are: civil society, companies (such as start-ups,
small and medium-sized enterprises (SMEs), large rms), knowledge institutes (uni-
versities, technology institutes, research centres), government, non-governmental or-
ganizations and di erent parties that contribute to the TIS.

Institutions include rules, norms and strategies, which shape and are shaped by
common habits, expectations, routines and shared concepts generally embraced by
humans. They are called hard institutions and soft institutions, respectively (Wiec-
zorek and Hekkert, 2012). Hard institutions on one hand de ne how actors should
behave and are de ned by regulations (controlled by juridical systems), as well as
norms and attitudes, which are controlled by social systems. Soft institutions on
the other hand re ect on the reality by pointing out expectations, common habits,
customs and traditions, as well as routines and shared concepts. Going beyond the
scope of expressing the present situation, they also convey beliefs about the future
performance of systems (Sanden and Hillman, 2011).

Interactions can be carried out either at the level of networks or on an individual
level. Especially for developments in early stages, mostly interpersonal relationships
exist that could later be developed into networks. (Wieczorek and Hekkert, 2012).

Infrastructure includes elements that have not been introduced in the previous
structural components: physical, knowledge and nancial infrastructure, as pro-
posed by Wieczorek and Hekkert (2012). Physical infrastructure is necessary to
ensure the establishment of a new technology and shapes the direction of the tech-
nological trajectories. It includes elements, for instance building, roads, but also
existing technologies such as instruments and machines. The importance of includ-
ing physical artifacts is also emphasized by Sanden and Hillman (2011), who use the
term "material dimension" instead. Moreover, knowledge infrastructure includes e.g.
universities and libraries by emphasizing on the skills, expertise and know-how it
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provides and contains. Finally, nancial infrastructure includes subsidies, nancial
programs, as well as grants to support the development of the TIS.

A summary of the elements that are part of the di erent structural components
can be found in Table 5.1

Table 5.1: Structural components and their elements of TISs, adopted from Wiec-
zorek and Hekkert (2012))

Components Subcategories

Actors: Civil society
Companies: start-ups, SMEs, large rms, multinational companies
Knowledge institutes: universities, technology institutes, research centres
Government
NGOs
Other parties: legal and nancial organizations, intermediaries, consultants

Institutions: Hard: rules, laws, regulations, instructions
Soft: customs, common habits, routines, established practices, traditions, norms, expec-
tations

Interactions: At level of networks
At level of individual contacts

Infrastructure: Physical: artifacts, instruments, machines, roads, buildings, bridges, harbours
Knowledge: knowledge, expertise, know-how, strategic information
Financial: subsidies, nancial programs, grants etc.

5.1.3 Functions of innovation systems

The identi cation of the structural components is the foundation for analyzing the
system in functional terms. The aim is to determine how the TIS behaves in terms
of di erent functions and key processes. The functional pattern of a TIS can di er
from others, will most likely be modi ed over time and is composed by the judgment
of the analyst based on collected qualitative and quantitative data. The functions
that Hekkert et al. (2007) identi ed are explained in the following paragraphs and
summarized in Table 5.2.

Entrepreneurial Activities

Trying out new technologies and applications to expand, e.g. into other markets
is necessary for a TIS to develop. Therefore, entrepreneurial activities contribute
to reduce the uncertainty inherent to the technological development. By evaluating
the number of new entrants and new applications, as well as the diversi cation of
established rms, the degree of activity of entrepreneurs in the focal TIS can be
measured (Bergek et al., 2008).

Knowledge Development

According to Hekkert et al. (2007), the development of knowledge is the core
of innovation processes and can come from di erent sources, namely 'learning by
searching' and 'learning by doing. This function therefore aims to capture the
breadth and depth of the knowledge base of the TIS in global and local terms by
compiling di erent types of knowledge, such as scienti c, technological. The status
of this function can be measured by dierent indicators, e.g. by a bibliometric
analysis.
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Knowledge Di usion

The di usion of knowledge is necessary to enable 'learning by interacting’, which
is carried out by knowledge exchange within di erent networks. Through the combi-
nation of homogeneous and heterogeneous networks, knowledge is not only di used
within the research community, but also within governmental bodies, competitors
and the market so that policy decisions are based upon the most recent technological
insights. This can be analyzed by evaluating workshops and conferences related to
the topic of the focal TIS and by mapping the networks and their previous develop-
ment (Hekkert et al., 2007).

