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Additive manufacturing processes such as 3D printing have seen significant progress in the industry in recent years and have become an integral part of Industry 4.0. This fourth industrial revolution is characterized by the increasing networking and automation of production systems and the use of large amounts of data. In this context, distributed ledger technologies (DLT), which include blockchain technology, offer promising opportunities to change production fundamentally. Production processes can be more secure and efficient by creating trust and transparency in data storage and eliminating dependence on centralized instances. However, the full potential of blockchain technology is often not realized due to the perceived complexity of its implementation. Overcoming this skepticism requires a better understanding of the application possibilities and, more importantly, successful practical examples demonstrating blockchain technology’s transformative power in the industry. This study explores how blockchain can be effectively integrated into additive manufacturing processes and offers a structured overview of existing blockchain-based business models within this domain. Hence, a systematic literature interview, Crunchbase review, and Workshop are performed to examine specific use cases of blockchain in additive manufacturing and analyze how these technologies interact with existing business models. In order to provide an overview of existing blockchain-based business models in the context of additive manufacturing, a taxonomy is developed in the underlying paper to identify characteristic features. The taxonomy is further demonstrated along different existing business models.
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INTRODUCTION
Additive manufacturing, widely recognized as 3D printing, has emerged as a transformative technology reshaping the production landscape. Enabling rapid prototyping, customization, and decentralized production has become a cornerstone of Industry 4.0—a paradigm shift characterized by the convergence of automation, data exchange, and interconnected systems in manufacturing (Stuckmann-Blumenstein et al., 2024a; Camarinha-Matos et al., 2017). This digital revolution introduces significant challenges and opportunities, especially in shared manufacturing models, where multiple stakeholders collaborate across a distributed network (Yu et al., 2020). Shared manufacturing involves pooling resources, capabilities, and expertise to achieve common production goals, but it also requires robust mechanisms to ensure trust, transparency, and equitable value distribution among participants (Jiang and Li, 2020; Yu et al., 2020). One of the primary barriers to adopting such models is the lack of trust among participants, which limits transparency, efficiency, and secure data sharing (Stuckmann-Blumenstein et al., 2024a; Jiang and Li, 2020).
Distributed ledger technologies (DLT), such as blockchain, hold promise as a solution to these challenges. Blockchain’s inherent features—immutability, decentralization, and the ability to execute automated transactions via smart contracts—enable trust and transparency in data management (Zheng et al., 2017; Bashir, 2020). These characteristics are particularly relevant to shared manufacturing environments like 3D printing, where they can mitigate issues related to intellectual property protection, secure digital file sharing, and traceability in supply chains (Guo et al., 2022; Raj, 2021). In this context, developing decentralized Web3 marketplaces for 3D printing becomes crucial, as they provide a platform for transparent and trustless transactions while requiring a well-defined business model to ensure sustainability and practical adoption (Große et al., 2022; Stuckmann-Blumenstein et al., 2024b).
Despite its potential, the application of blockchain technology in additive and shared manufacturing remains underexplored, with limited research on how innovative business models can be developed around this intersection (Klöckner et al., 2020). Blockchain applications in additive manufacturing—particularly in 3D printing—are frequently discussed and are beginning to find their way into industrial practice. While current literature highlights blockchain’s promise in enhancing production security and efficiency, skepticism about its complexity and implementation has hindered adoption. There is a growing need for practical frameworks and successful use cases to demonstrate blockchain’s transformative potential, particularly in shared manufacturing (Krämer et al., 2024).
Thus, the following research questions (RQ) emerge:
RQ 1: Which business models exist in blockchain-based additive manufacturing for practical industrial applications?
RQ 2: What are the common characteristic features of these business models?
RQ 3: How can the characteristic features be categorized in a taxonomy?
This paper addresses this gap by developing a taxonomy of blockchain-based business models tailored to the context of shared manufacturing, with a focus on additive manufacturing. Hence, this paper offers a new structure for this emerging field. By systematically identifying and categorizing key features of these business models, this research provides practitioners with actionable insights and strategies for leveraging blockchain technology to foster secure, transparent, and efficient production processes. The study draws on a comprehensive review of existing literature, data from industrial blockchain use cases, and insights from expert workshops to validate the taxonomy.
The structure of the paper is as follows: First, we review related work on blockchain applications in additive manufacturing and blockchain-based business models. Next, we detail the research design and methodology employed in the study. We then present the developed taxonomy, highlighting its implications for shared manufacturing, and validate it with a survey. Finally, we discuss the contributions of this research and provide an outlook on future developments and potential avenues for further exploration.
RELATED WORK AND THEORETICAL FOUNDATIONS
Blockchain in additive manufacturing
Additive manufacturing has emerged as a transformative concept that reshapes resource utilization. In the context of blockchain, additive manufacturing is often used in sharing concepts like used in the sharing economy or for traceability reasons (Stuckmann-Blumenstein et al., 2024a). Sharing approaches enhance machine utilization, promote economies of scale, and strengthen resilience in manufacturing ecosystems (Yu et al., 2020). However, it faces challenges such as intellectual property protection, data security, and the need for equitable collaboration frameworks (Stuckmann-Blumenstein et al., 2024a).
Li et al. (2021) introduce the concept of social manufacturing, a novel paradigm that leverages networked manufacturing resources to meet personalized demands through crowd intelligence. Their blockchain-enabled digital twin collaboration platform addresses challenges related to decentralization and heterogeneity in social manufacturing resources (SMRs). This platform uses contracts to formalize collaboration within a 3D printing scenario, enhancing the efficiency of shared manufacturing systems. This approach aligns with the growing interest in the intersection of blockchain technology and additive manufacturing, aiming to foster collaborative ecosystems that improve both scalability and flexibility in production Li et al. (2021).
Similarly, Lu et al. (2021) explore the service-oriented transformation of manufacturing resources through a blockchain-enabled secure digital twin platform. This platform digitalizes physical resources into services and employs a rule-based off-chain mechanism to match customer orders with available manufacturing capabilities. Their architecture, developed using a private Ethereum blockchain and InterPlanetary File System (IPFS), highlights the potential for enhancing service-oriented manufacturing. Their experimental case in 3D printing demonstrates the practical benefits of secure and transparent resource-sharing in manufacturing networks Lu et al. (2021).
Li et al. (2021) propose a blockchain-based framework enabling fine-grained sharing of digital twins, addressing adoption challenges faced by small and medium-sized enterprises (SMEs) and individual resource owners. This framework, tested with multiple 3D printers, effectively enhances throughput and sustainability while promoting resource-sharing practices. This research is pivotal in advancing blockchain applications in additive manufacturing, particularly for SMEs that require scalable solutions for resource sharing Li et al. (2021).
In the aerospace industry, blockchain integration with additive manufacturing has been proposed to optimize the production of metal components. The system secures data throughout the production process by implementing a digital twin framework, ensuring compliance with stringent technical standards and traceability. This reduces time-to-market and optimizes cost efficiency, showcasing the potential of blockchain to enhance the reliability and efficiency of high-tech additive manufacturing processes (Klöckner et al., 2020). This approach is consistent with the growing emphasis on transparency and data security in the 3D printing business model (Klöckner et al., 2020).
