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Introduction  

The world of plastics is currently run and fueled by fossil ingredients, and that needs to be 
changed for a sustainable future. Plastics have become ubiquitous due to their properties: 
they are cheap, light, durable, and easy to mold (Andrady and Neal 2009) – all of which make 
them versatile materials for various purposes, but also highly likely to be discarded after their 
first use (The World Economic Forum 2016). Hence, the known problems associated with the 
use of fossil-based raw materials in the plastics industry include the growing greenhouse gas 
emissions in production and the leakage of plastic waste (including microplastics) into the 
environment (Siltaloppi and Jähi 2021; Stegmann et al. 2022). Perhaps the most prominent 
solutions for these problems and in increasing the sustainability of plastics are bio-based 
solutions, or “bioplastics,” which loosely refer to plastics that could replace fossil-based raw 
materials or address the environmental issues of plastics due to biodegradability. These 
materials are expected to provide us with innovative solutions that could enable a sustainable 
future for the plastics industry. 

However, unleashing the potential of such innovations would also call for a major restructuring 
of current industry practices and modes of operation. To begin, the proliferation of bioplastics 
would disturb the established principles of how the plastic industry operates, shifting the flow 
of materials and value from a linear and firm-centric model to a more circular and cross-
sectional one (Siltaloppi and Jähi 2021). Such transformation calls for a thinking model that 
emphasizes inter-firm collaboration, complementarities, and joint investments, often described 
as “ecosystems” in the management context (Adner 2017; Shipilov and Gawer 2020). The 
necessary changes extend to all stages and various stakeholders across actors, institutions, 
industries, and sectors. Unfortunately, the management literature is filled with practical 
examples and theories that describe why change is notoriously difficult to achieve, and the 
involved parties are often slow and even reluctant to change (Lawrence and Shadnam 2008; 
Lawrence and Suddaby 2006). Moreover, since “plastics” can mean practically anything (i.e., 
it is an umbrella term for hundreds of different polymers, fossil-based or renewable, 
biodegradable or not, and made from virgin or recycled resources), it becomes extremely 
challenging to pinpoint the most prominent stakeholders and applications for initiating the 
collective change.  

The purpose of this report is to briefly summarize typical challenges related to innovation 
management in the path of more sustainable plastics. We present two types of identified 
challenges: ones that are specific to the plastics industry context and ones that are related to 
the broader industry transition from self-reliant firms toward interlinked ecosystems. 
Accordingly, the remainder of this report is structured under two main themes: first, we present 
implications derived from the empirical work conducted on different ways to improve the 
circularity of plastics and find business models that would accommodate circularity. Second, 
we provide observations and key conclusions related to ecosystem-level businesses and 
explain how those can complement the implications of improving the circularity of plastics. We 
conclude by presenting a summary of potential steps forward for improving the sustainability 
of plastics by highlighting the need for wide alignment within and across industries that link to 
the world of plastics.   
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Short methodological note  
The observations and conclusions in this report are based on a long stream of research 
conducted at the Aalto University, Department of Industrial Engineering and Management. 
Our research group at Aalto University has conducted hundreds of research interviews among 
different industry actors and other stakeholders over the last decade that have enlightened us 
as to why and how attaining such a change is slow and difficult. These insights have supported 
our analysis of the innovation management challenges for improving the sustainability of 
plastics. Overall, this research has involved 256 informants through interviews conducted 
between 2013-2023. These data have been utilized in 13 Master’s theses, 2 Doctoral 
dissertations, and 6 academic articles that provide the foundation for our conclusions and 
implications. During 2023, we have conducted 31 additional interviews among the 
stakeholders relevant to the PlastLIFE project1, while also reaching out to connections attained 
through the ValueBioMat project2. Figure 1 summarizes the related material and research 
outputs. A complete list of the referred works can be found in Appendix 1. Each work also 
includes a more complete methodological description about the particular study. 

Figure 1. Research data and results that provide the foundation for this report 

Studies regarding the plastics value chains – the main foundation for the observations specific to the plastics industry context 

 

  

 

1 Read more about PlastLIFE at https://www.materiaalitkiertoon.fi//en-US/PlastLIFE   
2 Read more about the ValueBioMat at https://valuebiomat.fi   
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Figure 1. Research data and results that provide the foundation for this report (continued) 

Studies on industry value chains in different contexts (not in the plastics industry) – the main foundation for observations on broader 
industry transition from self-reliant firms toward interlinked ecosystems  

 

 

Implications for improving the circularity of plastics  

This section presents a brief summary of two key discussions for improving the sustainability 
of plastics. First, we address the approach of bioplastics and biocomposites, both of which 
aim to reduce the reliance on fossil-based raw materials. Second, we present the discussion 
on circular business models and how they can help in shaping a more sustainable future. 

Reducing the reliance on fossil-based raw materials: Bioplastics and biocomposites 
For some time now, “bioplastics” have been portrayed as an inevitable part of improving the 
sustainability of the plastics industry. This line of thought follows from a simple observation 
that as long as the majority of the raw materials used in contemporary plastics are derived 
from fossil-based resources, the whole industry is a source of CO2 emissions that aggravate 
global warming. In response, by replacing unsustainable fossil-based raw materials with 
renewable resources, the plastics industry could mitigate its role in driving climate change.  

However, while the underlying premise is easy to understand and applaudable, this discussion 
is more complicated than it initially sounds. To start, the term “bioplastics” is confusing as it is 
widely used to refer to many completely different materials, even different functions that those 
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materials are ones that natural microorganisms can decompose at their end of life, 
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and Dintcheva 2021; European Bioplastics e.V. 2023). Even some fossil-based plastics can 
be biodegradable and, hence, referred to as “bioplastics” according to these categorizations 
(Palm and Myrin 2018). Figure 2 below illustrates the classification of different plastic materials 
and indicates ones commonly referred to as bioplastics.  

