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ABSTRACT

Bioeconomic ideas and visions have received increasing attention from scientists and policy makers to
address socioecological challenges. However, the role of imagined futures in the design of bioeconomic
innovations and transitions has hitherto been widely neglected. In this study, we therefore explore the
role of imaginaries of the future to understand how they shape bioeconomic innovations and transitions.
We thereby build on insights from economic sociology and compare two distinct case studies from Ger-
many and India. Based on our results, we inductively develop an analytic model that describes the co-
constitution of imaginaries, fictional expectations, narratives, and innovation dynamics. Our results show
that narrative dynamics are caused by irritations in the political and discursive landscape; these irrita-
tions prompt economic actors to stabilize, adapt, or reject their own bioeconomic conceptions, while the
underlying imaginary of a technological fix remains fixed. We discuss this reductionist imaginary and
instead plead for an imaginary of a socioecological fix that reintertwines technologies with their under-
lying societal, cultural, and ecological factors. We conclude that this will support sustainability scholars
and policy makers in remaining vigilant against premature mental and institutional lock-ins that could
lead to a colonization of the future with severe negative implications for society’s ability to mitigate and
adapt to global environmental change in the future.

© 2022 The Authors. Published by Elsevier Ltd on behalf of Institution of Chemical Engineers.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

1. Introduction

In recent years, the notion of a “bioeconomy” or “biobased
economy” has become popular among scientists and policy mak-
ers as an innovative economic model for addressing the grand
societal challenges that accompany global environmental change
(Folke et al., 2021; Giampietro and Funtowicz, 2020). Given the
wide spectrum of aims and fields of application accompanied by
this notion, some authors even propose that the bioeconomy be
perceived as a “panacea” by policy makers for obstacles to ulti-
mately reconciling the efforts to meet the Sustainable Develop-
ment Goals (SDGs) within the limitations of the planet’s life sup-
port systems (Giampietro, 2019). As the aim and scope varies, so
do definitions of the concept of bioeconomy (Bugge et al., 2016;
Hausknost et al., 2017; Vivien et al., 2019). For instance, the Euro-
pean Union (EU) and the organization for Economic Co-operation
and Development (OECD) have published bioeconomic strategy pa-
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pers that have very different goals and include entirely different
theoretical approaches. To bring some order to the situation, we
refer to Bugge et al. (2016), who identified three major visions
of the bioeconomy, namely, the “bio-technology vision”, the “bio-
resource vision”, and the “bio-ecology vision”. The “bio-technology
vision” aims to create economic growth and jobs through the com-
mercialization of new technologies, while the “bio-resource vision”
seeks to combine economic growth and sustainability by convert-
ing and upgrading biological resources. The “bio-ecology vision” is
ultimately driven by the goal of fostering sustainability, biodiver-
sity, and ecosystem conservation through the development of inte-
grated production systems and high-quality products. According to
Hausknost et al. (2017), the “bio-technology vision” emerged first,
while the other two visions followed later.!

Like other technical and organizational innovations, bioeco-
nomic models are based on specific “imagined futures” (Beckert,

1 Please note that further differentiations of the “bioeconomy” have recently been
published by Hausknost et al. (2017) and Vivien et al. (2019). However, in their
results, these authors do not differ substantially from Bugge et al. (2016); this is
why we rely only on the latter.
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2013, 2018). Imagined futures are basically visions of how the fu-
ture might look like; they are explicitly or implicitly entailed in
scientific studies, reports and strategy papers and help policy mak-
ers, producers and consumers develop a more concrete idea of
what can be expected or not. The role of imagined futures has
thus far been widely neglected in the research on sustainabil-
ity transitions associated with sociotechnical change (Feola, 2020;
Knappe et al.,, 2019; Longhurst and Chilvers, 2019). Retrospective
studies on bioeconomies and sustainability transitions have dis-
cussed how the introduction of specific innovations can lead to
mental or institutional lock-ins, thus creating path dependencies
that are difficult to change afterwards (e.g., Beck et al., 2021;
Friedrich et al., 2021a; Graupe, 2020; Trencher et al., 2020; van den
Bergh et al., 2015). However, the critical role of imagined futures
in the emergence of new path dependencies and a resultant “colo-
nization of the future” (Beckert, 2018) has yet to be accounted for.
With this study, we aim to help resolve this gap.

With a specific focus on the notion of bioeconomy, we provide
a comparative analysis of two “diverse” (cf. Seawright and Ger-
ring, 2008) case studies from India and Germany. The first case
study offers an example of the “bio-resource vision” of the bioe-
conomy (Bugge et al., 2016) and discusses innovations that aim
to solve the manure surplus and the associated issues of the eu-
trophication of water bodies and the loss of biodiversity in Ger-
many (Friedrich et al., 2021a). The second case study relates to
the “bio-technology vision” of the bioeconomy (Bugge et al., 2016)
and discusses the innovation of genetically engineered (GE) cot-
ton that is resistant to Lepidopterans?; the aim of this innovation
is to increase production while reducing the need for pesticides
in India (Najork et al.,, 2021). While these two case studies might
seem unrelated at first, we argue that it is precisely their differ-
ences that allow us to identify exploratory commonalities among
different imaginaries underlying the bioeconomic sector. Addition-
ally, the two case studies help identify context-related specificities
that involved actors pursue to achieve their ends. For this purpose,
the concept of imagined futures (Beckert, 2018) provides the the-
oretical background, while we focus on narratives of economic ac-
tors as an analytical category that is empirically accessible and in
which imagined futures are becoming visible. By offering an induc-
tively compiled generalizable model of narrative dynamics, we will
show how these narratives, which are used to legitimize specific
technologies, alter in response to changes in the discursive level
of society. With this aim, we will answer the following research
questions:

1 What specific narratives do actors develop to effectively present
their bioeconomic innovations to the public?

2 How do actors adjust these narratives to changing conditions
and discourses?

2. Imagined futures and the bioeconomic transition

In this paper, we argue that an analysis of the ongoing transi-
tion toward a bioeconomy needs to consider imagined futures, as
these constitute the driving force of capitalism in the form of cog-
nitive resources for identifying new opportunities for capital ac-
cumulation (Beckert, 2013, 2018). By outlining possible trajectories
for future outcomes, imagined futures, together with fictional ex-
pectations and interest-driven narratives, help to bridge much of

2 Lepidopteran insects include butterflies and moths. The most damaging pests in
the production of cotton are bollworms, including the pink bollworm (Pectinophora
gossypiella), the American bollworm (Helicoverpa armigera), and the spotted boll-
worm (Earias vittella). Bt cotton provides protection against bollworms and other
minor Lepidopterans, such as semiloopers, hairy caterpillars, and leaf-eating cater-
pillars (Fand et al., 2019).
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the prevalent uncertainty in economic decisions and enable rel-
evant actors to navigate in their specific contexts. At the same
time, these imaginations of the future shape (bioeconomic) inno-
vation design and guide sociotechnical transitions, thereby causing
intended and unintended consequences (Geels, 2020; Jasanoff and
Kim, 2009, 2013).

