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Abstract

Paper aims: This study characterizes Purchasing and Supply Management (PSM) projects in the context of Industry 4.0
(14.0) at a Brazilian steel company, using the reference architecture model industry 4.0 (RAMI4.0) as a basis.

Originality: The article adapts RAMI14.0 to the PSM context and empirically evaluates the model, promoting digitalization
practices in PSM.

Research method: An in-depth case study was conducted using participant observation, document analysis, individual
interviews, and focus groups with PSM professionals.

Main findings: By adapting the life cycle (dimension) to the stages of PSM deployment, this study establishes a framework
for monitoring and optimizing activities throughout the PSM process, offering valuable insights.

Implications for theory and practice: The customization and evaluation of the RAMI4.0 model for PSM can serve as a
reference framework for companies seeking to drive the digital transformation of the PSM function. This model offers a
strategic perspective on how to integrate Industry 4.0 technologies across various organizational levels, with the goal of
promoting digital PSM.
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1. Introduction

According to the Chartered Institute of Procurement & Supply (2020), Purchasing and Supply Management
(PSM) is a strategic business function responsible for identifying, accessing, and managing sources of supply in
alignment with organizational needs and objectives. PSM requires a comprehensive understanding of supplier
markets, as well as technical and commercial dimensions (Cousins et al., 2006), which collectively support
the effective execution of business strategies (Monczka et al., 2015). Beyond its operational role, PSM adds
significant value to the organization by shaping the design and strategic configuration of supply networks,
thereby enhancing organizational responsiveness (Patrucco & Kdhkonen, 2021), particularly in dynamic and
rapidly changing environments (Wynstra et al., 2019).

Recent research highlights the significant role of Industry 4.0 (14.0) technologies in enhancing the performance
of PSM functions (Fernandes et al., 2021, 2023; Sa et al., 2022; Garay-Rondero et al., 2020; Legenvre et al.,
2020; Nasiri et al., 2020; Bals et al., 2019; Frank et al., 2019). 14.0 facilitates the integration of business and
manufacturing processes, fostering greater collaboration among stakeholders across the value chain, particularly
suppliers and customers (Shaharudin et al., 2023; lvanov et al., 2022). The digitalization enabled by 14.0 introduces
process optimization and increases overall supply chain efficiency. Access to real-time information enhances
process visibility, supporting faster and more informed decision-making. Furthermore, automation and digital
technologies contribute to productivity gains and error reduction. Ultimately, 14.0 transforms conventional
operations into smart, interconnected supply chains, thereby improving efficiency and reducing operational
costs (Caiado et al., 2022; Li, 2020).

To support the adoption of Industry 4.0 (14.0) technologies, various studies have proposed standardized
industrial architectures aimed at guiding equipment implementation and network management (Zheng et al.,
2018; Adolphs et al.,, 2015; Hermann et al.,, 2016). In addition, several conceptual frameworks have been
developed to facilitate the structured adoption of smart technologies within the 14.0 context (Frank et al., 2019;
Zheng et al., 2018). Among these reference models, the Reference Architectural Model Industrie 4.0 (RAM14.0) is
particularly noteworthy due to its broad applicability and its comprehensive framework for analyzing technological
capabilities and integration pathways (Adolphs et al., 2015).

Despite notable advancements, the implementation of Industry 4.0 (14.0) concepts continues to present
significant challenges (Caiado et al., 2022). The majority of existing studies emphasize the applicability of the
Reference Architectural Model Industrie 4.0 (RAM14.0) within manufacturing environments (Lindner et al., 2023;
Lopez et al., 2023; Grefen et al., 2022; Cinar et al., 2021; Murugaiyan & Ramasamy, 2021), while research
extending its use to the PSM domain remains both recent and limited. Nakagawa et al. (2021) argue that current
architectural frameworks are insufficient to fully support 14.0 processes, as their high level of abstraction and lack
of detailed documentation often hinder effective project management and implementation. Therefore, there is a
critical need for more empirical studies focused on the adoption 0f 14.0 technologies in PSM, aimed at identifying
practical challenges and informing necessary adaptations of existing architectures. Furthermore, to the best
of our knowledge, no studies have explicitly examined the relationship between architectural frameworks and
the adoption of 14.0 technologies within the steel industry sector of considerable global economic importance.

In order to address this research gap, particularly regarding the empirical applicability of the RAM14.0 model
within the PSM function, this study aimed to answer the following research question: How can the PSM function
of a steel company be digitally transformed based on the characterization of Industry 4.0 projects through the
lens of the three dimensions of the RAMI4.0 model? Accordingly, the general objective of this research was to
characterize PSM projects developed in the context of Industry 4.0 (14.0) at a Brazilian steel company, using
the RAMI4.0 reference architecture as the analytical framework. The specific objectives were: (1) to identify the
14.0-related PSM projects implemented within the company under study; (2) to characterize each project in terms
of its objectives, the technologies employed, and the type of material involved; and (3) to analyze each project
with respect to the three dimensions of RAMI4.0, namely, the life cycle, architectural layers, and hierarchy levels.

The proposed analytical model incorporates the three dimensions of the RAMI4.0 framework: the life
cycle (specifically focusing on the Purchasing and Warehouse phases), the architectural layers (physical world,
integration, information/communication, and business), and the hierarchy levels (Product, Field/Control Devices,
Workstation, Company, and Connected World). Strategic PSM projects implemented at the steel plant were
analyzed and characterized according to this multi-dimensional framework, enabling a structured interpretation
of how Industry 4.0 technologies are integrated into supply-related processes.