Guidance of the Search

The introduction of new entrants into the TIS needs to be ensured for a TIS to
develop and is achieved by o ering su cient incentives and/or pressure for compo-
nents to become part of the system. The mechanisms that in uence the direction
that the technology is being developed towards are characterized by this function.
It is di cult to measure it quanti ably, as it expresses expectations, perceptions of
visions of the di erent components, but can be indicated by the belief of the growth
potential and an evaluation of relevant customer demands (Hekkert et al., 2007).

Market Formation

As explained in Section 2.2, technological niches o er opportunities for radical
novelties to develop in a protected space that can enter the market when a certain
level of maturity is reached. To support the development of a market, it is e ec-
tive to supply technologies with a competitive advantage, such as tax reliefs. The
strength of this function depends highly on the phase of development of the system.
Indications for this function are the number of newly introduces niche markets, the
way new technologies are treated by the tax system and how new environmental
technologies are supported (Hekkert et al., 2007).

Resource Mobilization

The activities within a TIS rely on the supply of a variety of resources, namely
human, nancial and physical. Therefore, the strength of this function depends on
amount of supplied funding, the number of components with relevant knowledge,
etc. (Hekkert et al., 2007).

Creation of Legitimacy

To ensure the mobilization of resources, the technology needs to be seen as appro-
priate and desirable by relevant actors concerning social acceptance and conformity
with relevant institutions. The competition of dierent TIS for the same market
and the power of other interest groups are a ecting this process. This function
is analyzed by evaluation the level of alignment of this technology with relevant
institutions, as well as social acceptance (Hekkert et al., 2007).
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Table 5.2: Functions of technological innovation systems (Suurs et al., 2010)

Function Description Event types associated
Entrepreneurial At the core of any innovation system are the entrepreneurs. These risk tak- Projects with a commercial
Activities ers exploit business opportunities and perform innovative commercial and/or aim, demonstrations, port-
practice oriented experiments folio expansions
Knowledge Technological research and development (R&D) are a source of variation in Studies, laboratory trials,
Development the system and are therefore prerequisites for innovation processes to occur. pilots
Nontechnological knowledge is also of key importance
Knowledge The typical organizational structure of an emergent innovation system is the Conferences, workshops,
Di usion knowledge network, primarily facilitating information exchange alliances
Guidance of the This system function represents the selection processes necessary to facilitate Expectations, promises,

Search a convergence in development policy targets, standards,

research outcomes

Market New technologies often cannot outperform established ones. In order to stim- Market regulations, tax ex-
Formation ulate innovation it is necessary to facilitate the creation of (niche) markets, emptions

where new technologies have a possibility to grow
Resource Financial, material and human factors are necessary inputs for all innovation Subsidies, investments
Mobilization system developments
Creation of The emergence of a new technology often leads to resistance from established Lobbies, advice
Legitimacy actors. In order for an innovation system to develop, actors need to raise a

political lobby that counteracts this inertia, and supports the new technology

5.1.4 Phase of development and process goals

Following the description of how the system is functioning, carried out by mapping
the functional patterns, a functionality assessment is performed with the aim to
describe how well the system is functioning. An approach to express this is to
describe the phase of development, which can range from a formative stage to a
growth phase. Consequently, the state of system functions di er greatly depending
on it and if the requirements of the phase of development is taken into account, the
analysis can be carried out more signi cantly (Bergek et al., 2008).