Blockchain’s role in intellectual property (IP) protection and data security is also evident in the development of secure design marketplaces and shared factories. By enabling secure, transparent transactions, blockchain facilitates the delivery of customized, cost-efficient products while mitigating the risks associated with unauthorized access and IP theft. This contributes to transforming value creation and delivery within 3D printing ecosystems, supporting new business models focused on local manufacturing and resource optimization (Klöckner et al., 2020).
Trust is crucial among parties involved in shared manufacturing, particularly concerning proprietary technologies and sensitive information. Principal-agent theory helps theorize these challenges by highlighting hidden characteristics, actions, and intentions (Jensen and Meckling, 1998; Krämer et al., 2024). The theory advocates for incentives that promote transparency and accountability. At the same time, blockchain technology provides a decentralized solution to mitigate these problems by ensuring all actions in a shared ecosystem are recorded (Treiblmaier, 2018).
Blockchain can (Treiblmaier, 2018):
• Mitigate Hidden Characteristics by storing verifiable credentials for agents.
• Address Hidden Actions through smart contracts that enforce agreement fulfillment.
• Counter Hidden Intentions with transparent, auditable transactions.
In industrial settings, both private and public blockchains are commonly used to fulfill corporate demands for transparency and data redundancy. In the manufacturing sector, blockchain integration provides end-to-end visibility across production processes and can serve as a verifiable digital receipt for customers. When combined with 3D printing, blockchain technology further strengthens intellectual property protection and enhances transparency throughout the design and production lifecycle. For instance, using non-fungible tokens (NFTs) with 3D printing files can secure designs against unauthorized access. Furthermore, blockchain can enable real-time monitoring of production processes, facilitating secure collaboration among stakeholders. Additional synergies between digital twins and blockchain enhance accountability and personalization in manufacturing. As industries focus on sustainability and efficiency, blockchain technology plays a crucial role in collaborative supply chain management, making it essential for the future of shared manufacturing.
Blockchain business models
Business model terminology emerged in the 1990s, and since then, business models have become increasingly important in research and industry practice (Veit et al., 2014). Business model analysis has established itself as a strategic management tool to support companies in evaluating their business logic and innovation management (Veit et al., 2014; Möller et al., 2020). Although the business model concept has already been extensively researched, there is no standardized definition. There are different approaches in the literature regarding what a business model is and what characterizes it, such as resource-oriented, activity-oriented, knowledge-oriented, economic, strategy-oriented and network-oriented approaches (Chao and Goli, 2024). However, a growing consensus is that business models should be understood as a comprehensive description and architecture of how an organization creates, delivers and captures value (Osterwalder et al., 2005; Shafer et al., 2005; Teece, 2010).
With the advent of information and communication technologies and the rise of digital businesses, the importance of the business model concept has further increased (DaSilva and Trkman, 2013). This focus stems from the understanding that the economic value of a technology depends on its commercialization through a business model (Chesbrough, 2010). Consequently, digitalization has challenged traditional methods of value creation and capture in business models (Teece, 2010) and opened new ways of creating value (Amit and Zott, 2001). In parallel, blockchain technology, which is known for its inherent characteristics, offers innovations for value creation and the development of new business models (Grünewald et al., 2024). Innovations in business models refer to changes in the way organizations create, deliver and capture value, including adjustments in activities, structures and governance (Chesbrough, 2010; Ramdani et al., 2019).
However, the application of traditional business models to new technologies such as blockchain presents unique challenges (Upadhyay, 2024). Despite the potential attributed to blockchain in academia, its integration into business models is still at an early stage (Treiblmaier and Špan, 2022; Grünewald et al., 2024). The need for a deeper understanding of how blockchain can revolutionize business processes is highlighted by Glaser (2017). It points to a gap in understanding blockchain’s capabilities as a value creator. The study of the role of blockchain in business model innovation focuses on both technical aspects and architectural designs for value creation. Kavanagh and Dylan-Ennis (2020) and Pereira et al., (2019) address these technical discussions, while other research examines the broader business implications of blockchain (Nowiński and Kozma, 2017). The development of a taxonomy of blockchain-based business models by Weking et al. (2020), the derivation of blockchain business model archetypes in the domain supply chain management by Grünewald et al. (2024), and the investigation of value creation through blockchain by Schlecht et al. (2021) reflect the ongoing research into the transformative potential of blockchain for businesses. Adopting a business model perspective is essential to understanding how blockchain technology can foster innovative ways to generate and capture value (Chao and Goli, 2024).
Business models of industries and companies enabled by emerging technologies are often underdeveloped and fragmented (Upadhyay, 2024). Therefore, the underlying paper focuses on blockchain-based business models in additive manufacturing, particularly in 3D printing. The investigation of the role of blockchain in additive manufacturing and its influence on prevailing and future business models has been examined by Mayer et al., (2021) and Klöckner et al., (2020), among others. The research results show a consensus that blockchain can create new business models in additive manufacturing and change existing business processes (Mayer et al., 2021).
Research design
This study is based on a multi-level research design that draws on established scientific methods to answer the research questions stated above (see Figure 1).
[image: Figure 1]FIGURE 1 | Overview of the research design.
An in-depth literature review, described in detail in the Related Work section, provides the theoretical foundation for the study in order to determine the current state of research. A systematic literature review (SLR) further refines the research process. It ensures a structured and reproducible methodology that serves as the foundation for the initial categorization and development of the taxonomy. To integrate practical implications into the taxonomy development process, empirical data on existing blockchain business models in additive manufacturing were collected and evaluated, and direct feedback from practitioners was incorporated in an expert workshop. The taxonomy was validated using a survey, thoroughly evaluating its practical applicability and theoretical soundness.
Taxonomy building
Taxonomies are a widely used approach in information systems (IS) research to classify, clarify, structure, and systematically examine complex phenomena (Nickerson et al., 2013). Their morphological representation allows for practical insights into the structure of a phenomenon, i.e., its morphological configuration (Álvarez and Ritchey, 2015). To identify the design elements of blockchain-based business models in additive manufacturing, we apply the renowned taxonomy methodology proposed by Nickerson et al., (2013), generating knowledge conceptually and empirically. To enhance the process, we integrate the framework of Szopinski et al., (2019), which incorporates an evaluation phase into our design iterations. Our research approach is divided into the iterative steps illustrated in Figure 2 and integrates inductive and deductive classification paradigms. This process continues until the taxonomy design reaches theoretical saturation (Nickerson et al., 2013; Gerber et al., 2017).
[image: Figure 2]FIGURE 2 | Procedural model for taxonomy development adapted from Nickerson et al., (2013).
At first, we define a meta-characteristic, representing the purpose of the taxonomy and serving as the starting point for subordinate elements. The second phase determines the ending condition, defining the point at which taxonomy development is considered complete. Nickerson et al., (2013) identify eight objective and five subjective ending conditions that guide this phase. In the next phase, the user starts the conceptual construction of the taxonomy by deciding on an empirical-conceptual approach or its reverse. In the fourth phase, researchers may choose a conceptual-empirical approach, where dimensions are first derived conceptually and tested empirically on a subset of objects in the fifth phase. Alternatively, the empirical-conceptual approach may be applied, where dimensions are first identified inductively and then conceptually refined. This process is repeated iteratively until theoretical saturation is achieved, meaning no further adjustments to dimensions and features are required (Nickerson et al., 2013).
