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Abstract

The environmental problems of today are visualised by climate change and biodiversity

losses among other. Current strategies to halt the rampaging e ects of these environmen-
tal problems involves strategies to minimise negative impacts on nature. As the problems

continue to be ampli ed, we cannot longer ignore the consequences that future generations
will face, hence, we need to take action. What is missing is a conversation about how pos-
itive impacts on nature can be created, especially related to how this value can be created
using technology.

Technology is usually described in terms of value-creation directed towards society, but
could also be described as value-creation directed towards nature. The aim of this thesis
is thus to investigate this value-creation in the natural domain, and how technologies that
create value for nature can be separated from other types of technologies. The method
consisted of extensive literature studies and thorough discussions about this novel way of
describing and classifying technology.

The literature review con rmed our initial hypothesis; there is currently no literature that
describes value-creation for nature by technology. Hence, there exists a need to develop a
theoretical framework that classi ed technologies based on the direction of value-creation.
This resulted in the development of the Triple R framework, including Regular, Restora-
tive, and Regenerative technologies. Regular technologies create value that is directed
towards society, restorative technologies create value that is directed towards nature, and
regenerative technologies create value that is directed towards both societgd nature.
These categories can be qualitatively illustrated by existing technologies.

In conclusion, technology is not the ultimate answer to environmental problems, but an
important part of it. However, the most important contribution of this thesis is a new way

of discussing the possible positive impacts on nature created by society. It is not enough
to minimise the environmental impacts, but we must move one step further and go "from
less bad to really good" and develop more technologies that can have positive impacts on
nature in the long run.

Keywords: Biodiversity loss, Climate change, Restorative, Technology, Triple R framework,
Value for nature.
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1 Introduction

Earth and its natural systems as we know them, are under threat (Ste en et al., 2015).
Climate change and biodiversity loss are some of the most alarming issues, with human
activities as the underlying cause for them both. The Intergovernmental Panel on Climate
Change (IPCC) states that climate change caused by an elevated level of greenhouse gases,
partly generated by the excessive use of fossil fuels, has lead to an increased global surface
temperature (Bernstein et al., 2007). The temperature will likely continue to increase in
the next decades according to current predictions. Other e ects of climate change include
extreme weather conditions, immense changes of ecosystems, and rising sea levels, threat-
ening both humans and other species. The severity of threats related to climate change
are also connected to food and water security, and human health. The Paris agreement
was adopted in 2015 as a global response to these problems, aiming to limit the global
warming to 2°C but preferably to 1.5C (UNFCCC, 2015). In 2018, IPCC issued a special
report on behalf of UNFCCC, stating that the climate risks will be lower if the global
community succeeds in limiting the global warming to the lower temperature target of the
Paris agreement (Masson-Delmotte et al., 2018)

Another environmental problem is the biodiversity loss caused partly by climate change
but also by land use change and various external inputs of non-degradable substances (Reid
et al., 2005). The increased rate of biodiversity loss is truly alarming. Reid et al. (2005,
p.1l) state that "Over the past 50 years, humans have changed ecosystems more rapidly
and extensively than in any comparable period of time in human history [...] This has
resulted in a substantial and largely irreversible loss in the diversity of life on Earth". A
staggering 60 % of all animals have been eradicated since the 1970s, putting ourselves in a
position where we as humans are sleepwalking towards the edge of a cli as described by
Carrington (2018). Recently, the Intergovernmental Science-Policy Platform on Biodiver-
sity and Ecosystem Services (IPBES) claimed that 1 million species are today threatened
by extinction (IPBES, 2019). Loss of species in an ecosystem will threaten the functioning
of its ecosystem services, and thus, humans will su er from these consequences as well;
declines in food supply and lack of access to clean water and air for example. This can
already be seen in parts of Asia where toxic smog prevents people from attending school
(France-Presse, 2019), and we have already lost a third of all our arable land caused by
pollution and erosion of soils due to conventional agriculture (Milman, 2015; Watts, 2017).
The report by IPBES is thus not only a subject to saving species because of environmental
ethics, but to human survival as well.

Regardless of how humanity feels about saving the polar bears in the Arctic or the orangutans
in the rain forest, humans should care to have a habitable home. In order to sustain modern
human societies, the natural systems that in total make up the features of the Earth should
preferably not be pushed from the bene cial conditions in the pre-industrial state accord-
ing to Ste en et al. (2015). Pushing these natural systems away from a pre-industrial state



may cause disruptive and uncontrollable events, such as the ones we experience today like
hurricanes and other extreme weather events (Center for Climate and Energy Solutions,
2019). Considering this, environmental issues such as climate change and biodiversity loss
are alarming and ought to be addressed.

What humanity needs, is to obtain a balance between human development and maintaining
natural systems in a certain state to achieve a sustainable society. Moreover, environmental
issues are not a problem that is new to us. These issues have been of concern for thousands
of years (Ponting, 2007), which humanity has attempted to cope with by di erent miti-
gation measures. One of the more contemporary approaches in today's technology-driven
society has been to minimise the environmental harm by developing so called \green tech-
nologies"that are less polluting and demands less resources than conventional technologies
(Investopedia, 2018; UN Environment, n.d.). Although such technologies are important, it
seems as if they are not enough to combat the environmental issues we face today. Many
scientists, among them Ste en et al. (2015) and Reed (2007), argue that natural systems
need to be restored in order to truly safeguard humanity and the natural environment it
depends on. The recent IPCC report (Masson-Delmotte et al., 2018) states that we will
need to restore the climate system in the coming years by removing carbon dioxide from
the atmosphere (i.e. achieving negative emissions), if we want to limit the global warming
to 1.5°C and avoid an irreversible loss of ecosystems.

Another reason for why restoration of nature is required might be that humanity has

a moral obligation towards other sentient beings but also towards future generations to
restore natural systems. As humans are responsible for the harm done to nature, it can
be argued that they should be bound to restore these damages (Torpman, 2017). Some
even suggest that it might be eminent to assign legal rights to nature, and calls for a new
perspective on nature and its interplay with society, meaning that humans have certain re-
sponsibilities towards nature itself (Thiel, 2019). While this position may sound irrational

to some, something needs to be done if we want to achieve a sustainable society. Further-
more, it appears as if the prevailing approach to environmental problems, which focuses on
technologies that 'do less harm" to nature, is not enough. Instead, we may need to direct
focus towards creating value for nature by restoring natural systems to a pre-industrial
state. One approach to create this value might be through the use of technologies with
certain characteristics.

Creating value for nature with technologies has received little attention, both within sci-
enti ¢ elds of environmental studies and technology, as well as within society. In order to
be able to discuss if and how technologies can create value for nature, descriptions of such
technologies should exist. Furthermore, what separates technologies that create value for
nature from technologies that do not, should be established. These distinctions seem to be
missing today, and will hence be explored in this thesis.

The aim of this thesis is to investigate technology as a tool for creating value for nature by
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distinguishing such technologies from other technologies. This will be done by producing
a conceptual framework that illustrates this distinction. The framework will be used to
assess several existing technologies, partly to assess the applicability of the framework but
also for attempting to classify existing technologies in a novel way.

The following research questions will be addressed in the thesis:

" Are there concepts in the literature that describe technologies that create value for
nature? If so, how are these technologies described?

" How can technologies that create value for nature be distinguished from other types
of technologies in a conceptual framework?

" Are there any existing technologies that can illustrate this type of conceptual frame-
work?

The thesis will be structured as follows; First, we will introduce a theoretical foundation

in Chapter 2, where we explain how technology is de ned today, how systems thinking
is used to understand and explain technology and its consequences, and how ecological
and social value can be conceptualised. Second, we will describe our research design and
data collection in Chapter 3. Following in Chapter 4, the results of our literature review
will be presented and interpreted. After these results have been explained, we describe
the features of our proposed framework in Chapter 5. We then continue to illustrate the
application of our framework in Chapter 6, by presenting case studies of how a number of
existing technologies can be classi ed within our framework. Finally, Chapter 7 provides

a thorough discussion of our results, and future research opportunities, while we conclude
the thesis in Chapter 8.