As decision situations in economic contexts in general and in
(sociotechnical) innovation processes in particular are fundamen-
tally marked by uncertainty, (Beckert, 2013, 2018) declares imag-
ined futures to be a crucial precondition for innovation processes
(see also Beckert and Bronk, 2019). Since the details and events of
the future can never be fully anticipated or calculated, Beckert ar-
gues that actors build upon fictions about possible future states to
draw conclusions in their decision-making processes. These fictions
must be rather broad to allow room for maneuvering and creativ-
ity but must be “plausible enough that [they]| could become true”
(Esposito, 2007, p. 13). Fundamentally, imagined futures serve to
suspend disbelief and equip economic actors with a perpetual ca-
pability to overcome paralysis and act purposefully despite om-
nipresent uncertainty about future events (Beckert, 2013, p. 226;
Beckert and Bronk, 2019, p. 8). By taking the shape of imaginar-
ies of some future state of the world that is cognitively accessi-
ble in the present, these fictions motivate actors to develop inno-
vations that, in turn, continually reproduce the capitalist system
(Beckert, 2013).

The mental representations of the imagined future states acces-
sible to actors are referred to by (Beckert, 2013, 2018) as “fictional
expectations.” These expectations are fictional in the sense that
they represent potential future states as if these states were being
realized (Beckert and Bronk, 2019). While these expectations differ
from literary fiction in their scope and ramifications, these expec-
tations are likewise anchored in specific narratives (Beckert, 2013;
Beckert and Bronk, 2019) that render these expectations tangible to
initiators and believers alike, structure their expectations, and cre-
ate incentives for initiators and believers to act purposefully. Fic-
tional expectations published by state agencies, e.g., can thus be
read as signals for economic actors; these signals create an atmo-
sphere of security for investments and for research and develop-
ment activities (cf. Beckert, 2013). Conversely, such fictional expec-
tations, by guiding innovation processes, help create future states
that are hitherto only imagined (Jasanoff and Kim, 2009, 2013;
Jasanoff, 2015). Therefore, fictional expectations and sociotechnical
innovation co-constitute each other - an issue that standard eco-
nomics has, for a long time, failed to account for (Beckert, 2013;
Beckert and Bronk, 2019). Fictional expectations not only accom-
pany the design and diffusion of innovations but also inevitably
constitute them by creating the cognitive and imaginative substra-
tum of what could be possible. Conversely, the design of innova-
tions recalibrates fictional expectations in that the resulting new
artifacts and knowledge influence the content and shape of fic-
tional expectations. This inevitably also applies to bioeconomic in-
novations (Broring et al., 2020; Friedrich et al.,, 2021a).

Fictional expectations are at the interface of subjective and col-
lective imagination (Beckert, 2018) and are a product of society’s
imaginaries that have culturally evolved and express normative
knowledge of how societies should deal with social or ecological
issues (cf. de Witt et al., 2017; Schlaile et al,, 2017, 2021). While
accounting for imaginaries (as social structures at the discursive
level) and fictional expectations (as tacit knowledge at the individ-
ual level), we add “narratives” as empirically accessible modalities
that occupy a middle ground between the former two. Table 1 de-
fines the three aforementioned notions in detail.

In the following, we provide an analysis of the two bioe-
conomies mentioned above. While the notions of imagined futures
and fictional expectations provide the theoretical background of
our study, we direct our empirical focus toward the concrete nar-
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Imagined futures - key terms, definitions and conceptual scales, as defined by J. Beckert (2018).

Term Definition Conceptual Scale

Imaginary Mental representation of an envisaged (future) state of Discursive level
the world; this representation motivates actors in their
decisions and provides them with guidelines for reaching
this state

Narrative Socially shared and empirically accessible stories, Middle ground between societal
theories or forecasts regarding how the present will be discourses and individual expectations
transformed into some imagined (future) state

Fictional Mental representation of imaginaries; this representation Actor-oriented level

expectation

form, such as a story, theory, or forecast

is anchored in economic actors and takes a narrative

Table 2

Diverse bioeconomic cases of Germany and India.

A case from Germany (Section 4.1)

A case from India (Section 4.2)

Topic

Bioeconomy vision
(Bugge et al., 2016)
Geography,
socioeconomics,
culture

Bioeconomic policy
strategies

The manure surplus, biodiversity loss issues, and
manure-based bioeconomic innovations
“bio-resource vision”

Global North, industrialized agriculture, productive
economy, and discourses on ecological sustainability and
energy transitions (Beck et al., 2021; Friedrich et al.,
2021b)

Guiding principles: (1) the development of innovations
by using biological knowledge and (2) the design of a
circular economy (CE) based on natural resources; the
aim is to help meet the SDGs (BMEL and BMBF, 2020)

Agricultural biotechnology, technological failure, and
political regulation
“bio-technology vision”

Global South, high share of subsistence agriculture,
discourses on food security, population growth, and
poverty reduction (Choudhary et al.,, 2014; Kathage and
Qaim, 2012; Najork et al., 2021)

Focus on “efficiency, productivity, safety and
cost-effectiveness of agriculture, food and nutritional
security; affordable health and wellness, environmental
safety; clean energy and biofuel; and bio-manufacturing”

(Departement of Biotechnology 2021, p. 7)

ratives that exist around innovations helping to solve the manure
issue in Germany (Friedrich et al., 2021a) and Lepidopteran in-
festations in Indian cotton fields (Najork et al., 2021). Our aim is
to reconstruct the irritations and subsequent dynamics that these
narratives are subject to and to understand how these narratives
are stabilized and adjusted by the involved actors. Based on our
findings, we aim to obtain a deeper understanding of the na-
ture of the very imagined future in which the bioeconomic model
is rooted.

3. Methods and research design

To identify the narratives of bioeconomic innovation actors, we
chose to compare two contrasting case studies (see Table 2 for
a brief overview of the differences) - one investigating manure-
based bioeconomic innovations in Germany (see Section 4.1) and
the other examining biotechnological innovations involving ge-
netically engineered organisms (GEOs) in India (see Section 4.2).
This comparison follows the logic of “diverse cases” according to
Seawright and Gerring (2008); i.e., both cases originate from the
same background (i.e., the idea of a bioeconomy) but are based
on very different visions (i.e., the “bio-resource vision” and the
“bio-technology vision” of the bioeconomy) (Bugge et al., 2016). We
would like to mention that diverse cases cannot represent the en-
tire population but can serve to explore or confirm certain aspects
of it (Seawright and Gerring, 2008). Our aim was to seek for sim-
ilar dynamics of narratives among the two case studies that both
share despite their content-related differences between these cases
(see Section 4.3).

3.1. Data acquisition

We conducted 26 qualitative, semistructured interviews with
actors in Germany and India; 10 of the interviews were chosen
as the empirical base for this study. As this paper focuses on the
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narratives of economic actors, we limited the interview sample
to actors who employed such narratives and excluded other ac-
tors. The perspectives of opposing interviewees were purposely ex-
cluded from the sample.

Table 3 describes the interviewed actors. In the German case,
interviews were conducted to examine contrasting framings of the
manure issue and imagined solutions thereto. The interviews in-
cluded those with actors currently designing bioeconomic innova-
tions and actors from civil society or representatives from farm-
ers’ associations who may have opposing perspectives on the issue.
In this case, we speak of bioeconomic innovation actors, defined
as people or institutions currently developing new innovations re-
lated to “substitute products,” “new processes,” “new products,” or
“new behavior” (cf. Broring et al., 2020). A total of 12 problem-
centered interviews were conducted, six of which were included
in this study.