This study offers a significant contribution to the literature by addressing an existing research gap through
the adaptation of the RAMI4.0 model, traditionally applied within smart manufacturing contexts—to the
adoption of Industry 4.0 technologies in the smart supply chain domain. In doing so, it extends the prevailing
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understanding of RAM14.0 beyond its conventional application in manufacturing systems by demonstrating its
relevance and applicability within the PSM function. Furthermore, it enriches the existing body of knowledge
regarding the use of RAMI14.0 in the steel industry, particularly in relation to supply chain operations. From
a managerial perspective, the proposed customization of the RAMI4.0 framework for smart supply chains
provides firms with a more integrated approach to manufacturing and supply management, promoting more
efficient coordination of materials, information, and logistics. This integrated approach enhances supply chain
agility, supports data-driven decision-making, and strengthens resilience in increasingly digital and automated
industrial environments.

The proposed architecture was empirically evaluated through an analysis of Procurement and Supply
Management (PSM) projects implemented within a Brazilian steel company, using the RAMI14.0 framework
as the analytical lens. This evaluation illustrates how Industry 4.0 technologies align with and support the
foundational principles of smart supply chains, with a particular focus on two key product categories: raw
materials and spare parts. By grounding the analysis in real-world projects, this study offers a novel perspective
and generates practical insights for organizations aiming to implement 14.0 technologies in their PSM functions.
The findings underscore the model’s practical relevance and applicability, demonstrating its potential to guide
digital transformation efforts within supply-related processes across industrial contexts.

Following this introductory section, the remainder of the article is structured as follows. Section 2 provides
a comprehensive review of the literature on PSM performance and strategic roles, along with an overview of
Industry 4.0 reference architectures, with particular emphasis on the RAMI4.0 model. Section 3 describes the
methodological approach, outlining the research design, stages, and the application of the RAMI14.0 framework.
Section 4 presents the empirical results derived from the case analysis. Section 5 offers a discussion of the
findings considering the existing literature. Finally, Section 6 presents the study’s conclusions and highlights
potential directions for future research.

2. Literature Review

2.1. Purchasing and Supply Management

Purchasing and Supply Management (PSM) represents a strategic evolution from traditional purchasing
practices, shifting the focus from operational transactions to a broader, value-driven approach (Chartered Institute
of Procurement & Supply, 2020). As a critical organizational function, PSM is responsible for sourcing raw
materials, inputs, and semi-finished products from a global supplier base to support the production of goods
and services destined for end customers (Pereira et al., 2020).

To enhance the strategic relevance of PSM, organizations must cultivate advanced market intelligence and
in-depth knowledge of supply chain dynamics (van Weele & van Raaij, 2014). Strategic investments in PSM
contribute to greater organizational resilience and responsiveness, positioning the function as a key enabler of
business strategies aimed at improving competitiveness and ensuring long-term sustainability, particularly in
rapidly evolving and uncertain environments (Steiber & Aldnge, 2016).

The strategic importance of PSM extends beyond internal organizational operations, as external suppliers
account for approximately 60% to 80% of total organizational costs (Monczka et al., 2015; van Weele & van
Raaij, 2014. This financial significance underscores the evolving role of PSM professionals, who are increasingly
expected to develop strategic competencies and contribute to broader organizational objectives (Wynstra et al.,
2019). The PSM function should thus be recognized not merely as a cost-reduction mechanism, but as a creator
of strategic value (Schiitz et al., 2020; Schiele, 2007; Cousins et al., 2006). Achieving this expanded role requires
targeted training and development for front-line PSM professionals to equip them with the skills necessary to drive
innovation, collaboration, and long-term value creation (Carnovale & DuHadway, 2021; Stek & Schiele, 2021).

The literature frequently highlights six strategic objectives of PSM that contribute to enhancing organizational
performance and resilience. These include: (1) fostering innovation in supply sources to mitigate contractual
and operational risks, thereby ensuring supply continuity and long-term sustainability (Luzzini et al., 2015; van
Weele & van Raaij, 2014; Schiele, 2010; (2) guaranteeing the availability of critical stock items and production
parts to prevent disruptions in operations (Topan et al., 2020); (3) optimizing storage processes to improve
operational efficiency, maximize capacity utilization, and ensure inventory accuracy (Wang et al., 2010); (4)
enhancing productivity and accuracy in invoice processing while simultaneously reducing administrative costs
(Frohlich & Westbrook, 2001); (5) replacing manual controls with automated systems to increase process
efficiency and quality (Crespi et al., 2007); and (6) improving the productivity and effectiveness of distributing
spare parts and raw materials across the supply network (Topan et al., 2020).
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Within operational activities, PSM encompasses two main process groups: material acquisition and warehouse
management. Key acquisition activities include quotation, negotiation, contracting, and order monitoring, which
relate to suppliers, transportation, and quality control (Monczka et al., 2015), involving planning, evaluation, and
control of strategic supply decisions (Pereira et al., 2020). Warehouse management involves receiving, checking,
loading, unloading, storing, invoicing, and dispatching materials (van Weele, 2009). Strategies for warehouse
operations include physical space design, material location determination (Zhang et al., 2000), and decisions
on outsourcing activities (Lee, 2006), as well as material flow patterns, such as first in, first out (FIFO) versus
last in, first out (LIFO) (Wang et al., 2010).

2.1.1. An overview of PSM in the steel industry

The steel industry plays a vital role in global economic growth, significantly impacting manufacturing, gross
domestic product, and job creation. Projections by the Instituto Ago Brasil (2023) had estimated that crude
steel production in Brazil would reach 32.4 million tons in 2023, positioning the country as the ninth-largest
producer globally, accounting for 1.7% of total world production, which was expected to reach 2 billion tons
(Instituto Aco Brasil, 2023).

Given its economic significance, the organizational transformation driven by 14.0 is essential, especially since
the steel industry supplies inputs to various sectors and is influenced by their demands (Gajdzik & Wolniak, 2021).

