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ABSTRACT

A transition toward a sustainable circular bioeconomy requires drastic
changes across a broad range of industries and their stakeholders. The cur-
rent slow pace with which society tries to avert the transgression of critical
thresholds of the planetary system is worrying. However, the historical case
of the shipping industry in the 19" century shows how suddenly whole indus-
tries can change after a long period of low innovation activity and lock-in.
We explore how this example might improve the understanding of the transi-
tion toward a sustainable circular bioeconomy. For this purpose, we analyze
analogies between the processes in the past and the ones we observe today.
Our conclusion is that the evolutionary processes shaping the path toward
the bioeconomy naturally make use of the knowledge and networks of the
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fossil era and are characterized by co-existence, mutual learning, and new
forms of collaboration.

KEYWORDS: Transformation, Sustainability Transition, Sailing Ship Effect, Bioeconomy,
Co-evolution, Innovation
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Scientists and policy makers agree that the bio-based economy or, in short,
the bioeconomy, offers a viable response to sustainability challenges such as
climate change, natural resource scarcity, and food security. The bioecon-
omy is also associated with multiple positive socio-economic impacts such
as green growth, job creation, rural regeneration, and future-oriented prac-
tices of production and consumption (McCormick, Kautto, 2013; Bugge et al.,
2016; Meyer, 2017; Pyka, 2017b). At the same time, it is important to keep
in mind that an increasing adoption of bio-based technologies and products
does not automatically foster sustainable development (Heimann, 2019). If
the bioeconomy is meant to contribute to the achievement of the Sustainable
Development Goals (SDGs) (United Nations, 2015), thus fulfilling the
requirements of a sustainable circular bioeconomy (SCB), its implementation
cannot be achieved by markets alone (Fritsche et al., 2020). Safeguarding a
socially fair and ecologically sound transition in line with normative percep-
tions is the obvious duty of politics. In fact, around 50 nation states world-
wide, several regional governments, as well as the European Union (EU),
have adopted bioeconomy strategies or related policies (Biodkonomierat,
2018) and this number is constantly growing. Through an analysis of twelve
of these strategies, De Besi and McCormick (2015) showed that governments
across Europe generally focus on the same political priorities to develop the
bioeconomy. While these focus areas are oriented predominantly toward
supply-side support, at least since the European Commission’s commitment
to the Green New Deal (European Commission, 2019), with the idea of a
‘just transition’, a more holistic perspective is called for. This requires cross-
departmental policies that integrate environmental, industrial, research,
social, energy, and nutrition policies (Fritsche et al., 2020). Such integration,
in turn, must be based on a thorough understanding of the mechanisms at
work in the incumbent fossil-based industries and their supply networks, the
novel bio-based ones, as well as their interactions.

A promising way of analyzing transition processes is to closely examine
observations of historical transitions and see what can be learned and trans-
ferred to current developments. In the case of the transition to the SCB, the
history of the transition of marine propulsion technology from wind (sail-
ing) to coal (steam) promises to provide interesting analogies: just like the
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sailing ship at that time, fossil-based technologies nowadays dominate not
only our industries, but also our daily practices, our lifestyles, and our con-
sumption habits. And even though the steamship promised great advantages,
such as velocity, reliability, and carrying capacity, its diffusion was slow due
to unsolved problems in the emerging technology and substantial techno-
logical improvements in the incumbent technology. After the steamboats
appeared, a sudden increase of innovation activities in the incumbent sailing
technology was observed with the intention to prevent the fast entry of, and
replacement by, steamboats — a transition pathway that has become known
as the so-called Sailing Ship Effect (SSE). We suggest that today we can
learn from the SSE in two ways: (1) by observing the similarities between the
co-evolutionary dynamics between sailing ships and the fossil fuel industry
on the one hand, and the steamships and bio-based industries on the other;
and (2) by spelling out the differences between the historical case and the
current transition, e.g. caused by the changed innovation paradigm of our
times (Schlaile et al., 2017). Our line of reasoning is guided by the following
research question:

In which way can the SSE perspective contribute to an increased under-
standing of the co-evolutionary dynamics between fossil-fuel and bio-based
industries in a transition toward a SCB?

The paper is structured as follows: in Section 2 we introduce general eco-
nomic theories of change and modern transition theory against the historical
case of the SSE. In Section 3 we point out some specific characteristics of the
transition to an SCB and draw parallels between the SSE and the SCB tran-
sition. Specific examples of bio-based innovations that illustrate our argu-
ments will be presented in Section 4. Section 5 concludes.

Theories of Change

Insights from Modern Innovation
Economics and Transition Theory

Standard models applied in neoclassical economics (equilibrium approach,
optimization, the homo economicus, etc.) show strong limitations concerning
the analysis of transition processes and are neither equipped with adequate
tools to process complexity nor with interfaces to other disciplines (e.g. sociol-
ogy, ecology, engineering, etc.). For a long time, modern innovation econom-
ics has criticized the deficits of mainstream economic theory when it comes
to the analysis of innovation. Freeman (1994, p. 463) rightly states: “one of
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the continuing paradoxes in economic theory has been the contrast between the
general consensus that technical change is the most important source of dynamism
in capitalist economies and its relative neglect in most mainstream literature”. This
paradox now seems to become highly relevant for the attempts to analyze the
transition to an SCB.