In the Indian case study, the interviews helped to map the
present political landscape in regard to GEOs in India and disen-
tangle the manifold networks that shape the ongoing negotiations
involved in promoting, directing and constraining specific fictional
expectations relating thereto. For this purpose, the stances and ar-
guments of the main political actors (i.e., political parties; farm-
ers’ associations; and industrial, business, trade, and environmen-
tal associations) were documented. In sum, 14 expert interviews
were conducted with entrepreneurs, politicians and activists, four
of which were ultimately included in this study.

The interviews were conducted in German (for the German case
study) and English (for the Indian case study). The German quotes
have thus been translated into English. While the two interview
guidelines (see supplementary information) are basically tailored
to the specific contexts of each case study (see Sections 4.1 and
4.2), both guidelines share the common focus of bioeconomic in-
novation, prevalent political discourses on the subject matter, and
actors’ motivations and expectations in regard to the future of the
technologies.

” o«
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Table 3
Overview of interviewed actors in the two case studies.
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IP (interviewed

person) Case study Actor description

1 Germany Economic innovation actor, recycling fertilizer

2 Germany Economic innovation actor, recycling fertilizer

3 Germany Scientific innovation actor, duckweed cultivation

4 Germany Scientific innovation actor, recycling fertilizer

5 Germany Economic innovation actor, recycling fertilizer

6 Germany Economic innovation actor, transport of manure and fodder

7 India South Asia Biotechnology center (SABC)

8 India Farmer representing the Consortium of Indian Farmers Associations (CIFA)

9 India Company representative from Metahelix Life Sciences under the auspices of
the Association of Biotechnology Led Enterprises (ABLE)

10 India Company representative from DuPont under the auspices of the Association

of Biotechnology Led Enterprises (ABLE)

3.2. Data analysis

All interviews were recorded and fully transcribed. Data pro-
cessing was performed by using MAXQDA software. The analysis
and coding of interviews followed a combined deductive and in-
ductive approach (Kuckartz, 2014). The first two authors of this
article coded the material. We derived our deductive categories
from theoretical considerations by Beckert (2018) Section 2, who
stresses the relevance of uncertainty, fictional expectations, imag-
inaries, and narratives for economic decision-making that is di-
rected toward the future (e.g., the design of innovations). We fur-
thermore included the stage of the innovation design and diffu-
sion (roughly guided by the multi-level perspective, cf. Geels and
Schot, 2007), possible results of innovation (narrative irritation in
Section 4)3, and actors’ innovation distribution networks. Through
our analysis, we further added inductively gained categories and
examined our data for irritations in technological development,
diffusion and adoption processes and, finally, discarded the cate-
gory of distribution networks. We then used open coding to iden-
tify, cluster, and structure different narratives (see RQ 1) about
how the interview partners present their technologies to the wider
public and which societal issues these narratives are semantically
linked to. Furthermore, our empirical material allowed us to iden-
tify different dynamics of how these narratives were rejected, sta-
bilized or altered in the face of irritations (see RQ 2 and Fig. 1).

4. Results

The following two case studies on the surplus of manure in Ger-
many (Section 4.1) and on genetically engineered cotton in India
(Section 4.2) show how bioeconomy actors use certain narratives
to generate support for their respective innovations. The main em-
phases of the following sections are both the inductively discov-
ered dynamics of the narratives deployed in the face of irritations
and the strategies of the involved actors to stabilize, adapt or reject
these narratives (Section 4.3).

4.1. Case study 1: manure surplus, biodiversity loss, and bioeconomic
innovations

In various regions in Germany, nitrate concentrations in surface
water bodies and groundwater exceed the maximum permissible

3 We refer to narrative irritations as events or processes that challenge the previ-
ously outlined narrative; these events or processes include public discourses, con-
sumer preferences and new scientific results. An exemplary irritation relating to our
case studies is the re-occurrence of the target pest (pink bollworm) of the biotech-
nological innovation (Bt cotton) in our second case. While the new (bio)technology
originally promised to defang pests of the bollworm species (Lepidopterans), this
narrative is irritated by the pest’s renewed occurrence.
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values set by the European Union (50 mg/l; (BMEL, BMU 2020)).
These high figures are largely attributed to manure surpluses re-
sulting from intensive livestock production. In particular, the in-
filtration of manure-based nitrate from fields into water bod-
ies raises concerns about the eutrophication of water bodies,
the loss of biodiversity and the increase in drinking water costs
(Umweltbundesamt (UBA) 2019). Approximately 17% of all ground-
water assessment sites in Germany register nitrate values above
50 mg/l, while 27% of assessment sites characterized by sur-
rounding agricultural land use register nitrate values that ex-
ceed 50 mg/l (BMEL, BMU 2020). Accordingly, Germany is fac-
ing lawsuits from the European Union, and fines of 850,000€ per
day for exceeding the specified thresholds are currently discussed
(Sundermann et al., 2020).

Against this backdrop, new bioeconomic products for ma-
nure management are currently being developed (Friedrich et al.,
2021a). These innovations include the cultivation of insects on ma-
nure (this innovation could provide a protein-based fodder substi-
tute in livestock production (e.g., Cickova et al., 2015)), the culti-
vation of duckweed on manure (this innovation could be used as
a substitute for soy in livestock production (e.g., Stadtlander et al.,
2019)), and the recycling of manure by using manure as a min-
eral fertilizer substitute (this innovation could help compensate
for the finiteness of rock phosphate (e.g., Pintucci et al., 2017)
and strengthen the already existing reciprocal transport of manure
and fodder between different livestock-intensive and arable re-
gions in Germany (e.g., Asai et al., 2018)). All these innovations fall
within the “bio-resource vision” of the bioeconomy (Bugge et al.,
2016), as these innovations relate to the conversion of matter. The
German government supports the development of the abovemen-
tioned innovations through its bioeconomic strategy (BMEL and
BMBEF, 2020).

4.1.1. Key narratives and the technological fix imaginary

Based on our interviews, we identified five different narratives
that are used by involved actors to legitimize their innovations to
the public (see Table 4). All of these narratives rest on the imag-
inary of a technological fix for the underlying issues attributed
to the surplus of manure. These narratives relate to two major
fields: ecological sustainability and economic potential. Specifically,
these narratives include i) “closing the loop” in a circular economy,
ii) spatially decoupling agrifood systems, iii) substituting conven-
tional mineral fertilizer, iv) protecting soils and higher yields, and
v) unleashing economic potential through the widespread diffusion
of innovation (see Table 4). i) The circular economy narrative re-
lates to using technology to close (currently open) regional cycles
of matter: “It would be much easier to significantly increase the
degree of self-sufficiency [...] and then, ideally through a circular
economy. [...] I imagine that [ will be able to spread the liquid ma-
nure on the field or bring the liquid manure [...] to the duckweed.