2 Theoretical foundation

In order to describe technologies that may or may not create value for nature, it is necessary
to describe and explain how technology can be de ned, how it functions and how it interacts
with nature. It is also necessary do describe what is meant with creating 'value for nature”,
and how nature can be de ned for the purpose of this thesis. The de nitions provided in
Chapter 2.1 can be combined to complement each other, giving a more extensive description
of the technology concept. It is important to know how technology is understood, in order
to assess whether the current de nitions can be applied in the framework or if they may
need to be rede ned for our purpose. To understand the multi-faceted impacts a technology
may have, it is important to be familiar with systems thinking. The impacts can be both
of positive or negative character, which a ects di erent natural and societal systems. To
describe these systems, the illustrative concepts Planetary boundaries by Ste en et al.
(2015) and the Sustainability doughnut by Raworth (2012) are explained.

2.1 What is technology?

Coming up with several examples of di erent technologies is something most people would
be able to do, as stated in the booRhe nature of technologyby Arthur (2009). However,
when asked about the de nition of technology it becomes di cult, and is not something
most people would be able to do. According to Schraube (2009, p.296), technology is
commonly described as "a means to an end". The end is often de ned as the value produced
by the technology, which is created in the sociotechnical structures that the technology is
a part of. This is related to the rst de nition presented by Arthur (2009), which describes
technology as "a means to ful Il a human purpose” (Arthur, 2009, p.28). Thus, a technology
is a method that is utilised to create some value for humanity. An air-plane is one example,
where the value of being able to transport yourself large distances in a short amount of time
is ful lled. The nature of technologypresents three de nitions of technology, which can be
combined as they describe di erent aspects. According to the second de nition, technology
is also an "assemblage of practices and components" (Arthur, 2009, p.28). By this de nition
it is understood that technology consists of several components, which in turn are individual
technologies. The components may consist of sub-components, which also are technologies
on their own, and so on. The third and last de nition explains that technology is 'the
entire collection of devices and engineering practices available to a culture" (Arthur, 2009,
p.28). By this de nition, all 'things" available to society are included. With these three

de nitions in mind, it becomes clear that technologies are not just machines or "technical
things". Almost anything can be a technology. However, it seems like all de nitions have
one thing in common - the technology should primarily assist and create value for humans
in some way.



To further enhance the understanding of technology, Arthur's ways of describing it can be
enriched by the technology de nition presented by Sancen and Hillman (2011). Technolo-
gies are a part of the sociotechnical system, and consist of heterogeneous elements, which
in turn include physical objects, organisations, knowledge and regulation. These elements
can be seen as an organisation of value chains in large bundles. Thus, Sanden and Hillman
(2011, p.405) arrives at a de nition of technology as a "bundle of value chains", which can
be seen in Figure 1 below. In the gure, "'Other upstream processes” and "Other down-
stream processes" can be understood as a combination of multiple di erent value chains.
Furthermore, the "core process" should be understood as the process for which the output
consists of the main product or the main service, for example a car. If applying Arthur's
rst de nition, the ability to transport oneself in the car is the human purpose.

Figure 1. A representation of technology as a bundle of value chains.

A technology within the sociotechnical system is de ned by its upstream supply chains, and
downstream applications. However, as can be seen in Figure 1, the bundle of value chains
has been limited to some processes. Sancen and Hillman (2011) states that a technology
can be described as a limited bundle of value chains depending on the purpose of the study.
Thus, it is reasonable to delimit an analysis of impacts created by the technology to certain
processes of the value chain.

The technology's function or purpose might be provided by one of the core processes.
Based on the de nitions of technology that has been presented, our interpretation and
overall understanding of technology is that it is something that primarily creates value in
society.



2.2 Nature and society

Nature can be described as a collection of natural systems, including the biosphere, the
atmosphere, the geosphere, the hydro-sphere and the energy system (Wu, 2006), that in
turn are maintained through biophysical processes. Since it is di cult to consider how a
technology a ects nature in the sense that impacts occur in all parts of a natural system,
the functioning of biophysical processes can act as an indication of the "health" of nature,
or parts of nature. Thus, deterioration of these biophysical processes means that natu-
ral systems are impaired in some way, thereby harming nature. However, which of these
biophysical processes could be used as indicators to describe a majority of the important
natural systems? One model that has gained a lot of interest is the concept of Planetary
Boundaries described by Ste en et al. (2015). This model may not be able to describe
nature as a whole, but it is one of the best models available today, and makes use of nine
important biophysical processes that describes parts of the natural systems. The planetary
boundary model is described below in Chapter 2.4. Value for nature is thus described as
something that has a positive impact on the biophysical processes in the planetary bound-
aries.

When it comes to society it is not an isolated entity in this world, but the physical con-
struction is embedded within nature. Nevertheless, society and nature are separated in
this thesis to simplify the reasoning about technology's impacts. Society can be described
as a large group of people with individual beliefs and cultures, who live together in an
organised way (Cambridge English Dictionary, n.db). It is almost impossible to de ne
value for society, as what is valuable is a subjective opinion (it can be argued that this is
true for natural values as well), hence we attempted to nd a model that could describe
societal value in general. One model that can be considered appropriate for this cause is
the sustainability doughnut by Raworth (2012), as it describe certain basic human needs
that should be ful lled. This model will be explained further in Chapter 2.4.

2.3 Systems thinking and impacts

Considering a technology, each and every step of the value chain creates impacts of di er-
ent character, which are related to one another. It is crucial to have a systems perspective
when trying to understand connections between distant components of technological sys-
tems and also the interaction between the technology and other systems such as the natural
systems. Systems thinking allows us to understand complex problems and describe pat-
terns by integrating disciplines, to understand feed-backs, rebound e ects, and other causal
relationships (Haraldsson, 2004). It involves the concepts of systems analysis and systems
dynamics as the practical application of systems thinking. System dynamics describe the
feed-backs of a system, for example the rebound e ects, and is used to understand dy-
namic responses in relation to changes that arise from either the outside or inside of the
system. Systems analysis instead describes the organisational structures of systems and
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aims to explore the systemic causalities. Systems analysis is used to understand a problem
by analysing the components and feedback relationships. Depending on the scale of these
feed-backs, the technology can be seen either as deleterious or as bene cial, for example.
One special case of systems thinking that evaluates impacts of technologies and products
is the life cycle thinking.

A life cycle approach acknowledges the importance of evaluating products and services
from a life cycle perspective. Life cycle thinking is a way to assess a product's or ser-
vice's environmental performance by generating holistic information about it (Thabrew
and Ries, 2009). With this approach, a decision can be made on whether or not an al-
ternative product, technology or service is better or worse o than another alternative in
terms of the environmental impacts produced. The environmental impacts from society
is mainly caused by the consumption of resources, but also from emissions during the use
and end-of-life phase, and from land use changes (Rebitzer et al., 2004). The life cycle
is composed of all steps from cradle to grave, including raw material extractions, energy
acquisition, materials production, manufacturing, use, recycling, ultimate disposal, etc., all
of which needs to be evaluated. Having the understanding of what a technology is, based
on previous sections, it can be understood that life cycle thinking is a way to evaluate
impacts of a technology. A technology produces a wide range of impacts during its life
cycle, which can in uence both society and nature to di erent degrees.

Applying a systems thinking, it can be understood that a technology will always impact
its surrounding to a certain degree. Arthur (2009) explains that it is impossible for a tech-
nology to create value without exploiting something. Figure 2 can be seen as one way of
illustrating general characteristics of a technology in terms of the positive and negative im-
pacts. In the thesis we will also use the term value-creation (or creating value) to describe
positive impacts, and impact as a way to describe negative impacts, and they will be used
interchangeably. Note that the division between society and nature in the gure is solely
for analytic purposes, rather than an ontological distinction. This distinction is made as
we want to analyse the impacts created in separate dimensions of society and nature later
in our thesis (see Chapter 5 and 6). In the gure, it can be seen that every step of the value
chain creates a positive impact (value) for society, illustrated by the yellow arrows. The
value is created by capturing usually some natural phenomenon, thus implicating some
negative impact on nature, illustrated by the red arrows. In addition, a technology can
impact society negatively since it could exploit societal resources.



Figure 2: A representation of the interaction between society and nature by the means of a technology
as de ned by Arthur (2009). Red arrows depict negative impacts and yellow arrows positive impacts.

Furthermore, the gure represents technology as the interactive phase between society and
nature, which partly can be described by Ahlborg et al. (2019). In the article, Ahlborg

et al. (2019) highlights the interaction of technologies with their surroundings, as medi-
ators of interplay between society and nature. These interactions can be described by
socio-technical-ecological systems, connecting the research elds social-ecological systems
and sociotechnical systems to better understand the complexity of technology impacts on
both society and nature.

