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Abstract

The transition toward a Circular Economy (CE) requires fundamental organizational and techno-
logical transformation, including the redesign of Information Systems Architecture (ISA). How-
ever, existing Enterprise Architecture frameworks, and specifically the TOGAF Architecture De-
velopment Method (ADM), provide no explicit guidance for embedding CE requirements into ISA
design. This gap leaves enterprise architects without the methodological support when translating
circularity objectives into Data and Application Architecture decisions within ISA.

This study identifies the architectural artifacts, design principles, and practices needed within TO-
GAF ADM Phase C to enable CE in organizations. Drawing on the Theory Building from Cases
as its methodological orientation, nine semi-structured expert interviews were conducted with en-
terprise architects, IT consultants, and CE researchers, complemented by practitioner-generated
diagrams.

The findings result in the CE-ISA model that integrates CE requirements across five dimensions:
Motivation, Information Systems Architecture, Interorganizational Structure, Enabling Condi-
tions, and Key Principles. Nine new artifacts are proposed within Information Systems Architec-
ture (TOGAF ADM Phase C), alongside eight architectural design principles. A central finding is
that CE-enabling ISA does not require fundamentally new architectural concepts, but rather pur-
poseful recombination of existing principles toward circularity as an explicit design goal. Organi-

zational preconditions consistently emerged as more significant barriers than technical complexity.

Keywords
Circular Economy, Enterprise Architecture, Information Systems Architecture, TOGAF ADM
Phase C, Data Architecture, Application Architecture
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1. Introduction

Enterprise Architecture frameworks such as the TOGAF Architecture Development Method
(ADM) Phase C, also referred to as the Information Systems Architecture (ISA), focuses on Busi-
ness-IT-alignment, ensuring that Data and Application Architectures support an organization effi-
ciently. However, it currently does not include Circular Economy (CE) specific requirements such
as lifecycle traceability, reverse material flows, or circular information loops across organizational
boundaries (The Open Group, 2025). Laumann and Tambo (2018) identify this as a conceptual
gap, arguing that Enterprise Architecture (EA) frameworks lack elements required for circular op-
erating models. Concurrently, CE literature highlights conceptual fragmentation and a lack of sys-
tematic, organization-wide instruments for CE implementation. No established methods or frame-
works exist for embedding lifecycle orientation or cross-organizational data flows into IT govern-
ance or architecture design processes (Kirchherr et al., 2017; Neri et al., 2023). As a result, there
is no consolidated understanding of which CE requirements are most relevant for enterprise-wide
architecture design, nor how they should be reflected within ISA design processes.

The transition toward sustainable approaches of production and consumption has become a central
challenge for society. In response to increasing ecological pressure, CE has emerged as an alter-
native to the linear economic model, emphasizing closed material loops, extended product lifecy-
cles, and systematic value retention (Geissdorfer et al., 2017; Kirchherr et al., 2017). Unlike linear
models, CE requires systems that capture returning products, enable reverse logistics, and share
lifecycle data across organizational boundaries (Kintscher et al., 2021; Laumann & Tambo, 2018).
To enable this transformation, a company’s ISA becomes a critical enabler. ISA defines how data
is structured and governed, and how applications communicate and integrate both internally and
externally. CE introduces requirements that standard ISA designs do not accommodate such as
product lifecycle data which must be captured beyond the point of sale (PoS) (Kintscher et al.,
2021), data that must flow across organizational boundaries (Laumann & Tambo, 2018), and ap-
plications that must support circular business logic like reverse logistics or remanufacturing
(Bocken et al., 2016; Kintscher et al., 2021). Without adaptation of ISA, CE goals remain opera-
tionally unreachable (Laumann & Tambo, 2018; Zeiss et al., 2021).



To address this, this study identifies which CE requirements are relevant for ISA design, examines
where current ISA design falls short, and derives an extended model that provides actionable guid-

ance. This leads to the central research question:

“How must Information Systems Architecture design within Architecture Development Method

Phase C be adapted to enable Circular Economy in organizations?”’

To answer this question, the study draws on expert interviews with enterprise architects, IT con-
sultants, and CE researchers, complemented by practitioner-generated diagrams. Phase C is the
point in the ADM where business requirements are concretely translated into data models and
application designs, making it the most actionable level for embedding CE requirements into ar-
chitectural practice. The empirical findings are therefore synthesized into an extended ADM Phase
C model that integrates CE requirements across Data and Application Architecture, providing ac-
tionable guidance for enterprise architects. Furthermore, the study addresses the following sub-
questions (SQ):

SQ1: What information and lifecycle requirements do Circular Economy impose on In-

formation Systems Architecture design?

SQ2: Where does existing Information Systems Architecture design falls short in ad-

dressing Circular Economy requirements?

SQ3: What artifacts, architectural design principles, and practices are necessary to extend

Information Systems Architecture design for Circular Economy enablement?

SQ4: How can these be translated into actionable guidance for enterprise architects?
In response to the identified gaps this study has three main objectives: Identifying CE-relevant
information and lifecycle requirements that affect ISA design, analyzing alignment gaps between
CE requirements and current architectural practices, and deriving an extended ADM Phase C
model that provides actionable guidance for enterprise architects working within ADM-based pro-
cesses. These objectives serve to bridge the gap between CE-strategy and day-to-day work of en-
terprise architects. This study is structured as follows: Chapter 2 presents the theoretical founda-
tion, Chapter 3 outlines the research design and methods, Chapter 4 reports the empirical findings
and the extended ADM Phase C model, Chapter 5 discusses these findings in relation to the liter-

ature, and Chapter 6 concludes the study.



2. Theory

The following chapter establishes the theoretical foundation of this study. First, CE as an organi-
zational challenge is examined, covering its definition, implementation requirements, and impli-
cations for ISA. Second, EA and its relationship to sustainability and CE are discussed, which then
leads to the specification of the research gap, the theoretical framework, and the conceptualization

of key constructs.

2.1 Circular economy as an organizational and architectural challenge

Circular Economy definition and organizational requirements

The CE is conceptualized as an economic paradigm aiming to decouple value creation from re-
source consumption by closing material and information loops, extending product lifecycles, and
retaining value consistently within systems (Geissdoerfer et al., 2017; Kirchherr et al., 2017).
While early conceptualizations rely on the 3R model (Reduce, Reuse, Recycle), more recent stud-
ies highlight the limitations of this simplified framing. Kirchherr et al. (2017) review over 100 CE
definitions demonstrating significant conceptual fragmentation, particularly regarding scope, sys-
tem boundaries, and implementation mechanisms, complicating the operationalization of CE
across organizations. CE implementation requires systemic change, however, existing assessment
methods are frequently product-centric, sector-specific, or narrowly focused on material effi-
ciency, thereby failing to capture organization-wide transformation requirements (Kirchherr et al.,
2017; Korhonen et al., 2018; Neri et al., 2023). As a result, firms adopt circular initiatives at prod-
uct or process levels while lacking integrated mechanisms to embed CE principles into governance
structures, decision-making processes, and digital infrastructure (Ritzén & Sandstrom, 2017).
There is broad consensus that organizations increasingly commit to CE goals but lack structured
and scalable approaches for translating these commitments into internal organizational and IT con-
figurations (Graessler et al., 2024; Zeiss et al., 2021).

Circular Economy requirements for Information Systems Architecture

For this study, CE is operationalized through organizational requirements that support circular
business models, treated as latent constructs (Lambert & Newman, 2023) that become visible
through architectural decisions and constraints. CE introduces three categories of requirements

that directly affect ISA design, being lifecycle transparency, requiring that product data is captured



and maintained beyond the PoS (Kintscher et al., 2021); cross-organizational coordination, requir-
ing that data flows extend across organizational boundaries to enable reverse logistics and closed-
loop processes (Laumann & Tambo, 2018; Neri et al., 2023); and data-intensive feedback loops,
requiring that applications support circular business logic such as return processing or remanufac-
turing (Bocken et al., 2016). These requirements cannot be addressed without coordinated redesign
of organizational and information systems architectures (Neri et al., 2023), which positions CE

transformations as an architectural problem and forms the basis for the research focus of this study.