Ending conditions, meta-characteristic and meta-dimensions
The meta-characteristic defines the taxonomy’s overarching goal and purpose. To address RQ3, we establish the meta-characteristic as “Characteristics of blockchain-based business models in additive manufacturing,” which explores the impact of blockchain technology within this domain. This meta-characteristic provides the foundation for identifying subsequent dimensions and characteristics and remains unchanged throughout the iterative development process.
A meta-dimension is used as a higher-level conceptual framework to derive dimensions and characteristics systematically. Following the approach of Remane et al. (2017), this method enables the targeted derivation of meaningful dimensions. Specifically, we adopt the V4 framework Al-Debei et al., (2008) developed, which offers an ontological high-level structure for business models and integrates economic (business models) and technical (architectures) aspects for classifying blockchain applications.
The V4 framework subdivides business models into four key components, making it particularly suited for analyzing blockchain-based business models (Grünewald et al., 2024):
• The Value Proposition encompasses the bundle of products and services that provide value to a specific customer segment (Chesbrough, 2010).
• The Value Architecture refers to the technological and organizational infrastructure required to deliver these products and services (Al-Debei and Avison, 2010).
• The Value Network includes the actors involved in creating the value proposition, the channels for value delivery, and the network’s roles and modalities (Al-Debei and Avison, 2010).
• The Value Finance integrates revenue streams and cost structures, which are crucial for understanding the economic feasibility of blockchain applications (Al-Debei et al., 2008).
Taxonomies are considered complete when they reach a state that effectively represents the objects they aim to classify (Nickerson et al., 2013; Bock and Wiener, 2017). In line with standard taxonomy construction practices, the ending conditions defined by Nickerson et al. (2013) are satisfied in our work, ensuring the taxonomy’s validity and utility. Through iterations, adjustments are made to the dimensions and characteristics until the fourth iteration, when the ending conditions are met. At this stage, each dimension and characteristic is uniquely associated with at least one object, ensuring no redundancy across dimensions or characteristics. After the fourth iteration, the eight dimensions of the taxonomy are confirmed to fulfill the subjective ending conditions. Table 1 summarizes the termination criteria. This visual representation avoids unnecessary complexity and aligns with similar taxonomies in its structure and detail (Oberländer et al., 2019; Kundisch et al., 2022). The resulting taxonomy is robust, extendable, and comprehensive while also differentiating between individual objects. The taxonomy also serves an explanatory function, illustrating the impact of blockchain technology in additive manufacturing.
TABLE 1 | Abbreviated ending conditions adopted from Nickerson et al., (2013).
[image: Table 1]Conceptual-to-empirical design iterations
In the first iteration, we develop an initial taxonomy by integrating existing taxonomies and typologies from prior research (see related work). During the second iteration, a systematic literature review (SLR) is conducted, a well-established approach for conceptualizing dimensions and characteristics (Kundisch et al., 2022). This process follows the guidelines proposed by vom Brocke et al. (2009) and Webster and Watson (2002). Scopus and ScienceDirect are the primary sources, encompassing the most relevant IS journals and proceedings. The scope of the review is confined to peer-reviewed, English-language publications contributing to the taxonomy’s development. This includes conceptual studies on taxonomy development and articles addressing blockchain applications in additive manufacturing. The initial search yields 65 papers. A manual screening of titles, abstracts, and keywords, conducted to eliminate irrelevant or duplicate entries, narrows the selection to 19 papers. A full-text screening further refines the sample and serves as the basis for forward and backward search. Finally, 23 relevant papers are identified for the taxonomy development. The search process is summarized in Figure 3.
[image: Figure 3]FIGURE 3 | Visualization of literature search process.
Empirical-to-conceptual design iterations
To integrate practical implications into the taxonomy development process, we gather and analyze additional empirical data on existing business models in additive manufacturing. This is a reasonable approach, as many organizations transparently share information about their business models—including their business approach and, in some cases, the corresponding charge (Teece, 2010). The data collection method follows the approach outlined by Grünewald et al., (2024). Given the novelty of blockchain technology, the underlying study focuses on a broad investigation of use cases from established companies, startups, and research projects that explore blockchain applications, emphasizing additive manufacturing.
For data collection, we conduct searches in databases such as Crunchbase and Google Search using keywords like “additive manufacturing” and synonyms such as “3D printing” combined with “blockchain.” Crunchbase, one of the largest enterprise databases, serves over 70 million users and contains more than 2 million registered companies. It offers a comprehensive range of business-related information, including funding, investments, founding members, mergers and acquisitions, industry trends, and news. Companies in Crunchbase can be filtered based on various criteria, such as location, industry, and technology focus.
We apply five criteria to ensure the relevance of the included use cases:
• Only companies that have received funding are included to ensure data quality and viability (Krishna et al., 2016).
• We exclude companies that are no longer operational, such as those without a verifiable website or content in English or German (Möller et al., 2019).
• Companies unrelated to additive manufacturing are filtered out.
• We exclude use cases in which blockchain technology is not essential to the application (Weking et al., 2020).
• We exclude companies with insufficient publicly available information about their use cases (Täuscher and Laudien, 2018).
Following the approach of Tönnissen et al., (2020), to detail the use cases, we collect data using primary sources such as company websites and interviews and secondary sources, including publicly available articles, blog posts, and videos. In cases in which companies address multiple blockchain use cases, each use case is analyzed individually according to the aforementioned criteria, which results in some companies being listed multiple times. Ultimately, ten use cases are identified, as shown in Table 2.
TABLE 2 | Samples with name of the organization or project, maturity, and website.
[image: Table 2]We analyze these use cases by classifying them according to the dimensions and characteristics of our preliminary taxonomy. We aim to assign each use case to a single characteristic within each dimension during this process. Three scenarios emerge: (1) the use case can either be assigned to an existing characteristic in a dimension based on the available information, (2) it cannot be assigned to any characteristic due to insufficient accessible information, (3) or the use case provides information relevant to a dimension but does not match any of the existing characteristics, prompting adjustments or additions to the taxonomy design elements (e.g., the consideration of the TECON use case led to the addition of the characteristic product passport in the dimension use case). Throughout the third iteration, the frequency of the third scenario decreases progressively, leaving only the first two scenarios in our use case analyses. The empirical data collection is from the fall of 2024, with at least two authors independently performing the analysis. Despite promising developments in practice, blockchain applications remain highly dynamic, meaning some analyzed use cases may disappear while new ones are likely to emerge.
In the fourth iteration, expert workshops are conducted to incorporate direct practical feedback into the taxonomy development process. These workshops are structured based on the method outlined by Szopinski et al., (2019) and revolve around three core questions: Who (i.e., the subject), What (i.e., the object), and How (i.e., the method). The workshops involve academics and practitioners who had not previously participated in the taxonomy development process (Who and How). The real-world problem is defined as “characterizing blockchain business models in additive manufacturing” (What).