Discovering patterns in transition processes and disentangling their com-
plexity have been proven to provide guidance in analyzing transition pro-
cesses in general and might also be conducive to understanding the specifics
of bioeconomy transitions. Different strands of theories have taken up this
challenge: Scholars of evolutionary economics (Nelson et al., 2018) make use
of concepts like innovation networks, knowledge diffusion, system dynamics
etc. and connect with other disciplines (complexity science, computer sci-
ence, transition research, management, etc.). For instance, complexity eco-
nomics as the formal branch of modern innovation economics offers a bird’s
eye view to address sustainability challenges such as climate change and the
impacts of current consumption levels on resource extraction and waste gen-
eration. Complexity economics draws inspiration from a range of approaches
including evolutionary economics, institutional economics, and ecological
economics to find ways to align the satisfaction of human needs with the
limitations of the life-supporting planet. In this line of thought, economies
are open, dynamic systems, rarely in equilibrium, and made up of diverse
agents who lack perfect foresight but can learn and adapt over time (Foxon
etal., 2013). Adding yet another level of complexity, it must be acknowledged
that transitions to a SCB cannot be achieved only by market-driven innova-
tion processes (Pyka, Prettner, 2018) but deeply involve normative consider-
ations (Schlaile et al., 2017). A strong normative dedication to the alleviation
of the global sustainability challenges needs to be adopted, e.g. in terms of
sustainability-oriented policies or by the development of innovative business
models that diverge from short-run profit-orientation (Urmetzer, 2021). This
way, new value creation paradigms can emerge as demonstrated by the exam-
ple of the circular business model disrupting the linear take-make-dispose
economic paradigm (McArthur, 2013).

As an approach to cope with this complexity on a theoretical level, the
literature on sustainability transitions proposes the adoption of a multi-level
perspective (MLP). Socio-technical changes are understood to be the out-
come of a certain pressure exerted upon the incumbent dominant techno-
logical regime (i.e. the meso-level). The pressure originates from two different
sides, i.e. from the landscape level (i.e. the macro-level consisting of a set
of deep structural trends) and the technological niche level (i.e. the micro-
level), where new technologies are developed in a protected environment
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(Geels, 2002; Geels, 2005a). According to Kohler et al. (2019), the change
processes of dominant socio-technical regimes to more sustainable configura-
tions require (co-)evolutionary processes on different levels (e.g. technologies,
markets, infrastructures, policies, industry structures, and supply and distri-
bution chains) and involve different actors (academia, politics, industry, and
civil society). The authors stress that during transitions towards true sustain-
ability phases and areas of relative stability take turns with phases and areas
of radical change. These dynamic processes take a lot of time and constantly
require the realignment with political and socio-cultural processes, including
discourses on values, goals, norms, and regulations.

With view on the particular procedures that run sustainability transitions,
Geels and Schot (2007) distinguish between different processes of change
within the dominant regime. The authors developed a typology of four tran-
sition pathways: transformation, reconfiguration, technological substitution, and
de-alignment and re-alignment which differ in combinations of timing and
nature of multi-level interactions. Geels and Schot (2007) provide several
historical examples for each transition pathway. In transitions that follow a
technological substitution pathway, the regime actors defend themselves and
invest in innovation when the innovative potential replacement appears on
the horizon. In contrast to the de-alignment and re-alignment path where the
regime actors experience sudden strong landscape pressure and surrender
to the obvious major regime problems, in technological substitution path-
ways established actors keep their faith in the dominant regime and take up
the competition challenge to avoid the market entry of the newcomer. As a
consequence, the actual transition may be postponed since the fundamental
change happens more slowly and incumbent regime actors take the oppor-
tunity to gradually adapt to the changing landscape. While both pathways
result in the eventual replacement of the initial socio-technical regime by
another one, the transition processes differ sharply in duration as well as in
the nature of the protagonists and their interactions. In the following, we
describe the observed processes that took place during one of the most popu-
lar and well-studied historical transitions, which has become a metaphor for
the slow substitution of one technology by another: the transition from the
era of sailing ships to the era of steam boats.

The Sailing Ship Effect

The introduction of the concept of “sailing ship effect” takes its name
from the remarkable persistence of sailing ships in the face of the develop-
ment of steam-driven ships in the 19" century (Mendonca, 2013). In the
own words of New Zealand scientist W. H. Ward, “the sailing ship made more
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improvements in the 50 years after the introduction of steam ships than they had
in the previous 200 years” (Sushandoyo et al., 2012; Mendonca 2013; Filatrella,
Liso 2020a). According to Filatrella and Liso (2020a), this “battle” of the
ships lasted about 80 years and resulted in several innovations in the sailing
ship industry (e.g. became faster, doubled the space for cargo in proportion
to tonnage, and reduced their crew needs) (Mendonga, 2013; Filatrella, Liso,

2020a).

In light of this, Geels (2005b) argued that the improved performance of
the established sailing ships technology was a mechanism that slowed down
the diffusion of the new steamship technology. In other words, the SSE can be
interpreted as following a technological substitution pathway, where the regime
actors defended themselves and invested in innovation when the innovative
potential replacement appeared on the horizon. The MLP perspective helps
to further illustrate in which ways the changes in the external context and
landscape developments supported the co-evolutionary processes at work in

the SSE.

For instance, the 19" century was characterized by international and colo-
nial trade expansion. Britain’s political and economic liberalisation changed
the landscape in a way that led to the country’s emergence as the world’s
manufacturing hub (Geels, 2005a). As a result, the shipping regime, in par-
ticular the sailing ships’ market dimension expanded (Geels, 2005b). At the
same time, landscape shocks of political revolutions (1848), the Irish potato
famine (1845-1849), and the prospect of obtaining higher wages elsewhere
to fight poverty resulted in mass emigration from Europe (Geels, Schot,
2007). Up to those periods of time, steamships were confined to narrow
market niches (e.g inland waterways, ports, mail transport) (Geels, Schot,
2007). However, the previously mentioned landscape development resulted
in a growing passenger market and provided a window of opportunity for
steamships to acquire a wider market niche — the transatlantic transport of
passengers (Geels, 2005b). At first, the steamships were able to capture the
more affluent emigrants that preferred to travel in steamships because of
the speed, regularity, and comfort it offered compared to luxury sailing ship
cabins (Geels, 2002; Geels, 2005b). However, steamships quickly captured
the entire emigrant market — by 1866, 81% of European emigrants traveled
by steamships (Geels, 2002). Additionally, the opening of the Suez Canal
in 1869 caused a physical landscape change (Geels, 2005a) that provided a
shortcut for ships and thereby giving steamships a major comparative advan-
tage in global trade because strong winds made it unsuitable for sailing ships
(Geels, Schot, 2007). Sailing ship companies responded by transferring to
other market niches (freight transport in bulk markets) which was supported
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by the increased diversification of world trade and the demand for imports of
raw material (e.g. cotton, metallic ores, meat, wool, guano, and rubber) and
luxury products (e.g. tea, coffee, sugar) (Geels, 2005a). In this segment, low
freight costs were more important than high speed (Geels, 2005b), allowing
sailing ships to continue navigating in this market niche.