Figure 2: Classification of plastics with example plastic types. Figure from Mikola (2023), 
adapted from Mecholr-Martínez et al. (2022).  

 

Biobased materials could reduce the plastic industry’s reliance on fossil-based raw materials, 
which are a key component of the environmental issues associated with plastics. The 
biobased feedstocks could directly mitigate the industry’s dependency on unsustainable and 
polluting resources  (Di Bartolo, Infurna, and Dintcheva 2021). The biobased feedstocks are 
considered as a renewable resolution for replacing the problematic and finite fossil resources 
(Rosenboom, Langer, and Traverso 2022) that could also reduce the energy consumption of 
the materials production (Shogren et al. 2019). Biodegradability can address the problem of 
accumulating end-of-life waste of plastics. Biodegradable plastics can also reduce the damage 
caused by unintentional leakage of plastic waste into natural ecosystems, as they would 
naturally decompose to their basic elements over time (Di Bartolo, Infurna, and Dintcheva 
2021).3   
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An alternative approach to incorporate more biobased ingredients into the plastics is the so-
called “biocomposites”, which essentially are products incorporating different fillers that are of 
renewable origin (Manu et al. 2022). Traditionally, fillers have been utilized in plastics to 
produce various functionalities, such as reinforcing the material and its polymer matrix 
(Mohanty et al. 2018). By adding biobased fillers to plastics made from synthetic materials it 
is possible to improve the products functionalities and properties, while also lowering its 
environmental impacts (Manu et al. 2022). However, such composite materials are likely to 
complicate the reuse and recycling of the materials in contrast to more conventional plastics, 
especially if the recycling process would require separating individual components (e.g., the 
biobased fillers) from their structures (Mohanty et al. 2018).  

As the complications regarding the material recycling illustrate, bioplastics or biocomposites 
cannot provide a straightforward solution to all problems associated with the plastic industry 
but are likely to cause different kinds of challenges to resolve. One major issue preventing the 
expansion of biobased feedstocks is that they are most commonly derived from carbohydrate-
rich plants (e.g., corn, sugar cane, castor beans, potato, or wheat), which could be otherwise 
utilized for feeding humans or animals (Brizga, Hubacek, and Feng 2020). This tradeoff 
between nutrition and plastic feedstock causes a major controversy from a social justice point 
of view, as it can be argued that limiting food production by directing edible plants to other 
uses diminishes their value and can be regarded as unethical behavior (Rosenboom, Langer, 
and Traverso 2022). Limiting the biobased feedstocks to “second-generation” resources, such 
as cellulose or waste streams from food production (e.g., wheat straw and sugarcane 
bagasse) that cannot be utilized for food, would greatly limit these ethical concerns (Brizga, 
Hubacek, and Feng 2020; Rosenboom, Langer, and Traverso 2022). Biocomposites are a 
good alternative for this purpose, as they are less likely to rely on edible raw materials 
(Mohanty et al. 2018). However, even such an approach would not resolve all concerns related 
to biobased feedstocks since the associated criticisms link also to the increasing land use 
(Palm and Myrin 2018), fresh water consumption (Di Bartolo, Infurna, and Dintcheva 2021), 
and deforestation caused by growing biobased feedstocks for plastics (Rosenboom, Langer, 
and Traverso 2022). Novel approaches are required to improve the circularity and 
sustainability of plastics.  

Empirical observations on improving the circularity and sustainability of plastics 
Shifting the raw material feedstock would also require complex restructuring of operations and 
practices across the plastics industry. On a general level, key challenges for facilitating more 
sustainable businesses in the plastic industry relate to technological, organizational, market-
related, and environmental aspects. The way these issues and their impact are described 
differs slightly from the chosen research focus and approach. However, all of these issues can 
be linked to the need for restructuring the operations and practices across the plastic industry. 
Next, we provide four examples how these problems have been described and portrayed in 
the field.  

First, a study on the creation and deployment of sustainable business models for renewable 
innovations emphasized the benefits of collaboration and openness among companies that 
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could enable leveraging complementary assets among them (Salminen, 2020).4 The key 
implications of this study highlighted how innovations for improving sustainability require 
complex integrations into existing businesses and how they often emerge from niche markets, 
making them unattractive to incumbent organizations. Hence, the change often requires 
engagement with external (or new) stakeholders that, in turn, requires considerable effort to 
develop new relationships and ways of working. Such relationships are, however, required for 
effective collaboration that could balance the tradeoffs between environmental, social, and 
economic value. Understanding such tradeoffs across the industry is essential for more 
reliable evaluations of the sustainability of certain options and for finding collective 
improvements that benefit multiple stakeholders.  

Second, work investigating the role of competition among industry actors argued that industry 
incumbents are likely drivers of a broader sustainability transition (Päivölä, 2020).5 Drawing 
from the works on sustainability transitions, institutions, and strategic management, the study 
highlighted how the proponents of the sustainability transition need to acknowledge and utilize 
business and economic incentives as the motivators for change. To address the identified 
challenges in technological, organizational, market competition, and environmental issues, the 
incumbents need to be motivated by business and institutional drivers.   