Participants include researchers from universities and applied research institutes and practitioners with expertise in at least one of the following areas: blockchain technology, additive manufacturing, or business model development. The participants were divided into two groups to explore potential blockchain use cases in additive manufacturing. Discussions focus on key topics, including business models, governance structures, security and intellectual property (IP), and legal considerations. One author moderates each group, while two additional authors are responsible for documenting feedback and deriving implications to refine the taxonomy. Table 3 provides an overview of the workshops, including participant profiles.
TABLE 3 | Workshop participants.
[image: Table 3]Based on the workshop findings, the authors identified new design elements and refined existing ones. This included renaming certain elements, expanding features, consolidating aspects, and removing unnecessary components (e.g., adaptation and adjustment of the currency acceptance dimension). At this stage, the termination conditions were fulfilled, marking the conclusion of the taxonomy development process and the transition to the taxonomy evaluation phase.
Taxonomy of blockchain business models in additive manufacturing
Table 4 illustrates the final taxonomy, which comprises 13 dimensions (Dn) and 50 characteristics (Cn.m), structured across four meta-dimensions based on the framework by Al-Debei et al., (2008). While taxonomies are traditionally constructed with mutually exclusive characteristics (Nickerson et al., 2013), the specific nature of the identified attributes leads us to adopt non-exclusive characteristics consistent with a morphological approach. This methodology is particularly appropriate as it aligns with the taxonomy’s role as a visualization tool (Möller et al., 2022). However, this choice introduces additional complexity, requiring a higher level of generalization for characteristic attributes and potentially complicating the explicit representation of exemplars.
TABLE 4 | Final taxonomy of blockchain business models in additive manufacturing.
[image: Table 4]Value proposition
A business model must deliver a compelling value proposition to its customers, addressing a significant problem or fulfilling a critical need for a specific target group through an appropriate product or service offering (Johnson et al., 2008). The value of a technology is ultimately determined by the customer’s willingness to pay for the associated product or service (Chesbrough and Rosenbloom, 2002). Building on prior research and in alignment with the defined framework, the meta-dimension value proposition encompasses three dimensions: use case, customer value, and customer segment.
Both academic literature and industrial practice explore various blockchain applications in additive manufacturing. The dimension use case (D1) pertains to the diversity of use cases for blockchain solutions. The taxonomy differentiates between local manufacturing (C1.1) (Klöckner et al., 2020), shared factories (C1.2) (Klöckner et al., 2020), marketplaces (C1.3) (Klöckner et al., 2020), product passport (C1.4), and quality management (C1.5) (Westphal et al., 2023). To create value, businesses must understand and meet customer needs effectively. The taxonomy addresses this aspect through the dimension of customer value (D2). In business model terminology, this typically involves resource optimization, process improvement, and the generation of new revenue streams. Specifically, blockchain integration in additive manufacturing enables outcomes such as cost/sacrifice value (C2.1) (Mayer et al., 2021), digital twin (C2.2) (Mayer et al., 2021), customization (C2.3) (Klöckner et al., 2020), production on-demand (C2.4) (Klöckner et al., 2020), and flexible production capacities (C2.5) (Klöckner et al., 2020). The dimension customer segment (D3) identifies the product or service’s target group (Rückeshäuser and Ostern, 2017). A level of abstraction is required to ensure meaningful inclusion in the taxonomy. Consequently, a two-part classification is applied, distinguishing between the business (C3.1) and consumer (C3.2) segments, and both (C3.3).
Value network
The positioning of a company within its value network plays a crucial role in defining its business model. Through its interactions with suppliers, partners, and customers, the company can facilitate the delivery of complementary goods, enhance network effects, and contribute additional value to existing information systems (Rückeshäuser and Ostern, 2017). This positioning also highlights where customer value is generated within the value chain context (Chesbrough and Rosenbloom, 2002). In light of this, the taxonomy examines the dimensions of supply chain actor, customer relationship, and customer interface.
The dimension supply chain actor (D4) identifies the entities interacting within a blockchain network solution. The taxonomy distinguishes between several actor categories, including OEMs (C4.1), service providers (C4.2), suppliers (C4.3), supervisory authorities (C4.4), third parties (C4.5), and customers (C4.6). The dimension of customer relationship (D5) focuses on acquiring new customers and retaining existing ones (Osterwalder and Pigneur, 2013). Utilizing DLT enables automated customer interactions through automated operations (C5.1) (Mayer et al., 2021). Additionally, decentralizing business models may eliminate the need for direct customer relationships (C5.2), fostering transparency and trust in aspects like quality assurance and auditing (Mayer et al., 2021). Collaborative efforts between data-providing companies and service providers exemplify Customer Relationship co-creation (C5.3), where value is co-generated with customers (Mayer et al., 2021). The dimension customer interface (D6) refers to how users access the product or service, such as app-based interfaces (C6.1), browser-based solutions (C6.2), or on-premise software (C6.3) (Duparc et al., 2022).
Value architecture
The value architecture outlines the technological and organizational framework that underpins a business model (Al-Debei and Avison, 2010). This taxonomy encompasses the dimensions of blockchain purpose, governance structure, interoperability, and data storage within the business model.
The blockchain purpose dimension (D7) represents various characteristics and highlights how blockchain technology provides value for additive manufacturing. Following (Ghimire et al., 2022), the taxonomy distinguishes between monetization (C7.1), intellectual property (IP) and data protection (C7.2), traceability and authentication (C7.3), and process automation (C7.4). The governance structure dimension (D8) refers to the primary technical framework utilized by a data provider to facilitate information sharing within an ecosystem (Gelhaar et al., 2021a). The selected governance structure impacts several factors, including incentive mechanisms, data security, data control, and the trust level among ecosystem participants (Al-Zahrani, 2020). Data sharing can be implemented via a centralized infrastructure (C8.1), such as proprietary cloud platforms (Azkan et al., 2020). Alternatively, ecosystems may adopt distributed infrastructures (C8.2), leveraging distributed ledger technologies or peer-to-peer networks (Gelhaar et al., 2021b). Hybrid infrastructures (C8.3), which integrate centralized and distributed technologies like cloud platforms and blockchain solutions, are also gaining traction (Große et al., 2020). The interoperability dimension (D9) addresses the ability of different blockchain systems within an ecosystem to interact seamlessly and exchange data, ensuring efficient functionality and integration. This dimension differentiates between isolated systems (C9.1), which do not allow external connectivity, cross-chain communication (C9.2), which facilitates data exchange across multiple blockchains, and standardized interfaces (C9.3), enabling compatibility with various protocols and platforms (Harris, 2023). The data storage dimension (D10) focuses on the methods used for storing data in a system, emphasizing a balance between security, scalability, and efficiency. On-chain storage (C10.1) (Krämer et al., 2022; Bhateja et al., 2023) involves storing data directly on the blockchain, ensuring high immutability, transparency, and security levels. However, this approach is limited by blockchain networks' storage capacity and can be costly due to its resource-intensive nature. In contrast, off-chain storage (C10.2) (Krämer et al., 2022; Bhateja et al., 2023) relies on external databases or cloud systems, offering greater scalability and cost efficiency. While suitable for managing large data volumes, this method may challenge trust and data integrity. Hybrid storage models (C10.3) (Krämer et al., 2022; Bhateja et al., 2023) combine the advantages of both approaches, storing critical or sensitive data on-chain for security purposes and less critical data off-chain to enhance performance and reduce costs.
