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1. Principles for recycling business models

We have suggested that to mitigate the problems with our nature, it is necessary to transition to a circular economy, and companies need to innovate their business models into circular ones such as RBM. 
RBMs consist of down and upcycling (Sung, 2015). The former refers to converting the waste materials into materials or products of lesser value than the original material. In contrast, the latter refers to converting the waste materials into materials or products of higher quality or value (Sung, 2015). Regarding the latter type of recycling model, we isolated three important elements to make the RBM workable- 1) issues related to the take-back of resource inflows, 2) issues related to the technologies to process the resource inflows, and 3) issues related to consumer perception of recycled materials and products (see Table S1 for an overview of the principles).
First, to make RBM work, materials should be returned to the manufacturers. Governments use deposits on purchased products (e.g., plastic bottles) in some countries as an incentive to encourage customers to return the materials (Lüdeke-Freund et al., 2019). Manufacturers can create a take-back system. However, these systems are challenging due to several reasons, such as inefficiencies in the entire take-back process and inconsistent supply and quality of returned materials (Sung, 2015). Especially for post-consumer textiles, once the textile is sold, it is difficult to trace it. Technologies such as RFID offer a solution to increase the traceability of the materials (Franco, 2017). The key is that there should be an efficient, predictable, and consistent quantity of the materials and products that return to the manufacturers. Therefore, we suggest:
[bookmark: _Hlk16624038]
Principle R1: RBMs have take-back systems that guarantee efficient, predictable, and consistent inflow of materials.

Next to the increasing resource inflows, trade-offs between the value of upcycled products and the quality of return materials are also a challenge faced by manufacturers (Sung, 2015). The quality of returned materials can be low and not offer possibilities to upcycle the material into a valuable material or product. Therefore, we suggest:

Principle R2: RBMs have take-back systems that guarantee inflow of quality materials.

[bookmark: _Hlk71491439]Second, there are issues related to material processing technologies. Although there is the possibility to recycle materials even on the atom level (Lüdeke-Freund et al., 2019), there are scenarios that recycling can only be completed with the use of chemicals which lowers the sustainability of the process. Therefore, we suggest:

[bookmark: _Hlk71491863]Principle R3: RBMs have technologies that allow for the processing of waste materials into materials and products of higher values.

Finally, there are issues related to consumer perception, as consumers’ acceptance of recycled products is a key success factor for circular business models (Calvo-Porral & Lévy-Mangin, 2020). Lüdeke-Freund et al. (2019) distinguish three types of value propositions in recycling models- 1) the recycled materials (that can be used as resources into a production process), 2) the products (that are developed with the recycled materials), and 3) the collection of waste materials (that are sold to recycling firms). Although that the products made with recycled materials are many times as good as products made with virgin materials and can be sold at competing or even premium prices (Kraaijenhagen et al., 2016), consumers often perceive the sustainable products as less valuable. Yet, a positive image and safety of the product drive consumer’s purchase intention of recycled goods (Calvo-Porral & Lévy-Mangin, 2020). 
Therefore, we suggest:

Principle R4: RBMs’ consumers have correct perceptions of products made with recycled materials.

The incorrect perceptions of products made with waste materials and the recycling process are also observable with manufacturers. Manufacturers might have misunderstandings and misinterpretations of the upcycling processes (Sung, 2015). Therefore, manufacturers should know about material science and product design and the ability to work with the process-intensive production methods of composite materials (Lüdeke-Freund et al., 2019). Hence, we suggest:

[bookmark: _Hlk71491915]Principle R5: RBMs’ manufacturers know material sciences and product designs.

[bookmark: _Hlk71491926]Principle R6: RBMs’ manufacturers work with process-intensive production methods of composite materials.

[bookmark: _Hlk31721333]In summary, we presented six principles regarding take-back systems, processing technologies, and (consumer/manufacturer) perception that companies need to meet for their RBM. Complicating the matter is that RBM also requires collaboration between several stakeholders among and across industries (Bocken et al., 2016) in value networks (Geissdoerfer et al., 2018). Thus, to understand the principles for RBM, it is necessary to study collaborative business models (ColBM).