Moreover, to be able to understand and interpret the impacts and values created by a
technology in Figure 2, is it necessary to apply systems thinking. Systems thinking enables
us to theoretically separate technology from the surrounding domains including society and
nature, and analyse the impacts in an isolated way.

2.4 Understanding impacts on nature and society

In order to understand how a technology a ects its surroundings, the explanations of na-
ture and society provided in Chapter 2.2 forms the basis for this thesis. Although there
is a myriad of ways to describe both nature and society, these explanations was seen as
suitable. Furthermore, to address where the e ects of the positive and negative impacts
occur, the de nitions will be supplemented with two theoretical models as a way to cate-
gorise these systems. These two theoretical models are the planetary boundaries and the
sustainability doughnut, and are described below. Even though we acknowledge that it is
di cult to divide these complex natural and social systems into more xed categories, the
distinction is necessary for the continuation of this thesis.



The planetary boundaries framework is a model that identi es a number of biophysical
processes that are vital for a stable functioning of the Earth (Ste en et al., 2015). The
biophysical processes, referred to as 'biophysical dimensions" hereafter, should be managed
within a certain safe zonefor maintaining the current geological epoch. According to the
authors, maintaining the Holocene, which is usually referred to as the current geological
epoch, is crucial for sustaining the modern human society and the natural systems as we
know them with certainty. Ste en et al. (2015) states that human in uence can increase
the risk of pushing dimensions into a non-Holocene state, by transgression of 'boundaries".
The biophysical dimensions and their corresponding 'risk-status"are shown in Figure 3. As
explained earlier, instead of considering nature as a whole, we need to think of indicators
for nature in order to address technologies that may or may not create value for nature.
Thus, we argue that actions that seek to restore the biophysical dimensions included in
the planetary boundaries concept can be interpreted as creating value for nature. Each
dimension will be brie y described in the coming paragraphs.

Figure 3: Biophysical dimensions in the planetary boundaries framework with their corresponding risk
zones, on global level Ste en et al. (2015).

Climate change is caused by an increased concentration of greenhouse gases in the atmo-
sphere, where the majority of the emissions are anthropogenic (NASA, 2019). The e ects
of climate change include an elevated global temperature, sea level rise and shrinking ice
sheets to name a few.

Biosphere integrity or more commonly biodiversity, is de ned as all varieties of life (Bri-
tannica, 201%). Biosphere integrity consists of functional and genetic diversity, where
the rst form is the variety of roles performed by species in one particular community or
ecosystem (D'agata et al., 2014). Genetic diversity is the amount of genetic material within
a specie, thus the diverseness of DNA and chromosomes that di erentiate one individual



from another (United Nations, n.d.).

The introduction of novel entities to the environment is described by Ste en et al. (2015)

as for example new substances and novel forms of already existing substances. Novel en-
tities can furthermore be modi ed life forms that can give rise to unwanted e ects, for
example biological e ects. Examples of novel entities include heavy metals mobilised by
anthropogenic activities, chemicals, and other engineered organisms or materials.

Stratospheric ozone lters and thus protects the Earth from ultraviolet radiation of the
sun (Rockstmm et al., 2009). The ozone hole, caused by anthropogenic emissions of spe-
ci c substances, is an area in the stratosphere where the ozone has been heavily depleted
(NASA, 2018). It is an example where the planetary boundary has been transgressed and
also where humans have managed to reverse the negative trend (Roakstret al., 2009).

Atmospheric aerosol loading considers the increasing concentration of aerosols, caused by
antrophogenic emissions (Rocksdm et al., 2009). Aerosols in uence Earth's energy bal-
ance and thus the climate and also a ect cloud re ectively (Rocksem et al., 2009). This

is due to the nature of the di erent types of aerosols, that either absorb or scatter sunlight

in the atmosphere (Allen, 2017).

Ocean acidi cation addresses the increasing concentration of free protons (hydrogen ions)
in the surface ocean (Ste en et al., 2015), resulting in a lowering of the pH. This is related
to the increasing atmospheric concentration of carbon dioxide, and since the ocean is an
important carbon sink which helps to regulate this concentration, it is severely a ected. A
reduced pH e ects the marine life severely since many species are sensitive to pH changes
(NOAA, 2019).

Biochemical ows consider both ows of phosphorous and nitrogen. Fertiliser use in agri-

cultural practises around the world accounts for one of the largest phosphorus and nitrogen
ows, which eventually accumulates in local watersheds and soils (Ste en et al., 2015). This
causes problems with for example eutrophication (Lindahl et al., 2005).

Freshwater use in this context is the withdrawal of blue water, which includes water from
for example rivers and lakes (Ste en et al., 2015). The major e ects of society's manipu-
lated freshwater use are seen in food and health security, biodiversity, and other ecological
functioning (Rockstrem et al., 2009).

Land-system change is focused on the biophysical processes of the di erent telluric biomes,
including grasslands, forests, savannas, tundras and others (Ste en et al., 2015). Land-
system change is related to the processes that are directly linked to climate regulation, by
monitoring the amount of remaining forest cover. When forests are removed, the climate
will be a ected directly by the release of carbon dioxide, but also in terms of changed
evapotranspiration rates and altered albedo.
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The sustainability doughnut is a sustainability concept that builds on the planetary bound-
aries by placing the social sustainability as the inner foundation, and the ecological limits
of the planetary boundaries as a ceiling (Raworth, 2012). The social foundation is included
to avoid deprivation of human needs, while the ecological ceiling is included to prevent
degradation of the environment. Hence, protecting the environment while letting human
development take place is possible, at least on a conceptual level. This symbiotic nature of
humanity's and nature's development is the ultimate goal to be ful lled. The social dimen-
sion are divided into Energy, Water, Food, Health, Education, Income and work, Peace
and justice, Political voice, Social equity, Gender equality, Housing and Networks. Even
though the sustainability doughnut includes a lot of important societal needs or goals, there
are many that are not included. Hence, we argue that creating value for society should be
understood as actions that seek to ful | a human or societal need.

2.5 Summary of chapter

Based on the technology de nitions presented in this chapter, it can be concluded that a
technology can be described in di erent ways. In terms of value creation, we recognise the
present technology de nitions as something that create value for the society. Hence, we
acknowledge that a new way of thinking is needed, in terms of to whom or what technolo-
gies should produce value for. We believe that a de nition of technology as something that
creates value for nature should be included as well.

We selected the planetary boundaries framework and the sustainability doughnut as models
to clarify what we mean by 'value for nature”and 'value for society”. Note that henceforth,
value for nature implies a restoration of the biophysical processes included in the plane-
tary boundaries concept. In terms of social values, the dimensions of the sustainability
doughnut will not be used strictly as we acknowledge that there is a myriad of important
social values that are not included in the doughnut. In addition, we came across a dilemma
associated to the social dimensions in the sustainability doughnut. One of the dimensions
includes work and income, which we believe is something that is created by all technologies.
To be able to distinguish technologies that create value for nature from other technologies,
we have to disregard social dimensions such as work and income. Hence, we argue that
actions that seek to ful | a human or societal need is seen as creating value for society.

It is important to understand that these models are not without aws. In terms of the
planetary boundary concept, it has been criticised, mainly in terms of the boundary values
(de Vries et al., 2013; Montoya et al., 2018). However, since we will not perform a quan-
titative analysis later in the thesis, the boundary values are of less importance. Instead,
we want the reader to bring an understanding of the dimensions used in the planetary
boundary model, and the divisions of nature they describe.
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3 Research design

In this chapter, we present the research design of this thesis. The chapter is divided into
two sections, Method and Data collection The rst section describes and justi es the
methods that have been used, and the other one explains how relevant literature, i.e. data,
has been gathered.

3.1 Method

This thesis builds on a qualitative research design. The method selection is motivated by
that qualitative research is explorative and is used when research aims to nd answers to
guestions such as 'why", '"how" and 'what" (Berk et al., 2015). Observing the thesis aim
and research questions it can be seen that these are the types of questions we want to
answer, hence it is an appropriate method to use. Another argument to justify a quali-
tative approach is that we had no other option, since it would be di cult to gather such
guantitative data that can support our thesis aim.