Value finance
To ensure the profitability of a business model, it is essential to analyze its financial perspective. A successful business model must establish a coherent profit-generation mechanism (Morris et al., 2005). The meta-dimension of value finance encompasses various aspects related to costs, pricing strategies, and revenue distribution (Al-Debei and Avison, 2010). This includes addressing considerations such as “Pricing mechanism”, “Revenue model”, and “Currency acceptance”.
The pricing mechanism dimension (D11) defines the method by which the final price paid by the customer is determined. According to Möller et al., (2019), a three-part classification is applied, distinguishing between demand-based (C11.1), feature-based (C11.2), and price-based (C11.3). In a demand-based model, pricing is influenced by usage frequency, the realized price, or a percentage commission. In contrast, feature-based pricing is determined by the specific functionalities or services the customer selects. The dimension revenue model (D12) refers to the specific pattern of revenue generation, i.e., it explains how the business makes money. Our sample reveals that five pricing mechanisms are dominant subscription (C12.1) (Grünewald et al., 2024), freemium (C12.2) (Möller et al., 2019), fee (C12.3) (Möller et al., 2019), pay-per-use (C12.4) (Grünewald et al., 2024) and passive income (C12.5) (Duparc et al., 2022). The currency acceptance dimension (D13) specifies the types of currencies the operator accepts for payment. An analysis of blockchain use cases reveals diverse payment methods, which can be categorized as fiat currency (C13.1) (Grünewald et al., 2024), cryptocurrency (C13.2) (Grünewald et al., 2024), and hybrid (C13.3) (Grünewald et al., 2024) models that combine fiat and cryptocurrencies, and free solutions, where users can access the service without payment (C13.4).
Case study: TECON
In order to ensure the internal validity of the taxonomy, its application is demonstrated using the example of the TECON Initiative depicted in Table 5. TECON is an innovative initiative revolutionizing product management by integrating non-fungible tokens (NFTs) into unique, verifiable product passports. This approach assigns each product—particularly spare parts—a distinctive NFT that digitally represents its identity and lifecycle.
TABLE 5 | Final taxonomy on the example of Tecon.
[image: Table 5]The use case empowers companies to independently produce spare parts or other customizations for their products, including product passport features. Blueprints for these parts can be purchased through integration into webshops. The customer value lies in the interconnected and securely stored information on a decentralized solution, ensuring data security and authenticity. Using decentralized storage, TECON provides a reliable and secure repository for all product information, specifications, and associated data, including blueprints. The current customer segment focuses exclusively on the business domain, particularly users of machinery and its producers, identified as supply chain actors. The customer interface is browser-based and accessible through a webshop or QR codes on the physical parts. The blockchain aims to protect blueprint providers' intellectual property through individualized and licensed blueprints for each customer while ensuring the traceability of part interconnections. Since XIONI GmbH offers the initiative, the service distribution is managed by XIONI, with a centralized governance structure as the service provider. The systems are also interoperable, particularly regarding integration with diverse webshops or internal systems, thanks to standardized interfaces. Data storage is hybrid: large datasets are stored on IPFS and webshops, while smaller datasets are maintained on-chain. Customers pay based on requested features and a pay-per-use model. Both fiat and cryptocurrency are accepted as payment methods.
The appendix (see Table A1 shows the taxonomy with classified examples from the taxonomy application. Among these is the Tecon case study. In addition, further use cases are presented to illustrate the broader applicability of the taxonomy.
DISCUSSION
In order to ensure the proposed taxonomy’s external validity and identify its limitations, an online survey is conducted following the methodology outlined by (Bons et al., 2023). Participants were asked to respond to ten questions anonymously. Twenty experts were carefully selected and contacted via email based on their experience with blockchain projects, particularly in an industrial context.
The survey aimed to achieve two objectives: first, to gather feedback on the progression of the taxonomy from its earlier stages, and second, to collect new and unbiased insights. Of the twenty experts contacted, ten responded, resulting in a response rate of 50.0%. This response formed the basis for subsequent evaluation and discussion. The evaluation sought to determine whether the taxonomy comprehensively identifies relevant topics and whether these topics are organized into meaningful and practical clusters. To address these objectives, the first seven questions of the survey required participants to rate seven attributes (see Table 6) using a Likert scale. This scale, standard in survey questionnaires, ranged from 1 (lowest level of agreement) to 5 (highest level of agreement). The final three questions were open-ended, allowing participants to recommend further improvements. The applied Likert scale is ordinal, meaning the values have a defined order, but the intervals between them are not necessarily equal (Heumann and Schomaker, 2016). The survey results were analyzed using appropriate statistical methods and visualized using relevant diagrams.
TABLE 6 | Evaluation results, visualized as a stacked bar chart.
[image: Table 6]The business model governance taxonomy received highly positive evaluations, with over 80% of participants rating it as “rather agree” or “strongly agree” across all dimensions. Clarity and comprehensibility (1) achieved 80% approval, while coverage of relevant aspects (2) was rated even higher at 90%. Logical structure and topics (3) received unanimously positive feedback, with 100% of responses rather than strongly agreeing. Usefulness (4) and clear structure (5) were both rated positively by 80% of participants, highlighting their practical value. Practical implementation (6) stood out with 90% approval and only 10% rather not agree, reflecting strong feasibility. Finally, the likelihood of recommendation (7) was high, with 80% of participants indicating they would recommend it. To get more ideas for improvement, we also integrated three open-text questions to get a better impression of the feedback.
Several respondents suggested reducing the number of dimensions and categories for simplicity and enhancing clarity, particularly regarding categories' exclusivity and potential non-exclusive alternatives. Specific feedback includes calls for a more precise purpose and better explanation of dimensions like interoperability and data storage, especially for users unfamiliar with blockchain applications. Some respondents questioned the taxonomy’s ability to derive business model archetypes due to non-exclusive characteristics. In contrast, others requested refinement of specific terms, such as consumer versus customer in the customer segment dimension, to avoid confusion. Practical questions about the interdependence of dimensions, like customer relationships and supply chain actors, were also raised. Additional suggestions include integrating the interaction of blockchain with emerging technologies like AI and big data and addressing the diverse needs and interests within a value network. Despite these suggestions, the taxonomy was praised for its comprehensiveness, holistic perspective, and coverage of blockchain’s impact on business models.
The feedback from the participants underlines the taxonomy’s high level of clarity, practical relevance, and comprehensive inclusion of design elements. The team of authors discussed the evaluation results regarding possible implications for the taxonomy. Based on the participants' input, the authors decided that no further adjustments are necessary, which means that the taxonomy has reached a sufficient saturation level to mark the end of the development process.