***Insert Table S1 about here***

2. Principles for collaborative business models

Collaborative business models refer to multiple organizations from different types of industries, and with different roles in the value chain, jointly working together to create value for specific customers (Rohrbeck et al., 2013). The co-created value is not possible without collaboration and the integration of the interests of multiple stakeholders (Freudenreich et al., 2019; Oskam et al., 2018). The collaboration is vital since it also brings legitimacy to collaborating partners (Dahan et al., 2010), and it is necessary to successfully implement business model innovation (Laudien & Daxböck, 2015). 
There are four critical elements to foster collaboration, the partners having-  1) open attitudes, 2) trust and transparency, 3) having aligned expectations of value outcomes, and 4) balance in benefits and contributions. First, for a ColBM to see success, partners need to adopt open innovation principles (Chesbrough, 2013; Rohrbeck et al., 2013) Partners should be open towards new opportunities and complementary partners (Oskam et al., 2020) to see the value in knowledge with which they are not familiar, be willing to bridge the gap between how they see the world so that they can be complements to each other. Therefore, we suggest:
	
Principle C1: ColBMs’ partners have open attitudes.

Second, mistrust is often a reason why collaborations fail (Casey & Wong, 2017). The information shared in collaboration is often sensitive, that can be used for competitive purposes (Dahan et al., 2010). Therefore, trust is required (Rohrbeck et al., 2013). Trust has been identified as a critical factor for successful collaborations (Bstieler, 2006). Partners should have the assurance that opportunistic behavior is limited. Trust can be created through transparency (Brun et al., 2020) by using e.g., policy (Rohrbeck & Arnold, 2006). We suggest:

Principle C2: ColBMs’ partners are transparent and have trust.

	Third, the aligned expectation of value outcomes (Dahan et al., 2010; Oskam et al., 2020; Rohrbeck et al., 2013) is also crucial for collaboration. A main source of complexity in developing sustainable business models is given by the uncertainty of actors’ behaviours regarding the three sustainability dimensions (Evans et al., 2017) and actors’ perceptions of when a sustainable business model is viable or not (Freudenreich et al., 2019). The coordination of the expectation is vital (Johnson & Suskewicz, 2009) since partners benefit from collaborations as each partner brings resources and capabilities that the other partners could not attain on their own (Dahan et al., 2010). In addition, the values (i.e., desired beliefs, attitudes, and behavior) should be aligned (Breuer & Lüdeke-Freund, 2017). Hence, we suggest:

Principle C3: ColBMs’ partners have aligned expectations of value outcomes.

	Finally, there needs to be a balance in benefits and contributions (Oskam et al., 2020). In entering collaborations, firms evaluate their costs and benefits of participating in such partnerships. Although the costs and benefits can be both tangible (e.g., a newly developed product) and intangible (e.g., recognition and legitimacy), we assume that firms have some capacity to assess these costs and benefits and find the collaboration to be beneficial. Collaborations need equitable treatment of partners (Halal, 2001). If there is no equitable treatment of the balance between the costs and benefits for the partners, there is a risk that partners can feel misused (Bergquist et al., 1995) and can result in leaving the partnership (Oskam et al., 2020). Therefore, we suggest:

Principle C4: ColBMs have balance between the benefits and contributions of the partners.

[bookmark: _Hlk31721380]In summary, we suggest four principles for integrating collaboration within RBM, namely open attitudes, trust and transparency, aligned expectations of value outcomes, and balance in benefits and contributions. 
 As scalability is essential for the success of business models (Amit & Zott, 2001; Täuscher & Abdelkafi, 2018), so must RBM also be scalable to reach the desired impact. 

3. Principles for scalable business models

Scalability refers to a growth in size (Nielsen et al., 2017), where the role of the business model is for organizations to exploit economies of scale (Stampfl et al., 2013). Both internal (e.g., knowledge) (Shepherd & Patzelt, 2020) and external (e.g., market) factors to the firm influence the scalability of the firm’s business model (Al-Debei & Avison, 2010). Stampfl et al. (2013) identified five factors that influence the scalability of business models – 1) technology, 2) cost and revenue structure, 3) adaptability to different legal regimes, 4) network effects, and 5) user orientation. First, a central aspect of business models is value creation (Liu et al., 2021) through the exploitation of the firm’s resources (Prahalad & Hamel, 1997; Salvador et al., 2020). Indeed, firms adapt their resources to create value (Dopfer et al., 2017). A vital firm resource for scaling is technology (Josefy et al., 2015). It also forms a vital source for sustainable competitive advantage (Mata et al., 2006). The use of technology allows for automation and reduction of the firm’s fixed costs (Stampfl et al., 2013) due to its non-depletion characteristic (David & Foray, 2003). Hence, we suggest:

Principle S1: Scalable BMs make use of technologies that can be automated.