In PSM, materials managed in the steel industry include energy, raw materials, and maintenance, repair, and
operation (MRO) materials (Fernandes et al., 2021). Raw materials like iron ore and coke represent the majority
of steel manufacturing costs (Xiong & Helo, 2008), while auxiliary materials encompass casting, machining,
and processing inputs, as well as services like transportation (Ocheri et al., 2017).

Spare parts management plays a critical role in ensuring operational continuity within the steel industry.
Effective supply chain strategies in this context aim to balance cost efficiency with high levels of customer
satisfaction (Caldas et al., 2019). However, managing spare parts poses significant challenges, as meeting customer
service expectations often requires maintaining elevated inventory levels (Khajavi et al., 2014). Achieving optimal
service levels at competitive costs necessitates minimizing maintenance-related downtime, which depends
on the timely availability of high-quality replacement components (Frazzon et al., 2019). This task is further
complicated by factors such as the vast number of distinct parts, the substantial financial impact of customer
downtime, and the risk of inventory obsolescence (Frazzon et al., 2019).

Addressing the complexities inherent in spare parts management requires a comprehensive analysis of how
strategic projects align within the broader supply chain, as well as the identification of appropriate technologies
and tools to support PSM processes. Gajdzik & Wolniak (2021) highlight that the steel industry is increasingly
advancing toward Industry 4.0 through the implementation of high levels of automation in its production
processes. This digital transformation presents new opportunities to enhance the efficiency, responsiveness, and
integration of spare parts management within smart supply chains.

14.0 can help overcome several challenges faced by the industrial sector. Researchers have highlighted
the main barriers to digital transformation. Shabur et al. (2023), in their analysis of the steel production
sector, identified the key obstacles to the implementation of 14.0 in the current context, with ‘high capital
investment’ being the most significant. Similarly, Mishra et al. (2023) pointed out the lack of adequate
support infrastructure, the absence of real-time control systems, and the extended learning time due to
insufficient knowledge transfer as major obstacles to the adoption of these technologies in this context. Once
the challenges and barriers are identified, the path to adapting to these new practices and trends becomes
clearer and more reasonable.

2.2. Industry 4.0 Reference Architecture

14.0 employs various reference architectures, each differing in content, format, and purpose, with distinct
architectural requirements based on specific implementation contexts (Nakagawa et al., 2021). A reference architecture
serves as a model that delineates descriptions and actions under a system’s rules or constraints (Sage & Rouse, 2014).

Notable reference architectures include:

1. Industrial Internet Reference Architecture (IIRA): Developed by the US-led Industrial Internet Consortium, this
manufacturing-oriented architecture promotes the global adoption of the Industrial Internet of Things (11oT)

(Boyes et al., 2018).
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2. Industrial Value Chain Reference Architecture (IVRA): A conceptual framework maintained by the Industrial Value
Chain Initiative in Japan.

3. Stuttgart 1T Architecture for Manufacturing (SITAM): A multi-layered architecture from research projects led by
the University of Stuttgart, Germany (Kassner et al., 2017).

4. LAsim Smart FActory (LASFA): A three-dimensional architecture proposed by the University of Ljubljana, Slovenia
(Resman et al., 2019).

5. 1BM Industry 4.0: A commercially distributed architecture.

6. Reference Architectural Model Industrie 4.0 (RAMI4.0): A domain-specific architecture guided by the German
government through the international technical specification 1EC PAS 63088:2017 (Adolphs et al., 2015).

According to Nakagawa et al. (2021), RAMI4.0 is the most studied and prevalent reference architecture,
as evidenced by research in Scopus and Web of Science. 1t facilitates 14.0 applications by providing a
framework for integrating components and products across networks (Veiga et al., 2021). Cinar et al.
(2021) evaluated RAMI4.0’s maturity concerning 14.0 implementation, exploring solutions to optimize the
utilization of 14.0 technologies.

The RAMI14.0 encompasses essential components structured around three dimensions: (1) life cycle and
value stream, (2) layers, and (3) hierarchy levels (International Electrotechnical Commission, 2017). The life cycle
and value stream dimension represent the industrial production process, detailing product development and
production stages. This dimension includes two phases: ‘type’—for products in development—and ‘Instance’—
for products in production. Products revert to the type of phase upon customer purchase and again to the
Instance phase when installed in a system.

The RAM14.0 outlines several key layers:

1. Business Layer: Maps business models and processes, establishing rules and regulations aligned with corporate strategy.
2. Functional Layer: Describes, models, and formally integrates services and activities.

3. Information Layer: Facilitates event preprocessing, rule execution, data analysis, and quality assurance.

4. Communication Layer: Enables communication and provides control services.

5. Integration Layer: Connects physical objects to the digital realm through information processing, offering insights
about assets and enabling control and event generation.

6. Asset Layer: Represents the physical components within a factory.

The hierarchical manufacturing levels are informed by international standards for corporate control system
integration (IEC 62264 and 1EC 61512) (Adolphs et al., 2015). At the bottom, the Field Device layer enables
intelligent control of machinery through smart sensors, ensuring a consistent view of the product and its
interdependencies. Conversely, the connected world layer at the top symbolizes the smart factory’s capacity
to engage with external partners via collaborative service networks. A notable feature of the RAMI4.0 is its
combination of life cycle and value stream with a hierarchical approach to defining 14.0 components (Dorst et al.,
2016). The architecture emphasizes the standardization of 14.0 components, such as products, assets, software,
or machines, that can communicate independently (Pedone & Mezgar, 2018).

To effectively manage PSM, advanced 14.0 technologies are increasingly crucial. These include Blockchain for
smart contracts (Dutta et al., 2020), RFID for material tracking (Gladysz et al., 2020), Power Bl for interactive
visualizations and business analytics (Wright & Wernecke, 2020), Internet of Things (Glas & Kleemann,
2016), predictive analytics and big data (Schoenherr & Speier-Pero, 2015), ERP and mobile solutions (Pavin
& Klein, 2015), e-procurement systems for collaboration (Alvarez-Rodriguez et al., 2014), and web-based
digital technologies (Gallear et al., 2008).