CONCLUSION, LIMITATIONS AND OUTLOOK
This study presents a taxonomy designed to categorize and better understand the emerging business models at the intersection of blockchain and additive manufacturing. To achieve this, three research questions (RQs) have been established and addressed through this contribution. First, a comprehensive literature review and systematic market analysis explored the business models associated with blockchain-based additive manufacturing for practical industrial applications (RQ1). A market analysis utilizing data from Crunchbase examined ten real-world applications, offering insights into industry trends and existing business models. This analysis served as a foundation for identifying the practical applications of blockchain within additive manufacturing.
In addition, RQ2 investigated the common characteristics of these business models. A systematic literature review developed a concept matrix, capturing recurring patterns and features among the identified models. The market analysis strengthened these findings, ensuring a solid connection between academic insights and real-world observations.
Lastly, a rigorous iterative process was employed to categorize these characteristic features into a cohesive taxonomy. The taxonomy was created by synthesizing insights from existing frameworks, literature, and market analysis and then refined through expert workshops and feedback sessions. Studies have highlighted the ability of blockchain solutions to transform and disrupt existing business models in additive manufacturing while also enabling the creation of entirely new business models. Based on scientific literature, an empirical series of ten use cases, and expert workshops, a taxonomy of blockchain-based business models in additive manufacturing was developed, allowing for the classification of business models based on 13 dimensions and 50 characteristics. Although blockchain technology has been discussed in academic literature for several years, its implementation in industrial practice is still in its early stages. As a result, there is a gap between academia’s promises and its current business value. The extent to which blockchain technology is adopted in additive manufacturing fosters the emergence of new business models or impacts existing ones, a key focus of the taxonomic analysis. The taxonomy’s internal validity was demonstrated through its application to specific use cases, showcasing its utility in research and practice. To assess its external validity, a survey was conducted, revealing a high level of agreement among experts, with all questions receiving over 80% agreement. For practitioners, the taxonomy provides a structured overview of possible manifestations, aiding in clearer decision-making and analysis. As a theoretical contribution, it helps bridge the gap between practice and theory, offering a common framework that integrates insights from both domains.
Certain limitations exist in taxonomic analysis. The procedural approach to taxonomy development cannot eliminate the influence of the authors' subjective assumptions, particularly in defining meta-dimensions, suitable dimensions, and characteristics. Another limitation concerns the collection of company data. The data collection focuses on companies that develop and implement blockchain solutions in additive manufacturing. For this purpose, the startup database CrunchBase and an extended secondary research approach were selected. However, it cannot be ruled out that this method may have failed to identify further relevant companies essential for developing and validating the taxonomy. This study will be expanded by incorporating additional databases and companies to gain a more comprehensive understanding and to identify emerging business models. Another aspect relates to the data basis for the coding process, which relies on publicly available information such as company websites, existing technical or white papers, and CrunchBase data. This approach enhances the validity of the dataset. Although the empirical data collection was conducted collaboratively within the research team and differing assessments were discussed, the data remains susceptible to personal influences and preferences. For the development of the taxonomy a limited pool of available experts participating in the workshops may have constrained the methodological rigor, resulting in methodological ambiguity. Thus, the results must be interpreted with an awareness of these contextual limitations. Engaging more practitioners for iterative feedback will strengthen the taxonomy’s practical applicability and reveal additional limitations in real-world contexts. Furthermore, incorporating a legal perspective as a new point of view could yield valuable insights, particularly regarding regulatory compliance and ethical considerations, which are increasingly crucial in evolving new business models.
Future research should expand upon this study by involving a broader and more diverse range of academic and industrial experts, including those from interdisciplinary fields, to enhance the taxonomy’s robustness and generalizability. Additionally, we suggest that researchers revisit our work, as blockchain’s emerging nature in additive manufacturing inherently restricts the research scope and the available findings. Further research is needed on how the transformation of additive manufacturing to holistic business models based on blockchain technology can be realized. As progress continues and the technology is adopted in business practice, the sample size can be expanded, allowing archetypal business model patterns to be derived. In a more mature field, more academic research and experts will be available to refine the taxonomy and adapt it to the continuous and dynamic changes in this field. As progress continues and the technology is adopted in business practice, the sample size can be expanded, allowing archetypal business model patterns to be derived. A particular focus is expanding the business model perspective to include blockchain-based value creation. In this context, further research is also needed regarding the contribution of blockchain technology to increasing resilient value creation and promoting sustainability. The question of how blockchain technology and token concepts can be used to enable sustainable economic activity and how such concepts can be designed must be answered. This understanding helps implement sustainable business models and evaluate new forms of value creation, e.g., through tokenization, in economic terms.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
AG: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review and editing. PS-B: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review and editing. PK: Writing – original draft, Writing – review and editing. LK: Writing – original draft, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This project is financed with funding provided by the German Federal Ministry of Education and Research within the “SME-Innovative” program (funding number 01IS24008A-C) and managed by the German Aerospace Center (DLR). The authors are responsible for the content of this publication.
GENERATIVE AI STATEMENT
The authors declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Al-Debei, M. M., and Avison, D. (2010). Developing a unified framework of the business model concept. Eur. J. Inf. Syst. 19 (3), 359–376. doi:10.1057/ejis.2010.21
 Al-Debei, M. M., El-Haddadeh, R., and Avison, D. (2008). “Defining the business model in the new world of digital business,” in Proceedings of the 14th Americas conference on information systems. 
 Álvarez, A., and Ritchey, T. (2015). Applications of general morphological analysis: from engineering design to policy analysis. Acta Morphol. Gen. (AMG) 4 (1), 1–40. 
 Al-Zahrani, F. A. (2020). Subscription-based data-sharing model using blockchain and data as a service. IEEE access 8, 115966–115981. doi:10.1109/ACCESS.2020.3002823
 Amit, R., and Zott, C. (2001). Value creation in E-business. Strategic Manag. J. 22 (6-7), 493–520. doi:10.1002/smj.187
 Azkan, C., Iggena, L., Gür, I., Möller, F., and Otto, B. (2020). “A taxonomy for data-driven services in manufacturing industries,” in Proceedings of the 24th Pacific Asia Conference on Information.  (June 22-24, 2020), Dubai, UAE. 
 Bashir, I. (2020). Mastering Blockchain. A deep dive into distributed ledgers, consensus protocols, smart contracts, DApps, cryptocurrencies, Ethereum, and more. 3rd ed. Birmingham: Packt Publishing. 
 V. Bhateja, X.-S. Yang, M. C. Ferreira, S. S. Sengar, and C. M. Travieso-Gonzalez (2023). Evolution in computational intelligence (Singapore: Springer Nature Singapore). (Smart Innovation, Systems and Technologies). 
 Bock, M., and Wiener, M. (2017). “Towards a taxonomy of digital business models—conceptual dimensions and empirical illustrations,” in Proceedings of international conference on information systems (ICIS) . 
 Bons, D., Keitzl, P., Schulz, H., Stuckmann-Blumenstein, P., Gürpinar, T., and Brüning, S. (2023). “A taxonomy for the formation of enterprise blockchain consortia. Blockchain and cryptocurrency 1. 