	The latter use of technology for scalability refers to increasing the efficiency of technology for producing a particular output. However, the scalability of technology can also refer to increasing a firm’s technological infrastructure (Stampfl et al., 2013). For example, when platform technologies are used, these technologies should allow systems interoperability to expand to new geographical areas (van Winden & van den Buuse, 2017). Thus, we suggest: 

Principle S2: Scalable BMs make use of technological infrastructures that can be expanded.

Second, the cost and the revenue structure of the firm is also vital for the scalability of the business model (Stampfl et al., 2013). The financial structure should offset the high initial costs of the market and the development of the firm’s infrastructure (Esposito et al., 2012). Revenues should be generated quickly, and the firm’s fixed-costs should be maintained low. This financial structure can be created by outsourcing expensive processes (Täuscher, 2017). Despite that scaling business operations is often impossible only with cash flow and bootstrapping (Stampfl et al., 2013), and external capital is required, a firm’s ability to generate positive cashflow directly influences the firm’s ability to attract external capital. Therefore, we suggest:
	
Principle S3: Scalable BMs generate positive cash flows.

Third, legal regimes can also influence the scalability of business models (Stampfl et al., 2013). For example, regulations can influence the potential of the business model to generate revenues (Huijben et al., 2016). Lack of adequate laws is reported as a significant impediment to business models (Linder & Williander, 2017) as it can cause misalignment of the value capture along the supply chain (Planing, 2015). Hence, business models should be adaptable to different legal regimes. Thus, we suggest:

Principle S4: Scalable BMs are adaptable to different legal regimes.

	Fourth, network effects refer to reinforcing mechanisms that the more utility that consumers derive from a product, the more customers will adopt that product (Katz & Shapiro, 1994). Network effects are possible as business models generate lock-in for customers (Chesbrough & Rosenbloom, 2002) and increase their installed base which results in attracting more consumers and contributing to sustainability (Mullick et al., 2021). In other words, firms that create network effects can create superior value to their customers (Choi & Thum, 1998). Although network effects are not a sine qua non for scalability, research shows that the firms that are able to scale and gain market dominance, they use network effects (cf. Cottrell & Koput, 1998). We suggest:

Principle S5: Scalable BMs create network effects.

	Finally, the user orientation influences the scalability of the business models. User orientation refers to the fit of the problem and the solution (Baldassarre et al., 2017), the simplicity of the solution, and the user’s previous knowledge (Stampfl et al., 2013). The market captures these elements. The latter should grow or be large enough to allow for scalability (Nielsen et al., 2017). Hence, the “scalability can be conceived as the ability to deal with business-volume related changes, business-space related changes regarding markets and customers” (Juntunen, Ahokangas, & Nguyen, 2018, p.20). Therefore, we suggest:

Principle S6: Scalable BMs have adequate problem-solution fit and simple solutions that match the users’ previous knowledge. 

Principle S7: Scalable BMs address large markets or markets with growth potentials. 

In summary, we identified seven criteria for the scalability of business models regarding the technologies, finances, institutions, network effects, and user requirements.
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[bookmark: _Hlk35446688]Table S1. Principles for recycling, collaborative and scalable business models
	Recycle (R)
	Collaboration (C)

	Scaling (S)

	(R1) Take-back systems that guarantee efficient, predictable, and consistent inflow of materials
	(C1) Partners have open attitudes
	(S1) Technologies that can be automated

	(R2) Take-back systems that guarantee inflow of quality materials
	(C2) Partners are transparent and have trust
	(S2) Technological infrastructures that can be expanded

	(R3) Technologies that allow for the processing of waste materials into materials and products of higher value
	(C3) Partners have aligned expectations of value outcomes
	(S3) Generate a positive cash flow

	(R4) Consumers have correct perceptions of products made with recycled materials
	(C4) Balance between the benefits and contributions of the partners
	(S4) Adaptable to different legal regimes

	(R5) Manufacturers know material sciences and product designs
	
	(S5) Create network effects

	(R6) Manufacturers work with process-intensive production methods of composite materials
	
	(S6) Adequate problem-solution fit and simple solutions that match the users' previous knowledge.

	
	
	(S7) Address large markets or markets with growth potential
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