Figure 5.1:
et al., 2011)

Functional pattern for the di erent stages of development (Hekkert
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In Figure 5.1, Hekkert et al. (2011) describe the relationship between the pat-
terns for four dierent phases of development. In the earliest stage, which they
call pre-developmentthe function of Knowledge Development is the most impor-
tant for this stage, as it bene ts from and depends on Knowledge Di usion, as well
as on Resource Mobilization, which is in uenced by Guidance of the Search. As
the in uence from the other functions is rather low, an emphasis should be put on
the analysis of the four mentioned functions. In the next phaselevelopment rst
pilot plants are set up, showing whether the innovation work in practice. There
is a larger interdependency between the functions, with the most critical function
being Entrepreneurial Activities, thus requiring a thorough analysis of all functions
and interdependencies. The subsequent phaseke-o , Entrepreneurial Activities
are again essential, but they should be in a further developed state and Creation of
Legitimacy should become a strong function. Knowledge Development and Knowl-
edge Di usion are becoming less critical in this phaseAcceleration is the last phase,
which is characterized by growing markets that cause the TIS to develop and di use.
Market Formation is thus the strongest function, supported by Entrepreneurial Ac-
tivities, Resource Mobilization and Guidance of the Search.

The evaluation of the phase of development gives an idea of what can be expected
from the TIS in terms of a general, possible future development. From this, process
goals of how the system should develop to reach higher functionality can be made.
However, the high uncertainty concerning the long term development for systems in
early phases, makes it unfeasible to set process goals for these systems.

The steps of describing the functional components as well as analyzing their
strength is often carried out together, e.g. by (Hekkert et al., 2011), (Jacobsson
and Karltorp, 2013) and (Andersen, 2014) and results in an integrated analysis,
which makes the decision on the phase of development a mere result instead of
requiring an isolated analysis to reach to this conclusion.

5.1.5 Inducement and blocking mechanisms

The previous analysis results in a description of the system functions that each
inhibit certain strengths and weaknesses. However, the functions are inter-related
and from this, the need arises to analyze the mechanisms that are driving or hinder-
ing the development of the functions in a more holistic manner. When identifying
required policy changes, the blocking mechanisms are of peculiar interest, but it is
useful to complement them with an evaluation of inducement mechanisms, as both
mechanism are intertwined. Ana example of a blocking mechanism is the inability
for structural components to achieve legitimation, because they were too weak to
align certain institutions to the new technology. Another example are poorly con-
nected networks that fail to support the new technology. However, if the networks
are strongly connected, they can have a "lock-in" e ect, preventing new entrants or
further development (Bergek et al., 2008). The discussion of the inducement and
blocking mechanisms is guided by the questions:

What is there driving the focal TIS?

What stands in the way/ is not existing/ needs to be created?
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5.1.6 Key policy issues

The nal step of the TIS analysis is to de ne key policy issues based on previ-
ously identi ed drivers and barriers. Consequently, by drawing conclusions on what
they key policy issues are, blocking mechanisms of the focal TIS can e ectively be
eliminated.

5.2 Literature review

This section presents a background of the analytical framework of TIS discussed in
the previous section and an overview of the previous literature on TIS and macroal-
gae.

Innovations are often seen as the main driver for economic growth and develop-
ment and the need to understand the dynamics of innovation arose from the interest
to be able to shape them to foster more e cient use of resources. Innovation systems
have been recognized as the source for innovations and were traditionally described
by the structure that they inhibited (Hekkert et al., 2007). However, this framework
was not able to describe how well innovation system were functioning and led Bergek
et al. (2008) and Hekkert et al. (2007) to de ne seven key processes, named system
functions, that could re ect the dynamic nature of innovation systems. The direct
impact of these processes on the development and di usion of innovations makes it
possible to identify necessary policy changes. Since then, authors like Wieczorek and
Hekkert (2012) and Sanden and Hillman (2011) have added di erent perspectives
on the structure of the TIS, but the initial idea of including a functional analysis
has remained.