Third, when categorizing business models facilitating circular economy and plastics reuse and 
recycling, three main types were identified: “technology”, “circular reuse”, and “flow” (Vilén, 
2020).6  These categories have different foci guiding the operation. They focus on either 
developing technologies for plastics collection, sorting, or recycling (technology), creating 
services to replace single-use plastics with circular or reusable products (circular reuse), or 
taking responsibility for materials handling related to collection, sorting, or recycling of plastics 
waste streams (flow). Overall, these business models could potentially address some of the 
identified barriers to plastic reuse and recycling, such as the need to initiate supply and 
demand for circularity or the limitations of current recycling processes and operating practices. 
However, notable further changes were found necessary according to the informants: it was 
considered that regulative agencies need to do more to drive sustainable development, 
whereas different industry actors need to find better alternatives to transform the collected 
waste into value.   

Fourth, the most recent work on investigating the potential role of biocomposites for 
sustainable plastics noted several issues that resemble the previously identified challenges 
associated with bioplastics (Mikola, 2023).7 The study found that biocomposites can provide 
an alternative to reducing the carbon footprint of plastics by simply increasing a biobased 
component to more conventional materials. However, the applicability of the biocomposites 

 

4 Salminen, Satu. 2020. Sustainable Business Models for Commercializing Renewable and Circular Plastics – A 
Multiple Case Study Research. Aalto University. Available at: https://valuebiomat.fi/wp-
content/uploads/2023/10/sci_2020_salminen_satu.pdf.  
5 Päivölä, Pyry. 2020. Socio-technical transition to a sustainable plastics economy: Strategic approaches for 
FMCG industry brand owners. Aalto University. Available at: https://valuebiomat.fi/wp-
content/uploads/2023/10/sci_2020_paivola_pyry.pdf.  
6 Vilén, Lars. 2020. Emerging business models in plastics reuse and recycling. Aalto University. Available at: 
https://valuebiomat.fi/wp-content/uploads/2023/10/sci_2020_vilen_lars.pdf.  
7 Not publicly available at the time of this writing. 

https://valuebiomat.fi/wp-content/uploads/2023/10/sci_2020_salminen_satu.pdf
https://valuebiomat.fi/wp-content/uploads/2023/10/sci_2020_salminen_satu.pdf
https://valuebiomat.fi/wp-content/uploads/2023/10/sci_2020_paivola_pyry.pdf
https://valuebiomat.fi/wp-content/uploads/2023/10/sci_2020_paivola_pyry.pdf
https://valuebiomat.fi/wp-content/uploads/2023/10/sci_2020_vilen_lars.pdf
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was found limited or impossible in certain use cases (e.g., food packaging) and would likely 
be more suited to products with longer lifespans. The production of biocomposites would 
require changes to the existing operations and practices of the plastic industry, greatly 
hindering their proliferation. Also, the current recycling system is largely incompatible with 
biocomposites and would require considerable changes to accommodate them, or the 
biobased composite material would have to be separated from the rest of the conventional 
plastic materials before recycling. Such changes, in turn, are difficult to achieve as the 
economics of recycling processes are defined by limited margins and small volumes, making 
it unlikely to see substantial investments in new, complicated processes. As a result, currently, 
most biocomposite materials end up in landfills or incineration at their end-of-life (Mohanty et 
al. 2018). Overall, the study found that the sustainability impact of biocomposites is unclear 
as it relies on multiple complicated factors, including the source of the biobased feedstock, 
specific application context, and the required changes to the production and recycling 
processes.    

Taken together, the context-specific findings on the challenges of innovation management for 
sustainable plastics question the extant structures across the plastic industry. The firms are 
likely to need to collaborate more actively and forfeit their established, largely linear value 
chains. Conversely, the industry operators need to find better ways to collaborate and engage 
in collective value-creation processes. These demands reflect the prevalent management 
discourse on “ecosystems”.  

Ecosystems in the management discourse  

The concept of ecosystems in the management context has been gaining traction in recent 
years among researchers and practitioners alike (Jacobides, Cennamo, and Gawer 2018; 
Adner 2017). In strategic management literature, ecosystems have recently been described 
as a new way to depict the competitive environment (Jacobides, Cennamo, and Gawer 2018) 
and argued to potentially be critical in shaping firm success (Hannah and Eisenhardt 2018). 
Alongside several related ideas–such as business models, platforms, and networks–
ecosystems have also raised attention on new models of value creation and value capture 
(Adner 2017; Lorenzo Massa, Viscusi, and Tucci 2018), as digital technologies have increased 
interdependence between organizations and their boundary-spanning activities across 
different industries (Amit and Zott 2015; Hakanen 2018). Such perspectives highlight that 
reconfiguration of firm activities and experimenting with new mechanisms of value creation is 
seen as critical for future business success (Lorenzo Massa, Viscusi, and Tucci 2018; Zott, 
Amit, and Massa 2011). 

Ecosystems and activity systems in boosting circular business models across 
industries 

The management discourse on ecosystems that highlights the reliance on external 
collaborators and finding ways to restructure or reconfigure existing activities could provide a 
solution to the previously identified problems on the path toward more sustainable plastics. 
This discussion provides a suitable perspective on investigating the imminent transition from 
linear value chains to circular ecosystems and, hence, can provide a more nuanced 
understanding of the type of necessary actions for boosting the circularity in the plastic industry 
business models. In the management discourse, ecosystems are loosely coupled structures 
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that require collective efforts from multiple participants that are brought together by a shared 
goal or desired outcome (e.g., Adner 2017; Gomes et al. 2021; Shipilov and Gawer 2020). 
More specifically, an ecosystem is commonly defined as “a set of actors with varying degrees 
of multi-lateral, non-generic complementarities that are not fully hierarchically controlled” 
(Jacobides, Cennamo, and Gawer 2018, 2264). However, while such a perspective is well 
applicable to analyzing the potential and effect of collective restructuring of complex activities 
(Lorenzo Massa, Viscusi, and Tucci 2018; Zott and Amit 2010), it also highlights how the 
necessary business model changes need to happen at the level of complex  “activity systems” 
within ecosystems (Hakanen 2021; Lorenzo Massa, Viscusi, and Tucci 2018). 