2.2 Enterprise Architecture, sustainability, and Circular Economy integration

Enterprise Architecture and TOGAF

EA focuses on aligning an organization’s business strategy, processes, information systems, and
technology infrastructure in a coherent and governable way (The Open Group, 2025; Lankhorst,
2017). EA frameworks support business-IT alignment, organizational agility, and long-term value
creation by structuring how architectures are designed, governed, and evolved over time (Tamm,
etal., 2011).

The TOGAF standard holds a prominent position in both academic research and organizational
practice. As part of TOGAF, the ADM is a cyclical, phase-based process guiding the development,
implementation, and governance of EA across nine phases, as illustrated in Appendix 1. This study
focuses on ADM Phase C (ISA), where business requirements are translated into Data and Appli-
cation Architectures. Data Architecture defines how data assets are structured, stored, and gov-
erned, while Application Architecture defines the application components, their interactions, and
their relationship to business processes (The Open Group, 2025). Phase C is therefore the level at
which CE-specific requirements would need to be embedded into ISA design, making it the unit
of analysis for this study.

Sustainability-oriented Enterprise Architecture and Circular Economy integration

EA research increasingly addresses sustainability. Alghamdi (2024) identifies leadership commit-
ment and technological readiness as key enablers for sustainable EA practice. Vandevenne et al.
(2023) propose the Green Enterprise Architecture (GREAN) framework, embedding across mul-
tiple architectural layers, while Garcia-Escallon et al. (2021) argue that TOGAF requires new con-
structs for sustainable transformation. However, these studies remain generic and do not explicitly

address CE requirements within specific ADM phases.



At the intersection of EA and CE, Laumann and Tambo (2018) represent the earliest contribution
with their CE Enterprise Architecture Framework (CEEAF), highlighting the importance of trace-
ability, lifecycle information, and extended value networks and arguing that existing EA standards
lack essential conceptual elements for CE implementation. Varella et al. (2024) further demon-
strate how integrated service and information architecture can enable CE principles in Agriculture
4.0, illustrating how data integration, service orchestration, and digital platforms can facilitate cir-
cular practices.

Despite these contributions, the literature remains fragmented. Most EA research addresses sus-
tainability at a high level, while CE-specific architectural models remain rare, conceptual, and not
aligned with mainstream EA development methods or practitioners' perspectives.

Research gap and theoretical framework

Synthesizing this literature reveals a clear and specific knowledge gap. No empirically grounded,
phase-specific extension of ADM Phase C for CE currently exists. While CE research established
what organizational requirements circularity introduces, and EA research demonstrates that sus-
tainability can be embedded into architectural frameworks, the concrete design decisions, artifacts,
and architectural design principles required within Phase C to operationalize CE requirements re-
main unaddressed. This gap forms the basis for the empirical research design outlined in Chapter

3.

2.3 Conceptualization, operationalization and contributions

From the theoretical foundation above, five constructs were derived deductively before the analy-
sis: CE-related information requirements, Data Architecture design practices, Application Archi-
tecture design practices, architectural design principles and decision criteria, and architectural gov-
ernance in Phase C design decisions. These constructs were operationalized by translating them
into deductive head-codes within the coding scheme, each mapped to its conceptual definition,
expected empirical observations, and data source as summarized in the operationalization table in
Appendix 2. The constructs were selected because they represent the architectural dimensions most
likely to be affected by CE requirements within Phase C and served as the analytical bridge be-
tween the theoretical framework and the empirical material.

From a scientific perspective, this operationalization addresses a gap between CE research and EA

theory. Existing EA frameworks do not sufficiently embed CE logic and therefore offer limited
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guidance for practitioners seeking to operationalize CE principles through EA (Laumann &
Tambo, 2018). By identifying CE-relevant design implications for ADM Phase C and deriving
practice-oriented architectural design principles, this research contributes to an extended ADM
Phase C model for enterprise architects.

From a practical perspective, the study addresses the urgent need for sustainable organizational
transformation in response to environmental and regulatory pressures (United Nations, n.d.).
While prior research identifies CE-related system requirements, little attention has been given to
how enterprise architects must adapt their design practices, architectural design principles, and
modeling decisions to operationalize these requirements. The focus is therefore not CE strategy as
such, but the concrete design work of enterprise architects within ISA, contributing to the broader
societal objective of enabling more sustainable production and consumption systems (United Na-

tions SDG 12; United Nations, n.d.).
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3. Methods

3.1 Research design

This study addresses the question of how ISA design practices within ADM Phase C must be
adapted to enable CE implementation. Answering this question requires an in-depth understanding
of how practitioners perceive, navigate, and make decisions within architectural design processes.
This knowledge cannot be captured through quantitative measures. A qualitative research design
is therefore the most appropriate, as it allows the exploration of complex, context-dependent situ-
ations through the perspectives of those directly involved (Harding & Whitehead, 2016).

This study draws on Theory Building from Cases (Eisenhardt, 1989), developing theoretical in-
sights inductively from empirical material. Each expert interview is treated as an individual case
and patterns identified through cross-case comparison form the basis for the extended ADM Phase
C model.

A critical realist epistemological stance is adopted in this study, recognizing that CE requirements
and architectural constraints represent real organizational mechanisms, while acknowledging that
they can only be accessed through the interpretations and experiences of practitioners (Ayed et al.,
2014).

The study employed qualitative, semi-structured interviews to uncover underlying organizational
and IT-related structures that enable or constrain CE integration into ISA (Ayed et al., 2014). Ra-
ther than seeking statistically generalizable findings, the research aims to develop theoretically
informed explanations of how and why such integrations are (or are not) achieved in practice.
Qualitative interviews are particularly well suited to this purpose, as they can provide tacit
knowledge and practical constraints of practitioners that would remain invisible in more structured
approaches. Combining interview data with practitioner-generated diagrams further enriches this
foundation by capturing relational and structural connections that interviewees may not articulate
verbally. The study included nine semi-structured interviews. This sample size was considered as
sufficient to reach theoretical saturation for this exploratory study (Guest et al., 2006). Core
themes, such as cross-organizational data sharing, data sovereignty, or integration challenges ap-

peared consistently across interviews regardless of the professional background, while the diverse
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perspectives of enterprise architects, IT Consultant and academics introduced variation in empha-
sis which suggest that the sample captured a broad range of relevant perspectives.

The analytical focus was exclusively on Phase C of the ADM, covering Data and Application
Architecture. Phase C was selected because it is the stage at which abstract business goals, includ-
ing CE commitments, are translated into concrete architectural decisions about data structures and
application components. Other ADM phases were treated as contextual inputs but were not part of

the analysis.

3.2 Case selection and data collection

A purposive sampling method was used, selecting interviewees according to specific criteria
(Campbell et al., 2020): professional or theoretical experience in EA or CE, with basic understand-
ing of ISA. Participants were selected to represent three main knowledge domains: enterprise ar-
chitects, to assess architectural design processes and practical constraints; IT consultants with ex-
perience in EA and sustainability, to identify CE-specific requirements; and researchers for CE, to
reflect the current state of academic knowledge on ISA and CE. Initial participants were selected
from within the researcher's network and e-mail recruitment, with further recruitment via a snow-
ball strategy receiving contacts from previous participants (Kirchherr & Charles, 2018). The roles,
industries and years of experience of participants can be seen in the following overview. Research-
ers are marked with RX, Consultants with CX, and Architects with AX.

- R1: Researcher, Academia, <5 years of experience

- R2: Researcher, Academia, <5 years of experience

- R3: Researcher, Academia, <5 years of experience

- Al: Senior Enterprise Architect, Pharmaceuticals, >20 years of experience

- A2: Senior Enterprise Architect, Pharmaceuticals, >20 years of experience

- A3: Senior Enterprise Architect, Pharmaceuticals, >20 years of experience

- CI1:IT Project Lead, Consulting, >10 years of experience

- C2: Senior IT Consultant, Consulting, >5 years of experience

- C3: Senior IT Consultant, Consulting, >5 years of experience
Interviews were conducted within March and April 2026. Beforehand the participants were in-
formed about the topic and the interview process, including a transparent communication process

from recruiting through provision of results after submission. An interview guide (see Appendix
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3) was formulated in advance to ensure that relevant aspects were consistently addressed across
interviews. The guide covered six thematic areas: an introduction and warm-up focusing on the
professional background, followed by sections on CE-related information requirements, data and
application architecture design, and architectural principles and decision-making. Participants
were also invited to complete a diagram exercise in Miro (Appendix 4 & 5), in which they could
map relationships between architectural decisions, CE requirements, and practical constraints. A
causal loop diagram was provided as a template, though participants had full freedom in their
design approach. The exercise was completed in six of nine interviews. In the remaining three,
extended interview conversations left insufficient time for the visual component, which was ac-
cepted as a natural consequence of allowing participants to elaborate freely. The interview con-
cluded with an open reflection on the diagram and an opportunity for participants to address addi-
tional topics. Each session was planned for 75 minutes. Interviews were conducted online via Mi-
crosoft Teams, as participants were based across three countries (Germany, Switzerland, Spain),
and were audio-recorded and subsequently transcribed. Interviews were held in English and Ger-

man. German references are translated to English in this text.