J. Friedrich, K. Najork, M. Keck et al.

Sustainable Production and Consumption 30 (2022) 584-595

State of innovation

Imaginaries

Narratives

Development

Technological fix
related to
ecological
sustainability

i) closing loops,
ii) spatial
decoupling

Development

Technological fix
related to
ecological
sustainability and
economic potential
iii) substitution of
conventional
fertilizer,

Development

Technological fix
related to
ecological
sustainability

i) closing loops

Finished
development
Technological fix
related to
ecological
sustainability

i) closing loops,
V) economic
potential

Market entry

Technological fix
related to
ecological
sustainability

i) closing loops,
ii) spatial
decoupling,

Table 4
Overview of the imaginaries and narratives of innovation actors relevant to manure-based bioeconomic technologies in Germany.
IP 1 IP 2 IP 3 IP 4 IP 5 IP 6
Type of actor Company, recycling Company, Science Science Company, Company,
background agricultural agricultural agricultural
background background background
Type of innovation Recycling fertilizer Recycling fertilizer Duckweed Recycling fertilizer Recycling fertilizer Transporting
cultivation manure

Used in market

Technological fix
related to
ecological
sustainability

Problem is solved
by transporting
manure

iv) soil protection
and higher yields

iii) substitution of
conventional
fertilizer

There are also other ways in which I can increase this circular ef-
fect” (IP 3). ii) The narrative of spatially decoupling agrifood sys-
tems relates to the end of the area-bound application of manure
in livestock-producing regions. Supporters argue that this decou-
pling will not lead to an intensification of livestock farming: “This
means that our concept is a decoupling of areas. This will not lead
to an expansion of factory farming because this is no longer pos-
sible under current construction laws. [...] This means that we can
support small and medium-sized farms. We can maintain the ba-
sic agricultural structure. [...] Yes, let me put it this way: we are
back to where we were 150 years ago” (IP 5). iii) The narrative
of substituting conventional mineral fertilizer relates to the finite-
ness of rock phosphate, which can be overcome by using recycled
manure instead: “Phosphate is a finite raw material, which we are
already seeing today or have seen in recent years, and we are hav-
ing increasing difficulties processing this raw material because of
the many, many impurities. So, the question is, where else can I
obtain this raw material?” (IP 1). Relatedly, manure-based fertilizer
would also render the energy-intensive Haber-Bosch* process un-
necessary: “Especially now, from the point of view of CO, reduc-
tion, we have, for example, been able to recycle nitrogen instead
of spending three liters of heating oil per kilogram on transpos-
ing nitrogen from the air by using the Haber-Bosch process [...] or
to completely prevent methanization on agricultural land, includ-
ing of nitrous oxide” (IP 5). iv) The narrative of protecting soils is
related to the use of recycled fertilizer as a carbon carrier that will
lead to improved soil health and higher yields: “At the end of the
day, we have highly enriched nutrients and carbon carriers. This is
one of the issues that is currently being completely overlooked in
fertilizer policy, in my view. [...] There is actually the issue that
they completely neglect the carbon cycle that such soil needs. But
it’s always just about nutrients and stuff like that. [...] You can see
that quite clearly in our region. [...] The soil structure is gradually
changing. [...] You can really see this in the yields” (IP 2). v) The
narrative of unleashing economic potential through the widespread
diffusion of innovations distantly relates to unburdening farmers
from the need to pay to dispose of their manure surpluses due to
existing legal standards: “So of course it's economically driven” (IP
4).

We categorize all five narratives as relating to a technological
fix for the aforementioned manure issue. However, we do so with
varying foci based on the different conceptualizations of what is

4 Haber-Bosch process refers to the synthetization of ammonia out of the atmo-
sphere.

588

regarded as the actual problem. The first and second narratives ad-
dress technological fixes for environmental issues, particularly in
regard to disturbed biochemical cycles of nutrients; these issues
ought to be solved through technological progress. The third narra-
tive also involves the imaginary of a technological fix for environ-
mental issues; however, in this narrative, the environmental issues
are specifically related to the energy-intensive production of min-
eral fertilizer. The fourth narrative concerns a technological fix for
environmental and economic issues by arguing for both protect-
ing soil by recycling fertilizer and generating higher yields through
more productive agriculture. The fifth narrative ultimately relates
to a technological fix for the economic standstill in agriculture; this
standstill can be overcome by unleashing the economic potential of
manure conversion.

4.1.2. Narrative dynamics

As outlined above (see Table 4), all of these manure-based in-
novations are in different stages of development. Since the innova-
tions from IPs 5 and 6 are already available in the market, these
innovations can be used to show the narrative dynamics involved
(for more types of narrative dynamics, see Sections 4.2 and 4.3).
We found that both actors use different mechanisms to reproduce
and stabilize their narratives over time to be competitive in the
market.

IP 5 provides us with two mechanisms that reproduce the nar-
rative (prior to potential irritations), namely, telling economic suc-
cess stories and building rhetoric coalitions; both mechanisms help
the actor address the superiority of the innovation. The success
story unfolds as follows: “One of the secrets of our incredible suc-
cess that we have now [is to] always calculate the quality of the
products and whether these can be immediately implemented in
the market because we reproduce industrial products one to one
as recycled products. That is the crucial difference, and with it, we
have completely captured the entire market because all the others
have always gone down this traditional path, typically engineering,
but just never released any products of value and then just never
achieved sufficient profitability” (IP 5). Building rhetoric coalitions
is similarly straightforward: “According to experts from universi-
ties and chambers of agriculture/ministries with whom we work
very closely, we are now highly recommended. They also highly
recommend us because they say, ‘This is the best solution that is
currently available in the market and it truly works.” That is the
decisive point” (IP 5).

IP 6 provides us with a stabilizing mechanism. The actor argues
that the reciprocal transport of manure and fodder between re-
gions characterized by intensive livestock production and arable re-
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gions allows the manure issue to be solved regionally while meet-
ing the standards of the German nitrate directive. The actor (who
developed the innovation of reciprocal transport of manure and
fodder) builds on past experiences of success following the nitrate
directive to legitimize his or her own innovation and regards the
appearance of new innovations as an irritation of his or her own
narrative of having solved the manure issue (for more information
on irritation, see Section 4.3); IP 6 indicates this view of new in-
novations as an irritation by devaluing the company’s competitors.
In response to the question, “So, you are saying that these big in-
dustrial manure processing plants [the competitors] are not doing
what they should be doing, and they are solving a problem that
does not even exist in the end?” (Interviewer) IP 6 said the follow-
ing: “Right. Which now no longer exists. That would have been a
sensible thing to do 15 years ago because the whole logistics chain
had not yet been set up. Now it has been built up; now many other
biogas plants have been built up and constructed with it, and then
you take the basis away from them again, just to operate a large
system. That is quite wrong” (IP 6). We see this answer as a way
of stabilizing IP 6’s own narrative. As such, the planned building of
biogas plants translates into an irritation for IP 6 by undermining
the favored narrative and elaborated innovation (Fig. 1).

4.2. Case study 2: agricultural biotechnology, technological failure,
and political regulation

Biotechnology is meant to contribute to a “knowledge and in-
novation driven Bioeconomy,” and its significance as a “tool for
national development and well-being of society” is enshrined in
the future vision of India’s National Biotechnology Development
Strategy (Department of Biotechnology, 2021, p. 1). According to
the Department of Biotechnology’s recently published strategy doc-
uments, efforts are being made to “create a strong enabling en-
vironment to promote the growth of the [biotechnology] sector”
(Department of Biotechnology, 2021, p. 1); this is a perspective
that corresponds to the “bio-technology vision” of bioeconomy
(Bugge et al., 2016).