To approach the initial purpose of the thesis we began by formulating an aim, framing
the thesis. The aim was then rephrased a few times after the initial aim was developed
(see Figure 4). Based on the aim, a literature review was conducted to examine whether
or not our research questions could be answered using concepts that exist in the current
literature. This was followed by a search for literature of fundamental concepts that could
be used as a theoretical foundation. Based on the collected literature and discussions,
we uncovered new principles and ideas of how the framework should be built up, and de-
veloped the framework based on the ideas. The second and empirical part of this thesis
began with an analysis of several case studies that we believe could illustrate parts of the
framework. However, as can be seen in Figure 4, we did not develop every individual part
of the thesis in a linear way. Instead, an iterative working process was adopted, since we
got new insights during the working process.
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Figure 4. The thesis working process.

3.2 Data collection

We mainly used literature studies to support our answers regarding the aim and research
guestions. Literature was collected in the form of books and research articles using reliable
data bases including Web of Scienteand Scopu$, accessed from the University library.
Furthermore, grey literature such as newspaper articles, company websites and, organisa-
tion websites were also searched. Nearly all literature was collected using English keywords.
The keywords can be found in the Appendix. However, when we came across something
of relevance in Swedish, this information was included.

Relevant literature regarding technologies that create value for nature did not exist, accord-
ing to out initial hypothesis. Thus, a literature review was conducted by using a structured
approach of searching in the literature. Keywords were brainstormed, and those that were
considered relevant were listed, which can be found in Table 2 in the Appendix. Some
keywords were used as themes, in order to generate more keywords. As an example,
'‘Restoration” was one of the themes used. By using 'Restoration” as a theme, we could
come up with "Restoration technology", 'Restoration economy" and "Restoration ecology”
for example. Furthermore, re ning the results with additional keywords within a search
was done in some cases, where it was considered appropriate. Articles were sorted by
relevance and high citations to yield di erent results on the rst page. Depending on the
guantity of articles, one to six pages of the search results were screened. When nding in-
teresting articles that contained one or more keywords, the abstract was screened in search
of interesting concepts. Additional keywords were obtained from articles and books found
when using the brainstormed keywords, which in turn were used to nd new articles that

Ihttp://apps.webofknowledge.com.proxy.lib.chalmers.se/WOS_GeneralSearch_input.do?
product=WOS&search_mode=GeneralSearch&SID=E3i4z7IH4jtKXxe73yl&preferencesSaved=
2https://www-scopus-com.proxy.lib.chalmers.se/search/form.uri?display=basic
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could be of interest. This strategy was used to screen as much literature as possible. A
representation of the screening approach is illustrated in Figure 5.

Figure 5: Screening approach for the literature review.

Workshops were held with our two supervisors where we discussed relevant ways to move
forward with the conceptual framework and its implications. This approach was used in
order to brainstorm what concepts could be related to the framework and also how the
actual framework should be constructed. Insights that arose from the workshops lead to a
lot of individual discussions that, in combination with supporting literature, were used as
the basis for developing the framework. As explained earlier, developing the framework was
an iterative process and hence di erent parts of it came together at di erent points in time.

We initiated the empirical part by conducting a broad search on potential technologies
that could be used as case studies. In this case, Godgleas extensively utilised since
information regarding relevant technologies could be found on company websites and in
newspapers. A search of the Swedish media archive on the database Retriever Business
was also performed, in order to nd interesting technologies. All possible technologies that

Shttps://www.google.com/
4https://web-retriever-info-com.proxy.lib.chalmers.se/services/archive/
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were considered relevant were listed, and the relevance was based on the technology's value-
creation. A rst selection between technologies was made based on the amount of available
information. Then, a second selection was conducted based on within what environmental
problem (should be understood as within what biophysical dimension) a particular technol-
ogy created value. This selection was made to obtain technologies within a broad spectra of
environmental problems. For every selected technology, general information regarding how
it functions and if it exists on some scale today was collected. After that, more detailed
information was gathered in order to assess in what way the technology could illustrate the
conceptual framework. The screening approach regarding existing technologies is presented
in Figure 6.

Figure 6: Screening approach for nding existing technologies.
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4 Literature review results

The keywords used in the literature search were quite di erent from one another, however,
most of them related to technology or environment in some way. We began with some
distinct keywords in our searches, for example restorative technology, and then broadened
it more as the process went along. We found four major themes of the articles, and collected
similar results in clusters. We added a fth cluster for the keywords that were not useful
and did not generate interesting articles. See Table 1 below for examples of keywords and
articles in each of the four clusters. To view all the keywords and their combinations, see
Table 2 in the Appendix.

Table 1: The ndings from the literature review performed by searching Scopus and

Web of Science.

Cluster | Description/Theme Examples of Keywords Examples of Articles
Green technolo Faruk et al. (2012)
9y Cao and Wang (2017)
Green economy
Green growth Klemmer et al. (1999)
Articles that describe technologies : . Cvjetko Bubalo et al. (2015)
. Eco-innovation
1 that are more e cient or Bioeconom Scarlat et al. (2015)
includes biobased materials omy Medelln-Azuara et al. (2008)
Adaptation technology ;
) 9 Matthews and Caldeira (2008)
Sustainable/Sustainability
7610 emissions Alonso et al. (2012)
Tr rup and Stephan (2015)
Env!ronmental bene t' . Ma and Hanna (1999)
Environmental(ly) positive | .
: Hill et al. (2006)
Carbon handprint .
. . Demirbas (2009)
Articles that describe Eco-prot
- Grenman et al. (2019)
2 value creation for nature, but Eco-benet
Cuweek et al. (2012)
do not create value for nature Value for nature
. Bockstael et al. (2000)
Life cycle assessment .
Positive climate impact Hawkins et al. (2013)
Bakshi et al. (2015)
Value for nature
Keesstra et al. (2018)
Reed (2007)
Nature-based solutions Kabisch et al. (2016)
Articles that describes value creation Regenerative desian Cohen-Shacham et al. (2016)
3 for nature but not closely related to 9 . g Du Plessis and Brandon (2014
Restorative
technology, and other useful conceptsNe ative emissions Cole (2012)
9 van Vuuren et al. (2011)
Lal (2004)
Yang et al. (2019)
Decoupling
De-growth
Living system(s) Schneider et al. (2010)
4 Articles related to keywords Climate positive Nicholson et al. (1999)
that were not useful Reconciliation Gardner et al. (2005)
Resilience Dudgeon et al. (2006)
Post-carbon
Regenerative
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The clusters above describe recurrent themes that were discovered during our literature
review. We grouped examples of articles related to the keywords (in Table 2 in the Ap-
pendix) that were searched on Scopus, sorting the results by 'relevance" and 'cited by
(highest)". In the following paragraphs, we will describe and explain our results based
on the literature review. However, not all keywords that were searched will be explicitly

illustrated, but what we consider to be the more interesting ndings will be discussed.

The rst cluster describes articles that were mostly about typical technology 'improve-
ments", for example increased energy e ciency or replacing (old) materials with new bio-
based materials. This is what many people today associate to as "environmentally friendly”
technologies, "green”technologies, or "environmentally sound" technologies. Although hav-
ing a lower environmental impact compared to the initial technology, they are in fact not
friendly towards the environment, they are only less bad than their precursors.

One interesting result that we came across was when we were searching for "adaptation
technology” and its di erent combinations. Several of these articles discussed how agricul-
tural and water sectors could be adjusted to the consequences of climate change, in order
to secure food and water supplies. However, all of these articles focused on how to ensure
that humans did not su er from environmental consequences such as drought, rather than
focusing on how to sustain and improve the environment, see for example Tr rup and
Stephan (2015), Palanisami et al. (2015), and He (2017). Similar results were also dis-
covered when searching for adaptation technology and environment and climate positive.
However, some articles also discussed policy interventions in reference to climate adapta-
tion, but not related to technology, and so these articles were not classi ed as relevant.
Another interesting result related to adaptation technologies was provided in Smith et al.
(2009). This article discusses nine strategies for how governments should act in response
to climate change, involving political leadership for example, but also the "technology de-
velopment and di usion" (Smith et al., 2009). The suggestion is however to create more

e cient technologies and management practises, implying a development of 'less bad"tech-
nologies, instead of developing technologies that bene t the environment.