3.3 Data analysis

The data analysis combined the content analysis approach outlined by Harding and Whitehead
(2016) and the Theory Building from Cases approach by Eisenhardt (1989). The analysis began
with deductive coding derived from existing theoretical concepts and was enriched through induc-
tive coding during engagement with the material. This approach enables systematic and transpar-
ent analysis while remaining flexible enough to capture both theoretically anticipated and empiri-
cally emergent themes, which is important given the exploratory nature of this study.
Deductive codes were informed by key elements of architectural design constructs relevant to Data
and Application Architecture, as outlined in the operationalization table in Appendix 2. Higher-
level coding categories were structured around the research sub-questions: SQ1 guided the identi-
fication of CE-related information and lifecycle requirements; SQ2 focused on instances where
existing ISA design falls short in addressing CE requirements; SQ3 captured references to artifacts,
architectural design principles, and practices; and SQ4 collected practitioners' perspectives on
translating findings into actionable guidance. Sub-codes were developed both deductively from

the literature and inductively from the interview material. The coding process was iterative, with
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codes refined, merged, renamed, or discarded as the analysis progressed. The final coding scheme
(Appendix 6) includes 31 head-codes and 24 sub-codes, compared to 18 head-codes and 7 sub-
codes at the start of the analysis.

Practitioner-generated diagrams were analyzed by first extracting all factors identified by partici-
pants and comparing them to the textual data, then identifying recurring structures across partici-
pants to highlight shared views and differences. The diagrams were not coded independently but
served two complementary purposes. First, as a validation mechanism, cross-checking, whether
the factors and relationships emerging from the interview data were consistent with what partici-
pants had visually represented. Second, as a relational lens, revealing connections and dependen-
cies between codes that a conversation alone did not make explicit. Where diagrams surfaced re-
lationships that were absent or underspecified in the textual data, these were used to refine the
clustering of codes and inform the structural logic of the extended ADM Phase C model. The
combined insights from textual and visual data informed the development of the extended ADM

Phase C model, presented in Chapter 4.

3.4 Research quality and ethics

Reliability and dependability are ensured through careful documentation of key research proce-
dures (Yin, 2018). A semi-structured interview guide ensured consistent coverage of core themes,
while a transparent audit trail documented all major methodological decisions including sampling
choices and iterative changes to the coding scheme. All interviews were transcribed and coded
using MAXQDA with coding applied uniformly across the dataset.

Construct validity is supported through clear conceptual definitions and careful operationalization
of key constructs. EA, the ADM, ISA, and CE principles are defined based on well-established
literature (e.g. Lankhorst, 2017; Kirchherr et al., 2017; The Open Group, 2025) and were translated
into expected empirical observations through the operationalization table in Appendix 2.
Credibility is enhanced through data triangulation, combining verbal data from semi-structured
interviews with visual data from participant-generated diagrams. These complementary sources
provide different perspectives on the same underlying phenomena and allow cross-validation of

emerging insights.
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This study adheres to established ethical standards for qualitative social science research and fol-
lows the ethical guidelines applicable at the University of Groningen, Campus Fryslan. Participa-
tion was entirely voluntary, and participants were informed that they may withdraw at any time
without consequences. The study was designed to minimize potential risks and burdens for partic-
ipants, as the topic focuses on professional experiences rather than sensitive personal information.
Informed consent was obtained from all participants prior to data collection. The written consent
form clearly explains the expected duration, the use of the audio-recording, potential risks and
benefits, data use, and communication of results. It explicitly stated that withdrawal is possible at
any stage, identified the researcher and institutional affiliation, and framed participation as an in-
vitation. Additionally, a onepager (Appendix 7) was sent to participants in the recruiting stage,
providing all relevant information about participation. Data management and confidentiality were
treated as central ethical considerations. Interview recordings, transcripts, and visual materials are
stored securely on password-protected devices accessible only to the researcher. Personal identi-
fiers were removed during transcription, and participants are referred to by pseudonyms. Data is
used exclusively for academic purposes and handled in accordance with applicable data protection
regulations. Ethical considerations were continuously reflected upon and monitored throughout

the research process.
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4. Findings

This chapter reports on the empirical findings addressing how ISA design within ADM Phase C
must be adapted to enable CE in organizations. The findings respond to all four sub-questions:
CE-related information and lifecycle requirements imposing on ISA design (SQ1), gaps in current
architectural practices (SQ2), necessary artifacts, architectural design principles, and practices
(SQ3), and their translation into actionable guidance for enterprise architects (SQ4).

While the sub-questions guided the analytical focus on Phase C, the empirical material revealed
that isolated changes within Phase C are insufficient to enable CE. Four additional dimensions,
Motivation, Interorganizational Structure, Enabling Conditions, and Key Principles emerged
inductively from the interviews and practitioner-generated diagrams, extending the analytical
scope beyond the original Phase C focus. These dimensions proved to be essential for understand-
ing the broader organizational context in which CE-ready ISA design takes place and are therefore
included in the findings as integral parts beyond the traditional ADM Phase C framework.

The findings are synthesized into the CE Information Systems Architecture model, hereafter re-
ferred to as the CE-ISA model as illustrated in Figure 1. The CE-ISA model integrates the findings
into a coherent structure and replaces the term “extended ADM Phase C model” used in prior
chapters for the rest of this paper.

At its core sits the standard ADM Phase C framework, covering Data and Application Architec-
ture, extended by nine new artifacts. Above Phase C, Motivation functions as the prerequisite,
establishing how CE goals enter the architectural design process through either top-down strategic
impulses or bottom-up individual initiative. Below Phase C, the Interorganizational Structure
acknowledges that CE inherently crosses organizational boundaries, requiring architects to extend
their analytical scope to value chain partners and cross-boundary governance. Alongside all layers,
Enabling Conditions represent the organizational and cultural preconditions that determine
whether any architectural design can be effectively adopted and sustained. Eight Key Principles
synthesize the findings across all dimensions into actionable architectural design guidance. To-
gether, these dimensions form not a new CE framework, but an empirically grounded extension of
an established EA method.

The findings incorporated in the CE-ISA model came from expert interviews and practitioner-

generated diagrams and are represented in the following sections by dimension.
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Figure 1: The CE-ISA model: Circular Economy Information Systems Architecture
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Source: Own illustration based on The Open Group, 2025; expert interviews (n=9); participant-

generated diagrams (n=6)
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4.1 Motivation

Motivation was addressed as the starting point for how an organization can get to a CE-ready ISA.
Two different streams were identified in this domain: Top-Down and Bottom-Up. The Top-Down
approach starts with a management impulse, coming from the corporate strategy. From here spe-
cific and measurable use cases for the business needs to be defined and then translated into a Cir-
cular Economy Architectural Requirements Document to address the relevant CE quality attrib-
utes. Interviewees working in companies with a clear sustainability strategy reported that it's easier
to make a case for CE-requirements in architectural design decisions: “When a company's policy
and this is the case for us, for example includes sustainability as one of its core values, meaning
it's truly implemented from the top down. For us, sustainability is a pillar. [...] So we can also
make the case, for example, in the area of sustainability, that works for us too.” - A1.