Among the multitude of GE crops researched and developed
in India®, Bacillus Thuringiensis (Bt) cotton is particularly relevant
for our study. Bt crops produce Bt bacterium endotoxins that are
lethal to key insects, such as Lepidopterans, which are considered
a crucial limiting factor in both cotton and eggplant production
(Choudhary et al., 2014; Kathage and Qaim, 2012; Kaviraju et al.,
2018). As the first and still only authorized GE crop in the country,
Bt cotton (Bollgard I) was introduced to India in 2002, while Boll-
gard I's successor (Bollgard II) followed in 2006 and is currently
used on 94% of the Indian cotton area (Choudhary and Gaur, 2015;
International Service for the Acquisition of Agri-Biotech Applica-
tions, 2017). While never fully accepted, Bt cotton technology was
considered by many to be a silver bullet in the fight against boll-
worms (Choudhary et al., 2014; Kathage and Qaim, 2012). However,
the pink bollworm (PBW), the major cotton pest that Bt cotton
technology was intended to control, has recently developed resis-
tance to the crop in several Indian states, thus causing plummeting
yields and negative socioeconomic effects for farming households
(Fand et al., 2019; Mohan Komarlingam, 2020; Naik et al., 2018;
Najork et al., 2021; Tabashnik and Carriére, 2019; Tabashnik et al.,
2021). The recently developed resistance of PBWs to Bt cotton has
been perceived as a major irritation among related innovation ac-
tors and has substantially affected the corresponding narratives.

4.2.1. Key narratives and the technological fix imaginary

Broadly speaking, all interviewed actors and representatives
considered the application of biotechnology in Indian agricultural

5 For an overview, see Choudhary et al. (2014).
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production to be necessary. Expressed by all four interviewed
actors, the superordinate imaginary related to the agricultural
biotechnology sector construed biotechnology as a technological
fix (IPs 7-10). This imaginary was expressed in the form of var-
ious narratives that can be categorized as social benefits, eco-
nomic potential, and ecological sustainability (IPs 7-10). Specifi-
cally, we identified narratives related to i) increased farmer in-
come, ii) workload reduction, and iii) food security in the social
benefits dimension; iv) increased yields and v) international com-
petitiveness in the economic potential dimension; and vi) pesticide
reduction, and vii) adaptation to climate change in the ecological
sustainability dimension (see Table 5).

In regard to the social benefits dimension of the involved nar-
ratives, all interviewees emphasized the importance of biotechno-
logical innovations for farmers. This emphasis was exemplified by
IP 7, who described his interest in research as follows: “As an agri-
cultural scientist, I strongly believe that the technology and seed
is very crucial for my farmers in India” (IP 7). In this context, the
narrative of i) increased farmer income was particularly relevant:
“And there, technology has a huge role, particularly in increasing
incomes” (IP 9; see also IP 10). One interviewee even voiced this
expectation aloud, stating that the goal was “doubling farmer in-
come” (IP 7). Moreover, the narrative of ii) workload reduction was
mentioned in regard to farmer well-being: “In the villages, it is
very, very difficult for them, too. Physical work is [difficult]” (IP
8). Another important aspect related to the social benefits dimen-
sion of the technological fix was that of iii) food security (IPs 7-8).
The interviewees expected food security to be jeopardized if the
use of biotechnology in agriculture was reduced: “Can we stop 10%
of cultivation every year? [...] What will happen to national food
security?” (IP 8); another interviewee stressed the significance of
biotechnology for food security against the background of India’s
population size: “Sooner or later, the government has to look at
technology. There’s no way that we can run away from develop-
ment. [...] With the kind of population that we have, I think food
security is much [more] critical for my country than any other
country in the world” (IP 7).

These social benefits depend on narratives related to the eco-
nomic potential of biotechnology regarding iv) increased yields, as
noted by one interviewee: “Our cotton production at the national
level actually increased by a factor of three. [...] So, I need to look
at yield parameters” (IP 7). Another respondent underlined the
economic role of biotechnology in India’s v) international compet-
itiveness; the respondent argued that productivity had improved
in “every parameter” and hence “India was the largest importer of
cotton, [and is] today [...] the largest exporter of cotton” (IP 9; see
also IP 7; IP 10).

Furthermore, a technological fix regarding ecological sustain-
ability was expected (IPs 7-9). Here, the main point was vi) pes-
ticide reduction, which is of particular interest to actors working
with food crops, such as Bt brinjal®, as voiced by one respondent:
“But in India we have half a million brinjal farmers. [...] They're
still spraying four or five dozen pesticides to get the brinjal crop
out to the market; [this] would be about a barrel pesticide residue
inside [the crop], which no one wants” (IP 7). Another respon-
dent even specified the potential future trajectory of possible pesti-
cide reductions: “I would consider probably in the next, maybe, 50
years, if genetic technology is adopted, probably the use of pesti-
cides, insecticides and weedicides will come down, maybe 70, 80%”
(IP 8). In addition to the expected reduction in pesticide use, posi-
tive contributions regarding vii) adaptation to climate change were
mentioned: “Water shortages, climate change. All this is going to

6 Bt brinjal was developed in India from 2005 onward. However, this crop was
put on hold after a moratorium was imposed on the commercialization of the crop
by the then environment minister in 2010.
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Table 5
Overview of the imaginaries and narratives of innovation actors relevant to GEOs in India.
IP 7 IP 8 IP9 IP 10
Type of actor SABC CIFA ABLE ABLE (Du Pont)
South Asia Consortium of (Metahelix Life Association of
Biotechnology Indian Farmers Sciences) Biotechnology
center Associations Association of Led Enterprises

Biotechnology
Led Enterprises

Type of GE crops (Bt cotton, Bt brinjal)

innovation

State of Bt cotton: widely used in the market; adoption rate of 94%

innovation (International Service for the Acquisition of Agri-Biotech Applications
2019, p. 2)
Bt brinjal: moratorium since 2010

Imaginaries Technological Technological Technological Technological
fix related to fix related to fix related to fix related to
social benefits, social benefits, economic social benefits
economic economic potential and and economic
potential and potential and environmental potential
environmental environmental sustainability
sustainability sustainability

Narratives i) increased ii) workload i) increased i) increased
farmer income, reduction, farmer income, farmer income,
ii) food iii) food iv) increased v) international
security, security, yields, competitive-
iv) increased vi) pesticide v) international ness
yields, reduction competitive-
v) international ness,
competitive- vii) adaptation
ness, to climate
vi) pesticide change
reduction

come in, so you have to modify the crops to suit these conditions”
(IP 8). The potential of agricultural biotechnology as one of sev-
eral solutions was thus emphasized: “Yes, GM crops are not a sil-
ver bullet; it is one [...] of the potent options for addressing the
issues that the agrarian scenario in the country faces. Whether it
be challenges from climate change [... or the| equitable distribu-
tion of development in our country” (IP 9).

4.2.2. Narrative dynamics

The aforementioned narratives have encountered irritations,
which were found to play a central role in the narrative dynamics,
as these irritations ultimately initiated the rejection, stabilization
or adaptation of the original narratives. In the Indian case, techno-
logical and political irritations were relevant.