These technologies are poised to enhance PSM, fostering a smarter, more interconnected supply chain
ecosystem. Potential applications for emerging 14.0 technologies within the supply chain include sustainability
(Manavalan & Jayakrishna, 2019), procurement (Glas & Kleemann, 2016), logistics (Hopkins & Hawking, 2018),
customer relationship management (Saucedo-Martinez et al., 2018), storage (Lee et al., 2018), and supply chain
optimization (Tjahjono et al., 2017). This article leverages the RAMI4.0 framework to illustrate enhancements
in PSM (Riedmann et al., 2024).
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3. Case study methodology

This study adopted a qualitative single-case study approach within the PSM department of a Brazilian
long carbon steel company. The case study methodology, as outlined by Voss et al. (2002), was selected for its
comprehensive framework, which is particularly well-suited for in-depth investigation of complex, real-world
phenomena. In accordance with the case study research methodology proposed by Voss et al. (2002), this study
followed the structured steps for conducting case research, ensuring rigor and consistency throughout the
research process. These steps included: (1) When to use case research, (2) Developing the research frameworks,
constructs, and questions, (3) Choosing cases, (4) Developing research instruments and protocols, (5) Conducting
the field research, (6) Data documentation and coding, (7) Data analysis, hypothesis development, and testing.
The research methodology followed the approach of Voss et al. (2002) and was structured as follows: the first
step focused on choosing the case study, reviewing the literature, document analysis and interviews, focus
group with the PSM team, strategic focus group with the leadership team, and data analysis, and testing.
These phases are illustrated in Figure 1.

Steps 5 and 6
“Field research, data documentation and coding”
According Understanding Step 7
sl Steps 542; 3 the positioning “Data analysis, hypothesis development
al. (2002) an + of projects in sl leeting
relation to the
Choosing case, PSM life cycle
framework, b Validation of
constructs, understanding ; the RAMI4.0
questions and of projects Understanding model.
protocols. the positioning
of projects in
* relation to the
Data « RAMI4.0 *  Doc. analysis, hl.zyerslf nd £ Focus group
collection literature and interviews. Jerrcayvo (PSM team), and
strategy: review. the RAMI4.0 participant
observation.
Focus and
leadership groups.

Figure 1. Case study approach according to Voss et al. (2002).

The first four phases of the case study approach, according to Voss et al. (2002), were carried out through
the structuring of the research, including the stages of case selection, framework, constructs, questions, and
protocols. The data collection instrument used was the literature review. The selected company is one of the
largest carbon steel producers globally. In addition to its relevance, the company is in the process of digitalizing
the PSM, implementing several projects aimed at transitioning to Industry 4.0. The relevance of the context
to the research object, along with the company’s openness to the study, together justify the selection of this
case as the focus of the research. The PSM department presents a certain level of complexity, given its diverse
business divisions—mining, bioforestry, steel production, and wire drawing—and multiple units distributed
across Brazil. The justification for the choice of this company was primarily due to the ease of access and the
opportunity to conduct a study that would provide in-depth insights into the PSM within the steel unit. Various
data collection methods were employed from a longitudinal perspective over several months. This high level of
access allowed for the gathering of data with a broad scope, which contributed significantly to the results and
analysis presented in this article.

The hierarchical structure of the PSM includes a national director, three general managers responsible for
specific purchasing categories, local plant managers, analysts, and purchasing and warehouse technicians. The
total number of PSM employees nationwide is approximately 320.

The PSM board features a central office responsible for negotiating contracts at the national level. This
team manages common contracts among the plants, covering areas such as energy, raw materials, spare parts,
and services, to achieve synergy and economies of scale.
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Within each steel plant, the PSM is divided into two teams: (1) purchasing team: Responsible for quotations,
negotiations, track orders and local contracting of emergency and non-contract items—those not covered by
central contracts and (2) warehouse team: manages processes related to receiving, checking, storing, invoicing,
and distributing materials.

Following steps 1 to 4 of the research, three cycles were carried out, which involved conducting the field
research (phase 5) and documenting and coding the data (phase 6). The first cycle aimed at a macro understanding
of the projects, the second focused on understanding the positioning in relation to the life cycle, and the third,
finally, concentrated on the layers and hierarchy.

For the macro understanding of projects and their strategic objectives, data collection was carried out,
employing three combined methods: document analysis, interviews, focus groups and participant observation.

Document Analysis involved the examination of the document entitled Strategic supply planning - Long
carbon steel Brazil 2022. Six strategic projects related to the adoption of 14.0 in PSM were identified: (1)
Strategic sourcing methodology, (2) RFID system implementation, (3) Implementation of technical inspection,
(4) Automatic invoice release, (5) Optimization of delivery points at the plant, and (6) Restructuring of the
warehouse layout. Through the analysis of this document, it was possible not only to identify the various
projects but also to delineate their objectives, the technologies employed, the categories of materials explored
(i.e., raw materials or spare parts), and the anticipated outcomes. This facilitated a clearer and more precise
understanding of the strategies adopted. Such insights were crucial for extracting relevant information from
the strategic projects within the PSM area, thereby enabling a comprehensive examination of the decisions and
actions implemented over time.

The interviews were essential for gathering detailed information on the operationalization of the projects.
During this phase, interviews were conducted with supply analysts directly involved in the projects, as well as
with managers, to ensure the accuracy and completeness of the information collected. This process enabled a
deeper understanding of how the initiatives would be implemented in daily activities. Interaction with these
professionals provided valuable insights into the challenges faced, the practices adopted, and the strategies
required for the successful execution of the projects. The approach was particularly productive, as it allowed for
a more detailed analysis of the operational dynamics, while also identifying critical factors that directly impact
the success of project implementation, considering the specific context of each area. The interviews were guided
by two set of questions, with the purpose of verify: (1) What is the strategic relevance of each project? and (2)
What positive outcomes are expected following the implementation of the projects?