The Bottom-Up pathway starts with a passionate individual who is intrinsically motivated to push
CE-requirements into the ISA design. Still, it needs specific and measurable business cases to
provide business value and strategic alignment for long-term implementation. A3 noted that while
an architect can advocate for CE requirements, strategic anchoring depends heavily on whether IT
is positioned as a business partner rather than a service provider. The Bottom-Up approach is
therefore much more likely to succeed if IT is positioned strategically in a company. Most inter-
viewees identified clear motivation as a precondition, since CE-goals compete directly with costs
and short-term financial goals: “Circular economy and sustainability if you're only looking at it
from a cost perspective, becomes a challenge to I don't want to say sell, but it becomes more

difficult for it to become a priority.” - A3.

4.2 TOGAF Architecture Development Method Phase C - Information Systems

Architecture

The core part of the CE-ISA model “Information Systems Architecture” shows the standard ADM
Phase C framework including Data and Application Architecture. Based on the interviews and the
practitioner-generated diagrams, the framework is extended by nine artifacts. Governance and
Standards was mentioned by all interviewees in multiple contexts as the structural precondition
for both Data and Application Architecture, since architectural design principles cannot take effect

without corresponding governance and standards: “I think when it comes to helping to define [...]
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policies within the digital and technology organization, as well as governance mechanisms and
architecture principles and things like that, which make the topic of sustainability more concrete,
more measurable.” - A3.
Data Architecture
Within Data Architecture, four additional artifacts are relevant for CE, alongside a reconceptu-
alization of two existing artifacts from the traditional model. The Data Entity Catalogue is the
foundational artifact for the Data Architecture. CE-relevant data entities (e.g. lifecycle data, fore-
cast data) must be formally anchored into the ISA, otherwise CE data demands remain unsystem-
atic. Data Quality as a principle must be redefined in the CE context to ensure that reporting
requirements and operational CE decisions can be made based on reliable data. Lifecycle Data
must be treated as a new CE-specific data category, since standard information system logic oper-
ates in transactions, not lifecycles. When sharing data between multiple organizations, Data Sov-
ereignty must be embedded as a design principle to balance transparency and security. As R2 said:
“Yes, of course, a lot of it has to do with protecting intellectual property. [...] The challenge is
balancing that with the fact that various entities collect products back. [...] It’s a hurdle to provide
this information as needed without simultaneously jeopardizing the rights and knowledge of oth-
ers.”. Improving Data Maturity was identified as essential to build a CE-ready Data Architecture.
A2 noted: “The question is and you are specifically interested in how we can support the data
flows in sustainability and it depends a lot on the structure of the company and the maturity level
of the data.”. Interviewees also addressed the need for a shift toward a Data-Centric Architec-
ture: “My view on this is that not only the interface, but primarily the data architecture, is given
higher priority than the system architecture.” - C3. This shift is increasingly relevant as solutions
like AI make it easier to build applications, while “/...] data is key because it gives you the capa-
bility to make informed business decisions in this case. And if you do not have proper data you are
not going to control your business.” - A2.
Application Architecture
Within Application Architecture, four additional artifacts extend the classic model. The Appli-
cation Portfolio enables architects to assess whether existing systems can be extended for CE or
whether new applications are required. The Gap Analysis identifies gaps between a current ISA
and a CE-target-architecture, evaluating feasibility, costs, technical implementation, and scalabil-

ity. The Integration Layer refers to API-first approaches, standardized interfaces, and the use of
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microservices to enable data flows within and outside the organization. Without this Integration
Layer, data exchange for CE continues to be dependent on manual processes as R3 described:
“And everyone has come up with their own system, and, well, there’s still a lot of information
being exchanged and Excel files being sent back and forth between individual companies.”. Mi-
croservices are especially appropriate for regularly changing CE capabilities, though it was also
noted that in some cases it makes sense to keep the core systems monolithic and to adapt existing
structures rather than building entirely new ones: “/...J] when I talk about how we ve worked on
information systems somewhere, I'm referring to large corporations where these systems are al-
ready in place, and we re discussing the adaptation or expansion of existing systems.” - C1. Mod-
ularity supports the scaling of the integration logic internally and externally, allowing data sharing
across organizations while retaining flexibility for change. CE Capabilities are specified applica-
tion capabilities not covered in standard IS landscapes, such as Circulitics, sensor integration for
product tracing, or CE reporting. Without these capabilities operational CE does not work as R2
illustrated: “The problem is that many information systems are designed precisely around this
linear process. [...] the question of how it gets back into the loop is rarely considered. [...] They
recognized this as duplicate data.”. Leveraging EA as a CE enabler includes the provision of
applications (e.g. CE-reporting), services (e.g. data exchange with partners), or policies (creating

formal rules to enforce CE-compliance in the ISA) to enable CE.

4.3 Interorganizational structure

An important topic across all interviews was that CE does not stay within organizational bounda-
ries and always includes a network of companies or industries. Since the standard ADM Phase C
only addresses one organization, it is not sufficient and needs an extension beyond organizational
borders: “A circular economy shouldn't just be like in a company, it needs to be a circular economy
from across companies. From that perspective, data and information is essential.” - A3.

Within Value Chain Mapping an architect needs to extend their analytical scope to the full value
chain before designing interfaces or data flows. Different value chain stages produce different CE-
relevant data, and each stage represents a distinct architectural boundary that ISA must explicitly

address. The data maturity of value chain partners needs to be evaluated, because even a technical
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sophisticated ISA becomes partially ineffective when partners cannot provide the CE data it de-
pends on: “You need to develop a way to check to what extend other companies have a certain
data maturity, to what extend they can integrate their services into your company.” - R1.
Interorganizational Governance challenges were mentioned by many interviewees. Cross-
boundary data exchange is currently less shaped by negotiated standards and more by power dy-
namics, in which larger organizations can dictate data requirements to smaller companies: “7The
higher, more powerful supply chain tiers exercise a certain dictatorship. [...] a more intelligent
data transmission, that is what is needed.” - R2. Power-dictated formats undermine CE data qual-
ity, as suppliers unable to comply provide incomplete or inaccurate data. Interorganizational Gov-
ernance must therefore include technical standards, jointly negotiated data definitions, and gov-
ernance structures that explicitly acknowledge power dynamics in the value chain.

Beyond these challenges, the findings surface a set of external factors that ISA must acknowledge
to keep Architectural Resilience. This includes the evolving requirements of CSRD, EFRAG,
and the Digital Product Passport, which means, data models which are built too tightly around
current regulatory definitions risk obsolescence as those definitions shift. C2 noted: “The regula-

tory situation is too volatile to orient oneself by it.”.

4.4 Enabling conditions

All participants identified organizational Enabling Conditions as a parallel layer determining
whether any architecture is adopted and sustained. Organizational and cultural barriers consistently
surfaced before technical ones, making their resolution a prerequisite for architectural progress: ,,/

’

think it's usually not the target architecture that's the problem, it's the culture that's the problem.’
- A3.

The effectiveness of the enterprise architect in CE depends on the Architect's Role definition. The
interviewees describe a spectrum from technical delivery to ecosystem facilitator, though most
architects currently lack an explicit CE mandate: “As an architect, I believe primarily our respon-
sibility is to bring transparency and understanding of the trade-offs. [...] But then the decision
needs to be taken by the respective leaders.” - A3.

Creating a Semantic Bridge between IT, business and sustainability was frequently raised. When
these languages are not translated, CE initiatives lose coherence between the functions that must

work together for implementation: “We do not yet speak the same language. We have that between
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business and IT, and now the sustainability perspective adds yet another completely new vocabu-
lary, where many misunderstandings arise first.” - C3.

Unclear Ownership has emerged as one of the most frequently mentioned operational barriers to
CE architecture. Without a defined accountable person or function, CE work lacks the budget,
mandate, and follow-through it requires. As C3 stated: “The simplest political or commercial is-
sues block it. A clean governance model, not in the architecture, but simply ownership responsi-
bilities. I cannot think of a single company where it worked immediately from the start, because it
was clear who did it.”.

Digital Literacy of non-IT staff is another Enabling Condition raised across interviews. ISA that
is only accessible to technical specialists cannot support the organizational-wide behavioral change
required for CE: “I believe the most important thing is to improve the data competence of the
operational level.” - RI1. Additionally, ISA must be built with low-threshold interfaces enabling
non-IT-users to participate.

Mindset and Culture were identified as both enablers and barriers. Interviewees describe CE as
dependent on willingness to collaborate cross-functional and to rethink established processes: “Ar-
chitecture is the foundation, but culture has to do it. - A3”.