Articles that examined eco-innovations were as expected focused on green technologies and
improving existing technologies to consume less resources and energy, or use alternative
raw materials for example, but also how to change behaviours to be more environmentally
conscious. Klemmer et al. (1999) explains eco-innovations as measures that relevant actors
take by developing new ideas, behaviours, products and processes and apply or introduce
them, to contribute to a reduction of environmental burdens or to speci ed sustainability
targets. This is an interesting approach towards sustainable development, and of course
necessary, but it is not what we are searching for to develop our framework as it is mainly
focused on minimising the environmental harm.

Searching for sustainable futures and sustainability, we found many diverse examples of
strategies on how to achieve a state of sustainability within di erent sectors or for larger
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societies. However, no articles described sustainability as something that could create value
for nature. Instead, when searching for the combination "sustainability” and 'value for na-
ture", articles mainly described the economic valuation of ecosystem services, for example
Bateman et al. (2011).

Cluster 2 describes articles that often had an intriguing title or describing an idea of value
creation for nature in the abstract, but that do not in fact describe concepts or technolo-
gies that create value for nature. This created another cluster of articles that for example
wanted to market products for their environmental bene ts by their "carbon handprint".
Searching for 'positive climate impact" yielded only four results, where one article de-
scribed this "carbon handprint”, as "An approach to assess the positive climate impacts of
products” (Grenman et al., 2019, p.1059). However, when reading the article, it was about
the comparison of a new and improved 'green technology" with the conventional baseline
technology, using the example of renewable diesel compared to fossil diesel. According to
Grenman et al. (2019, p.1059), this can be achieved by "tcomparing the carbon footprint of
an improved product with the carbon footprint of the baseline product, and subsequently
calculating the reduction in greenhouse gas emission that can be achieved by utilising the
improved product”. This is of course a nice approach for marketing purposes, claiming that
something has positive climate impacts when it really only has a reduced impact compared
to something else. We believe that this is yet another new and innovative way of 'green
washing" products.

Cuweek et al. (2012, p.87) describes the concept of eco-prot as 'the di erence between
burdening (eco-cost) and unburdening (eco-bene t) the environment, where eco-cost and
eco-bene t calculations are based on LCA". This concept describes the fact that a product
or service can produce both impacts and values for the environment. We argue that this
concept is similar to our thinking regarding 'doing good for nature™ However, it is an
LCA-approach and not a technology approach. The eco-bene t phrase only generated 21
results, indicating similar results as the climate positive search. Technologies and practises
that create value for nature are not well addressed in the scienti c literature.

The search results for environmental bene ts were a bit surprising actually. Many of
the articles were about bioenergy in various forms, for example Ma and Hanna (1999),
Demirbas (2009), Kim and Dale (2005), Heller et al. (2003) and Zah et al. (2007). There
were also examples of alternative fuel cells and polymers. However, the common trait
these articles shared was the fact that they discussed the environmental bene ts of bio-
alternatives compared to conventional alternatives, rather than actually discussing how to
create bene cial conditions for the environment.

The keyword "environmentally positive" was yet another disappointing search result. Only
34 articles were found on Scopus, and they were mostly about alternative agricultural
practises. This was quite similar to the articles generated when searching for environmen-
tal bene ts, describing the advantages with alternative agricultural practises compared to
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conventional ones. Searching for "environmental positive" gave 21 results, that mainly dis-
cussed biotechnology applications of various forms.

We also performed a search for 'life cycle assessment” and 'life cycle analysis" combined
with "climate positive", "environmental positive", 'positive environmental” and "environ-
mental bene t" to whether there were any existence of earlier life cycle analyses that
assessed a positive environmental impact of products or technologies. There was one inter-
esting article written by Bj rn and Hauschild (2013) that suggests assessing the 'positive
footprint" by products. Continuing reading the article reveals that they suggest that a
positive environmental impact can be created by designing "eco-e ective" products, and
also state that 'Instead of exclusively focusing on how negative environmental impacts
may be reduced, the positive attributes of a product should also be included (whether
they are environmental, economic, or social)" (Bj rn and Hauschild, 2013, p.330). It is not
entirely clear what the authors want to communicate with this statement however, more
than the fact that this information can be used for marketing purposes. The other articles
generated in the search assessed alternatives to current practises to examine whether or
not the environmental impacts from the alternative were more or less severe. Thus, there
was no indication of articles that assessed a positive contribution to nature by a product
or technology.

The term 'value for nature" generated only 47 results in total. Many of them describing
monetary valuation of ecosystem functions or services. Some were also describing issues
related to biodiversity. Furthermore, an article discussing the development of indicators for
biodiversity threshold values in nature protection areas was also found. These are rather
methods relating to LCA weighting and issues that are discussed on a political level, rather
than describing how technologies can create value for ecological systems.

Cluster 3 describes some kind of concepts that are related to value creation in the biosphere
and also other interesting concepts that could be used. We found our main inspiration to
our framework when we searched for the term 'regenerative design”. Within the built en-
vironment eld, Reed (2007) describes the concept of Regenerative design. In the article
"Shifting from 'sustainability’ to regeneration”, he describes how buildings and other so-
cietal structures can be designed in order to restore natural values. Today, the focus of
the construction business is doing 'less harm" to nature, instead of creating a mutually
bene cial relationships, which could be done if a regenerative design approach is applied.
Furthermore, Reed (2007) argues that more of incremental technological improvements are
not needed in society, what is needed is a transformation of the whole mental model of
our mechanistic view of the world, to shift to an ecological view of the world. This calls
for an understanding of the whole or living systems thinking, with the ultimate goal of
maintaining life-enhancing conditions. A living systems approach includes three levels of
increasingly more wholes in the construction business; the restorative design, the reconcil-
iation design, and the regenerative design. Reed (2007, p.677) describes restorative design
as ..."design in terms of using the activities of design and building to restore the capability
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of local natural systems to a healthy state of self-organization™.

Reed (2007) further uses the notion of regenerative design as a way to focus the design
process on the development of the whole system that it interrupts with. Thus, Reed (2007,
p.677) describes regenerative design as 'the design process [that] builds the capability of
people and the "'more than human' participants to engage in continuous and healthy rela-
tionship through co-evolution”. This means that the ambition of the design process is not
doing thingsto nature, but to participate as partnerswith and as nature.

Articles on nature-based solutions address for example the promotion of green and blue
areas in cities as a climate change mitigation measure (Faivre et al., 2017; Kabisch et al.,
2016). Other articles described how management of nature-based solutions can be used
to improve ecosystem services (Keesstra et al., 2018). This concept seemed to be poten-
tially relevant to our search for technologies that could create value for nature. Essentially,
nature-based solutions are about green solutions in urban areas, and are de ned as "actions
to protect, sustainably manage, and restore natural or modi ed ecosystems, that address
societal challenges e ectively and adaptively, simultaneously providing human well-being
and biodiversity bene ts" (Cohen-Shacham et al., 2016, p.xii).

The search for negative emissions and negative emission technology yielded what we ex-
pected. The articles were about the need to achieve negative emissions in order to halt
climate change, and also describing technologies that theoretically could produce negative
emissions, such as bioenergy with carbon capture and storage (BECCS) and direct air
capture and carbon storage (DACCS). This was not relevant for the development of the
framework, as the articles did not talk about technologies in terms of providing value for
nature. However, some of the articles could be used for the empirical part of the thesis.

The restoration keyword and its combinations provided us with many examples of why
it is necessary to restore natural ecosystems and its functions. There were also interesting
suggestions to restore nature to combat climate change (related to nature-based solutions),
for example grassland biodiversity restoration as a soil carbon sequestration method (Lal,
2004; Yang et al., 2019). However, the articles were more focused on the biological func-
tioning of systems and how they could be restored after a period of degradation, and not
mentioning how technologies could create di erent values for nature. One quite alarming
(in our own, personal view) article regarding how graphite-based photocatalysts could be
used for arti cial photosynthesis (Ong et al., 2016). Applications of the material are many,
including the imitation of natural photosynthesis. They do state that this can be an alter-
native to harvest solar energy and use as clean energy, but the article is mainly focusing
on the technology itself and does not mention potential ethical drawbacks. The develop-
ment of arti cial photosynthesis might create incitements of not restoring ecosystems and
instead relying on technological xes for the biological degradation we have caused. This
is the opposite of what we want to use technology for. Instead of using technology to re-
store ecological values, they consider using technology to replace natural processes instead.
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It was also very surprising to nd it when searching for restoration of ecosystems, where
all other articles focused on the values of restoring coastal and terrestrial ecosystems for
example.