 Camarinha-Matos, L. M., Fornasiero, R., and Afsarmanesh, H. (2017). “Collaborative networks as a core enabler of industry 4.0. IFIP Adv. Inf. Commun. Technol 3–17. doi:10.1007/978-3-319-65151-4_1
 Chao, Y., and Goli, A. (2024). Integrating blockchain technology in business models for sustainable innovation. Sustainability 16 (16), 7217. doi:10.3390/su16167217
 Chesbrough, H. (2010). Business model innovation: opportunities and barriers. Long. Range Plan. 43 (2-3), 354–363. doi:10.1016/j.lrp.2009.07.010
 Chesbrough, H., and Rosenbloom, R. S. (2002). The role of the business model in capturing value from innovation: evidence from Xerox Corporation's technology spin-off companies. Industrial Corp. Change 11 (3), 529–555. doi:10.1093/icc/11.3.529
 DaSilva, C. M., and Trkman, P. (2013). Business model: what it is and what it is not. SSRN J. doi:10.2139/ssrn.2181113
 Duparc, E., Möller, F., Jussen, I., Stachon, M., Algac, S., and Otto, B. (2022). Archetypes of open-source business models. Electron Mark. 32 (2), 727–745. doi:10.1007/s12525-022-00557-9
 Gelhaar, J., Groß, T., and Otto, B. (2021a). “A taxonomy for data ecosystems,” in Proceedings of the 54th Hawaii international conference on system sciences . 
 Gelhaar, J., Gürpinar, T., Henke, M., and Otto, B. (2021b). “Towards a taxonomy of incentive mechanisms for data sharing in data ecosystems,” in Twenty-fifth Pacific Asia Conference on Information Systems. Dubai, UAE. 
 Gerber, A., Baskerville, R., and van der Merwe, A. (2017). “A taxonomy of classification approaches in IS research,” in Proceedings of the 23rd Americas conference on information systems (AMCIS). Boston, MA, USA. 
 Ghimire, T., Joshi, A., Sen, S., Kapruan, C., Chadha, U., and Selvaraj, S. K. (2022). Blockchain in additive manufacturing processes: recent trends and its future possibilities. Mater. Today Proc. 50, 2170–2180. doi:10.1016/j.matpr.2021.09.444
 Glaser, F. (2017). “Pervasive decentralisation of digital infrastructures: a framework for blockchain enabled system and use case analysis,” in Proceedings of the 50th Hawaii international conference on system sciences (2017). Hawaii international conference on system sciences: Hawaii international conference on system sciences (proceedings of the annual Hawaii international conference on system sciences) . 
 Große, N., Leisen, D., Gürpinar, T., Forsthövel, R. S., Henke, M., and Hompel, M. T. (2020). “Evaluation of (De-)Centralized IT technologies in the fields of cyber-physical production systems,” in Proceedings of the 1st conference on production systems and logistics (CPSL) , 377–386. 
 Große, N., Stuckmann, P., McInnis, D., and Qiao, Y. (2022). “Proposal of the technical implementation of 3D printers in a blockchainbased exchange of capacity,” in Blockchain and cryptocurrency congress (B2C) . 
 Grünewald, A., Gürpinar, T., Culotta, C., and Guderian, A. (2024). Archetypes of blockchain-based business models in enterprise networks. Inf. Syst. E-Bus Manage 22 (4), 633–665. doi:10.1007/s10257-024-00673-3
 Guo, X., Zhang, G., and Zhang, Y. (2022). A comprehensive review of blockchain technology-enabled smart manufacturing: a framework, challenges and future research directions. Sensors 23 (1), 155. doi:10.3390/s23010155
 Harris, C. G. (2023). “Cross-chain technologies: challenges and opportunties for blockchain interoperability,” in 2023 IEEE international conference on omni-layer intelligent systems (COINS). (Berlin, Germany: IEEE), 1–6.
 Heumann, C., and Schomaker, M. S. (2016). Introduction to statistics and data analysis. Cham: Springer International Publishing. 
 Jensen, M. C., and Meckling, W. H. (1998). Theory of the firm: managerial behavior, agency costs and ownership structure. J. Financial Econ. 3, 305–360. doi:10.1016/0304-405x(76)90026-x
 Jiang, P., and Li, P. (2020). Shared factory: a new production node for social manufacturing in the context of sharing economy. Proc. Institution Mech. Eng. Part B J. Eng. Manuf. 234 (1-2), 285–294. doi:10.1177/0954405419863220
 Johnson, M. W., Christensen, C. C., and Kagermann, H. (2008). Reinventing your business model. Harv. Bus. Rev. 87 (12), 52–60. 
 Kavanagh, D., and Dylan-Ennis, P. (2020). Cryptocurrencies and the emergence of blockocracy. Inf. Soc. 36 (5), 290–300. doi:10.1080/01972243.2020.1795958
 Klöckner, M., Kurpjuweit, S., Velu, C., and Wagner, S. M. (2020). Does blockchain for 3D printing offer opportunities for business model innovation?Research-Technology Manag. 63 (4), 18–27. doi:10.1080/08956308.2020.1762444
 Krämer, L., Große, N., Ahlbäumer, R., Stuckmann, P., Henke, M., and Hompel, M. T. (2022). “Designing A blockchain-based digital twin for cyber-physical production systems,” in Conference on production systems and logistics (CPSL) . 
 Krämer, L., Stuckmann-Blumenstein, P., Kaiser, P., Henke, M., Roidl, M., and Kirchheim, A. (2024). Smart contracting for production supply in shared manufacturing: a practical simulation approach. Int. J. Prod. Res. , 1–27. doi:10.1080/00207543.2024.2430449
 Krishna, A., Agrawal, A., and Choudhary, A. (2016). Predicting the outcome of startups: less failure, more success. Proceedings of the IEEE 16th International Conference on Data Mining Workshops (ICDMW). Barcelona, Spain. 798–805. doi:10.1109/ICDMW.2016.0118
 Kundisch, D., Muntermann, J., Oberländer, A. M., Rau, D., Röglinger, M., Schoormann, T., et al. (2022). An update for taxonomy designers. Bus. Inf. Syst. Eng. 64 (4), 421–439. doi:10.1007/s12599-021-00723-x
 Li, M., Fu, Y., Chen, Q., and Qu, T. (2021). Blockchain-enabled digital twin collaboration platform for heterogeneous socialized manufacturing resource management. International Journal of Production Research. doi:10.1080/00207543.2021.1966118
 Mayer, J., Niemietz, P., Trauth, D., and Bergs, T. (2021). How Distributed Ledger Technologies affect business models of manufacturing companies. Procedia CIRP 104, 152–157. doi:10.1016/j.procir.2021.11.026
 Lu, Y., Liu, C., Wang, K. I., Huang, H., and Xu, X. (2021). Digital twin-driven smart manufacturing: connotation, reference model, applications and research issues. Robotics and Computer-Integrated Manufacturing. doi:10.1016/j.rcim.2019.101837
 Möller, F., Bauhaus, H., Hoffmann, C., Niess, C., and Otto, B. (2019). “Archetypes of digital business models in logistics start-ups,” in Proceedings of the 27th European conference on information systems (ECIS) . 