Long-Term Orientation addresses the tension between the time horizons of CE and most organ-
izational planning cycles. CE is a decade-scale commitment, while most organizations operate on
quarterly results: “Something that is key for me [...] is the scale of time. Sustainability is thinking

in decades, and the business case is running in less than one year in many companies.”’- A2.

4.5 Key principles

Eight architectural design principles represent the final layer of the CE-ISA model. Each principle
reflects a topic that appeared consistently across the material, either as an explicit recommendation,
design logic, or as a response to barriers and CE requirements.

Requirement Traceability holds that every ISA decision must be traceable back to a CE goal.
This principle emerged from the motivation theme, where the specificity of the CE goal determines
the ISA requirements.

Data Sovereignty by Design emerged from the consistent findings regarding data sovereignty,

access rights, and sharing policies. This also includes the specification of ownership.
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Lifecycle Data Completeness holds that CE data entities must cover the full product lifecycle.
This principle responds to multiple interviewees who describe the structural failing of existing
systems to re-ingest returning products. Lifecycle data is a new, CE-specific data category within
the Data Architecture stream.

Interoperability First refers to standardized interfaces that must be treated as a non-negotiable
design baseline. This principle emerged from the Interface Architecture and Ecosystem Integration
codes, and from the finding that CE data exchange currently breaks down at organizational bound-
aries.

A Scalable Architecture means that ISA for CE must be designed in stages to scale from the focal
organization to Tier 1 partners, to the broader industry, and ultimately to cross-sector ecosystems.
The staged process reflects the current complexity and barriers which make it “utopian”™ - R2 to
directly create a fully shared ecosystem.

The Enterprise Architect in CE must operate primarily as an Enabler for CE, being a strategic
mediator, translator, and facilitator at the ecosystem level rather than a purely technical provider.
This principle connects most strongly with the architect's role and semantic communication and
captures the finding that CE architecture is as much a social and organizational challenge than a
technical one.

Circular Capabilities by Design including CE KPI engines, sensor integration, or return-loop
processing must be designed as architectural components, not added workarounds to existing sys-
tems. This principle emerged from the CE lifecycle requirements identified by interviewees.
Governance by design means that governance structures must be established before technical
architecture work begins, not as a corrective measure after problems emerge.

Together, these eight architectural design principles synthesize the empirical findings across all
four sub-questions: CE-relevant requirements (SQ1), gaps in existing ISA design (SQ2), necessary
artifacts and architectural design principles (SQ3), and their translation into actionable guidance

(SQ4) for enterprise architects.
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5. Discussion

The problem motivating this study was the absence of CE-specific guidance within TOGAF ADM
Phase C. While organizations increasingly commit to CE goals, the task of enterprise architects
translating these goals into ISA lacks methodological support within the frameworks they use in
practice. This study addresses this gap by asking how ISA design within ADM Phase C must be

adapted to enable CE in organizations.

5.1 Theoretical contributions and discussion in the context of the literature

The primary theoretical contribution of this study is the CE-ISA model that integrates CE require-
ments across five interconnected dimensions: Motivation, Information Systems Architecture, In-
terorganizational Structure, Enabling Conditions, and Key Principles. Within the ISA dimension,
nine new artifacts are proposed, including data categories, architectural design principles, and ar-
chitectural components. In practice, this means that an enterprise architect working towards CE-
ready ISA now has a structured starting point for design decisions that previously lacked method-
ological grounding. For example, lifecycle data as a new data category means that an architect
designing a data entity catalogue must explicitly account for product state data beyond the PoS,
such as return status or end-of-life location. Similarly, data sovereignty as an architectural design
principle means that before designing an integration layer, an architect must define which partner
can access which data under what conditions, for example, a supplier receiving product return data
without gaining access to pricing or customer information. These are concrete changes to what an
architect needs to consider, document, and govern during Phase C.

The CE-ISA model is positioned as a proposal, derived from a limited empirical base that requires
further testing and validation but offers a theoretically grounded and practice-informed starting
point for extending ADM Phase C into the CE domain.

Laumann & Tambo (2018) represent the foundational contribution to this field, arguing through
their CEEAF that existing EA standards lack the conceptual elements required for circular operat-
ing models and emphasizing the importance of lifecycle information and traceability. Where the
CEEAF remains conceptual, the CE-ISA model is grounded in empirical data from practitioners,
specifying which artifacts are needed, where current design practices fall short, and how CE re-

quirements can be embedded within an established architectural development method. Concretely,
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where Laumann & Tambo (2018) identify lifecycle traceability as a requirement, this study trans-
lates that requirement into specific design decisions, for example a data entity catalogue that in-
cludes product state entries such as “returned”, "refurbished" or “end-of-life”; an integration layer
with APIs capable of receiving return-flow data from logistics partners; and CE capabilities such
as sensor integration for real-time product tracking. The CE-ISA model does not replace the ADM
Phase C but extends it. This also increases the likelihood of practical adoption.

Garcia-Escallon et al. (2021) argue that EA standards, including TOGAF, require new constructs
to support sustainable transformation, and propose sustainability-oriented EA patterns as a re-
sponse. This study extends their findings in two directions. First, where Garcia-Escallon et al.,
(2021) propose patterns at a conceptual level, the CE-ISA model offers empirically derived, CE-
specific artifacts, including lifecycle data as a new data category, data sovereignty as an architec-
tural design principle, and CE capabilities as architectural artifacts that operationalize their call for
new constructs in concrete design decisions. Second, Garcia-Escallon et al., (2021) operate at the
level of general EA patterns without tying their proposals to a specific ADM phase. This study
goes deeper by grounding its contribution explicitly within ADM Phase C, specifying not only
what new constructs are needed but where in the architectural development process they must be
embedded and how they interact with existing Data and Application Architecture design decisions.
Vandevenne et al. (2023) offer a sustainability-oriented EA framework that embeds environmental
principles across architectural layers. This study challenges that contribution on one specific point.
CE requirements are not fully captured by generic sustainability principles. Lifecycle data com-
pleteness, interoperability across organizational boundaries, and reverse-flow processing logic re-
quire CE-specific artifacts that sustainability-oriented frameworks do not provide, because they
were not designed with circular requirements in mind. CE and sustainability, while related, repre-
sent distinct architectural challenges that need distinct modeling constructs within Phase C.
Alghamdi (2024) demonstrates that leadership commitment and cultural readiness are enabling
conditions for sustainability-oriented EA practices. The findings of this study confirm the same
logic applies to CE architecture and go further by showing that strategic alignment and ownership
were consistently identified as barriers more significant than technical complexity.

Bater and Sommerville (2011), building on the foundational work of Trist and Bamforth (1951),
argue that IS design is not a purely technical process and that socio-technical approaches, which

design social and technical systems in parallel, lead to outcomes that are more acceptable to users
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and deliver greater value to stakeholders, yet remain underutilized in practice. This study’s find-
ings offer a concrete illustration of why these matters for CE. Across all nine interviews, organi-
zational and cultural barriers surfaced before or alongside technical ones. Motivation, mindset, and
culture are as much an architectural challenge than a human one, because it directly shapes which
governance structures and data exchange mechanisms are feasible. Ownership ambiguity, missing
semantic bridges between IT, business, and sustainability, and strategic alignment were consist-
ently identified as prerequisites for any architectural progress. For architects, this means that be-
ginning with Phase C needs resolving ownership and governance questions to design artifacts that
are technically sound and organizationally stable. The CE-ISA responds to this by positioning the
Enabling Conditions not as add-on considerations, but as structural preconditions for the technical
artifacts to function. In this sense, the CE-ISA model can be read as a socio-technical design model
applied to the CE domain which appears to be among the first empirically grounded attempts to

do so.