Our results show that the sector recently faced technological ir-
ritations caused by the failure of Bt technology and the reoccur-
rence of pest infestations. The PBW’s evolving resistance to Bt cot-
ton’s built-in pest resistance - originally the crop’s raison d’étre -
forced the actors involved to adapt their narratives. We found that
this adaptation involved a rejection and the subsequent adjustment
of the original narratives. As an empirical example, PBW infesta-
tion has been belittled and reframed as a mere management prob-
lem, and the relation of the problem to Bt technology is negated:
“We believe that scientifically, it is very easy to manage pink boll-
worm [...] But I don’t think pink bollworm per se would have to do
anything with Bt technology. [...] I think it's a management prac-
tice, and I'm sure that by next season we should be able to con-
tain this pink bollworm problem” (IP 7). While the severe damage
caused by PBW infestation was originally the main argument for
implementing the technology, this narrative is now rejected due to
the pest’s evolved resistance. Instead, technology failure is reinter-
preted as a narrative of technology application failure.

Another rejected and then adapted narrative concerning this
technological irritation is that the technology is said to be ad-
vanced, and new technological improvements need to be contin-
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ually authorized for the technology’s benefits to be fully realized:
“You don’t have to use [pink bollworm resistance] to beat down
the technology. Technology development is a continuous process.
From the very advent of agriculture, things have been moving. Re-
sistant varieties develop, they succumb, then you have a new wave
of varieties, [...] so it is a continuous process” (IP 9). While the
first generation of Bt cotton was originally presented as a silver
bullet in the fight against the target pest, now, after the crop’s fail-
ure, this narrative is being rejected and adapted to a narrative of
constant technological development. This narrative adaptation not
only explains the failure of the first Bt generation, thereby stabi-
lizing the narrative of its successful implementation, but simul-
taneously justifies its successors being repeatedly authorized and
implemented. Similarly, one interviewee argued that the yield in-
crease, which he had earlier attributed to the introduction of Bt
technology, recently stabilized only because new technologies have
not been authorized: “The yields have stabilized because Bt is not a
yield technology. [...] Bt does not increase the yield per se. [...] The
yield is stabilized only because then new genetics have to come on
top of it” (IP 10).

Our results also revealed the possibility of a stabilization of
narratives following irritations. For this stabilization, the interview
partners referred to past technological innovation successes before
the irritation to further consolidate the technological fix imaginary.
As Bt technology has now been used in India for almost 20 years,
the respondents could draw on their past experiences related to
implementing and diffusing biotechnological innovations. Here, the
respondents notably referred to past narratives of success while
neglecting those of apparent failures: “Why are [the farmers] culti-
vating this? Obviously, they see the benefit in this, and the down-
sides, there are relatively fewer” (IP 9). In this regard, the high
diffusion and implementation rate of Bt cotton (94%) throughout
cotton-growing areas in India (International Service for the Acqui-
sition of Agri-Biotech Applications 2019, p. 2) was of particular rel-
evance, as it was argued that this high rate had been achieved be-
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cause of farmers’ preference for the technology: “And today, it is 12
million hectares. And seven million farmers. And who am I to tell
my farmers what to do, what not to do? They do it because they
like it. They found it to be useful. So, why would I convince my
farmers not to use it? [...] But I would ask Vandana [Shiva] only
one question: Why are there seven million farmers [using it]?” (IP
8). Finally, it was stated that if farmers were unsatisfied, the rates
of adoption would have already declined: “they can always discon-
tinue [using it] if it is not working” (IP 7).

Apart from the return of the PBW, political irritations were also
mentioned; these included mainly the moratorium imposed on the
commercialization of the first GE food crop, named Bt brinjal by
the then environment minister, Jairam Ramesh, in 2010 (IP 7; IPs
9-10). One interviewee described the impact of the resulting un-
certainties for the biotechnology sector as follows: “In India, I can
tell you, until today, we have not been able to do anything be-
cause of the moratorium on Bt brinjal. [The] scientific community
[is] completely demoralized. Nothing is moving. There is no invest-
ment, big investment in this technology. And all that you see today
is actually the result of the moratorium” (IP 7; see also IP 9). Thus,
“the industry investment in biotechnology [has taken a hit]” (IP 10)
due to the moratorium, as was stressed repeatedly (see also IPs
7-9). This description of the demoralization of the entire industry
and the lack of investment following the incident shows that the
sector’s fictional expectations were shaken, and hence no reliable
mental representation of the future remained to direct action or
investments toward.

All respondents mentioned path dependencies arising from
such political decisions (IPs 7-10), as exemplified by the following
statements: “I would say that this was the beginning of the slide
of the biotech industry in India. Had Bt brinjal [been] commercial-
ized, things would have been much, much better” (IP 10), and “had
he [the former Environment Minister] approved Bt brinjal [...] you
would have seen very different advancement in technology today
in India than what we have now. [...] You see, since the morato-
rium began, [...] most of the companies withdrew or downsized
their R&D facilities in India” (IP 7).

Another political irritation that emerged was the planned gov-
ernmental price control of Bt cotton seeds: “So, those decisions
[about Bt cotton price control] have had further effects. [...] Until
[the] end of 2015, the industry was suffering because of the unpre-
dictable scenario” (IP 10). As emphasized by all interviewees, these
politically induced planning uncertainties had far-reaching effects
on research and development (R&D) investments, as these invest-
ments, of course, would have to be made before the given innova-
tion could be introduced (IPs 7-10): “For technology development,
it’s not like you can just come out with a white paper with some
point and say that ‘here is the technology.’ [...] It takes time, it
takes resources, it takes manpower, it takes intelligence. You need
to hire people, [...] you need to fill laboratories. And you are liable
to the legal structure that you have in the country” (IP 7; see also
IPs 8-10). This quote underlines the severity of the irritation after
investments have been made.

Ultimately, neither technological nor political irritations
prompted a readjustment of the technological fix imaginary.
In fact, rather than causing the reevaluation of stakeholders’ ele-
mentary imaginaries, the irritations were found to have produced
narrative dynamics, as they led to the rejection, adaptation or
stabilization of the original narratives (see Fig. 1). The stability of
the prevailing technological fix imaginary is emphasized by the
interviewees’ indication of the lack of alternatives to biotechnolog-
ical solutions in agriculture (IPs 7-10): “Yeah, so I'm one-hundred
percent sure that, you know, except for technology, there’s no
other alternative” (IP 7). In this context, one respondent was
hopeful that GE technology “may get delayed, but it will not
get denied, because people need it” (IP 9). Thus, in contrast to
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the dynamic narratives, the original technological fix imaginary
remained intact as irritations arose; the imaginary even outlasted
the resulting uncertainties.

4.3. Synthesizing the case studies: a model of narrative dynamics

Based on our empirical material from the two case studies that
present different visions of the bioeconomy (cf. Bugge et al., 2016)
in different local contexts, we now develop a generalizable model,
depicted in Fig. 1, that describes the co-constitution of imagi-
naries, fictional expectations, narratives, and innovation dynamics
(this builds up on Section 2; see also Beckert, 2018; Geels, 2020;
Jasanoff and Kim, 2009). This model illustrates the contrast of fixed
superordinate imaginaries and dynamic narratives by showing how
narratives are stabilized, rejected or adapted in response to irrita-
tions (Fig. 1[4]). In the following, we outline this contrast on the
basis of our case studies. An overview of the narratives and imagi-
naries presented by the two cases is described in Tables 4 and 5.