Besides from one hit on carbon sequestration in drylands, the term 'restorative technology"
generated only 15 results, where the other 14 was about bio-medicine and dental technolo-
gies. Expanding the search to Iter on restorative combined with technology and ecology
yielded many articles that were about soil carbon sequestration as well. However, we could
still not nd any examples of discussing these climate mitigation technologies as creating
value for nature.

The fourth cluster consists of the keywords that did not generate articles that were relevant
and were of no use to develop the framework. This included searches for "climate positive"
and 'post-carbon" for example. When searching for the phrase "climate positive", only 36
results were found in Scopus. Most of them referred to creating a positive climate in social
situations rather than achieving a positive climate impact.

Many of the articles found for 'regenerative" and regenerative technology were about med-
ical research such as tissue engineering, 3D bioprinting, wound repair. This is probably
due to the meaning of regenerative is twofold (see Section 5.1.3), and can also mean to heal
or grow again after being exposed to damage. There were no descriptions of regenerative
technologies as something that could create value for nature, not even when adding the
term ecosystem or ecology to the search.

Searching for 'technology" alone resulted in more than 3 million articles on Scopus. Com-
bining it with 'value for nature”, gave 17 results. Out of these 17 articles, there was still
none that described how value could be creatddr nature, but rather discussing the value
of nature (in monetary value).

There are of course a lot more keywords and combinations that could be included in the
search and hence possible more results to consider in this chapter. Nevertheless, we did
not nd any concepts that described technologies that create value for nature. The only
theme describing value for nature in its essence was ecological restoration. Still, there was
one interesting concept in the literature that we found intriguing - regenerative design,
describing how society could create a mutually bene cial relationship between itself and
nature. Due to the gap in scienti c literature we chose to include a concept from the grey
literature that focuses on an interesting aspects of creating 'planet bene t". This concepts
will be further outlined in coming paragraphs.

The company U&We, is a Swedish consultancy bureau, that focuses their work around
sustainability and the environment. U&We coined the expression dPlanet bene t" (in
Swedish phrased as 'Planetnytta’), which means that they have a vision of doing good
instead of less bad (U&We, 2017). The company focuses on creating positive impacts
through the analysis of the whole value chain of their customers, using tools and concepts
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such as circular economics, biomimicry, fossil-free production and cradle to cradle. U&We
makes use of the sustainability doughnut as their guiding principle to create bene ts for
the whole planet, and to keep their operations within the limits of the doughnut. This can
be achieved through a various of means and approaches, for example by planting trees,
or to produce more renewable energy than it consumes. This way, U&We hope to have a
positive impact on the planet.

The gap in scienti c literature related to technologies that create value for nature is trou-
bling, even though there are some concepts that are related to the scope of this thesis.
Examples include "eco-pro t", ecological restoration and of course regenerative design and
planet bene t. However, based on this review it appears as if using technology as a tool
for creating value for nature is not described. Thus, this description is needed and will be
presented in the next chapter.
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5 The Triple R framework

As we have seen, if we want to sustain modern societies with certainty, natural systems
such as the climate system should preferably be restored. Regardless of ethical belief, the
health of nature cannot be disregarded since human societies depend on those systems.
What technology can accomplish as a tool in regards to this subject is the starting point
for this framework. In order to discuss if and how technologies can aid in the restoration
process, descriptions of such technologies should exist. As presented in Chapter 4, con-
ceptual distinctions that di erentiate technologies that create value for nature from other
technologies could not be found in the scienti c literature nor the grey literature and hence,
we develop a framework that involves such distinctions.

The framework draws upon several theories. The planetary boundaries framework, de-
scribed in Chapter 2 presents biophysical dimensions (processes) that in this context il-
lustrate nature. The sustainability doughnut provides additional social dimensions, which
are of signi cance in order to safeguard societal interests. However, the social dimensions
within the sustainability doughnut may be too general and we will not rely on the strictly

to describe society, but it will serve as a staring point for describing value for society. These
models are the most appropriate to use since we could not nd any other models that can
describe nature and society on this general level.

As this thesis focuses on technology as a tool for creating value for nature, it is of sig-
ni cance how the technology concept is de ned. We acknowledge that there are several
de nitions, however in relation to this framework we will mainly utilise the value chain
approach by Sancen and Hillman (2011). We base this on the fact that a value chain
approach should be used, in order to obtain a more complete picture of the value and the
negative impacts created by a technology. The de nitions by Arthur (2009) provides an
easy understanding of that technology can be almost anything. This aspect of technology
will also be considered in the framework.

The basic idea with our framework is that there is a point with di erentiating technolo-
gies depending on where they create value. This aspect implies that an understanding of
which values (positive impacts) and negative impacts are included must be in place. The
staring point is that direct values and direct impacts that the technology actually creates
should be addressed. However, we realise that a technology also creates indirect values
(and impacts) as a result of direct values. The line between direct and indirect might be
subtle. Furthermore, by stating that technologies can create value in di erent domains, we
implicitly say that these domains are separated from one-another. We want to once again
emphasise that dividing society and nature into two domains is necessary from an analytic
point of view but this does not mean that the world is constituted in this way. Based on
the aspects brought up in this section, several technology categories can be motivated and
will be presented below.
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5.1 Three overarching technology categories

This section will focus on the value-creation of a technology. Given that the direct value
created by a technology can be oriented towards society, nature or both, three overarching
categories can be identi ed. Regular technologies are oriented towards creating value for
society, restorative technologies towards creating value for nature and regenerative are
oriented towards creating value for both domains. Note that regular technologies t all
de nitions brought up in Chapter 2. However stating that a technology can create value
for nature con icts with some of the de nitions by (Arthur, 2009). Thus, we acknowledge
that existing de nitions can be further developed. Thus, we re ne one of the de nitions
by Arthur (2009) by stating that a technology can be de ned asA means to ful | a value
that may arise in both social and natural domainsThe three categories are conceptually
illustrated in Figure 7.

Figure 7: The technology categories within the Triple R framework create value within di erent
domains.

5.1.1 Regular technologies

As mentioned above, regular technologies are oriented towards creating value for the so-
ciety. According to Cambridge English Dictionary (n.da), the word regular can refer to
often, even or usual In this context, usual is appropriate to use since technologies are
usually understood as tools that ful | a human purpose.

According to the thesis authors, three categories within regular technologies can be identi-
ed; Conventional technologiesGreen technologiesaand Circular technologies even though
there are other ways of categorising regular technologies. This technology category is
included since we acknowledge that it or parts of it is and will be needed in society. Fur-
thermore, it serves as a basis for comparison in relation to the other categories since the
framework should illustrate the distinction between technologies that create value for na-
ture from those that do not do this. On a general level, regular technologies do not direct
its value-creation towards nature.
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Conventional technologies can be seen as a part of the 'business as usual” thinking, where
economic sustainability is superior to ecological sustainability (D'Amato et al., 2017).
Thereby, there is no explicit ambition to consider aspects that would minimise the damage
on nature. Hence, conventional technologies orient its value-creation to society at the ex-
pense of nature. Think of this category as a starting point or baseline in terms of regular
technologies. Throughout the value chain the technology creates societal values and the
burden is directed towards nature.

Green technologies can essentially be described as technologies that do "less harm" to
nature, compared to conventional technologies (Green technology, n.d.). The term green
technology (or greentech) is often related to clean technology and sustainability technology
and can be de ned in multiple ways (Ho , 2012). On a general level they can be linked to
more e cient practices in terms of resources and energy and thus reduce the environmental
burden. However, there is still no consensus on what green technology actually is, accord-
ing to (Behl and Pal, 2019). Moreover, it is often implied that the output from these green
technologies are not doing any harm to nature. They are also related to the "Environmen-
tally Sound Technologies" in some contexts. These technologies are described by the UN
Environment as 'technologies that have the potential for signi cantly improved environ-
mental performance relative to other technologies” (UN Environment, n.d.). Furthermore,
the UN Environment also states that '[Environmentally Sound Technologies] protect the
environment, are less polluting, use resources in a sustainable manner, recycle more of
their wastes and products, and handle all residual wastes in a more environmentally ac-
ceptable way than the technologies for which they are substitutes”" (UN Environment, n.d.).