5.2 Recombination as the core mechanism

Perhaps the most unexpected finding of this study, one that directly challenged the initial assump-
tion that CE would demand new architectural concepts, is that CE-enabling ISA does not require
fundamentally new architectural principles. Concepts such as modularity, API-first design, data-
centric architecture, and lifecycle orientation already exist within established EA practice, but are
often pursued for reasons of cost efficiency, flexibility, or technical quality. What CE demands is
not invention but purposeful recombination, which includes the alignment of existing principles
toward circularity as an explicit design goal, applied as an interconnected system rather than as
isolated choices. An architect designing a modular application landscape for reasons of technical
flexibility is applying the same principles that CE requires for scaling data sharing to value chain
partners. For example, a microservices-based integration layer built for internal scalability can,
with CE intent, be extended to expose standardized APIs to a recycling partner, without rebuilding
the underlying architecture. The difference is not the principle itself, but the intent and the scope
of its application. The recombination insight therefore has a direct implication for how architects
approach Phase C. The question is not what new tools are needed, but whether design choices are

being made with circularity as an explicit orientation.
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It should be noted, however, that an alternative interpretation remains possible. The sufficiency of
existing architectural principles for CE enablement may reflect the specific organizational contexts
represented in this study. Organizations operating at higher levels of CE maturity, or in sectors
with more complex circular value chains, may encounter requirements that go beyond what exist-
ing principles can accommodate through recombination alone. This study’s findings therefore
characterize recombination as the dominant mechanism within the studied contexts, while remain-
ing open to the possibility that more advanced CE implementations may require novel architectural
concepts.

The findings suggest that the barrier to CE architecture is not a knowledge gap about technical
solutions, but a framing and governance gap. Architects lack the CE-specific orientation, mandate,
and cross-functional authority to apply what they already know in a circularity-directed way. This
connects directly to the sociotechnical dimension of the findings. Culture, ownership, and strategic
alignment are not soft preconditions that follow from good architecture, but they are the conditions
under which recombination becomes possible at all.

The causal relationships suggested by the CE-ISA model need further empirical investigation. The
findings indicate that governance structures established before ISA design begins, produce more
coherent CE-ready architectures than those introduced reactively. But this relationship has not
been tested systematically. One could propose that organizations which establish CE-specific gov-
ernance prior to Phase C design activities achieve higher levels of lifecycle data completeness than
those that address governance retroactively.

Similarly, the CE-ISA model suggests that the CE-enabling effect of individual architectural de-
sign principles increases when applied in combination rather than independently, implying inter-
dependencies rather than additive effects. This is a proposition that could be tested through com-
parative case studies in future research.

A third relationship concerns the enabling conditions. The presence of semantic bridging roles
between IT, business, and sustainability may be a stronger predictor of CE architecture adoption
than the technical sophistication of the ISA itself, which could have significant implications for
how organizations staff and scope CE architecture programs. These propositions are falsifiable

and constitute an agenda for follow-on research.
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5.3 Limitations of the CE-ISA model

The CE-ISA model must be understood as a first-generation model derived from a limited empir-
ical base. Several limitations affect the scope and confidence of the findings and should be con-
sidered when applying the CE-ISA model.

All three enterprise architects came from the pharmaceutical industry, a sector with specific regu-
latory conditions and data governance maturity that may not reflect other industries. The CE-ISA
model's transferability to sectors with fundamentally different value chain configurations, such as
construction, fashion, or electronics, remains an open question. Findings that appear as structural
barriers in pharmaceuticals such as data sovereignty concerns in cross-organizational sharing may
manifest differently or carry different weight in other contexts.

The reliance on semi-structured interviews and practitioner generated interviews may have intro-
duced bias toward organizational and cultural barriers over technical ones. Interview-based meth-
ods tend to surface challenges that practitioners find salient and difficult to articulate in structured
terms, while technical complexity is often normalized within professional experience and therefore
underreported. As a result, the CE-ISA model’s emphasis on enabling conditions as structural pre-
conditions is well-supported by the data but may not fully capture the technical complexity of CE-
ready ISA design in practice.

The CE-ISA model's exclusive focus on Phase C means that interdependencies with other ADM
phases, particularly Phases A and B, are treated as contextual inputs rather than co-designed ele-
ments. This may underestimate how upstream architectural decisions constrain what is achievable
in Phase C. For example, if CE goals are not sufficiently specified in Phase A, the Motivation
dimension of the CE-ISA model suggests that Phase C work will lack the measurable use cases
needed to produce concrete architectural requirements, a dependency that the CE-ISA model
acknowledges but not fully resolve.

Finally, the CE-ISA model proposes governance and enabling conditions as structural precondi-
tions for CE-ready ISA, but the causal relationships between these dimensions have not been em-
pirically verified. Until they are tested through comparative case studies or longitudinal research,

the model should be applied as an orientation model rather than a prescriptive design standard.
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5.4 Reflection on the transdisciplinary dimension

Even though TOGAF was broadly accepted as a legitimate standard by practitioners and academ-
ics, practitioners consistently emphasized high variation in how it is interpreted and applied.

A more unexpected observation was the relative weight practitioners placed on organizational con-
ditions over technical solutions. The consistent message was that CE-ready ISA is technically fea-
sible, but what is mainly missing is the organizational mandate, ownership, and cultural readiness
to pursue it. This was not the starting assumption of this study, and it shifted the framing of the
model toward enabling conditions as structural preconditions, rather than add-on factors.

The researchers' own prior experience in EA, in a consumer goods context which was not repre-
sented in the interview sample, served as a constant reminder of sectoral diversity. Practitioners
consistently framed TOGATF as a flexible blueprint rather than a prescriptive standard. A perspec-
tive that contrasts with how EA frameworks are often treated in academic literature. This gap be-
tween how frameworks are theorized and how they are applied in practice represents a form of
knowledge that only emerges through direct collaboration with practitioners and shaped how the

CE-ISA model was designed to remain adaptable rather than prescriptive.
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6. Conclusion

This study addressed a gap that sits at the intersection of two evolving fields. The absence of CE-
specific guidance within TOGAF ADM Phase C and organizations increasingly committing to CE
goals. Yet, the enterprise architects responsible for translating these goals into ISA lack the meth-
odological support to do so within the frameworks they use daily. This study asked how ISA design
within ADM Phase C must be adapted to close this gap and derived an answer grounded in prac-
titioner experience, resulting in the CE-ISA model.

The four sub-questions are answered through the CE-ISA model. CE imposes lifecycle-oriented
information requirements on ISA design, including lifecycle data as a new data category, data
sovereignty, and cross-organizational data exchange that standard ISA design does not accommo-
date (SQ1). Current architectural practices fall short primarily because existing data models oper-
ate on transaction logic rather than lifecycle logic, and because integration mechanisms rarely ex-
tend beyond organizational boundaries (SQ2). The CE-ISA model responds to this by proposing
nine new artifacts within Data and Application Architecture and four additional dimensions be-
yond the core ISA layer. Together, they form the CE-ISA model which is directly applicable within
existing ADM-based processes (SQ3, SQ4).

Perhaps the most important insight of this study is that CE-enabling ISA is technically within
reach, because the architectural concepts required already exist in established practice. However,
CE demands purposeful alignment of these concepts toward circularity as an explicit organiza-
tional goal. The barrier is less a knowledge gap than a governance and framing gap. Architects
often lack the mandate, ownership clarity, and cross-functional authority to apply what they al-
ready know in a circularity-directed way.

These findings have direct implications for practitioners. Enterprise architects working toward CE-
ready ISA should prioritize three things aligned with technical design decisions. First, CE goals
must be translated into specific, measurable use cases before Phase C work begins because vague
circularity commitments do not produce architectural requirements. Second, governance struc-
tures, including ownership, budget, and compliance mechanisms, must be established as precon-
ditions for design, not retrofitted after problems emerge. Third, the architect's role in the CE con-
text extends beyond being a technical provider. Enterprise architects should act as a semantic
bridge between IT, business, and sustainability which is as critical as any design decision. The CE-

ISA model provides a structured starting point for navigating these dimensions in practice.
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From a scientific perspective, the study contributes an empirically grounded extension of ADM
Phase C into the CE domain, a connection that existing EA and CE literature has identified as
necessary but not yet resolved on the level of concrete design practice. The CE-ISA model also
positions enabling conditions as structural preconditions, framing CE architecture explicitly as a
sociotechnical challenge within TOGAF.

Future research should focus on validating the proposed CE-ISA across different sectors and or-
ganizational contexts, and on testing the causal relationships the CE-ISA model implies. Particu-
larly whether governance established prior to Phase C design produces more CE-coherent archi-
tectures. The interdependencies between Phase C and upstream ADM phases also remain unex-
plored and represent a natural extension of this work.