The research questions were formulated according to the objectives of each phase of the study: initially, to
characterize the projects in question, and later, with the aim of positioning these projects within the different
dimensions of the RAMI 4.0 model. Most interviews were conducted online due to geographical constraints,
while others took place in person based on the interviewees’ availability. Each interview lasted an average of
45 minutes, with some requiring multiple sessions to address the complexity of certain projects. The interviews
were recorded, transcribed, and subsequently analyzed. The analysis of the transcriptions played a crucial role
in completing the project characterization tables. The transcription process was carried out with meticulous
attention to detail, ensuring the accuracy and fidelity of the collected data. Based on these transcriptions, a
qualitative analysis was carried out, applying thematic coding to identify patterns and group the data into
predefined categories, such as objectives, technologies used, materials explored, and expected results. This
process enabled a structured organization of the information, ensuring a clear and precise characterization of
the projects. Additionally, the extracted information was verified, whenever possible, with other sources, such
as document analysis, ensuring the consistency and robustness of the data.

For the second cycle, which focused on understanding the positioning in relation to the life cycle, and
the third, which examined the positioning in relation to the layers and hierarchy, the data were collected and
analyzed separately and concurrently within the appropriate dimensions of the RAMI14.0 within the context of
PSM. To achieve this, we used a focus group format, and asked the following questions related to the dimension
of life cycle: (1) Considering the project under your responsibility, in which phase of the life cycle is it? and (2)
In which layer does it fall? 1t was clarified that the life cycle dimension encompasses the stages of PSM, which
include purchasing and warehouse management.

For the layer dimension, we asked: (1) Considering the project under your responsibility, in which layer is it?
and (2) In which layer does it fall? Regarding the RAMI4.0 layers in the context of PSM, these are categorized
as: physical world, integration, information/communication, and business. For the hierarchy dimension, we
asked: (1) Considering the project under your responsibility, in which hierarchy level is it? and (2) In which
layer does it fall? The focus group strategy proved to be highly effective in positioning the projects within the
appropriate dimensions.
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Finally, the step seven, data analysis, hypothesis development and testing, the model was evaluated through
a focus group comprising three supply managers, one warehouse manager, six supply analysts, and three supply
technicians. The focus group was conducted in a workshop format, employing a brainstorming approach. Since
the focus groups were organized based on similarities, that is, according to the professionals’ areas of expertise
and the applicability of the projects, this stage proved to be highly productive. This group included representatives
from all projects (see Table 1). During the workshop, the participant observation strategy was also employed to
assess the applicability of the three-dimensional model in accordance with the RAMI4.0 framework. This stage
was conducted remotely, lasted one hour, and included two guiding questions:

Table 1. List of projects and participants by job positions.

Interviews / Focus group (leadership) B tonIon

Strategic Project

Participants 1° phase 2° phase RAMI14.0 model

Strategic Sourcing Methodology 42 min online 38 min online Participation

Implementation of technical inspection 55 min 35 min of over 12

P X P 02 - Supply Managers, 01 - Warehouse . . . professionals
Restructuring of the warehouse layout Manager, 58 min 32 min online from the supply

Automatic invoice release 06 - Supply analysts, and, 03 - supply 39 min 30 min online department.

. technicians. . . . . .
RFID System Implementation 52 min online 30 min online Duration: 01
Optimization of delivery points at the Plant 45 min online 33 min hour. Online

1. Considering the positioning of projects according to the three dimensions of RAMI14.0 presented, what adjustments
do you consider important to implement?

2. What effective gains for PSM do you expect each project to present?

The research was developed across five stages, facilitating the triangulation and comparison of the collected data.
In the early stages, data gathered through various research methods, such as direct observation, document analysis,
and interviews, provided a deeper understanding of the projects’ context and operational realities. Furthermore,
the data collected from focus groups, especially the final session, enabled a comparative analysis, allowing for
the validation and corroboration of the initial findings with key stakeholders involved in the different projects.

4, Results

This section presents the qualitative results that supported the characterization of the proposed RAMI14.0 model.

4.1. The PSM of the steel company and the strategic projects analyzed

To characterize the six strategic projects of the PSM department Table 2 was prepared. This table presents
the purpose, strategic objective, the purchasing category involved and the technologies for each project.

4.2. Positioning of PSM projects in the RAMI14.0 Life Cycle dimension

From the structuring of Table 2, it was possible to unfold the actions and resources necessary for the
development and implementation of projects. 1t was observed that only one project is aimed exclusively at
the raw material category, three are exclusive to spare parts and two involve both categories. The company’s
enterprise resource planning (ERP) system was considered an information system that relates to other technologies
involved in different projects.

The positioning of PSM projects according to the life cycle dimension of RAMI4.0 was based on two
macroprocesses: the purchasing process and warehouse management. As discussed in the literature review on
PSM, the purchasing function represents the commercial aspect and the relationship with suppliers, while the
warehouse function pertains to the physical management of materials acquired by the company. 1t is noteworthy
that, although RAMI4.0 is typically applied to the positioning of projects and technologies in manufacturing.
This study utilized it to position the PSM function projects within a steel company.

The purchasing process is presented linearly, based on the emergence of demand for acquiring materials or
services. This demand is communicated by the internal customer areas of the steel plants. Once the purchase
request or requisition is approved, the purchasing flow commences. The stages of the purchasing process include:
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Table 2. Characterization of the projects analyzed.

=‘DUC TION

Strategic Project

Purpose of the Strategic Project

Strategic Objective

Purchase Category
Involved

project

Technologies by

Strategic sourcing
methodology

Implementation of
technical inspection

Restructuring of the

Technical and strategic assessment
of the company’s supply sources.
Opening of frequent competition
to identify the best suppliers that
qualify in the following aspects:

cost, risk and benefit.