Geels and Schot (2007) demonstrate how technologies, institutions,
behaviors, rules, and values changed during the technological substitution
pathway of sailing ships. They observe several seemingly unrelated devel-
opments during the 19" century that obviously accelerated diffusion. Some
technological innovations improved the functioning of sailing ships although
they were not directly related to sailing ships, e.g. steam tugs, growing knowl-
edge of oceanography and reliable charts of winds and currents). At the same
time, a new steamship regime emerged as three technical trajectories linked
up. These were the gradual shifts toward screw propulsion, iron hulls, and
compound engines (Geels, 2005a; Geels, Schot, 2007). Furthermore, Geels
(2005b) attributed the development of the steamships to landscape devel-
opments including changed market dynamics and subsidies, adaptations in
ports, the construction of a worldwide coal infrastructure (Geels, Schot,
2007), and the introduction of new ownership statuses which facilitated the
acquisition of capital-intensive steamships. All these developments, coupled
with the interaction of actors, as stated by Geels (2005a), were part of the
“stepwise process of reconfiguration” for the occurrence of the technological
transitions from sailing ships to steamships.

The combination of these landscape developments and the measures
taken within the sailing ship regime obviously slowed down the diffusion
of steamships (Geels, 2005b). The technological improvements in sailing
ships countered the competition pressure by steamships in the ocean trade of
the 19 century (Geels, 2005b. While such improvements in the incumbent
technology when challenged by an emerging one are quite common, Geels
(2005b) finds this pattern so obvious with sailing ships and steamships, that
the coinage of the sailing ship effect seems justified.

From the very beginning, the metaphorical beauty of the SSE attracted
the interest of innovation researchers. By transferring the pattern of the
SSE to other occurrences, several authors provide new examples, which shed
light to different applications and facets of the SSE. The examples include
horse-drawn carriages, motorcycles (Geels, 2005a), chemical processes in
the alkali industry, and the iron industry energy transition (Howells, 2002).
Sick et al. (2016) provide examples of new technologies that eventually dis-
placed old ones like the steam locomotives and diesel-electric powered trains.
Filatrella and Liso (2020a) analyze the SSE in a deterministic model (without
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real innovation) by reproducing the most frequent occurrences of the SSE.
They conclude that the old technology survives longer in a SSE situation
than without the effect, but eventually the old technology always “loses the
battle”. Filatrella and Liso (2020a, 2020b) provide examples in which the old
technology either continued holding an important niche, or kept the new
technology at bay, or that it re-emerged after a while such as the mechanical
watches that were threatened by the quartz watches (Filatrella, Liso, 2020a).
Lastly, other examples include what Mendonca (2013) call a reverse learning
effect or a technology reverse (Sciavone, 2014), where innovations from the
old technology are combined with the new technology. Examples of such
technological symbioses or hybridization are analog and digital cameras
(Sciavone, 2014; Filatrella, Liso, 2020a), steam engines and electric motors,
and gas turbines in electricity production (Geels, 2002).

While the existence of the SSE is not unquestioned (Howells, 2002; Liso,
Filatrella, 2008; Mendonca, 2013), our main focus is not to historically ana-
lyze its existence, but to take it as a basis for the development of a narrative
that allows to highlight some of the dynamics observed during socio-techno-
logical transitions without ignoring the underlying complexity. We thus offer
a basis for understanding the characteristics of the SCB transition.

Is the Bioeconomy the
Metaphorical Steamship?

The Complexity of Bioeconomy Transitions

Bioeconomy affects many industrial sectors. Therefore, the transition to
a SCB is not as simple as a scaling-up process of an innovative, superior,
and substitutive technology that has emerged in a niche (Morone, 2018).
It is a transition towards a paradigm shift that affects the whole economy
and encompasses highly complex processes (Morone, 2018; Urmetzer, 2020).
It is the result of a co-evolution of economic, technological, institutional,
cultural, and ecological developments at different scale levels (Bosman,
Rotmans, 2016). In the following, we will describe the complexity of the SCB
transition by highlighting several questions arising in terms of the current
change process.

What is “Bio”?

To begin with, monitoring the bioeconomy is hampered by a lack of sta-
tistics on emergent and partially bio-based sectors i.e. those sectors where
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bio-based products are produced along with non-bio-based products (Morone,
2018). Additionally, deciding on the most appropriate socio-economic indica-
tor framework or economic performance indicators is an intricate ordeal. For
instance, some countries focus on the contribution of the bioeconomy sec-
tors to gross domestic product (GDP), turnover, and employment. However,
this approach only provides an incomplete picture when environmental and
social aspects are not included (Morone, 2018). Additionally, the current sta-
tus of sustainability certification and standardization of bio-based products
is faced with the challenge that there are no homogenous criteria, or the
practical implementation of criteria in certification processes is inadequate
(Heimann, 2019). Similarly, legislative frameworks, recycling schemes, and
necessary standardization activities are lacking implementation (Morone,
2018). Understanding interactions, transition costs, and friction among the
various processes and stakeholders within bioeconomy value chains remains
a challenge.