Previous TIS analyses were mainly carried out on speci ¢, established technologies
with di erent regional scopes. Jacobsson and Karltorp (2013) follow the approach
from Bergek et al. (2008) with a detailed functional analysis on the European o shore
wind energy, resulting in the identi cation of policy challenges from the functions re-
source mobilization, market formation and legitimation that they identi ed as weak.

A di erent approach was taken by outlining the event history of the focal TIS, as
proposed by Hekkert et al. (2007), which Suurs et al. (2010) applied to the develop-
ment of Automotive Natural Gas from 1970 to 2007 in the Netherlands and Suurs
et al. (2009) used to explain the build-up of the hydrogen and fuel cell technology
from 1980 to 2007, also in the Netherlands. Additionally, Quitzow (2015) analyzed
the historical development of solar voltaics in comparative study of Germany and
China and pointed out that innovation dynamics go beyond national dynamics, ad-
vocating that spatially distinct systems can have strong interdependencies. Haase
et al. (2013) contributed a TIS analysis on algae, more precisely algal biodiesel, in
which they draw conclusions based on two case studies on rst generation biodiesel
(from vegetable oil) and solar photovoltaics. They concluded that the major barrier
algal biodiesel is facing are the lacking federal subsidies.

Previous work on utilization of macroalgae as a renewable resource has mostly
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focused on researching speci c topics in detail, e.g. Sterner and Edlund (2016) who
developed a fractionation strategy to extract di erent components from the algal
biomass by identifying the most bene cial extraction solution and pH-conditions. A
broader perspective was taken by Pechsiri et al. (2016), who looked at the economic
performance and greenhouse gas emissions of the value chain from cultivation to
biogas production. Their approach included taking the system perspective by in-
cluding the whole value chain and thus, they evaluated the performance within the
existing system. However, there is a lack of studies that attempts to look at how
the system needs to change to support the development of a technology, which is
the perspective this thesis aims at.
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Technology overview

Macroalgae, commonly referred to as seaweed, are a species of macroscopic, multi-
cellular, marine algae that are producing biomass from sunlight, carbon dioxide and
the extraction of nutrients from the sea (Laurens, 2017). They have a great variation
in length from a few centimeters to several meters with growth rates ranging from
slow growth for perennial algae to rapid growth for other species. They can be
classi ed as green, red and brown in accordance with the di erent pigments used for
photosynthesis that relate to their color. Macroalgae are the primary producer in
the marine food chain, providing food and shelter to other marine organisms like sh
and invertebrates. They pose an attractive solution to locally combat eutrophication
as they bind nutrients and carbohydrates and assist at providing oxygen to their
environment (Schultz-Zehden and Matczak, 2012).

The tradition to utilize macroalgae has been longstanding for several purposes
like food and feed, as well as fertilizer and has especially in Asian countries been
dating back as far as the fourth century. The global production of macroalgae in
2014 added up to 27.3 million tons wet weight with 80-90% of the production carried
out in China, with a variety of appliances (Laurens, 2017). The steps to cultivate,
harvest and preserve are necessary operations to obtain the macroalgae and can
be summarized as upstream operations. The downstream operations are various,
because of the several applications of macroalgae. Both operations are explained in
the following steps.

Upstream operations

The cultivation of macroalgae can be carried out either in systems that are open
or half-open, which is done in open ponds or long-lines or in closed systems, so
called photobioreactor systems (Sternberg et al., 2014). The long-line production
is of interest for this thesis and starts with the collection of fertile specimens from
previously cultivated algae in the wintertime. The seedlings are sown onto nylon
strings and grown in hatcheries until they are a couple of millimeters in size. Sub-
sequently, they are wound onto thicker ropes, so called long-lines in the kelp farm,
which is situated in the sea (Schultz-Zehden and Matczak, 2012). In late summer,
the algae can be harvested. The cultivation process is depicted in Figure A.1. After
the algae is cultivated, it has to be taken out of the sea. The harvesting is currently
carried out by hand from a shing boat, but more advanced technologies are un-
der development. The preservation is necessary, because algae break down quickly
in the air and besides freezing and drying, less energy consuming procedures are
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developed, such as silage (Grondahl, 2014).