Point-to-point traceability of raw
material stocks at plants.

Assessment of spare parts

Increase contractual coverage in
the acquisition of materials; and
Reduce operational risks of
interruptions and shortages.

Eliminate manual controls in the
transfer of raw materials.

Ensure compliance (quality) of

Raw materials and
spare parts

Raw materials

Spare parts

ERP

antennas, ERP

Power Bl, Analytics,

Tags with chip,

QR code, mobile,

warehouse layout regarding the expected level of critical inventory items. ERP
quality requirements.
Automatic invoice release Automation of manual activity. Increase productivity and Spare parts ERP

assertiveness of this process.

Smart locker,
biometry, ERP

RFID system
implementation

Standardization of material delivery
points at plants.

Increase productivity in the
distribution and delivery of
materials from the warehouse to
the requesting areas.

Spare parts

Raw materials and Simulation, ERP

spare parts

Optimize storage spaces/physical
spaces.

Optimization of delivery
points at the Plant

Optimization of physical
warehouse space and intelligent
storage based on packaging
characteristics/dimensions and
stock turnover criteria.

(1) quotation (market consultation or opening of competition); (2) negotiation (reopening negotiation rounds to
achieve cost reductions); (3) contracting (finalizing the competition and issuing the order or purchase contract);
and (4) monitoring the order until it arrives at the requesting plant.

The warehouse process was divided into four steps: (1) receiving and checking materials; (2) storage (allocating
items in stock according to a pre-defined position for each material); (3) invoice release (recording the order
entry); and (4) distribution, which encompasses delivering the material to the requesting area. Based on these
stages from the two macroprocesses, the projects were positioned within the life cycle according to the stages
they would impact. The result of this positioning is illustrated in Figure 2.

Considering the prioritized projects, it is important to note that some stages of PSM were not addressed
by these projects, resulting in some cells in Figure 2 remaining unfilled. Certain projects are specific to the raw
materials category, while others pertain specifically to spare parts. In instances where projects apply to both
categories, the corresponding table cells were merged to encompass both categories presented. Notably, there
is only one project related to the purchasing process.

el Ty ||
Type Instance
Cat Life Cycle (Customized)
ategory,
Area, and Purchasing Warehouse
NF
Projects Quotation| Negotiation | Contracts| Followup | Receipt | Conference| Storage Trrs Distribution
]
T
Raw & 5
Material .2 z ? - g %
2 2 sz o g 24
g & gz &g ]
g o E e |28 59
2 E g = 5 o = n &
0 = 2 0 = .,
Spare < g 5 § e E 2 3 = g
. . ® . % 8 2 R 7 EE
Parts & E g a g'g %
s & z =2 g B
2 7 8

Figure 2. Positioning of projects in relation to the life cycle dimension (customized).
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4.3. Positioning of PSM projects in the layers dimensions of the RAMI14.0

The positioning of projects within the layers dimension of the RAMI4.0 followed the same reasoning as
that of the life cycle dimension. For each layer of the RAMI14.0, strategic projects were identified along with the
purchasing category involved in each project (raw materials or spare parts), as presented in Table 3. The impacts
and strategic relevance of each project were considered when determining their positions within the layers.

Table 3. Positioning of projects in relation to the layers dimension.

Layers Strategic Project PSM Category Involved
Business Strategic sourcing methodology Raw materials and spare parts
Implementation of technical inspection Spare parts
Information / Communication Restructuring of the warehouse layout Raw materials and spare parts
Automatic invoice release Raw materials and spare parts
X RFID system implementation Raw materials
Integration . X X
Optimization of delivery points at the plant Spare parts
Physical world - Raw materials and Spare parts

The project “Strategic sourcing methodology” was classified as a strategic initiative that significantly influences
the company’s business, given that strategic supply contracts and partnerships have substantial potential for
establishing new contracts and revising existing ones. Consequently, this project was positioned at the business
layer. The other projects were deemed tactical, as they relate to important processes and productivity improvements
but do not qualify as strategic initiatives. Therefore, they were positioned in the middle layers of the reference
architecture. Notably, no project was confined to the physical world layer.

The physical layer is the foundational layer, traditionally represented by the asset, product, or process in the
RAMI4.0. In the present study, this layer is understood as the purchased materials, specifically raw materials
or spare parts. This layer represents the physical world. The integration layer, in turn, was interpreted as the
integration of these materials into the digital world. This layer highlights which systems and/or devices are
available to facilitate the digitization of processes. The information/communication layer is where access to
information is emphasized, showcasing how data flows and is managed between various systems. Finally, the
business layer is represented by the supply management strategy, encompassing broader strategic decisions that
guide procurement and supply chain management efforts.

4.4, Positioning of PSM projects in the hierarchy dimensions of the RAMI14.0

The hierarchy dimension was analyzed based on the conceptual framework of the RAM14.0. This dimension is
composed of flexible systems and functions distributed across the network, allowing all stakeholders and components
involved to communicate effectively with each other. According to Table 4, data collected in the research were
mapped to each hierarchical level of the RAM14.0, from the lowest product level to the highest connected world level.