How many Bioeconomies are there?

There is no single bioeconomy but rather many bioeconomies (Urmetzer,
Pyka, 2017; Fritsche et al., 2020). Given that there is no agreed definition
of bioeconomy around the globe, worldwide comparisons are hard to make.
Countries’ different priorities are illustrated in their nation-wide strategies
and their respective comparative advantages (e.g. availability of natural
resources) (Morone, 2018). Thus, measurement, monitoring, and reporting
of the SCB is a challenge. A bioeconomy agenda-setting must consider the
respective national and regional circumstances. According to Jander and
Grundmann (2019), the transition from a fossil-based to a bio-based economy
requires to chart the status quo and the developments in fossil resource con-
sumption within an economy, to record developments in the availability of
substitute goods from bio-based resources, and to involve those sectors that
are currently or potentially part of the SCB. Only then can visible targets for
policy interventions be enacted and achieved.

What Do We Mean by “Bioeconomy”?

Due to the fact that the bioeconomy “sits at the intersection” (Morone,
2018, p. 2631) of many overlapping concepts such as sustainable develop-
ment, circular economy, and green technology (D’Amato et al., 2017; Morone,
2018), some conceptual inconsistencies can be diagnosed. Vivien et al. (2019),
for instance, described the historical development of three different narra-
tives of the bioeconomy, each one of them selectively supporting a certain
group of stakeholders in their specific agendas, be it nature conservation,
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technological development, or the full substitution of fossil resources.
Without doubt, the increase in biomass resource demand has strong implica-
tions for global sustainability concerns. This includes issues such as paying
attention to workers’ conditions, ensuring sustainable and effective use of
water and land to produce biomass for food, feed, fiber, materials and energy,
and impacts on the ecosystem quality and biological diversity (Pfau et al.,
2014; Dietz et al., 2018; Morone, 2018; Gawel et al., 2019). In the wake of such
concerns, especially in the EU, the bioeconomy has recently undergone a
shift from a technology- to a more society-focused concept although Gawel
et al. (2019) still make out a policy focus on an input substitution concept
with an emphasis on high-tech innovations in biotechnology (see also Zinke
et al., 2016) This ambiguity between a biotechnology-centered vision versus
a biomass and sustainability centered vision of the bioeconomy still seems to
prevail across and within nation states thus contributing to inefficiencies in
the formulation and implementation of bioeconomy policies (Vivien et al.,
2019; Befort, 2020). Nevertheless, the European Commission’s Knowledge
Centre for Bioeconomy is promoting bioeconomy as a core instrument to
foster economic resilience in the postCOVID-19 era and providing a new
perspective along with a new term “BioWEconomy” in which social aspects
are of high importance with a transformative focus towards an inclusive, sus-
tainable, circular bioeconomy (Fritsche et al., 2020).

Who Buys “Bio”’?

Consumer dynamics within a SCB are complex and play a key role in sup-
porting the transition (Pyka, 2017a). Consumption patterns and the willing-
ness to pay for bio-based products influence demand and innovation activi-
ties (Hagemann et al., 2016). Factors such as new lifestyles, price, quality,
and changing preferences will determine the success of new technologies and
products. In addition to their mere acceptance of novelties, consumers have
been seen as economic agents who share responsibility with industry, politics,
and science for actively contributing to the structural transition towards a
SCB (Wilke et al., 2021). Thus, consumers’ roles in the ongoing process of
market uptake of bio-based products need to be exploited (Morone, 2018).
As consumption trends such as responsible consumption, ecological foot-
print, etc. continue to reach a growing number of consumers, it is important
that sustainability issues are made transparent and are openly discussed with
stakeholders (Hagemann et al., 2016).
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A Long Way to Change?

In a complex transition process already modest progress towards a higher
share of bio-based products might have the potential to radically transform
production and consumption once it reaches a tipping point. Bioeconomic
opportunities are still mostly unexplored and require long periods to be dis-
covered, researched, and introduced as innovation (e.g. synthetic chemistry,
biochemistry, microbiology, molecular biology, process technology). However,
transitions rarely follow linear developments. The more the advantages of
bio-based solutions become known, the faster novel products, technologies,
and practices of the SCB will diffuse. Therefore, integrating bioeconomy
in curricula (Urmetzer et al., 2020) and a continued support of bioeconomy
entrepreneurship and start-up activities will be decisive in supporting SCB
transitions (Kuckertz et al., 2020).

The above paragraphs illustrate that a transition to the SCB is a truly
complex process and that the attempts to reduce its complexity are likely to
assume away the essence of the transition. The drivers of the bioeconomy are
multi-faceted and involve a variety of domains and stakeholders, encapsulat-
ing economic, environmental, societal, and political objectives. A transition
to a SCB involves the emergence of a new and complex set of relations among
stakeholders acting at the production level, as much as at the consumption
level. These intersect with institutional actors playing a fundamental role in
steering the transition altogether (Morone, 2018) and attempt to mitigate the
social distortions that may occur (e.g. affecting urban and periphery regions
differently, producing winners as well as losers).