Circular technologies can be seen as a part of the circular economy concept, meaning
that materials are circulated in a closed loop within an industrial system (Geissdoerfer
et al., 2017). Circular technologies should not be dependent on the extraction of natural
resources, but utilise the resources that already exist within society. The concept of creat-
ing a circular economy aims to achieve a decoupling e ect between the economic growth
and the environmental impacts that it causes, thus achieving a balance between society
and nature, by means of technological and societal approaches such as reuse and recycling
programs (Ghisellini et al., 2016). The main principle of circular economy is that society
and its resources are located in a closed system without exchange of matter with the sur-
rounding environment, and hence has no or minimal e ect on it.

A circular economy is possible to some extent according to certain scientists (Lacy and
Rutqvist, 2015). We do however acknowledge that circular technologies might only be a
theoretical description of a sociotechnical system that reuses material and energy in other
processes of the system and thus has only a marginal impact on nature. Furthermore, the
processes themselves cannot be without environmental impacts, as they all require energy
to function, and this energy has an impact on nature that cannot be removed. Hence, it
might be di cult to achieve a decoupling e ect utilising this concept.
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5.1.2 Restorative technologies

According to the Cambridge Advanced Learner's Dictionary and Thesaurus, the word
restoration means 'the act or process of returning something to its earlier good condition
or position” (McIntosh, 2013). The word 'restoration" is appropriate to use for an action
that restores something to a state, that is considered healthy or of good quality.

Restorative technologies direct their value-creation towards nature, within one or more
of the biophysical dimensions of the planetary boundaries framework. They may also pro-
duce value for society, but these values are of indirect character. For example, ecosystems
services provided to society by ecosystems that are restored as a result of deploying a
restorative technology should be seen as indirect values. Furthermore, a restorative tech-
nology should preferably create a positive impact that is larger than the negative impact
within the particular biophysical dimension, otherwise the intention with the technology is
lost. If the value is larger than the impact, the technology should have the theoretical pos-
sibility to restore degraded biophysical dimensions described by the planetary boundaries
framework (see Fig 3). Physical resources and energy needed for restorative technologies
could preferably be extracted from society to some extent, but may also come from nature
(during the construction or running of the technology for example). Regardless of the
origin of resources, the negative impacts that arise as a result of utilising resources should
preferably not overshadow the value that the technology intends to create. For example,
a restorative technology that creates value in the climate change dimension should create
more value in that particular dimension in comparison to how it negatively impacts it.

5.1.3 Regenerative technologies

Regeneration or regenerative, both originates from the wonggeneratethat can refer to
either the verb improve or the verb grow. Regenerateis in this case related to the de ni-
tion referring to improve by the Cambridge English Dictionary, and means 'to improve a
place or system so that it is active or producing good results again" (Cambridge English
Dictionary, 2019). In this context, the meaning of regenerated amprove is how the word
should be understood.

A regenerative technology should, as inspired by Reed (2007), partner with nature in
order to orient its value-creation towards both nature and society. Thus, regenerative
technologies have restorative properties, but in addition create a positive contribution to
society as well. In terms of values created for nature, they can be produced in one or
more biophysical dimensions. Societal values could be created within the dimensions of
the sustainability doughnut, but the values can also be of di erent character compared to
the doughnut. Furthermore, social values that are considered for regenerative technologies
are related to the use phase of the technology since values such as job opportunities are
disregarded.
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5.2 Applying the framework

With the explanations of the three overarching technology categories in place, the question
is how the framework can be applied. Thus, how should a certain technology be assessed
in order to state if it is regenerative, restorative or regenerative?

As mentioned in the beginning of this chapter, a value chain approach to technology should
be used in order to be able to argue about a technology's overall impact. A technology
can create values throughout the value chain. These values can be created within di erent
domains, either nature or society or both. More speci cally, the values may be created
within one or multiple of the biophysical dimensions, or one of more of the social dimen-
sions. However, negative impacts are also produced by a technology. They can, as values,
be directed towards both domains.

Based on the reasoning about positive and negative impacts, a technology can create
positive impacts in some biophysical dimensions, and impact other biophysical dimensions
negatively. But the key aspect is that creating value for nature implies that more positive
than negative values should preferably be created within the biophysical dimension or di-
mensions in focus. By assessing positive and negative impacts throughout the value chain,
it is possible to distinguish one technology category from another one. On a conceptual
level, all categories presented in this chapter can be di erentiated from each other related
to their value chain characteristics. However, this depends on how much of the value chain
that is included in the study.

The value chain characteristics of every technology category is illustrated in Figure 8.
Note that the negative impacts have dotted lines. The intention with using di erent arrow
designs is to minimise the focus on the magnitude of the arrows. The main focus should be
on which domain the technology creates values. However, regarding restorative technolo-
gies and regenerative technologies, red arrows are smaller than the yellow arrows in order
to indicate that these technologies should create a positive value within the biophysical
dimension it intends to create value. Furthermore, potential negative impacts on society
have been disregarded in the gure to make it more clean plus this type of impact is not
the main focus.

Furthermore, it might be tempting to state that a technology that creates value for nature
should create a net value, meaning that it should overall create a positive impact consid-
ering all biophysical dimensions. However, stating that a technology should have a net
positive impact entails that some kind of weighting must be conducted. If and how this
weighting can be conducted in an objective way is di cult to know. Therefore, we sum-
marise these arguments by stating regardless of where (nature or society) the values are
created, a net positive impacts is of course the aspiration, however it might be impossible.
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Figure 8: The gure illustrates the value chain features regarding the three technology categories.
Boxes should be understood as a value chain (the technology), red arrows as negative impacts and yellow
arrows as positive impacts. Negative impacts on society are disregarded in this gure.

5.3 Inherent complexities and trade-o s

The potential positive net value will be further argued about to illustrate the complexity.

If applying a net positive value, it can seem as if apples and oranges must be compared.
However, can apples and oranges be compared? How large should the value which the
technology creates along the value chain be in order for it to be net positive? We argue
that this comes down to the subjective area of ethics. Thus, it is impossible to quantify both
the positive and negative impacts created by a technology and compare them. Because,
how could marine biodiversity be compared to resource depletion? One approach could be
that a fundamental respect for the systems that support all living species, it may become
clear which values are of such importance that the technologies that create these values
must have a net positive value, at least on a conceptual level. However, this depends on
which perspective is applied. Hence, we acknowledge this as a complexity that does not
have an obvious solution and a net positive value should therefore be seen as a theoretical
aspiration.

Continuing, there is a need to consider scale aspects of a technology. A technology that is
utilised in a small scale may have certain properties that makes it regular, restorative or
regenerative. When the technology is scaled up, the created value will increase. However,
the negative impacts will also be scaled up accordingly. Thus, the classi cation of a tech-
nology depends on the scale. It might be the case that a fully deployed technology can
never be regarded as restorative or regenerative.

Furthermore, since a technology always exploits something to create value, trade-o s are

impossible to disregard. Trade-os can be discovered at di erent tempo-spatial levels,
between di erent biophysical dimensions and between biophysical and social dimensions.
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Even though it is self-evident, it should be impossible for any of the technologies to produce
value in all biophysical or social dimensions. We acknowledge that inherent complexities
and trade-o s exist and are di cult to deal with. They will be further discussed in Chapter

7. Due to mentioned complexities, the Triple R framework should primarily be regarded
as a new way to describe technologies which includes the new de nition of technology.
Furthermore, it can be used to illustrate the di erences between technologies by dividing
them in three di erent 'levels".
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6 lllustrative Case studies

In this chapter, we will illustrate our framework by reviewing existing technologies that
may be placed within the three categories. It should be emphasised that it is beyond the
scope of the thesis to perform quantitative life cycle assessments and that we do not claim
to prove the characteristics of our case studies. Our intention is rather to reason about
positive and negative impacts on society and nature, and make a high-level assessment of
the overarching characteristics in relation to the Triple R framework. Furthermore, our
ambition with the case studies is to present a wide spectra of technologies that show simi-
lar properties in relation to the technology categories. Thus, this evaluation contains some
technologies that may seem simple, and others that appear more complex.

Furthermore, gures illustrating the technology as a value chain will be used in this chap-
ter. Note that the magnitude of the arrows indicating positive (yellow) or negative (red),
should be disregarded, since we simply do not know the magnitude of di erent impacts
regarding the case studies. They are solely used to depict in which dimension the impact
is created. To soften the impression of the gures, regarding this aspect, the red arrows
have dotted lines. Moreover, the descriptions under the arrows are examples of impacts.