The concept of activity system suits particularly well to understanding firms’ boundary-
spanning activities and their impact on the value creation (L Massa, Tucci, and Afuah 2017; 
Zott, Amit, and Massa 2011). This perspective complements the existing literature on value 
creation and value capture by focusing on dynamic resource configurations rather than static 
resource bundles (Demil et al. 2015). While activity systems have become one of the most 
common conceptualizations in the academic literature on business models (Lorenzo Massa, 
Tucci, and Afuah 2017; Zott, Amit, and Massa 2011), the literature still lacks agreement on 
many central aspects of defining the activity systems, such as which activities are important, 
who performs them, and what resources are needed to perform them (L Massa, Tucci, and 
Afuah 2017).  

Activities are commonly included in business model conceptualizations either explicitly or 
implicitly in the form of processes, functionalities, or transactions (Zott, Amit, and Massa 
2011).8 Whereas the activity system is a relatively new angle in business model literature, it 
closely connects to similar, established notions of strategic management (Lorenzo Massa, 
Tucci, and Afuah 2017). For instance, in his work on competition dynamics and value chain 
analysis, Porter (1996) emphasizes how companies’ activities are what create differences 
among them and, thus, the conducted activities and their interlinkages are deeply rooted in 
explaining how firms can attain or uphold competitive advantage over other firms. Such 
connections highlight how the activity system is commonly associated with a single, focal firm. 
The activity system can be centered on the focal firm, but not limited to it, as the focal firm 
connects to many other firms and their resources as a part of their business model (Amit and 
Zott 2015). This notion implies that the firms need to consider how to attract and align other 
participants to participate in their activity system, and what kind of restructuring of operations 
can facilitate effective collaboration at the industry level (Zott and Amit 2009). 

Ecosystems as a solution to restructuring operations at the industry level 
The managerial discourse on ecosystems clearly indicates that the activity system perspective 
can facilitate more efficient value creation and sharing among collaborating firms, bringing a 
new perspective to improving the sustainability of business processes (Hakanen 2021; Serna-
Guerrero et al. 2022). Unfortunately, despite the collectively identified potential, achieving 
concrete changes at the industry level can be a tedious process, filled with uncertainties and 

 

8 In their activity system approach, Amit and Zott (2015, 331) define business model as a “system of interdependent 
activities performed by a focal firm and its partners and the mechanisms that link these activities to each other”. 
This definition highlights firms’ ability to create and appropriate value together with its partners, suppliers and 
customers. By an activity, Amit and Zott (2015, 331) mean “engagement of human, physical, and capital resources 
of any party to the business model […] to serve a specific purpose toward the fulfilment of the overall objectives”. 
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problems. By looking at the common challenges associated with the emergence and growth 
of an ecosystem, it is possible to identify what kind of restructuring they require for 
transforming operations and activities. Next, we explain the commonly observed opportunities 
and barriers for creating value through ecosystems at the industry level.  

On a general level, firms could benefit from ecosystems by transforming the value creation 
processes from sequential and transactional to concurrent and collaborative. This notion 
builds on argumentation juxtaposing linear value chains against more organizational designs 
relying on networks and other collaborative agreements (Stabell and Fjeldstad 1998; Fjeldstad 
and Snow 2018). By letting go of the linear thinking models that rely on dyadic transactions, 
the companies can better utilize the competencies across parties and find new opportunities 
to optimize their operations by taking advantage of the expertise and knowledge of both sides 
(Veijola, Hakanen, and Rajala 2022). Hence, the ecosystem approach also transforms the 
business model analysis into multilateral, complex activity systems, requiring a considerable 
change in the mindset of the companies (Hakanen 2021).  

Firms can benefit from ecosystems by improving the way they can explore new opportunities 
and exploit existing knowledge for their business operations. They can use these benefits to 
restructure and reconfigure the activities in their proximity and among their (new) partners. 
They can develop collective operational practices to build up mutual trust and understanding 
between the parties (Veijola, Hakanen, and Rajala 2022).  

In turn, firms often struggle to move to ecosystems despite the identified potential and 
opportunities. Due to their dynamic, unpredictable, and multilateral nature, investments in a 
loosely defined ecosystem can seem unattractive and difficult to justify (Hakanen 2021). In 
fact, it has been argued that an ecosystem can only be unconditionally defined ex-post, 
meaning after some successful collaboration between companies and different interested 
parties has taken place (Wolff et al. 2023).  

Thus, firms likely experience unclarity and uncertainty about if and how the potential benefits 
of the ecosystems can be captured in their concrete business operations. Such unclarities 
easily demotivate the firms and can prevent them from partaking in the ecosystem. In addition, 
any participation in collaborative value-creation processes within the emerging ecosystem is 
likely to cause changes in the current operational activities performed by the firm. Since those 
operational activities have been shaped through a process of trial and error, likely over a long 
time period, it requires considerable motivation to invoke drastic changes in those activities. 
Yet, the notion of adjusting the value-creating activities and processes of a single firm to better 
match and utilize complementary, external resources available through its collaborators is 
considered the fundamental premise of the ecosystems (Adner 2017; Jacobides, Cennamo, 
and Gawer 2018). The existence of such friction to change and doubtfulness about whether 
to invest in an identified opportunity exemplifies how the firms may find it difficult to motivate 
their participation in a certain ecosystem using typical cost-benefit estimations (Hakanen 
2021). Moreover, the more complex the activities to be mapped, the more challenging it 
becomes to make concrete calculations of the likely outcome and their business rationale 
(Lorenzo Massa, Viscusi, and Tucci 2018).      
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Practical example: Using biocoke from plastic waste in steel production  
Overcoming the identified challenges may require considerable changes to the way the 
problems are investigated. One opportunity to conduct such reconsideration is to extend the 
scope of the analysis, taking in a broader set of possibilities as a part of the envisaged solution.  
Such thinking might be necessary in situations where all apparent solutions seem impossible 
or unattractive to carry forward. To demonstrate this idea, we will provide an illustrating 
example of finding a business model that could boost circularity by restructuring activities 
among multiple industries. This example will address the concept of “biocoke.”  