Sailing Ship Effect Dynamics in the Transition
to a Sustainable Circular Bioeconomy

The fundamental dynamics of the SSE illustrate how the advent of a new
technology stimulates an innovation response of the incumbent in order to
survive (Nainwal, 2018). In the previous sections, we shed light on the com-
plexity and the characteristics of sustainability transitions in general and of a
SCB transition, in particular. Obviously, many bioeconomy innovations (e.g.
biofuels, bioplastics, and biopharmaceuticals) are designed to compete with
existing fossil-based alternatives within the existing value chains (Hermans,
2018). A relatively long interim phase can be expected to be characterized by
a co-existence of both a fossil-based economy and a bio-based economy. The
processes of cooperation and imitation across niche and regime industry actors
can be expected to trigger specific intra-subsystem changes of co-evolution-
ary nature (Almudi, Fatas-Villafranca, 2018).
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With the aim of assessing the co-evolutionary dynamics between the

fossil industry (established technologies) and the bio-based industry (novel
technologies) we will, in the following, explore in which way the SSE per-
spective can be applied to improve our understanding of these dynamics.
Therefore, we develop a narrative analogy on the innovative response of the
fossil-based industries in reaction to the appearance of bio-based products.
The similarities include:

Xl

— Technology lock-in: The emergence of the bio-based trend is occurring
during a time characterized by a state of lock-in to carbon intensive, fossil-
based systems for the past sixty years. All networks and actors along the
supply chains, from extraction to use and disposal are established and
have been more or less uncontested for the past sixty years. Thus, bio-
based efforts began in a “red ocean market” filled with many uncertain-
ties and fierce competition, just like steamships did in the 19" century
when contesting the vintage sailing ship.

— Changing regulatory settings: Changes taking place in the institutional
framework during the 19" century influenced sailing ship design. For
instance, the amount of freight a ship could carry was taxed with a new
Tonnage Law (Mendonga, 2013; Geels 2002). As a consequence, ship-
builders started innovating in materials (e.g. iron was first used as an add-
on to strengthen wooden constructions) (Geels, 2002) and in the design,
to remain competitive, and began to build clipper ships that were heavier,
stronger and narrower (Geels, 2002). Additionally, a new subsidized mar-
ket niche for mail steamers in the UK supported the emergence of the
new steamship technology (Geels, Schot, 2007). Today, the increasing
amount of environmental regulations and standards towards a more sus-
tainable circular economy is influencing the way, how we produce, con-
sume, and dispose, and is paving the way to turn to a bio-based economy.

— Innovations: As steamships did when improvements in ship design and
materials took place, the bioeconomy solutions benefit from innovation
efforts in other industries, including innovative efforts in the fossil-based
industries (e.g. attempts of the conventional plastic industries to increase
the resource-efficiency by introducing recycling and the circular econ-
omy), combining products (e.g. a computer with a bioplastic casing), or
bioeconomy solutions also form new combinations with established prod-
ucts (e.g. a certain share of biofuels in fuels, drop-in bioplastics).

— Co-existence: Throughout the 19™ century, sail and steam technolo-
gies co-existed and together met the growing demand for maritime traf-
fic (Mendonga, 2013). Similarly, the 21 century will be characterized by
an increasing fossil- and bio-based production and consumption. The
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co-existence of the fossil economy and the emerging bioeconomy is likely
to last for a long period in which the relative share of bio-based products
needs to grow continuously.

— Co-evolution and complementarities: Mendonga (2013) illustrates the
complementarities or reverse-learning effects that took place between
steam and sailing ships. For instance, sailing ships incorporated a “steam
tug” into its design for better maneuvering, and steamships incorporated
“sails” into their early designs to complete long voyages when the winds
were favorable (Mendonca, 2013). Today, bioeconomic knowledge is
combined with other knowledge fields (e.g. from digitalization) and new
applications are generated (e.g. food waste reduction and digital food shar-
ing). Similarly, new concepts are introduced (e.g. recycling) which were
adopted first by fossil-based industries, namely, plastic recycling. Only
recently, bio-based industries began to also imitate this concept (e.g. Bio
PE and Bio PET) which allows for recycling as well.

The parallels between the two transition processes then and today stress
how in both cases incumbent industries challenged by new technologies tend
to safeguard their established dominance and vested interests. Novelties in
products, services, and business models (e.g. steamships and bio-based prod-
ucts) contribute to the formation of markets and new industries (Berggren
et al., 2015; Planko et al., 2016). At the same time, existing industries (e.g.
sailing ships and fossil-based products) transform (Turnheim, Geels, 2013),
industry associations facilitate institutional change and shape societal dis-
courses, lobby for efficacious policy and regulations, develop new industry
standards, and create (or undermine) legitimacy for new technologies, prac-
tices, and visions (Geels, Verhees, 2011; Rosenbloom et al., 2016).

Also, in the case of the bioeconomy transition, newcomers are associ-
ated with radical niche innovations, that may motivate incumbents to align
their innovation strategies to the aims of the developing market. This may
involve a re-orientation of industries by developing and pushing green tech-
nologies (Planko et al., 2016). Such re-orientation will not happen overnight
but requires longer transition periods, which, in turn, offers opportunities for
mutual learning.

Compared to sustainable niche innovations by bio-based start-ups, the
adaptations in incumbent routines and practices can have tremendous posi-
tive effects on sustainability in the short run. Due to their sheer proportion of
industrial activity, incumbent firms can contribute much more to sustainable
economic outcomes, for example, by investments in circular production pro-
cesses (e.g. making progress on recycling systems). Conventional industries
can also contribute to SCB transitions by either offering complementary or
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auxiliary technologies (e.g. combustion engines in hybrid cars), or provid-
ing the technological knowhow for substitutive solutions (e.g. drop-in bio-
plastics). Such blended technologies provide additional time for the bio-based
technologies to develop further. Finally, incumbent industries have accumu-
lated important competences and established networks which cannot eas-
ily be replaced by innovative start-ups, e.g. concerning the organization of
production, international distribution, as well as competences on varying
national regulation required for market access and entry. This offers promis-
ing opportunities for cooperation between established actors in incumbent
fossil industries and emerging start-ups in bioeconomy industries. The coop-
eration in vaccine production between Pfizer and BioNTech is a striking
example for prolific cooperation.