CE transformation is a long-term commitment that will require architectural foundations built to
last. This study offers a grounded starting point for the enterprise architects tasked with building

them.
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Artificial Intelligence Disclaimer: Artificial intelligence (Al) was used to support the author in
this study. The application of Al included brainstorming (Claude), grammar and spelling correc-
tion (Claude), management of sources (Anara), and translation support (DeepL).

I, Luisa Steinsohn, hereby declare that I have used the Al tools named above solely as supportive
tools. The text and model presented in this study are my own work. It is noted that the ultimate
responsibility for the accuracy of the content, critical reflection, and interpretation of the results

lies completely with the author of this study.
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Appendix

Appendix 1 - Figure of the TOGAF Architecture Development Method
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Appendix 2 - Operationalization Table

Construct Conceptual Definition Expected Observations Data
Source

CE-Related In- CE requires lifecycle transparency, reverse- Architects describe new data | Semi-
formation Re- flow coordination, cross-organizational data needs (e.g., lifecycle tracking, | structured
quirements exchange, and value-retention logic (Geissdo- | material passports, reverse lo- | interviews

erfer et al., 2017; Kirchherr et al., 2017). From | gistics data), increased inte-

an architectural perspective, these translate into | gration requirements, or diffi-

information requirements that must be repre- culties identifying CE-rele-

sented in enterprise data and application struc- | vant information objects.

tures (Laumann & Tambo, 2018).
Data Architecture | In The Open Group’s TOGAF ADM Phase C, | Descriptions of how data Semi-
Design Practices | Data Architecture defines the structure of data | models are defined; mentions | structured
(ADM Phase C) | entities, data governance, and data integration | of schema rigidity, master interviews

mechanisms. It specifies how information as- data limitations, lifecycle & dia-

sets are modeled, shared, and governed across | data gaps, difficulties inte- grams

the enterprise (The Open Group, 2025; Lank- grating reverse-flow infor-

horst, 2017). mation; or proactive model-

ing for traceability and in-
teroperability.

Application Ar- Application Architecture in ADM Phase C Statements about ERP limita- | Semi-
chitecture Design | specifies how applications support business tions, missing reverse logis- structured
Practices (ADM | processes and how they interact (The Open tics modules, integration interviews
Phase C) Group, 2025). CE implementation requires ap- | challenges, modular vs. mon- | & dia-

plications capable of supporting reverse logis- | olithic architectures, AP us- | grams

tics, refurbishment, and lifecycle feedback age, platform strategies ena-

loops (Govindan & Hasanagic, 2018; Neri et bling circular processes.

al., 2023).
Architectural De- | Architectural principles guide design decisions | Interviewees mention formal | Semi-
sign Principles and trade-offs in Enterprise Architecture or informal design principles; | structured
and Decision Cri- | (Lankhorst, 2017). Sustainability-oriented EA | discussion of lifecycle think- | interviews
teria literature suggests integrating environmental ing in architecture reviews; & dia-

objectives into architectural principles to influ- | trade-offs between efficiency | grams

ence system evolution (Plessius, 2025;

Vandevenne et al., 2023). Within Phase C,

and flexibility; absence of
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principles shape data modeling standards, sys-
tem selection, and integration logic. A key di-
mension of architectural principles in the CE
context is the degree to which they account for
flexibility and adaptability. Modular architec-
tures, loose coupling, and interoperability in-
crease a system's ability to respond to evolving
requirements (Tamm et al., 2011; Lankhorst,
2017). CE introduces lifecycle and reverse-
flow requirements that are inherently dynamic,
making architectural adaptability a relevant de-
sign criterion alongside efficiency and stand-

ardization.

CE-related evaluation crite-
ria. Additionally, descriptions
of vendor lock-in, rigid leg-
acy systems, or difficulties
modifying data schemas may
indicate where inflexibility
constrains CE integration.
Conversely, references to
modular systems, loose cou-
pling, or interoperability may
signal enabling conditions for

circular processes.

Architectural
Governance in
Phase C Design

Decisions

Architectural governance ensures compliance
with principles and standards during design and
evolution (The Open Group, 2025). In sustaina-
bility-oriented EA, governance mechanisms are
seen as enablers of embedding environmental
objectives (Alghamdi, 2024). Within Phase C,
governance shapes approval of data and appli-

cation design decisions.

Statements about architecture
review boards, approval pro-
cesses, decision rights; ab-
sence of CE considerations in
governance criteria; or inclu-
sion of sustainability check-

points.

Semi-
structured
interviews
& dia-

grams
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Appendix 3 - Interview Guideline

Study title: Integrating CE Requirements into the TOGAF Architecture Development Method
Interview Duration: 60-75 Minutes (30 minutes interview + 15 minutes causal loop drawing +
15 minutes causal loop recap)

Interviewee: X

Intro

Thank you very much for agreeing to participate in this interview. The aim of this study is to
understand how circular economy requirements can be integrated into enterprise architecture, with
a particular focus on information system architecture. The interview will focus on your experiences
and perspectives; there are no right or wrong answers. First, I will ask you a few questions, and
then we will look at a Miro board.

The interview will take about 60-75 minutes. With your consent, the interview will be recorded
and later transcribed for scientific analysis. All data will be treated confidentially and used exclu-
sively for research purposes. You may refuse to answer any question or withdraw from the inter-
view at any time without giving a reason.

Do you have any questions before we begin? Do you agree to participate in the audio recording?

Warm-up & Background
. Can you briefly describe how you are currently working on the circular economy, data
and application architectures, and enterprise architecture?
. If you have any insight into this: In your opinion, where do organizations currently

stand in terms of integrating the circular economy into their architectures?

Circular Economy in architectural contexts
. How would you define the circular economy from the perspective of information sys-
tem architecture?
. What role do data and information flows play in this context compared to traditional
architectural goals?
. Would you say the circular economy is more of a business driver or a data/architecture

1ssue?
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Integration von Circular Economy in ADM Phase C

In ADM Phase C (Information Systems Architecture): Where do you see the most im-
portant starting points for systematically integrating CE requirements?
In your view, which design principles will be particularly relevant in this context?
In a traditional architectural framework, the architecture is often structured around ap-
plications, and specific data is tied to the corresponding applications. Does this ap-
proach also work for CE architectures, or does it need to be structured differently?
If the logic shifts, what impact would that have on ERP or core systems, which in
many companies still built on this old logic?
To what extent are existing TOGAF approaches sufficient for this—and where are they

not?

Data and Application Architecture Design

What specific new data requirements does the circular economy entail?
What are the implications for:
Data models?
Data storage?
Data integration?
What architectural patterns or approaches could help implement these requirements?
Do you see this as requiring evolutionary adaptations of existing architectures or a fun-

damental transformation?

Challenges & Boundaries

41

What do you currently see as the biggest architectural hurdles to implementing CE?
Technical?
Organizational?

Conceptual (models/standards)?



Causal Loop Drawing Exercise:

Reflection and Follow-up on the Causal Loop

Closing:

42

Which elements in your loop most significantly limit CE implementation?

Are these limitations structural in nature (legacy systems, standards) or procedural in
nature (governance)?

Where do you see the greatest opportunity to improve CE readiness?

Based on your loop, what should every enterprise architect consider when designing a
data or application architecture with a circular economy in mind?

At what specific stage should CE considerations be incorporated?

Are there any aspects of CE and enterprise architecture that we haven’t covered yet,
but what do you consider important?

Are there any aspects outside of these two concepts that should be taken into account
in this context?

Is there anything else you’d like to mention on this topic that we haven’t covered yet?



Appendix 4 - Miro Template for Practitioner-Generated Diagrams
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Appendix 5 — Example Miro Board from Participants

Original Miroboard was translated from German to English
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Appendix 6 - Coding Scheme

Theme Head-Code | Subcode Definition Example
Actionable
Enterprise
Architecture
Guidance
Technical
Enablers
Micro- Microservice architectures as a
services technical design choice for CE-
enabled information systems.
Data Col- What data must be collected
lection and stored for CE-related deci-
sions, and in what format, level
of detail, and timeframe.
Interface Design of interfaces and inte-
Architec- gration points between infor-
ture mation systems in the CE con-
text.
Organiza-
tional Ena-
blers
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Motivation

Individual and organizational
motivations and barriers to ad-
dressing CE requirements in ar-

chitecture.