Biocoke could be utilized to reduce the need for fossil-based raw materials for steel production 
and, hence, lessen the environmental issues in the steel production (Mousa and Ahmed 
2022). The possibility for the reduction of CO2 emissions in steel industry processes is based 
on utilizing biocoke (a lightweight black residue consisting of carbon and ashes that can be 
made from biomass through pyrolysis) to reduce the need for “traditional” coke (a critical 
process element in steel manufacturing, typically made from coal or oil through a pyrolysis 
process). As its name implies, biocoke is made from (waste) biomass through a pyrolysis 
process, in a similar fashion that coke is made from coal in a more conventional steel-making 
process. However, the notable difference is that this process does not essentially add carbon 
to the atmosphere, as it can directly reduce the need for using fossil-based resources.  

Steel manufacturing requires a considerable amount of coke, which is used to reduce iron ore 
(i.e., remove oxygen from the iron and its typical compounds FeO, Fe2O3, and Fe3O4). 
Traditionally, the coke has been produced from fossil-based coal in a pyrolysis process. The 
amount of coke is substantial – you might need somewhere between three to four tons of coke 
to produce ten tons of steel. In turn, coke is a notable source of CO2 emissions in the iron and 
steel-making processes (Environmental Protection Agency 2016), whereas biocoke could 
significantly lower these emissions (Ng et al. 2011).  

The idea of biocoke has been discussed for some time now (Hanrot et al. 2009; Ng et al. 
2011). More recently, some steel manufacturing companies have publicly announced that they 
will investigate the possibility of biocoke as an alternative to reduce the CO2 emissions of their 
processes (e.g., Outokumpu Oyj 2022; Suganuma 2022). In these examples, most often the 
biocoke is derived from organic waste streams of various origins, such as pulp or paper 
production. However, the possibility of using plastic waste (in contrast to other organic side 
streams) as the main ingredient for producing biocoke is far less explored (for notable 
exceptions, see, e.g.: Devasahayam et al. 2019; Jaimes and Maroufi 2020; Zakaria 2020). 
The production of biocoke may not seem like an ideal solution for plastics end-of-life, as it 
would seemingly take the waste away from the recycling stream through a combustion 
process that incinerates the plastic waste into energy, process gases or oils, and residual 
waste (including biocoke). However, the proponents of such processes can argue that it 
should be possible to categorize biocoke production as chemical recycling of plastic waste.  

Moreover, if the plastic waste used for producing the biocoke is composed of various 
biocomposites (plastics made with organic waste streams as fillers), this could have a notable 
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prolonging effect on the “carbon storage” associated with the products.9 The same biomass 
could enhance and augment the plastic products first, before serving in biocoke production 
later. Such production might provide a practically infinite demand for one of the likely end 
products of bioplastics recycling streams (i.e., the solid, high-carbon fraction that is generated 
in the recycling process). Its most obvious environmental benefits would derive from the direct 
reduction of use as the raw material for the coke necessary in steel production but can also 
initiate a new type of thinking for finding synergies broadly across different industries.  

Conclusion 

This report summarizes some key observations and insights related to transforming 
businesses to establish more circular and sustainable practices across the plastics industry. 
As the examples from the academic literature and our empirical work indicate, achieving such 
a transformation is likely dependent on the complex restructuring of existing activities involving 
multiple stakeholders and participants. Many of these participants are profit-seeking firms with 
their own rationale for the business models they employ. Hence, they can be unlikely and slow 
to change their operational processes, unless a compelling business case can be drawn. 
Since a successful transformation of broader industry processes toward more sustainable 
options is likely to require concurrent changes from multiple participants, the transformation 
toward more sustainable plastics may feel like a daunting task.  

The ultimate sustainability impact of any change hinges on multiple factors and may be 
evaluated differently by different stakeholders at different times. Moreover, the implementation 
of large-scale changes often requires successful management among multiple stakeholders 
across industries. As discussed, biocoke can provide a better option to current practices in a 
situation, where the plastic waste ends up in landfills or incineration. While it could be possible 
to convert waste from one industry (plastics) to reduce the need for virgin fossil raw materials 
in another industry (steel), whether such an arrangement provides overall environmental 
benefits is dependent on various complicated factors. In addition, implementing such an 
arrangement requires synchronized efforts (and likely notable adjustments to current 
operating practices) from multiple different stakeholders to make it worthwhile. Hence, the key 
question in improving the sustainability of an industry may not be about how to invent new 
opportunities to enhance current practices, but about how to attract and align multiple 
stakeholders to adopt and make use of the already identified improvement opportunities.  