Examples from Selected
Bioeconomy Industries

One of the key features of the SSE is a sudden increase in innovative
activity by incumbents in the face of the advent of a new technology. In this
section, we focus on realignments, connections, and relationships in business
networks within the chemical and bioplastics industries, on policies support-
ing the transition and on technological complementarities as well as chang-
ing consumption patterns. New sustainable value propositions emerge as an
adaptation either to new environmental regulation and climate change miti-
gation policies or to changing consumer preferences increasingly considering
negative environmental impacts of conventional products. A few examples
from the SCB transition are selected to work out the similarities and dif-
ferences with the SSE effect in order to develop a better understanding of
the dynamics despite the extraordinary complexity of an innovation driven
transition.

Incumbents’ and Start-ups’ Strategies in the Transition

The bioeconomy change going on in the chemical industry may serve
as an example for both types of the bioeconomy, as described by Vivien
et al. (2019) and Befort (2020), the biotech- and the biomass-bioeconomy. In
the former case the complementarities and interrelated processes between
incumbent and start-up actors concerning industrial structures and networks
are relevant. In the latter case, the substitution to manage sustainability and
reduce dependence on non-renewable resources is important.
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On the firm level, the emerging bioplastics sector is currently struggling
with competing against traditional business models. To understand the rea-
son for this, we need to look closer at both, the large chemical and the inno-
vative dedicated bioplastic start-up companies and their cooperation strat-
egies. Because of their focus on mass production, economies-of-scale, and
the prevailing idea of product durability, the established actors conceive the
emerging bioplastics sector as a challenge, which, on the one hand, allows
for business opportunities, but on the other hand, represents a costly learn-
ing process with uncertain results. Established chemical companies need to
decide whether to substitute profitable conventional products with bioplas-
tics, thereby replacing their own established position, or more cautiously, to
produce bioplastics alongside conventional plastics (Iles, Martin, 2013). This
motivates the companies not only to innovate in new technologies, but also
to develop new business models (Demil, Lecocq, 2010). Because of the uncer
tainty about how biomass feed-stock can add value to them as well as to
their customers, they either adapt their existing business models and invest in
building in-house biotechnology capabilities, or they choose to partner with
agriculture or biotechnology start-ups (Iles, Martin, 2013).

The start-up firms instead need to evaluate whether it is possible to com-
pete with incumbent technologies or to cooperate with incumbent firms by
exploiting their specific industrial knowledge and tapping into established
supply chains to enter markets and to overcome missing process engineering
abilities as well as resources needed for large-scale polymer production. In
most cases, the cooperative strategy is chosen.

The Biochemical Industry

The first example illustrates how the emerging bioplastics industry can
learn from imitation of the established conventional plastics industry. Not all
of the bio-based plastics are also biodegradable. Furthermore, there have been
other ongoing debates related to certification issues, ecological footprint,
and competition for land use. Because of such sustainability concerns in the
potentially superior bioplastics domain, the bioplastics industry is strongly
interested in the imitation of circularity concepts developed in conventional
plastics. Referring to the SSE example, the bioplastics industry takes the role
of steamships imitating an innovation of the sailing ship industry. This way,
the introduction of circularity ideas is accelerated and the innovation pro-
cess in bioplastics avoids re-inventing the wheel, making the whole knowledge-
generation more efficient.

It has to be mentioned that besides imitation, the implementation of
ideas of the circular economy also leads to new cooperation strategies. Today,
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large chemical companies undertake enormous efforts in collaboration with
dedicated start-ups to develop either recyclable and/or biodegradable bio-
plastic products (e.g. BASF’s Ecovio, DuPont’s PTT and Braskem’s Green PE
(Gautam et al., 2007; Iles, Martin, 2013)). It can be expected that this coop-
eration trend will be maintained in future and includes efficient waste man-
agement system in the value chain of bioplastics in order to achieve a more
sustainable circular bio-based plastic industry (Iles, Martin, 2013).

Looking at the largest players in the global bio-based chemicals market
today shows that most of the players originate in petro-chemistry and suc-
cessfully implemented bioeconomy competences. The key players include
Dow Inc. (USA), BASF SE (Germany), DuPont (USA), Braskem (Brazil),
BioAmber Inc (USA) and Evonik Industries (Germany) (Market Research
Future, 2021). Except for BioAmber, which was founded in 2008 as a renew-
able chemicals company, the big players all have a long tradition in petro-
chemistry. These companies follow mixed strategies that entail expansion by
building-up own competences, acquisitions to acquire external competences,
joint ventures to develop jointly new competences, and technology transfer
on the global level to gain market shares. It is remarkable that despite their
long experience, most large established companies with huge R&D depart-
ments, rely on cooperation with innovative start-ups in bioplastics.

This development illustrates an innovative reaction of the established
chemical industry triggered by the advent of the new supposedly more sustain-
able bioplastics industry. The improvement thrust in recycled plastics mar-
ket to capture value in the circular economy can be considered as a defense
by the chemical industry against developing bio-based markets. Thriving
toward a more sustainable circular economy, whether driven by consumer
activism or government policy and regulations, has led to a distinct merger
and acquisition activity in the form of new alliances, partnerships, and joint
ventures (Keas, Forster, 2020). Examples are Quality Circular Polymers, the
LyondellBasell and SUEZ joint venture to recycle post-consumer plastic into
a high-quality polypropylene (LyondellBasell, 2019) and Eastman Chemical’s
partnership with Circular Polymers to collect discarded post-consumer car-
peting and recycle it into feedstocks for use in Eastman’s products (Eastman,
2019). Whether intended or not — with respect to the changes in the plastics
industry landscape (Keas, Forster, 2020) - there is a US$120-billion market
opportunity in North America alone for plastics and petrochemicals stem-
ming from recycled waste plastics (Deloitte, 2019). According to the Infoholic
Research LLP (2019) report, it is expected that the recycled plastics market
will grow globally with annually 6.8% by 2025. This reveals the strong eco-
nomic incentive provided by the circular economy and can be interpreted as
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a precursor of changing mergers and acquisitions practices in the chemical
industry. The new alliances and business ecosystems potentially drive inno-
vation in a direction that will positively affect the sustainable development
of the sector while at the same time allowing the bio-based industries more
time to develop. Like in the SSE the established chemical companies exploit
existing opportunities to improve the sustainability of established produc-
tion processes and products. As described a paragraph above, the bioplastics
industry benefits twofold: By imitating the circularity processes and gaining
time to develop their own products towards market readiness.