Table 4. Positioning of projects in relation to the hierarchy dimension.
PSM Strategic Projects

Strategic sourcing Implementation Restructuring o matic invoice  RFID system Optimization of Hierarchy
of technical of the warehouse . X delivery points at
methodology . . release implementation
inspection layout the Plant
B External |
connected world
X - Company
X Work stations
~ X B . X B Field / Fontrol
devices
X Product

1t was observed that no project was positioned at the external/connected world level, as the analyzed projects
are primarily focused on the internal management of the company’s PSM processes. The scope of these projects
remains within the internal organizational boundaries, without extending to external collaborative networks or
partnerships at the connected world level.
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4.5. Representation of the RAMI4.0 model

To characterize the RAMI4.0 model within the context of this research, it was crucial to cross-reference
its three dimensions, life cycle, layers, and hierarchy, with the specific projects and technologies currently
implemented within the studied steel group. This cross-referencing process is illustrated in Figure 3. The life
cycle dimension encompasses the various stages of PSM, with a particular focus on both the purchasing and
warehouse functions. The purchasing stage was further subdivided into distinct phases: quote, negotiation,
contracts, and follow-up, aligning with the divisions identified in the research context.

Strategic Implementation ~ Restructuring  Automatic RFID Optimization of
Layers sourcing of technical ofthe  invoicerelease  system  delivery points Hierarchy
methodology inspection warehouse implementation  at the plant
layout
! Contribution e o q :
; Expected i - Intelligence Service orientation Cost reduction Productivity — Traceability  Productivity
! I
Busines; """""" : Decisbn Customer Competitie ~ Compettive ~ Competitive ~ Competitive ng"
making focus advantage advantage advantage advantage o®
. Diverse [ntegrated Diverse Diverse Vsi.)ihty of v E@My of e
Information e management system e s materials abng  materials along  <° é@“
A
i Suppler assessment 4 i the chain the chain °
: Intemal and extemal - = :
Level 2 et ; ] Interoperabilty ,Emm?l Interoperabilty  Interoperability
Ao Smart center mtegration tegraton S
ummeicatin Space Intemal Intemal £
Level 1 Anlytics Qultywarmy — P*®  pRp/sEEAz oW S
optmeation mfegration mfegraton
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world Spare parts Spare parts  Spare parts ¢
Quote Negotiation ~Contratcs  Follow up Receipt Conference  Storage  invoice release Distribution
4 Application only in raw material category
* Application only in spare parts

Figure 3. Positioning of projects in the RAMI4.0 framework.

The layer dimension outlines the decision-making levels involved in each project, categorizing them as strategic,
tactical, or operational. For example, the layers associated with the “Implementation of Technical Inspection”
project illustrate its operations within the physical world, specifically concerning spare parts, starting directly
at the receipt stage. A key aspect to highlight is the expected contribution of these projects to the overall PSM
function. This contribution is prominently featured at the top of reference architecture, just above the business
layer, emphasizing the strategic value these initiatives bring to the organization.

An interesting aspect of the projects is that, although they are strategic for the PSM board, the business
layer reveals that most decisions are operational and tactical, with process-level indicators. Only one project,
the “Strategic sourcing methodology”, involves strategic decision-making. The supply manager stated that:
“The implementation of strategic sourcing will be essential to optimize the efficiency of procurement processes,
reduce costs, improve supplier quality, and align purchasing with the organization’s strategic objectives”. In the
information/communication layer, the ERP system stands out as the main source of information access. The
Power BI system, also positioned in this layer, helps generate patterns for analysis and decision-making. Other
integrated management systems and simulation software also appear in this layer.

In the integration layer, the ERP system again plays a key role, particularly in operational record-keeping. The
QR code/mobile system has proven fundamental for technical inspection in the “Implementation of Technical
Inspection” project and for the “RFID system implementation” project. Data collection in this project is carried
out with the aid of RFID tags with chips and antennas throughout the warehouse, enabling precise tracking
of material movements. The warehouse manager stated: “With the RFID project, we will increase accuracy
in inventory control, reduce operational errors, improve item traceability, and optimize logistical processes,
aligning with the operational needs for efficiency and agility’. In the “Optimization of delivery points at the

plant” project, a technology known as smart locker is used. This system verifies receipt through the biometric
confirmation of the material requester.
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In the hierarchy dimension, most indicators suggest that projects are concentrated at the process level within
purchasing and warehouse operations, mainly at the workstation level. Only the “Strategic sourcing methodology”
project impacts the business level, as it involves strategic contract decisions. Projects such as “Implementation
of technical inspection” and “RFID system implementation” are positioned at the Field/Control Devices level,
focusing on spare parts control, raw material quality, and stock accuracy.

In summary, integrating the three dimensions of the RAM14.0 into the PSM context enables the standardization
of processes, from the design phase to solution implementation. Across all layers, operational records, data
collection, and data consolidation between management systems and ERP auxiliary interface systems were observed.
The ERP system connects the physical and virtual worlds, meeting the company’s integration standards. Below
the ERP, data collection capabilities have increased significantly, using sensors, QR codes, and RFID systems.
Above the ERP, tools like Power Bl and analytics enhance pattern recognition and decision-making capabilities.

5. Discussion

This section presents the theoretical and practical contributions of the work.

5.1. Contributions to theory

This article makes two significant contributions. The first contribution is the adaptation of the RAMI4.0
framework to the context of PSM, a model originally designed for manufacturing applications (Grefen et al., 2022;
Cinar et al., 2021; Murugaiyan & Ramasamy, 2021; Lins & Oliveira, 2020; Resman et al., 2019; Yli-Ojanpera et al.,
2019). This adaptation broadens the scope of RAMI14.0’s application, extending it beyond manufacturing to
address all four dimensions of Industry 4.0: work, product, manufacturing, and supply chain. Specifically, the study
reconfigures the life cycle dimension, which was originally centered on product development and manufacturing,
to encompass PSM processes, including purchasing and warehouse functions, along with their respective stages.
By integrating these dimensions, this work opens new avenues for research, particularly in the domain of smart
supply chains. 1t underscores the potential for further exploration of how the RAMI4.0 framework can facilitate
the coordination and optimization of supply chain activities within the Industry 4.0 paradigm.