 

  

 

9 Such a claim holds notable assumptions. For instance, in the European Union’s Waste Framework Directive 
(WFD) fuel and energy production is not considered as recycling. Some exemptions can be made in this policy, for 
instance, in case that a Life Cycle Assessment (LCA) shows that following typical hierarchical order of actions 
(prevention–re-use–recycling–recovery–disposal) would not provide the best option regarding overall 
environmental impact. Hence, the possibility to store carbon and substitute fossil fuels in steel production could be 
seen as an environmental benefit that would support biocoke production. What remains to be seen is whether the 
obtained environmental benefits with biocoke production would exceed the ones achievable complete or partial 
material recycling of the waste in question. 
 



  15 

 

References 

 
Adner, Ron. 2017. “Ecosystem as Structure: An Actionable Construct for Strategy.” Journal of 

Management 43 (1): 39–58. https://doi.org/10.1177/0149206316678451. 
Amit, Raphael, and Christoph Zott. 2015. “Crafting Business Architecture: The Antecedents 

of Business Model Design.” Strategic Entrepreneurship Journal 9 (4): 331–50. 
https://doi.org/10.1002/sej.1200. 

Andrady, Anthony L., and Mike A. Neal. 2009. “Applications and Societal Benefits of Plastics.” 
Philosophical Transactions: Biological Sciences 364 (1526): 1977–84. 

Brizga, Janis, Klaus Hubacek, and Kuishuang Feng. 2020. “The Unintended Side Effects of 
Bioplastics: Carbon, Land, and Water Footprints.” One Earth 3 (1): 45–53. 
https://doi.org/10.1016/j.oneear.2020.06.016. 

Demil, Benoît, Xavier Lecocq, Joan E. Ricart, and Christoph Zott. 2015. “Introduction to the 
SEJ Special Issue on Business Models: Business Models within the Domain of 
Strategic Entrepreneurship.” Strategic Entrepreneurship Journal 9 (1): 1–11. 
https://doi.org/10.1002/sej.1194. 

Devasahayam, Sheila, R. K. Raman, K. Chennakesavulu, and Sankar Bhattacharya. 2019. 
“Plastics—Villain or Hero? Polymers and Recycled Polymers in Mineral and 
Metallurgical Processing—a Review.” Materials 12 (4): 655. 
https://doi.org/10.3390/ma12040655. 

Di Bartolo, Alberto, Giulia Infurna, and Nadka Tzankova Dintcheva. 2021. “A Review of 
Bioplastics and Their Adoption in the Circular Economy.” Polymers 13 (8): 1229. 
https://doi.org/10.3390/polym13081229. 

Environmental Protection Agency. 2016. “Inventory of U.S. Greenhouse Gas Emissions and 
Sinks: 1990-2014.” EPA 430-R-16-002. Washington: U.S. Environmental Protection 
Agency. 

European Bioplastics e.V. 2023. “What Are Bioplastics?” European Bioplastics e.V. 
September 28, 2023. https://www.european-bioplastics.org/bioplastics/. 

Fjeldstad, Øystein D, and Charles C Snow. 2018. “Business Models and Organization 
Design.” Long Range Planning 51 (1): 32–39. 
https://doi.org/10.1016/j.lrp.2017.07.008. 

Gomes, Leonardo Augusto de Vasconcelos, Ximena Alejandra Flechas Chaparro, Ana Facin 
Figueiredo Facin, and Felipe Mendes Borini. 2021. “Ecosystem Management: Past 
Achievements and Future Promises.” Technological Forecasting and Social Change 
171: 120950. https://doi.org/10.1016/j.techfore.2021.120950. 

Hakanen, Esko. 2018. “Platform-Based Exchange: New Business Models in Technology 
Industries.” Aalto University, School of Science. 

———. 2021. “What Is a Business Model – for Products, Platforms, or Ecosystems?” Journal 
of Business Models 9 (4): 1–12. 

Hannah, Douglas P, and Kathleen M Eisenhardt. 2018. “How Firms Navigate Cooperation and 
Competition in Nascent Ecosystems.” Strategic Management Journal 39 (12): 3163–
92. https://doi.org/10.1002/smj.2750. 

Hanrot, F, D Sert, J Delinchant, R Pietruck, T Bürgler, A Babich, M Fernández, R Alvarez, and 
M A Diez. 2009. “CO2 Mitigation for Steelmaking Using Charcoal and Plastics Wastes 
as Reducing Agents and Secondary Raw Materials.” In 1st Spanish National 
Conference on Advances in Materials Recycling and Eco-Energy. Madrid. 

Jacobides, Michael G, Carmelo Cennamo, and Annabelle Gawer. 2018. “Towards a Theory 
of Ecosystems.” Strategic Management Journal 39 (8): 2255–76. 
https://doi.org/10.1002/smj.2904. 

Jaimes, Wenceslao, and Samane Maroufi. 2020. “Sustainability in Steelmaking.” Current 
Opinion in Green and Sustainable Chemistry 24 (August): 42–47. 
https://doi.org/10.1016/j.cogsc.2020.01.002. 



  16 

 

Kato, Kenji, Seiji Nomura, and Hiroshi Uematsu. 2003. “Waste Plastics Recycling Process 
Using Coke Ovens.” Journal of Material Cycles and Waste Management 5 (2): 98–
101. https://doi.org/10.1007/s10163-003-0089-3. 

Lawrence, Thomas B., and Masoud Shadnam. 2008. “Institutional Theory.” In The 
International Encyclopedia of Communication, edited by Wolfgang Donsbach, V:2281–
93. Oxford: Blackwell. 

Lawrence, Thomas B, and Roy Suddaby. 2006. “Institutions and Institutional Work.” In 
Handbook of Organization Studies, edited by SR Clegg, Hardy C, Thomas B 
Lawrence, and WR Nord, 215–54. London: Sage. https://doi.org/10.1007/s11786-007-
0026-2. 