The Bioplastics Industry

An example for the emerging bioplastic cooperation business model is
provided by the case of polylactic acid (PLA), a compostable biopolymer.
The established firm Dow Chemical, not familiar with using biotechnology
and agricultural feedstocks in chemical production and the dedicated bio-
plastics company Cargill with competences in PLA production from corn
started a joint venture in 2000, the DoweCargill LLC, to produce PLA from
corn (Castilla-Archilla et al., 2019). A business model was developed to com-
bine Cargill’s technology with Dow’s expertise in polymer production and
marketing. The collaboration offered an opportunity for both companies to
mutually benefit from the partner’s capability for the emerging biopolymer
market (Iles, Martin, 2013). However, the joint venture failed due to PLA’s
costliness compared to conventional polymers and due to the difficulties to
convince customers of the superiority of the corn-based PLA compared to
conventional material such as PET, in both environmental and performance
terms. This failure in a market-relevant application of a renewable material
increased skepticism (Iles, Martin, 2013) but was only one step in a learning
process. Later, in 2005, Cargill bought out Dow’s share (Tullo, 2005; Castilla-
Archilla et al., 2019) and in 2007, Cargill and Teijin Corporation, a large
Japanese chemical company, built a new partnership to found NatureWorks
LLC and created the brand “Ingeo” for their PLA (Larson et al., 2012). This
company finally managed marketing the product as compostable material
which is ideal for packaging and beverage applications, and also obtained a
cost reduction by expanding its scale of production (Iles, Martin, 2013).

pre-published - Journal of Innovation Economics & Management 2021 XVII



Andreas Pyka et al.

Figure 1 - lllustration of an example business model established
for the production of a bio-based chemical PLA
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Figure 1 illustrates the case of PLA and shows how a business strategy
evolved for an early biopolymer production by combining competences in
innovation cooperation to form a business model that suits bio-based chemi-
cals. Obviously, the DoweCargill joint venture failed to engage business
stakeholders, and customers continued to have concerns about the PLA’s
performance and its sustainability as a starch-based product. With this expe-
rience in mind, Cargill took the chance again seven years later. With its new
joint venture, NatureWorks, they managed to actively shape the bioplastics
ecosystem while staying attentive to market needs. The example illustrates
the justification and the benefit of a co-existence of large established and
small dedicated companies now and in the future. Clearly, the specific tech-
nological competences are not easily developed in established companies nor
can dedicated bioplastic companies easily develop the complementary capa-
bilities of large-scale production and distribution.

A further example highlighting the importance of suitable cooperation
strategies for the established chemical companies is presented by DuPont.
Their development of bioplastics was a response to a competitive threat to its
polymer division. Shell Chemical commercialized a new way to manufacture
polytrimethylene terephthalate (PTT) polymers. Shell’s competitive advan-
tage was based on their ability to economically produce large quantities of
the fossil fuel-based monomer 1, 3 propanediol (PDO). To protect the market
share it had acquired through its established nylon business, DuPont sought
to develop a PTT business model by researching other economical routes of
PDO production. As early as 1995, DuPont created an R&D partnership with
Genecor, an industrial enzyme producer to investigate a sugar-based route to
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PDO. Because of the envisaged opportunities, DuPont re-calibrated its busi-
ness model to focus on bio-PDO as the foundation for new product lines that
could be marketed as renewable resources. Today, DuPont has set corporate
sustainability goals, continues making new dedicated acquisitions, and is also
focusing internally on bio-based initiatives. DuPont also created a bio-based
materials unit that unifies scientific expertise in bioconversion and comple-
mentary partnerships with agri-food companies such as Tate & Lyle and the
acquisition of biotechnology firms such as Genencor (lles, Martin, 2013).
This example illustrates that despite a long-term engagement in bioplastics,
DuPont still relies on the cooperation with dedicated bioplastic companies
which explains the co-existence of these different types of firms in one nar-
rowly defined industry.

The examples of Cargill and Dupont are not rare exceptions. Today there
are various types of business collaborations between established industry
companies and new firms or start-ups to produce bio-based products. Castilla-
Archilla et al. (2019) describe in detail two further examples for acrylic acid
(used in plastic manufacture) from renewable feedstock (sugars dextrose or
sucrose) and for biosuccinic acid (used in certain biodegradable polymer pro-
duction) from corn mainly as feedstock (Castilla-Archilla et al., 2019).

The above examples illustrate how, like in the 19% century case of the
SSE, the appearance of potential competitors introducing bio-based solutions
triggered innovation in the established fossil-based industry with a motiva-
tion to prolong their dominance in the market. In contrast to the sailing
ship industry 150 years ago, the chemical industry today is adopting, at least
partly, a cooperation strategy to internalize the new knowledge, to enlarge
their product portfolio and to improve their ecological footprints.

Other Actors Influencing the Transition:
Policies and Consumers

As mentioned in the previous section, Geels and Schot (2007) proposed
the concept of transition pathways which Imbert et al. (2017) apply to relate
the bioeconomy policy strategies to the transition dynamics taking place in
the bioplastics sector. The authors illustrate the broader dynamics of transi-
tion towards bio-based feedstock within the chemical sector, where the waste
management regime plays a key role, either for enabling or constraining the
market uptake of bioplastics.