The second contribution is the empirical evaluation of the adapted reference architecture within a steel plant.
Using the RAMI14.0 framework, the study assessed the alignment of PSM projects with its three core dimensions:
life cycle, layers, and hierarchy. In doing so, the study not only mapped the coverage of these projects but also
identified and categorized the technologies implemented at various stages, organizing them according to the
RAMI4.0 structure. This analysis provides insight into how digital transformation is unfolding within the organization,
demonstrating how the integration of advanced technologies across both the life cycle and hierarchical layers is
driving the evolution of industrial processes in accordance with Industry 4.0 principles. The study offers a framework
that illustrates the digital transformation of a company’s PSM function, thereby bridging two previously disparate
areas of literature: PSM (Pereira et al., 2020; Schiitz et al., 2020; van Weele, 2009) and RAM14.0 (Cinar et al., 2021).

5.2. Contributions to practice

In terms of practical implications, the proposed three-dimensional architecture offers PSM professionals a
comprehensive framework to assess the alignment of strategic projects with the adoption of Industry 4.0 (14.0)
within the PSM function. This framework allows professionals to tailor strategies to the specific needs and
context of their company. Another significant aspect is the instrumental perspective provided by the reference
architecture, which links the implementation of each project to the tangible benefits it generates. The results
highlight that the adoption of 14.0 strategies within the PSM function is primarily driven by critical factors such
as productivity enhancement, cost reduction, agility, traceability, service orientation, and intelligence.

The representation of the projects within the proposed architecture facilitated their consolidation into a
unified conceptual framework, offering extensive coverage that spans from the physical layer (data collection)
to the decision-making level. The technologies implemented in these projects support decision-making across
a spectrum, from operational to strategic levels. Furthermore, a distinction was observed in the applicability of
specific projects to two distinct material types: raw materials and spare parts. This differentiation highlights the
tailored approach required for each material type, reflecting the diverse operational needs within the PSM function.

The analysis of the most applied 14.0 technologies in spare parts management reveals distinct differences when
compared to raw material management. Notably, certain projects tailored for spare parts are not applicable to raw
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materials, apart from the “RFID system implementation” project, which is being considered for potential use in both
contexts. These differences arise from the unique challenges associated with managing spare parts, which require
more stringent control, tracking, and generate a higher volume of information. For example, the “Implementation
of technical inspection” project is particularly relevant to spare parts, as it ensures the conformity and quality of
items received into inventory. In contrast, raw materials do not necessitate such inspections, as they are subject
to laboratory testing through sampling. Conversely, the “RFID system implementation” project is more critical for
raw materials due to their continuous flow and the large volumes involved in their packaging and transfer. The
application of RFID technology in this context will greatly enhance control and traceability over raw material
transfers. Finally, the “Optimization of delivery points at the plant” project is focused on managing the complexity
of multiple delivery and unloading points, making it specific to the spare parts context. Consequently, the adoption
of 14.0 technologies in PSM is closely linked to the type of product being managed, with different strategies and
technologies tailored to the specific characteristics and requirements of spare parts versus raw materials.

6. Conclusions

The RAMI14.0 framework was selected for this research due to its flexibility in adaptation across various
industry applications and the extensive availability of supporting study materials. RAM14.0 is the most frequently
referenced architecture in academic literature, as evidenced by a comparative search in major research databases
such as Scopus and Web of Science. A search using the term “RAMI 4.0” yielded 262 documents, while alternative
architectures generated fewer than 20 results (Nakagawa et al., 202 1). This widespread recognition and application
in the literature underscore RAMI14.0’s prominence and establish it as a consolidated reference in the field, in
contrast to other architectural models. As noted by Adolphs et al. (2015), RAMI14.0 integrates several critical
concepts, including vertical and horizontal integration, end-to-end engineering, and life cycle management,
making it a comprehensive framework for addressing Industry 4.0 challenges.

The objective of this research “to characterize PSM projects developed in the context of 14.0 at a Brazilian steel
company, using the RAM14.0 model” was successfully achieved through the adaptation of this architecture to the
PSM function. The study illustrates that the RAMI4.0 model, originally designed for the purpose of modeling 14.0
technologies in manufacturing systems, can be extended beyond its initial scope to support other organizational
functions, such as PSM. This adaptation not only broadens the applicability of the RAM14.0 model but also
demonstrates its potential to optimize and integrate diverse business processes within the industry 4.0 paradigm.

To provide a comprehensive understanding of technological architecture, this study thoroughly examined
the structure, information and communication flows, software systems, and their interconnections. The ERP
system played a pivotal role in the digitalization process, facilitating the integration of data across various
technologies. Furthermore, the research revealed that the integration of external software and platforms with
the ERP system generates critical records and analytical patterns, which are instrumental in supporting informed
decision-making processes. This integration enhances the overall effectiveness of the technological ecosystem,
enabling more seamless operations and improved strategic outcomes.

Figure 3, which illustrates the positioning of projects within the RAM14.0 framework, demonstrates the central
role of the ERP system within the integration and information/communication layers. Upon analyzing the life
cycle dimension, which encompasses the various stages of the PSM process, it becomes evident that the ERP
system is present throughout all stages. In the hierarchy dimension, the ERP system is also integral as both a
control device and at the workstation level, underscoring its pivotal role in the implementation of 14.0 projects.
This positioning highlights the ERP system’s critical function in facilitating the seamless flow of information
and enhancing decision-making processes across multiple levels of the organization.

As with any research, there are limitations. Only six projects were evaluated, all pre-defined by the PSM
department. Future research should explore additional strategic projects within the PSM function to provide a
more comprehensive roadmap for professionals seeking to adopt 14.0 in PSM.

Finally, regarding the management systems that support the digitalization of the PSM function, it is widely
recognized that these systems drive digitalization within companies. The company analyzed in this study employs
business intelligence systems as its technological architecture, but future studies could explore alternative systems
and architectures to better understand the role of digitalization in PSM across different contexts and companies.
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