6.1 Regular technologies

In this section we will present two technologies that can be considered to be regular. The
technologies refer to the value chains that includes the extraction/production and use of
the products crude oil and solar cells respectively, and represent two di erent categories
within regular technologies.

6.1.1 Crude oil

One type of fossil resource is crude oil (liquid petroleum) which can be re ned and used in
multiple application areas (Britannica, 1998a). Fossil resources consist of residual biologi-
cal material that has been subject to geological processes for millions of years and can be
found in porous rock formations in Earth's crust (Britannica, 1998a; Kopp, 1998). There
are more types of fossil resources, such as coal and natural gas that create signi cant values
for society, however crude oil and its re ned products will be considered in the paragraphs
below.

The technology refers to the practice of extracting the crude oil from the ground by fracking
(Britannica, 2011), re nement by cracking and use of the re nement products, for example
gasoline (Britannica, 1998b). This technology gives rise to multiple social bene ts. Firstly,
products such as gasoline and diesel can be used as transportation fuels. Secondly, other
products of crude oil cracking can be used for heating houses or be utilised within the
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chemical industry to produce for example plastics.

A simpli ed value chain of the technology is presented in Figure 9. It includes extrac-
tion, re ning and use of the re ning products. As can be seen, the technology produces
direct values for society. However, it does this on the expense of, to a large extent, nature.
One major environmental impact originating mainly from combustion of the products such

as gasoline but also via energy use throughout the whole value chain is climate change
via emissions of greenhouse gases. More negative impacts include deforestation, ecosystem
destruction and chemical contamination to name a few (O'Rourke and Connolly, 2003)
which can in turn be divided into the biophysical dimensions such as land-system change
and biosphere integrity. In addition, indigenous people may be displaced due to discovering
of new oil deposits.

In summary we argue that extraction and use of crude oil is a regular technology since
it primarily directs its value-creation towards society, in multiple aspects. More speci -
cally, crude oil technology can be seen as a conventional technology, which can be used as
a basis for comparison in relation to the next technology.

Figure 9: Fossil fuel illustrated as a simpli ed value chain. The red arrows indicate negative impacts
and the yellow arrows indicate positive impacts.

6.1.2 Solar cells

A solar cell is a device that converts light energy into electric energy using photovoltaic
energy conversion (Soga, 2086 The energy converted from sun light to electricity can be
used to supply power to industries. Furthermore, solar cells can supply power to electric
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devices such as electrical vehicles, radiators in houses and light bulbs. Solar cells can be
produced using many di erent materials and can be built with di erent structures, for
example thin Ims, dye-sensitises and organic- and carbon-based solar cells (Soga, B006

The technology refers to the construction, installation and use of solar cells. This technol-
ogy creates one major bene t. It provides a source of clean and renewable energy, as there
is no need for fossil fuels. The solar radiation constantly strikes Earth and therefore, no
'fuel" is needed for the energy conversion into electricity (Soga, 2a§)6 However, resources

to construct the solar cells are needed.

The value chain of solar cells can be seen in Figure 10. Note that in this gure, there
is a deliberate choice of making the red arrows smaller, since we know that negative im-
pacts in terms of climate impacts are less for every kWh electricity generated with solar
cells compared to electricity generated from fossil resources (for example oil or coal) (Ho-
senuzzaman et al., 2015). Nevertheless, it does produce environmental impacts for every
kWh produced, even though they are minor. Furthermore, depending on the solar cell
type, di erent resources such as metals need to be sourced from nature (Tao et al., 2011).
Resource extraction should imply negative impacts in multiple biophysical dimensions.

Solar cells are thus an example of a less polluting technology compared to for example
electricity generation from fossil fuels (mainly coal) (OECD, 2017). Hence, this can be

seen as a more responsible development of the conventional technologies, but it is still
focused on creating value for society, and is not creating value for nature. Therefore, we
consider this technology to be a green technology within the regular technology category
in relation to the Triple R framework.
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Figure 10: Solar cells illustrated as a simpli ed value chain. The red arrows indicate negative impacts
and the yellow arrows indicate positive impacts.

6.2 Restorative technologies

Here we will illustrate the category restorative technologies with multiple examples. They
include production and use of sh ladders, direct air capture and storage, coral reef restora-
tion and ocean cleanup.

6.2.1 Fish ladders

Fish ladders can be described as structures that enable migrating sh to pass over or around
an obstacle on a river, according to NOAA (2018). Several sh species such as salmon,
eel and sturgeon migrate upstream and downstream as part of their natural spawning
behaviour. Man-made manipulations of rivers such as dams disturb this behaviour. Fish
ladders are an important technology as they may assist shes in their spawning and thus
sustaining sh populations at normal levels (Brown et al., 2013). One speci c type of sh
ladder is the Salmon Cannoh , developed by Whooshh innovations. The Salmon Cannon
can transfer sh over or around obstacles, such as hydro power constructions (Whooshh
innovations, n.d.). Using a system with a soft and exible tube, the shes are transported
forward as a result of a pressure di erence. The shes can enter the Salmon Cannon by
human assistance or voluntary. In Figures 11, 12 and 13, the entire transportation process
is illustrated.

Focusing on the Salmon Cannon, the actual technology refers to constructing, using and
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Figure 11: A sh voluntarily enters the Figure 12: A picture showing the
Salmon Cannon (Whooshh innovations pneumatic tube (Whooshh innovations
(2018)). (2018)).

Figure 13: A sh exits the Salmon
Cannon™ (Whooshh innovations
(2018)).

maintaining the sh ladder to transport sh. The technology produces a number of bene-
ts. First and foremost, it provides a passage over obstacles for shes that does not require
much e ort from the them (WSU Insider, 2018). It should also be stated that, according
to Geist et al. (2016), the technology does not imply any stress or injuries to the sh,
compared to other sh ladder technologies.

In Figure 14, the technology is represented as a value chain. The Salmon Cannon pro-
duces values, but it also creates negative impacts. It can be seen that it impacts nature in
all steps, however the impact is probably greater in the production and construction phase
since these steps involve some kind of industrial process which should require more power,
than the use phase. Depending on the origin of the electricity generation, it will a ect
biophysical dimensions to di erent extents. However, the climate change dimension will
certainly be a ected, at least as long as we depend on a non-renewable energy system. In
terms of the use phase, the power requirements will di er depending on the layout of the
Salmon Cannon (Whooshh innovations, 2083 Furthermore, resources will certainly be
needed to construct the Salmon Cannon, which should imply some environmental impacts
in several biophysical dimensions. Even though resources may have to be sourced from
nature, the energy can be sourced from renewable sources. Since a lot of sh species are
endangered (WWF, 2019), and we still need for example hydro power constructions, the
value might outweigh some or all of the negative impacts.

The Salmon Cannon technology orients its value-creation towards nature in terms of safe-

guarding migrating sh species. Thus, it is creating value in the biosphere integrity di-
mension. However, it can be argued that the Salmon Cannon creates indirect values for
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society by restoring parts of a biophysical dimension that in turn provides ecosystem ser-
vices. Therefore, it can be argued that the Salmon Cannon is a restorative technology in
relation to the Triple R framework.

Figure 14: The Salmon Cannon is illustrated as a simpli ed value chain. The red arrows indicate
negative impacts and the yellow arrows indicate positive impacts.

6.2.2 Direct air capture and storage

Direct air capture (DAC) utilises a chemical procedure to remove carbon dioxide from the
atmosphere (Azapagic et al., 2018). It can be operated with a combination of di erent
technologies to make use of the captured carbon dioxide, either to store it in geological
deposits or use the carbon dioxide for other purposes. Chemicals are placed in a ltering
medium (the separating agent) to which the carbon dioxide binds by adsorption. Once the
Iter is saturated, it is treated with heat or water (or both) - releasing the carbon dioxide
from the lter and capturing the high purity gas, followed by for example geological storage
by mineralisation or utilisation. In the following paragraphs, storage will be in focus.

One way to store the captured carbon is to turn it into solid minerals in the underground
bedrock, a process developed by the company Carb x (CarbFix, 2019). This is done by
letting the carbon dioxide gas that is captured dissolve in water, after which the water is
injected into basalt bedrocks, where the water solution can react with the basalt to form
stable carbonate minerals. This technology combination (which can be seen as one tech-
nology) gives rise to one main bene t, carbon dioxide is removed from the air. In Figures
15 and 16, a direct air capture plant and carbonate minerals can be seen.
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