In Germany, the established regime together with a top-down policy
strategy aims for incremental improvements along the well-established paths
and prevents a rapid and disruptive change. Imbert et al. (2017) argue that
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the bioeconomy transition process in Germany follows a gradual and incum-
bents-friendly regime adjustment transformation pathway. This enduring
reliance on the established industry prevents more ambitious measures to
promote markets for bioplastics. Consequently, the transition efforts remain
restricted to the establishment of more advanced recycling systems for con-
ventional plastics (Umweltbundesamt, 2013).

In contrast, in Italy — meanwhile leading in bioplastics — the bioeconomy
transition policy resembles a reconfiguration pathway, which is favored by
environmental concerns, a struggling chemical sector, and an insufficient
waste management regime. Thus, the Italian bioplastics sector is promoted as
an alternative to conventional plastics by environmental NGOs along with
Italy’s policy in favor of the emergence of new actors and alliances (Imbert

et al., 2017).

Ari (2020) and Pannicke et al. (2015) confirm the shortcomings of inno-
vation policy approaches such as the German one with regards to their capac-
ity to overcoming lock-in and path dependency effects because of the strong
weight attached to established actors. European bioeconomy strategies often
fail in developing a real path transition towards a sustainable bioeconomy,
because existing policies generally support more of R&D and pilot projects,
such as clusters of excellence in the Bioeconomy while neglecting engage-
ment with other actors than the established ones.

In the transition to the SCB — maybe to a larger extent than in the
steam ship transition — old technologies are also challenged by new con-
sumer behavior and expectations, as well as changed regulations. In analogy
with the MLP, these combined effects can be perceived as landscape changes
arising from megatrends, such as sustainability (Prothero, McDonagh, 2015)
or digitalization (Haefner, Sternberg, 2020). The imminent climate change,
changing consumer preferences, and the new digital opportunities provide
extra motivation for incumbents to innovate in addition to the pressure
exerted by new market entrants. In many cases, this demand-side pressure
contributes to a growing SCB to a much higher degree than it did in the case
of the emerging steam ship regime. Therefore, incorporating the consumer
realm and its co-evolution along with the industry by identifying the specific
feedback mechanisms (Almudi, Fatas-Villafranca, 2018) can provide more
insights on how such co-evolution engenders the change towards the SCB.

The current co-existence of fossil-based and bio-based technologies
resembles the phase in the SSE before the socio-technological change was
completed and sailing ships co-exist with steamboats. But in contrast to the
SSE, we do not know the outcome, and the transition to a SCB might not
directly terminate the fossil era. While the disappearance of old technologies
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themselves will eventually come true (observed, for instance, in the decline
of diesel and gasoline-powered vehicles, single-use plastics, plastic carrier
bags etc.), some of the dominant actors might survive by adapting to the
transition or becoming part of the transition. In many cases, a continuation
of the current co-evolutionary developments of both old and new technolo-
gies will be observed, in which complementarities, cross-fertilizations, knowl-
edge exchange, and reciprocal dissemination take place and large established
firms as well as dedicated start-up companies co-exist. They will enter new
forms of cooperation and mutually develop new knowledge. The business
examples do not suggest the existence of a strong substitutive competition
but rather highlight the opportunities of cooperation to jointly develop from
the exchange of heterogeneous and highly specialized knowledge as well as
from sharing competences in complementary activities.

Conclusions

The growing global population, which will become increasingly affluent,
combined with the projected effects of climate change, requires a major tran-
sition in the way food, energy, and raw materials are produced, consumed,
processed, and disposed. The concept of a SCB has emerged as an impor-
tant part of a potential solution for these sustainability challenges. Without
doubt, transitioning from a fossil-based economy to a bio-based economy
entails much more than substituting fossil resources with renewable biologi-
cal resources. This transition entails an exceptionally complex, uncertain,
and lengthy process, which will require the active participation of the myriad
of actors involved in the bioeconomy value chains.

Our paper uses the historical case of the remarkable persistence of sail-
ing ships to stay in the market in the face of the development of steam-
driven ships in the second half of the 19" century as a source of inspiration.
We posed the question in which way the SSE perspective can help to better
understand the processes taking place in the transition towards a SCB. The
SSE provides a narrative about technological improvements of incumbent
technologies and helps to shed light on the complexity of the SCB transition
as it sails into stormy seas towards a widespread market adoption. By using the
SSE analogies for the SCB, for the production of more sustainable, bio-based
industrial chemicals, liquid fuels, and plastics, we have separated and closely
examined some of the transition dynamics observed in the historical context
of the SSE (e.g. technology lock-in, changed regulatory settings, cross-fertiliz-
ing innovation, co-existence, co-evolution and complementarities) that also
take place within the current SCB transition. One fundamental difference
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observed is the additional motivation for fossil industries to innovate stem-
ming from the megatrends sustainability and digitalization — two kinds of
landscape changes that put extra pressure on incumbents of the SCB transi-
tion and have no analogy in the SSE.

We would like to motivate future research to explore questions like, what
kind of supply chain models have a stronger impact on the transition towards
a SCB, or to what extent do the companies’ traditional value propositions
hinder constructing business models for bio-based markets to realize ecologi-
cal and social value. The application of the sailing ship analogy is considered
to be helpful here. Referring to the SSE and the particular differences in
the present-day transition highlights the effect of co-existence of established
companies and start-ups and the role of co-evolutionary dynamics which
improve the new bioeconomy technologies and reduce the environmental
footprint of established technologies. Two hundred years ago, sailing ships
had limited room for improvement of speed and reliability. Similarly, the fos-
sil-based industry today has no room for renewability, less room for circular-
ity, and therefore limited room for a contribution to sustainable development.
The steamships’ niche transformed into a new regime with novel practices,
which culminated in a complete technological transformation that led to a
change in socio-technical regime. While the SSE was followed by an indus-
trial revolution, the establishment of the SCB, too, has the potential to make
a lasting impact on the system: the substitution of fossil by bio-based technol-
ogy holds the potential to incite the required sustainability revolution.
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