Downstream operations

As Figure 6.1 shows, a variety of applications of macroalgae is possible, of which a
few will be further explained in this section. Utilizing macroalgae as food has been
a long tradition in Asia and the interest in Europe has been growing, because it is
recognized as a healthy nutritional source that is low in calories and rich in vitamins
and minerals. The high contents of minerals, trace elements and vitamins is why
macroalgae are readily utilized as animal feed. Additionally, the extraction of high
value compounds from macroalgae o ers broad market opportunities, with the most
common being the extraction of phycocolloids (algal colloids). These substances can
be used to stabilize emulsions and dispersions and nd their application in di erent
industries, e.g. as dairy products, textiles, cosmetics and pharmaceuticals. The
phycocolloid mainly extracted from brown macroalgae is alginate (Schultz-Zehden
and Matczak, 2012).

Figure 6.1: Possible applications of macroalgae harvesting and cultivation
(Schultz-Zehden and Matczak, 2012)
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Method

The starting point for the thesis was an interest by the West Swedish Chemical and
Material Cluster to explore opportunities of marine and aquatic raw materials, which
they carried out in a seminar in collaboration with the Marine Cluster and interested
stakeholders. To prepare for the seminar, which was held seven weeks after the start
of the thesis, data on TIS and macroalgae was gathered. The research project was
then presented in the seminar, where contacts to relevant stakeholders were made
that were subsequently interviewed. The collected data was then analyzed according
to the TIS framework, resulting in the identi cation of barriers and drivers, as well

as policy recommendations, as shown in Figure 7.1.

Figure 7.1: Research process

7.1 Study approach

Depending on the nature of a study, it can have a quantitative or qualitative
approach. For a quantitative approach, meanings are derived from numbers and
the analysis is conducted through the use of diagrams, as well as statistics. A
qualitative approach is on the contrary characterized by meanings that are expressed
through words and an analysis carried out through the use of conceptualization
(Saunders et al., 2009). The main approach chosen for conducting the TIS analysis
was qualitative data collected through interviews. To support the validity of the
analysis, quantitative data was used when available to ensure a greater diversity.

7.2 Data collection

The approach for data collection included a combination of secondary and primary
sources. Secondary data was used to get an overview of the TIS and of events that
had occurred by an initial literature review. However, as there was a shortage in
scienti ¢ articles concerning the system perspective of macroalgae in Sweden, the
main source of secondary data came from reports from conferences and seminars,
such as the Nordic Algae Network and di erent research networks, which are covered
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in Chapter 8.2. The information gathered from the attendance of the seminar on

the opportunities of marine and aquatic raw materials could also be classi ed as
secondary data, because we relied on receiving translated transcripts from a native
Swedish speaker.

To gather primary data, interviews were chosen to collect the opinions and insights
of di erent stakeholders. Therefore, a choice between the possible interview styles,
namely unstructured, semi-structured or a structured had to be made. Whereas
structured interviews aim at collecting quanti able data and use questionnaires with
predetermined questions, unstructured interviews aim at an in-depth understand-
ing of a certain topic, which is done by letting the interviewee talk freely without
posing a predetermined list of questions. In semi-structured interviews, a combined
approach is taken by posing both structured questions, as well as giving the inter-
viewee the opportunity to develop the conversation in a certain direction (Saunders
et al.,, 2009). The opportunity that semi-structured interviews o ered was chosen
and an interview template with mainly open questions created to guide and docu-
ment the conversations, which can be found in Material for conducting the TIS.