 Möller, F., Stachon, M., Azkan, C., Schoormann, T., and Otto, B. (2022). Designing business model taxonomies – synthesis and guidance from information systems research. Electron Mark. 32 (2), 701–726. doi:10.1007/s12525-021-00507-x
 Möller, F., Stachon, M., Hoffmann, C., Bauhaus, H., and Otto, B. (2020). “Data-driven business models in logistics: a taxonomy of optimization and visibility services,” in Proceedings of the 53rd Hawaii international conference on system sciences , 5379–5388. 
 Morris, M., Schindehutte, M., and Allen, J. (2005). The entrepreneur's business model: toward a unified perspective. J. Bus. Res. 58 (6), 726–735. doi:10.1016/j.jbusres.2003.11.001
 Nickerson, R. C., Varshney, U., and Muntermann, J. (2013). A method for taxonomy development and its application in information systems. Eur. J. Inf. Syst. 22 (3), 336–359. doi:10.1057/ejis.2012.26
 Nowiński, W., and Kozma, M. (2017). How can blockchain technology disrupt the existing business models?EBER 5 (3), 173–188. doi:10.15678/EBER.2017.050309
 Oberländer, A. M., Lösser, B., and Rau, D. (2019). “Taxonomy research in information systems: a systematic assessment,” in Proceedings of the 27th European conference on information systems (ECIS) . 
 Osterwalder, A., and Pigneur, Y. (2013). “Business model generation. A handbook for visionaries,” in Game changers, and challengers . New York: Wiley&Sons. 
 Osterwalder, A., Pigneur, Y., and Tucci, C. L. (2005). Clarifying business models: origins, present, and future of the concept. CAIS 16. doi:10.17705/1CAIS.01601
 Pereira, J., Tavalaei, M. M., and Ozalp, H. (2019). Blockchain-based platforms: decentralized infrastructures and its boundary conditions. Technol. Forecast. Soc. Change 146, 94–102. doi:10.1016/j.techfore.2019.04.030
 Raj, P. (2021). “Empowering digital twins with blockchain,”. Advances in computers: the blockchain technology for secure and smart applications across industry verticals ed . Editors S. Aggarwal, N. Kumar, and P. Raj ( Elsevier), 121, 267–283. doi:10.1016/bs.adcom.2020.08.013
 Ramdani, B., Binsaif, A., and Boukrami, E. (2019). Business model innovation: a review and research agenda. NEJE 22 (2), 89–108. doi:10.1108/NEJE-06-2019-0030
 Remane, G., Hanelt, A., Nickerson, R., and Kolbe, L. M. (2017). Discovering digital business models in traditional industries. Journal of Business Strategy. doi:10.1108/JBS-10-2016-0127
 Rückeshäuser, N., and Ostern, N. (2017). “Typology of distributed ledger based business models,” in Proceedings of the 25th European conference on information systems (ECIS) , 2202–2217. 
 Schlecht, L., Schneider, S., and Buchwald, A. (2021). The prospective value creation potential of Blockchain in business models: a delphi study. Technol. Forecast. Soc. Change 166, 120601. doi:10.1016/j.techfore.2021.120601
 Shafer, S. M., Smith, H. J., and Linder, J. C. (2005). The power of business models. Bus. Horizons 48 (3), 199–207. doi:10.1016/j.bushor.2004.10.014
 Stuckmann-Blumenstein, P., Bons, D., Große, N., and Benkhoff, L. (2024a). “Problems and potentials of shared manufacturing in the context of industrial ecosystems: a bibliometric analysis,” in Proceedings of the 57th Hawaii International Conference on System Sciences . 
 Stuckmann-Blumenstein, P., Grünewald, A., Keitzl, P., Heinen, D., and Grieger, L. (2024b). “Towards enhanced transparency: from NFT to printed blueprints,” in Blockchain and cryptocurrency congress (B2C) . 
 Szopinski, D., Schoormann, T., and Kundisch, D. (2019). “Because your taxonomy is worth it: towards a framework for taxonomy evaluation,” in Proceedings of the European conference on information systems (ECIS) Stockholm-Uppsala, Sweden. 
 Täuscher, K., and Laudien, S. M. (2018). Understanding platform business models: A mixed methods study of marketplaces. European Management Journal. 319–329. doi:10.1016/j.emj.2017.06.005
 Teece, D. J. (2010). Business models, business strategy and innovation. Long. Range Plan. 43 (2-3), 172–194. doi:10.1016/j.lrp.2009.07.003
 Tönnissen, S., Heinrich Beinke, J., and Teuteberg, F. (2020). Understanding token-based ecosystems – a taxonomy of blockchain-based business models of start-ups. Electron Mark. 30 (2), 307–323. doi:10.1007/s12525-020-00396-6
 Treiblmaier, H. (2018). The impact of the blockchain on the supply chain: a theory-based research framework and a call for action. SCM 23 (6), 545–559. doi:10.1108/SCM-01-2018-0029
 Treiblmaier, H., and Špan, Ž. (2022). Will blockchain really impact your business model? Empirical evidence from slovenian SMEs. Econ. Bus. Rev. 24 (2), 132–140. doi:10.15458/2335-4216.1302
 Upadhyay, N. (2024). Business models for the Blockchain: an empirical analysis. Digit. Bus. 4 (2), 100082. doi:10.1016/j.digbus.2024.100082
 Veit, D., Clemons, E., Benlian, A., Buxmann, P., Hess, T., Kundisch, D., et al. (2014). Business models. Bus. Inf. Syst. Eng. 6 (1), 45–53. doi:10.1007/s12599-013-0308-y
 vom Brocke, J., Simons, A., Niehaves, B., Reimer, K., Plattfaut, R., and Cleven, A. (2009). “Reconstructing the giant: on the importance of rigour in documenting the literature search process,” in Proceedings of European Conference on Information Systems (ECIS), 2206–2217. 
 Webster, J., and Watson, R. T. (2002). Analyzing the past to prepare for the future: writing a literature review. MIS Q. Manag. Inf. Syst. 26 (2), xiii–xxiii. Available online at: http://www.jstor.org/stable/4132319. 
 Weking, J., Mandalenakis, M., Hein, A., Hermes, S., Böhm, M., and Krcmar, H. (2020). The impact of blockchain technology on business models – a taxonomy and archetypal patterns. Electron Mark. 30 (2), 285–305. doi:10.1007/s12525-019-00386-3
 Westphal, E., Leiding, B., and Seitz, H. (2023). Blockchain-based quality management for a digital additive manufacturing part record. J. Industrial Inf. Integration 35, 100517. doi:10.1016/j.jii.2023.100517
 Yu, C., Xu, X., Yu, S., Sang, Z., Yang, C., and Jiang, X. (2020). Shared manufacturing in the sharing economy: concept, definition and service operations. Comput. and Industrial Eng. 146, 106602. doi:10.1016/j.cie.2020.106602
 Zheng, Z., Xie, S., Dai, H., Chen, X., and Wang, H. (2017). “An overview of blockchain technology: architecture, consensus, and future trends,” in 2017 IEEE international congress on big data (BigData congress) (25-30, June 2017). Honolulu, HI, United States. ( IEEE), 557–564.
APPENDIX
TABLE A1 | Taxonomy of blockchain business models in additive manufacturing.
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