Govern-
ance &

Standards

Formal governance and control
mechanisms used to make CE-
related architectural decisions

binding within organizations.

Strategic
Alignment

Strategic and communicative
alignment between business and
IT perspectives in the context of

CE.

46




|

Enterprise | The role of the enterprise archi-

Architect tect as an active supporter and

as Sup- enabler of CE initiatives.

porter

Semantic Architects as a communication

Communi- | bridge between IT, business, and

cation sustainability.

Ownership | Who is responsible for data,
systems, and CE-related infor-
mation products within an or-
ganization.

Partner As- | Assessment of external partners

sessment regarding their data literacy and
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system integration capabilities
as a prerequisite for CE infor-

mation flows.

Business The need to reevaluate, stand-
Process ardize, and redesign existing
Redesign business processes in the con-
text of CE.

Skills
Enterprise | The need to systematically build
Architec- knowledge and skills within the
ture Capa- | EA function in order to make ar-
bility chitecture decisions relevant to
Building CE.
Sustaina- Expertise in CE-related regula-
bility & tions (CSRD, EFRAG, Digital
Regulatory | Product Passport) and sustaina-
Knowledge | bility concepts is a prerequisite

for CE work in the field of ar-

chitecture.
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Data Liter-

acy

The need to build data literacy
at the operational and technical

levels.

Architectural
Principles to
improve

Ciular Econ-

omy

KPI & Re-
porting Ar-

chitecture

Requirement to design IT envi-
ronments in such a way that CE-
relevant performance indicators
can be consistently measured,

aggregated, and reported.

Modularity

Design of information systems
consisting of interchangeable,
independent modules that can
be developed, operated, and re-

placed separately.

Decentrali-

zation

An approach that distributes
data storage, processing, and re-
sponsibilities in information

systems across domains, de-
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vices, or individual organiza-
tional units, rather than consoli-

dating them centrally.

Data Flexi- The need to design data archi-
bility tectures in such a way that they
can adapt to changing require-
ments, new data sources, and
shifting stakeholders.
Controlled Architectural patterns that ena-
Data Ac- ble controlled, privacy-compli-
cess ant access to data for various
stakeholders.
Compli- The need to incorporate regula-
ance by tory and data protection require-
Design ments into the architecture of
CE information systems from
the outset, rather than adding
them later.
Human The need to align CE-compliant
Centric information systems with users'
Design actual needs
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Transpar- The need to establish transpar-
ency ency regarding the existing IT
landscape, data flows, and the
basis for decision-making as a
prerequisite for CE enablement.
Ecosystem The need to design information
Integration systems so that they are open
and compatible with external
systems, partners, and plat-
forms.
Automa- The need to automate data col-
tion lection, processing, and compli-
ance verification processes in
the context of CE marking.
Data Cen- Rather than treating applications
tric Archi- and systems as the primary start-
tecture Ap- ing point, priority is given to
proach data and information structures.
Scalability The need to design CE-capable
information systems in such a
way that they can scale to ac-
commodate growing data vol-
umes, increasing system com-
plexity, and changing require-
ments.
Reusability An approach that involves eval- _

uating and reusing existing data
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products, systems, and architec-
tures before developing or pro-
curing new solutions (“Reuse

before buy before build”).

Long-Term The need for a long-term plan-
Thinking ning horizon in enterprise archi-
tecture for CE enablement.
Data Prod- The concept of the data product
ucts as a central component of data
architecture in the CE context.
Data Ar- Designing clean data models,
chitecture defining data structures across
Design the entire product lifecycle, de-

livering data products that can
be reused for multiple use cases,
and transitioning from a legacy,
inconsistent IT landscape to a
structured, integrable data archi-

tecture.
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Data Inte-

The technical challenge and

gration cessity of consolidating data
from various source systems
and ensuring its consistency.
Where do
existing ar-
chitect-
ural prac-
tices fail to
consider CE
require-
ments?
External
Barriers
Market Market-related external factors
that hinder or facilitate the im-
plementation of CE-enabled ar-
chitectural solutions.
Regulation | Regulatory frameworks as ex-
ternal barriers or drivers for CE
implementations in IS architec-
ture.
Technical
Barriers
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Current Constraints that existing appli-

Applica- cation landscapes pose for the

tion Land- | implementation of CE-enabled

scape architectures.

Data Ma- The insufficient maturity of

turity data and data management prac-
tices in organizations as a bar-
rier to CE enablement.

Organiza-
tional Bar-
riers

IT- The dependence of IT architec-

Business ture on overarching corporate

Depend- decisions, funding mechanisms,

ency and business strategies as a
structural barrier to CE enable-
ment.

Data Con- | Tensions between the data

fidentiality | transparency required for CE

& IP Pro- and the protection of intellec-

tection tual property and business-criti-
cal information.

Cost Cost considerations as a major
barrier to CE implementations
in IS architecture.

Human Human and cultural factors as

Factors structural barriers to CE enable-

ment.
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Architec-

tural Barri-
ers
Hetero- The heterogeneity of the actors
genous Ac- | involved in the CE ecosystem
tors as an architectural barrier.
System The complexity of existing sys-
Complex- | tem landscapes as an architec-
ity tural barrier to CE enablement.
What CE re-
lated infor-
mation and
lifecycle re-
quirements
affect ISA?
Closed The requirement that systems
Loop Feed- must map not only linear pro-
back duction processes (purchasing

— production — sales) but also
the return of products and mate-

rials to the cycle.
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Data Het- The diversity and variety of CE-
erogeneity relevant data as a specific re-
quirement for IS architectures.
Tracking & The requirement to seamlessly
Traceabil- track and trace products, materi-
ity als, and their conditions
throughout their entire lifecycle.
External The need to integrate data from
Data Inte- external partners, suppliers, and
gration other stakeholders into the or-
ganization’s own IT architec-
ture.
Regulatory Specific regulatory data require-
Require- ments imposed on information
ments systems by CE-related legisla-
tion (e.g., CSRD, EFRAG,
Scope 3 reporting).
Uncer- CE-related data is often incom-
tainty & plete, not available in a timely
Incomplete manner, or provided at the
Data wrong level of detail.
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Appendix 7 - Onepager for Participant Recruitment

university of
groningen

\

~ Fraunhofer

ISST

Shaping Circular Enterprise Architecture: Looking for Expert

Interview Partners

Master Thesis: Enabling Circular Economy through Information Systems Architecture

A qualitative study on Enterprise Architecture design practice

Background:

Organizations are increasingly required to
implement circular economy (CE) principles.
While many companies define circular goals
at the strategic level, translating these
requirements into concrete Information
Systems Architecture remains challenging.
Enterprise architects play a critical role in
embedding circularity into Data and
Application Architecture. However, there is

Research Focus:

limited structured guidance on how
architectural design practices must evolve to

support CE implementation.

This study investigates how Enterprise
Architecture design practices within TOGAF
ADM Phase C (Information Systems
Architecture) must be adapted to enable
Circular Economy implementation.

The goal is not to assess corporate
sustainability strategy, but to understand
how circular requirements affect the day-to-
day design work of enterprise architects.

Your practical insights
into Data and
Application Architecture
design decisions are
highly valuable for
understanding how
circular economy
requirements can be
embedded into

architectural practice.

person)

¢ No preparation
required

¢ The discussion
focuses on
architectural
structures and
decision processes
not confidential
operational details.

4 N\ .. . 4 N\
Why You are invited What participation Confidentiality &
You are being contacted involves Ethics
because of your e One 75-minute o Participation is
professional background. interview (online or in voluntary

o All data will be
anonymized

¢ No company hames
will be disclosed

e Conducted as part of
a Master’s thesis at
the University of
Groningen

@ Research Outcomes

The outcome of this research will be a practice-oriented guideline for enterprise
architects, outlining concrete actions and design principles to support Circular Economy

implementation within Information Systems Architecture.
Participants will receive:
o A summary of the key findings
» Insights into architectural leverage points for improving CE readiness

Contact Researcher: Luisa Steinsohn | l.steinsohn@student.rug.nl | Linkedin
Contact Supervisor University of Groningen: Dr. Sven Kilian

Contact Fraunhofer ISST: Christoph Hoppe-Ludwig