The interviews were generally conducted during a physical meeting, otherwise
conducted through a video call and lasted approximately one hour. As the amount
of directly involved stakeholders was rather small, most of the ones that agreed to a
meeting came from a research background. To achieve a greater diversity, e ort was
put into conducting interviews with stakeholders from di ering backgrounds. The
respondents are listed in Table 7.1. Dierent tools were used to identify stakehold-
ers, namely bibliometric analysis and "snowballing”. To conduct the bibliometric
analysis, SCOPUS was used to research publications and citations in published pa-
pers written on the topic of macroalgae in Sweden. This served as a rst overview
of the main contributors to the topic of macroalgae and gave a rst historic back-
ground. To further identify relevant actors, respondents of interviews might point
to other actors, a process that can be described as "snowballing”. This process is
then carried out until no further names are brought up, which is an indicator that
all relevant actors are identi ed.

Table 7.1: Respondents with type and name of organization and their position

Organization Name of organization Position Respondent
University Chalmers Researcher A
University Chalmers Industriteknik Researcher B
University Gothenburg University Researcher C
University KTH Royal Institute of Technology PhD student D
University Gothenburg School of Business, Eco- PhD student E
nomics and Law
Start-up Swedish Algae Factory AB CEO F
Chairman G
Start-up Marin Biogas AB Manager G
Small enterprise Tangbrodsspecialisten Grebbestad Bageri Boardmember H
AB
Emerging start-up  KosterAlg AB Chairman of the |
board
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Results

The completion of several interviews and attendance of the seminar on opportu-
nities of marine and aquatic raw materials led to the results by rst setting the
scope of the focal TIS, continued by a structural analysis, which included mapping
the structural components connected to the value chain of macroalgae in Western
Sweden. A functional analysis followed with the aim to capture the dynamic as-
pects of the system, from which barriers and drivers were identi ed. Finally, policy
recommendations were made to support the development to overcome the barriers.

8.1 The focal TIS

The scope of the TIS was previously de ned in Chapter 1 by these three aspects:
time-scale, geographical context and focus of attention. The time-scale for iden-
tifying the history of macroalgae was set to ve years and the geographical scope
selected for the TIS limited to the Western Swedish region. The focus of attention
was limited to brown macroalgae and its technological use, excluding green and red
species. Moreover, the socio-technical system in focus (see Chapter 5.1.1) was de-
scribed by a value chain in accordance with the approach from Sanden and Hillman
(2011). The elements of the value chain of macro algae that were analyzed in this
study are shown and highlighted in Figure 8.1.

Figure 8.1: The value chain of macroalgae, from Grondahl (2014)
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The initial step of the value chain is the cultivation of macroalgae, followed by
storing and preserving the algae, preventing the otherwise imminent decomposition.
The algae can be directly used as food in its raw form or as an ingredient. For the
technological application, two possible paths can be chosen. Although the simpler,
traditional approach uses biomass provided by algae to produce biogas, it proved
to be bene cial according to Gréndahl (2014) to add one step before the biogas
production to process the biomass in a biore nery to produce materials of higher
value and to subsequently pass the residues on to the biogas production. Fertilizer
is a residue from the biogas production and to close the loop into a circular system,
its nutritious e ect can be used to ensure a continuous algae production that does
not deteriorate nature. In Figure 8.1, it is also shown that the value chain at the
step of cultivating macroalgae interacts with cultivation of mussels and sea-squirt,
because the infrastructure required for those processes is similar and interests to form
common networks exist. Additionally, symbiotic e ects occur when those species are
co-cultivated together. Because of time being the limiting factor, it was decided to
exclude the co-cultivation with other raw aquatic materials from the TIS in focus
and to concentrate on the highlighted value chain, but to include references when it
proved to be valuable.

8.2 Structural analysis

The seminar on the opportunities for the technological use of marine and aquatic
raw materials was the starting point for the analysis of the structural components,
where directly involved actors and representatives from other components met. This
setting allowed to get an insight on the interaction between them and into the most
pressing issues, as well as the setup of rst contacts to interview. The process of
mapping the di erent components according to their position in the value chain
resulted in the following Figure 8.2, which is followed by a more detailed discussion
in the subsequent paragraphs. It is distinctive for this system that the majority
of greatly diverse structural components were found in the rst step of the value
chain, the cultivation. In the following steps, the amount of components and their
diversity decreased.
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