Manu, T., Ali Reza Nazmi, Bahareh Shahri, Nick Emerson, and Tim Huber. 2022. 
“Biocomposites: A Review of Materials and Perception.” Materials Today 
Communications 31 (June): 103308. https://doi.org/10.1016/j.mtcomm.2022.103308. 

Massa, L, C Tucci, and A Afuah. 2017. “A Critical Assessment of Business Model Research.” 
Academy of Management Annals 11 (1): 73–104. 
https://doi.org/10.5465/annals.2014.0072. 

Massa, Lorenzo, Christopher L Tucci, and Allan Afuah. 2017. “A Critical Assessment of 
Business Model Research.” Academy of Management Annals 11 (1): 73–104. 
https://doi.org/10.5465/annals.2014.0072. 

Massa, Lorenzo, Gianluigi Viscusi, and Christopher Tucci. 2018. “Business Models and 
Complexity.” Journal of Business Models 6 (1): 59–71. 
https://doi.org/10.5278/ojs.jbm.v6i1.2579. 

Melchor-Martínez, Elda M., Rodrigo Macías-Garbett, Lynette Alvarado-Ramírez, Rafael G. 
Araújo, Juan Eduardo Sosa-Hernández, Diana Ramírez-Gamboa, Lizeth Parra-
Arroyo, et al. 2022. “Towards a Circular Economy of Plastics: An Evaluation of the 
Systematic Transition to a New Generation of Bioplastics.” Polymers 14 (6): 1203. 
https://doi.org/10.3390/polym14061203. 

Mohanty, Amar K., Singaravelu Vivekanandhan, Jean-Mathieu Pin, and Manjusri Misra. 2018. 
“Composites from Renewable and Sustainable Resources: Challenges and 
Innovations.” Science 362 (6414): 536–42. https://doi.org/10.1126/science.aat9072. 

Mousa, Elsayed, and Hesham Ahmed. 2022. “Utilization of Biomass as an Alternative Fuel in 
Iron and Steel Making.” In Iron Ore, 665–90. Elsevier. https://doi.org/10.1016/B978-0-
12-820226-5.00020-3. 

Ng, K.W., J.A. MacPhee, L. Giroux, and Ted Todoschuk. 2011. “Reactivity of Bio-Coke with 
CO2.” Fuel Processing Technology 92 (4): 801–4. 
https://doi.org/10.1016/j.fuproc.2010.08.005. 

Outokumpu Oyj. 2022. “Outokumpu Plans a Significant Investment in a Biocoke and 
Biomethane Plant, Aims at Reducing Climate Emissions and Increasing Self-
Sufficiency in Energy in Finland.” September 30, 2022. 
https://www.outokumpu.com/en/news/2022/outokumpu-plans-a-significant-
investment-in-a-biocoke-and-biomethane-plant,-aims-at-reducing-climate-emissions-
and-increasing-self-sufficiency-in-energy-in-finland-3162097. 

Palm, Ellen, and Eva Svensson Myrin. 2018. “Mapping the Plastics System and Its 
Sustainability Challenges.” IMES/EESS Report 108. Department of Environmental and 
Energy Systems Studies: Lund University. 

Porter, Michael E. 1996. “What Is Strategy?” Harvard Business Review 74 (6): 61–78. 
https://doi.org/10.1098/rspb.2008.0355. 

Rosenboom, Jan-Georg, Robert Langer, and Giovanni Traverso. 2022. “Bioplastics for a 
Circular Economy.” Nature Reviews Materials 7 (2): 117–37. 
https://doi.org/10.1038/s41578-021-00407-8. 

Serna-Guerrero, Rodrigo, Sara Ikonen, Oona Kallela, and Esko Hakanen. 2022. “Overcoming 
Data Gaps for an Efficient Circular Economy: A Case Study on the Battery Materials 
Ecosystem.” Journal of Cleaner Production 374: 133984. 
https://doi.org/10.1016/j.jclepro.2022.133984. 



  17 

 

Shipilov, Andrew, and Annabelle Gawer. 2020. “Integrating Research on Inter-Organizational 
Networks and Ecosystems.” Academy of Management Annals 14 (1): 92–121. 

Shogren, Randal, Delilah Wood, William Orts, and Gregory Glenn. 2019. “Plant-Based 
Materials and Transitioning to a Circular Economy.” Sustainable Production and 
Consumption 19 (July): 194–215. https://doi.org/10.1016/j.spc.2019.04.007. 

Siltaloppi, Jaakko, and Markus Jähi. 2021. “Toward a Sustainable Plastics Value Chain: Core 
Conundrums and Emerging Solution Mechanisms for a Systemic Transition.” Journal 
of Cleaner Production 315: 128113. https://doi.org/10.1016/j.jclepro.2021.128113. 

Stabell, Charles B, and Øystein D Fjeldstad. 1998. “Configuring Value for Competitive 
Advantage: On Chains, Shops, and Networks.” Strategic Management Journal 19 (5): 
413. https://doi.org/10.1002/(SICI)1097-0266(199805)19:5<413::AID-
SMJ946>3.3.CO;2-3. 

Stegmann, Paul, Vassilis Daioglou, Marc Londo, Detlef P. van Vuuren, and Martin Junginger. 
2022. “Plastic Futures and Their CO2 Emissions.” Nature 612: 272–76. 

Suganuma, Mai. 2022. “Japanese Firms Look to Plant-Based, Carbon-Neutral ‘biocoke’ Fuel 
to Cut CO2 Emissions.” Mainichi Daily News, June 17, 2022. 
https://mainichi.jp/english/articles/20220617/p2a/00m/0sc/009000c. 