As our studies show, the narratives enable economic actors to
legitimize their technological innovations vis-a-vis the wider pub-
lic. In this regard, we discovered different dynamics of change in
these narratives throughout the innovation design and diffusion.”
We found that the narrative dynamics were triggered by irritations
produced by internal and external incidents or developments that
called respective innovations into question. In the German case,
the appearance of new technologies that threaten the success of
already existing technologies is one such irritation. In the Indian
case study, the technological failure of Bt cotton associated with
the return of PBWs and the political moratorium on Bt brinjal epit-
omized these irritative events. We identified three modes of narra-
tive dynamics that actors implement to cope with such irritations:
rejection of narratives, stabilization of narratives, and adaptation
of narratives (Fig. 1[4]). These dynamics can occur in combined or
consecutive forms and are not mutually exclusive. In the following,
these dynamics are mapped out in detail. We further found that
before irritations, actors use similar strategies which we interpret
as a reproduction of their narratives serving to support the same
(Fig. 1[3a]).

An example of the reproduction process (Fig. 1[3a]) is the build-
ing of rhetoric coalitions, i.e., referring to experts to provide narra-
tives with an additional degree of credibility. In the German case
(see Section 4.1), interviewees referred to scientific experts to am-
plify their narrative of the success of a specific technology.

The stabilization of narratives (Fig. 1[4]) occurs if economic ac-
tors underpin their own narratives with additional information or
try to discredit other narratives to make their own more reliable
and persuasive. For example, interviewees argue that the high im-
plementation rate of Bt cotton in India (see Section 4.2) can be
seen as proof of the technology’s success despite the irritation
caused by the return of PBWs.

A rejection of narratives (Fig. 1[4]) takes place if economic ac-
tors discard a specific narrative that they had formerly used to le-
gitimize their technological innovation. In this case, these actors
turned to adapted or completely different narratives, which may
have existed before the irritation or may be created anew. For ex-
ample, the failure of Bt cotton and the evolving resistance of the
target pest forced the relevant actors to drop their original narra-
tive of the first generation of Bt cotton technology being a cure for

7 It is beyond the scope of this article to deeply interrogate the different pro-
cesses involved in the design and diffusion of innovations across time and space.
We point to the substantial body of literature in sociotechnical transition studies
that covers these dynamics. In particular, we highlight the research on the multi-
level perspective and subsequent related research, such as that on different transi-
tion pathways by Geels and Schot (2007), who describe different pathways of so-
ciotechnical change.
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Fig. 1. Bioeconomic innovations and involved narrative dynamics.

the PBW problem and instead reinterpret the situation as one of
continuous technological development (see Section 4.2).

The adaptation of narratives (Fig. 1[4]) means that involved ac-
tors add or remove specific aspects of the story and change the
way they legitimize their technological innovation. This dynamic is
found in the Indian case (see Section 4.2), where the failure of the
Bt cotton technology forced involved actors to argue that the re-
turn of the pest was a mere management problem not attributable
to the technology as such.

In addition to revealing these narrative dynamics, the two case
studies bring to the fore a single superordinate imaginary that
stays unchanged over time, and that is one of a technological fix
(for further discussion on this aspect, see Section 5.2). Notably, this
imaginary is not shaken, even in situations marked by severe inter-
nal (e.g., technological) or external (e.g., political or economic) irri-
tations (see Section 4.2.2). Rather than revising their entire imag-
inary and thereby questioning their internalized logics, the inter-
viewees adapted or rejected isolated narratives and adjusted them
to avoid criticism to ultimately maintain their belief in technology.

5. Discussion

In this article, we investigated different narratives that bioe-
conomy actors used to legitimize certain technologies and exam-
ined how these narratives relate to changing conditions and dis-
courses. We applied the economic sociology of (Beckert, 2013,
2018) to bioeconomies and showed that interview partners in
both case studies followed the imaginary of a “technological fix”
to solve social, environmental or economic challenges (see also
Birch et al,, 2010; Birch, 2019). The “technological fix” imaginary
itself remained static over time as a prevailing idea of progress
and development (cf. Harvey, 2003, 2007; Markusson et al., 2017)
despite the occurrence of manifold irritations. Our results there-
fore reveal a sharp contrast to the more dynamic narratives used
by bioeconomic innovation actors to legitimize their technologies
(see Fig. 1). These narrative dynamics allow the relevant actors to
avoid the dismissal of their single superordinate imaginary. Our in-
ductively received model of narrative dynamics (Fig. 1) contributes
to the existing theory of imagined futures in that the model de-
scribes these futures (in the form of empirically accessible nar-
ratives) on the micro level, thereby contributing to the overarch-
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ing topic of normative dimensions of sustainability transformations
(e.g., Schlaile et al., 2017). In the following, we first discuss these
results in relation to the duality of the fixed imaginary of a tech-
nological fix and the dynamic narratives, and we come up with a
plea for escaping fixed imaginaries in an attempt to “decolonize”
the future through integrated systems thinking.

5.1. Narrative dynamics and a fixed imaginary

The results of our case studies show that the narratives of bioe-
conomic actors are related to the specific problems and societal
discourses in each country. Thus, the technological fix imaginary is
realized in different forms and manifestations (see Section 4.1 and
Section 4.2). In the German case, technology was meant to solve
environmental issues and create economic potential. This was de-
scribed by using narratives of closing loops, decoupling, using sub-
stitutes for the energy-intensive production of fertilizer, increas-
ing yields, and promoting the economic potential of cost avoid-
ance for those willing to adopt the innovation. Socioeconomic nar-
ratives appeared to be less relevant than in the Indian case. In
fact, in the latter, socioeconomic narratives were found to rather
co-constitute the technological fix imaginary, e.g., in narratives of
food security, increased yields and income, and the reduction of
farmers’ workload, while in Germany, public discourses are cen-
tered on questions of ecologic sustainability, especially in relation
to energy transitions (Beck et al., 2021; Friedrich et al., 2021b);
in India, emphasis is placed on how to erase food insecurity and
end poverty (Beck et al., 2021; Choudhary et al., 2014; Kathage and
Qaim, 2012).

However, although the focus of the narratives differs, our re-
sults show that the imaginary of a technological fix underlies
all mentioned narratives. While this imaginary stays unchallenged
over time, the narratives are dynamically used to defend the
idea of a technological fix against all odds (see Section 4.3 and
Fig. 1). As the imaginary of a technological fix forms the basic
roots of neoliberalism (Harvey, 2003, 2005, 2007; Markusson et al.,
2017; McLaren and Markusson, 2020), its fixation has histori-
cally grown and is meanwhile deeply inscribed in society (e.g.,
Nightingale et al, 2020). It is therefore little wonder that this
imaginary is highly resilient, thus posing ever more difficulties for
any attempt to change it. The narrative dynamics discussed here
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both constitute and are constituted by the technological fix imag-
inaries, as these dynamics continually feed the imaginaries with
new ideas and argumentations regarding how to effectively legit-
imize the respective technological innovation. Likewise, the fixed
imaginary continually yields new adapted narratives and relativizes
failing innovations caused by external factors.

5.2. Overcoming the imaginary of a technological fix: toward
integrated systems thinking

In the neoliberal order, problems of public concern are often re-
cast as nonpolitical issues to be solved by technological solutions
instead of through changes in socioeconomic relations or culture
(Roy, 2011; Scott, 2011); this has been described as technologi-
cal fetishism (cf. Harvey, 2003). Morozov (2013) extends this by
adding “solutionism,” which refers to technological design and in-
novation that aims to solve problems whose complexity is not fully
understood. We argue that similar tendencies apply to our case
studies, as bioeconomic technologies attempt to solve highly com-
plex social and environmental problems reductionistically by ex-
cluding societal aspects, such as human decision making, thereby
possibly overlooking unintended side effects, which are difficult to
solve once a certain development path has been taken (see also
Friedrich et al., 2021a).