The World Economic Forum. 2016. “The New Plastics Economy: Rethinking the Future of 
Plastics.” Geneva, Switzerland. 

Veijola, Ilmari, Esko Hakanen, and Risto Rajala. 2022. “From Transactional to a Devoted 
Relationship – toward Performance-Based Service System Governance.” Proceedings 
of the 55th Hawaii International Conference on System Sciences 7: 6861–70. 
https://doi.org/10.24251/hicss.2022.829. 

Wolff, Joel, Maria Jakubik, Jaakko Siltaloppi, Lili-Ann Wolff, and Esko Hakanen. 2023. 
“Sustainability Transitions by Ecosystem Innovation.” In The Elgar Companion to 
Corporate Social Responsibility and the Sustainable Development Goals, edited by 
Samuel O. Idowu and Liangrong Zu. Elgar Companions to the Sustainable 
Development Goals. Cheltenham: Edward Elgar Publishing. 

Zakaria, Zuriati. 2020. “Meeting the Sustainable Development Goals in a Tropical Climate.” 
Journal of the Chinese Chemical Society 67 (12): 2241–45. 
https://doi.org/10.1002/jccs.202000511. 

Zott, Christoph, and Raphael Amit. 2009. “The Business Model as the Engine of Network-
Based Strategies.” In The Network Challenge - Strategy, Profit, and Risk in an 
Interlinked World, 259–75. https://doi.org/10.1002/smj.4250150205. 

———. 2010. “Business Model Design: An Activity System Perspective.” Long Range 
Planning 43 (2–3): 216–26. https://doi.org/10.1016/j.lrp.2009.07.004. 

Zott, Christoph, Raphael Amit, and Lorenzo Massa. 2011. “The Business Model: Recent 
Developments and Future Research.” Journal of Management 37 (4): 1019–42. 
https://doi.org/10.1177/0149206311406265. 

 
  



  18 

 

Appendix 1. List of works providing the basis for the presented observations 
Gao, Shan. 2020. Digital Transformation in Asset-Intensive Industries: Systemic Constraints 

and Synchronized Change. Aalto University. 
Gao, Shan, and Hakanen, Esko. 2021. Technical Capabilities Are Not Enough: Deploying 

Internet of Things in the Metals and Mining Industry. International Journal of Services 
Technology and Management 27 (4–6): 301–23. 

Hakanen, Esko. 2018. Platform-Based Exchange: New Business Models in Technology 
Industries. Aalto University.  

Hakanen, Esko. 2021. What Is a Business Model – for Products, Platforms, or Ecosystems? 
Journal of Business Models 9 (4): 1–12. 

Hakanen, Esko, and Rajala, Risto. 2018. Material Intelligence as a Driver for Value Creation 
in IoT-Enabled Business Ecosystems. Journal of Business and Industrial Marketing 33 
(6): 857–67.  

Heliö, Henri. 2020. Role of Transparency and Value Communication in Ecosystems. Aalto 
University.  

Hämäläinen, Henri. 2020. The effect of digital servitization to the boundaries of firms. Aalto 
University.  

Hänninen, Harti. 2021. Practices of Value-based Pricing in Industrial Services. Aalto 
University.  

Ikonen, Sara. 2021. Utilizing data in circular economy implementation within the Finnish 
rechargeable batteries industry. Aalto University.  

Kaartinen, Lasse. 2023. Towards Measuring Lifetime-Extending Circular Economy 
Interventions. Aalto University.  

Kallela, Oona. 2021. Impact of regulatory frameworks on data-driven circular economy in the 
Finnish rechargeable battery industry. Aalto University.  

Mikola, Teemu. 2023. The role of biocomposites in the environmentally sustainable economy 
of plastics. Aalto University. 

Pitkänen, Karri. 2020. The Institutional Challenge of Service Transformation in a Battery 
Ecosystem. Aalto University.  

Pukkala, Helena. 2023. Use of Plastics in Textile Industry: Exploring Stakeholder Perceptions, 
Innovation Challenges, and Pathways to Implementation. Aalto University. 

Päivölä, Pyry. 2020. Socio-technical transition to a sustainable plastics economy: Strategic 
approaches for FMCG industry brand owners. Aalto University.  

Rajala, Risto, Hakanen, Esko, Seppälä, Timo, Mattila, Juri, and Westerlund, Mika. 2018. How 
Do Intelligent Goods Shape Closed-Loop Systems? California Management Review 
60 (3): 20–44. 

Salminen, Satu. 2020. Sustainable Business Models for Commercializing Renewable and 
Circular Plastics – A Multiple Case Study Research. Aalto University.  

Serna-Guerrero, Rodrigo, Ikonen, Sara, Kallela, Oona, and Hakanen, Esko. 2022. 
Overcoming Data Gaps for an Efficient Circular Economy: A Case Study on the Battery 
Materials Ecosystem. Journal of Cleaner Production 374: 133984.  

Siltaloppi, Jaakko, and Jähi, Markus. 2021. Toward a Sustainable Plastics Value Chain: Core 
Conundrums and Emerging Solution Mechanisms for a Systemic Transition. Journal 
of Cleaner Production 315: 128113.  

Vilén, Lars. 2020. Emerging business models in plastics reuse and recycling. Aalto University. 
Vulkko, Valtteri. 2018. From value chains to ecosystem-based value creation: Opportunities 

and barriers of two emerging ecosystems. Aalto University. 
  



Aalto University 2023

PlastLIFE Project deliverable D6.1
Report on innovation management challenges for sustainable plastics