Escaping the imaginary of technological fixes is thus difficult,
as it is rooted deeply in neoliberal ideas of growth and devel-
opment and helps reproduce the neoliberal order (Birch et al.,
2010; Birch, 2019). However, what can then be done to poten-
tially overcome this imaginary? In our view, we first need to ac-
knowledge the role of imaginaries in principle, as without them,
society would be unable to make new social or technological de-
velopments (Ziegler, 2019). Castoriadis (1990) argues that imag-
inaries, specifically social imaginaries, constitute society as such
through shared understandings and meanings; therefore, without
social imaginaries, social life would simply be impossible. Thus,
imaginaries that materialize in new technologies should not be
viewed as negative per se. However, what is needed is an imag-
inary that is characterized by its own limitations. We can think of
a technological fix of a technological issue; but as shown in our
study, it is reductionist and may even be risky to rely entirely on
a technological fix of societal issues by neglecting the underlying
social, cultural and ecological aspects that produce these issues.
Against this background, what is needed to grasp the complexity of
socioecological problems is to develop an imaginary of a socioeco-
logical fix, meaning an imaginary that reintertwines the aforemen-
tioned idea of a technological fix with its underlying societal, cul-
tural, and ecological factors. This also means attending to the com-
plexity of wicked problems (in contrast to the “simple” narrative
of neoliberalism; cf. Waddock, 2021). We therefore want to stress
scientific concepts that indicate possible ways for future thinking.
These approaches include, among others, philosophical debates on
the ethics of invention (e.g., Jasanoff, 2016), responsible research
and innovation (e.g., Owen et al., 2012), dedicated innovation sys-
tems (e.g., Schlaile et al., 2017), and adaptive governance methods
(e.g., Cleaver and Whaley, 2018; Kovacic and Di Felice, 2019; Bohle
et al., 2009). These concepts can help develop short-term strate-
gies for adaptive and dynamic sociotechnological development. We
therefore see the necessity of developing these approaches further
in exchange with and for society.

As a long-term solution, we argue that societies need open
discursive spaces that allow for societal exchange and debate,
thereby building the ground for developing new imaginaries that
can materialize in or produce new social and/or technological
innovations. In our view, transdisciplinary science projects (e.g.,
Zscheischler and Rogga, 2015) that acknowledge the complexity of
problems and the uncertainty of the future and include a broad
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range of stakeholders, thus coproducing knowledge and being able
to influence the imaginaries of society and science, can provide
such discursive spaces. Therefore, these projects provide oppor-
tunities to discuss wishes, expectations, and, thus, imaginaries of
desirable futures (see, e.g., Pereira et al, 2018). In the words of
Beck et al., p. 149), this would also mean “attend[ing] better to di-
versities of visions, actors and commitments that are present when
one looks beyond dominant reductive and linear framings. Doing
this reduces the risk that visions of transformative change close
down, rather than expand, the range of pathways and the diver-
sity of actors and their visions contributing to them.” A practi-
cal example of how such discursive spaces in society could look
like, very close to the transformation toward a bioeconomy, has
been demonstrated by Kimpeler et al. (2018), who discussed differ-
ent bioeconomic scenarios (imagined futures) during participatory
workshops with interested societal actors. The results of the work-
shops show the importance of engaging with society in discussing
(desirable) imagined futures, as this acknowledges the diversity of
perspectives and knowledge in creating a sustainable bioeconomy.
However, in our view, this could even be extended toward open
imaginative and discursive spaces (following the idea of transdisci-
plinary science) that would not just discuss existing ideas (and sce-
narios) but rather would aim toward creating entirely new imagi-
naries with society and for society.

5.3. Limitations of the research: reflections on methods and research
design

We chose an exploratory research design to examine the diverse
(cf. Seawright and Gerring, 2008) and contrasting bioeconomic
cases of Germany and India; this design allowed us to induc-
tively develop a model of how bioeconomic actors legitimize their
technologies by means of narratives that are adjusted over time.
We contributed to the study of imagined futures (Beckert, 2018)
by showing that the content of narratives is context related (see
Table 2; see Section 5.1 for a brief discussion on this aspect), while
actors apply a similar set of strategies to stabilize, reject or adapt
their narratives (see Section 4.3). Particularly, the discrepancies re-
sulting from the different backgrounds of the two cases (one case
is in the Global North, and the other is in the Global South) and
their contrasting visions of the bioeconomy (cf. Bugge et al., 2016)
allowed for conferrable findings that we consider transferable to
other regions.

While we presented two contrasting cases to allow us to iden-
tify commonalities among the broad range of bioeconomies, we
see further need to prove our resultant model of narrative dynam-
ics through complementary research, such as through an analysis
of cases from other regions and other bioeconomic contexts and
visions (cf. Bugge et al., 2016). Moreover, a comparison of different
national bioeconomic strategies promises fruitful insights at the in-
ternational level. Additionally, the manifold kinds of uncertainty
(i.e., risk, ambiguity, uncertainty, and ignorance) can be addressed
in more detail in further research (cf. Stirling, 2010).

Altogether, our approach should be seen as a starting point
of how to empirically access bioeconomic futures among the in-
terviewed actors. Thus, the above-stated limitations also relate to
the very nature of exploratory, inductive, qualitative research ap-
proaches that are focused on in-depth descriptions of new phe-
nomena or on applying theory to practical examples. We encour-
age scholars to place much more emphasis on the role of imagined
futures and fictional expectations relevant to sustainability science
to uncover how prevalent uncertainties are managed and to see
how and what futures are imagined to overcome these uncertain-
ties. In our view, this is very relevant knowledge that can inform
the management of not only bioeconomic but also sustainability
transitions more broadly.
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6. Conclusion

The aim of this article was to shed light on the imaginaries that
shape bioeconomic innovation design and the co-constituted nar-
ratives employed by actors to legitimize technological innovations
in the public. We found that these narratives inform different dy-
namics that can be triggered by irritations on discursive or political
levels. Based on empirical material from two case studies on the
bioeconomy in Germany and India, our research reveals a duality
of both the highly resilient and mostly context-independent imag-
inary of a technological fix and highly dynamic, context-specific
narratives. Against this background, we inductively developed a
model that combines the notions of imaginaries, fictional expec-
tations and narrative dynamics to serve as a guideline for future
research.

We have argued that the imaginary of a technological fix is
rooted in the logic of neoliberalism and is therefore deeply in-
scribed in society. As a result of this inscription, path dependen-
cies may arise, provoked by mental lock-ins that culminate in a
“colonization” of the future and that deem societal issues to be
solved by technical solutions. We criticize such a reductionist per-
spective and propose the elaboration of a socioecological imaginary
that limits technology to solving technical problems while account-
ing for societal and ecological issues to be solved by societal and
ecological means. We therefore end by encouraging sustainability
scholars to create open spaces for debate in transdisciplinary re-
search projects that serve to jointly imagine futures and to de-
velop solutions that can be dynamically adapted to ever-changing
circumstances.
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