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Abstract: The search for competitiveness has led organizations to recognize the importance of
implementing collaborative methods. In this context, Collaborative Planning, Forecasting, and
Replenishment (CPFR) seek to relate customer demands to replenishment needs throughout the
supply chain. The literature points to implementation difficulties, such as trust between partners and
commitment, and to overcome these difficulties, the digital technologies of Industry 4.0 are emerging
as an essential support. This paper aims to research the applicability and contribution of Industry 4.0
digital technologies to the CPFR, considering each stage of the CPFR. A systematic literature review
identified an unexplored gap: the use and contribution of Industry 4.0 digital technologies to the
functioning of the CPFR. Considering the sequence of the CPFR stages and their dependence on
each other, a roadmap can be developed for using Industry 4.0 digital technologies in each stage
of the CPFR. It was, therefore, possible to create a roadmap indicating, based on current literature,
which Industry 4.0 digital technologies can enhance SCM at each stage of the CPFR. This roadmap
has two significant contributions: (i) to guide companies in prioritizing the implementation of these
technologies in support of supply chain objectives and (ii) to serve as a basis for further empirical
studies, highlighting the development of this roadmap through its application in real situations.

Keywords: CPFR; Industry 4.0; supply chain; smart supply chain; digital technologies

1. Introduction

In recent years, the pursuit of competitiveness has led organizations to recognize the
importance of developing efficient collaborative methods in their supply chains (Gomes
et al. 2022). Collaboration initiatives generate joint actions among partners with common
objectives, which include sharing information among suppliers, manufacturers, distributors,
retailers, and other supply chain partners in a Supply Chain Management (SCM) environ-
ment (Gomes and Neto 2015; Liao et al. 2023). This management results in cost reductions
due to inventory reductions, improved efficiency, enhanced service levels, reduced person-
nel needs, improved deliveries through cycle time reduction, innovation and adaptation,
and risk reduction (Lenart-Gansiniec 2019). Companies are aware that collaboration en-
ables the improvement of the supply chain with quicker responses, leading to increased
efficiency (Hill et al. 2018). The most comprehensive and significant collaborative method
is Collaborative Planning, Forecasting, and Replenishment (Gomes and Neto 2015).

Collaborative Planning, Forecasting and Replenishment (CPFR) originated in 1995
through a partnership between Walmart, Warner-Lambert, Surgency, and the software
companies SAP and Manugistics to connect customer demand to replenishment needs
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throughout the supply chain. This partnership resulted in a set of processes helping or-
ganizations eliminate demand and supply uncertainties by improving communication
among supply chain partners. Shortly after, in 1998, the Voluntary Interindustry Commerce
Standards Association (VICS) established a committee to identify the best practices and
guidelines for CPFR. According to (Attaran and Attaran 2007), major retailers, consumer
goods manufacturers, and consulting and software suppliers participated in this project.
VICS’s involvement and many companies’ participation in CPFR validation and testing
were crucial for the tool’s consolidation. The authors (Hemant et al. 2022) explain that in
CPFR, collaboration is the “foundation” of the tool, defining objectives, metrics, perfor-
mance indicators, information sharing, resources, and a governance policy. The critical and
decisive characteristic of CPFR for successful supply chain results is communication among
chain agents in increasingly shorter times. The present research cites digital technologies
stemming from the Industry 4.0 concept as facilitators. To this end, communication systems
that interconnect companies to promote information sharing and the automation of subrou-
tines are increasingly necessary (Gomes 2022). In the current wave of so-called Industry 4.0,
interconnectivity and automation tools meet the objectives of the CPFR.

The Industry 4.0 concept was introduced around 2011, bringing forth various tools to
support organizations, including big data, artificial intelligence, the Internet of Things, and
cloud computing, among others (Lenart-Gansiniec 2019). The introduction of Industry 4.0
impacted supply chain management, potentially transitioning from isolated manufacturing
activities to optimized and fully integrated product and data flows within the value chain
(Strange and Zucchella 2017). According to (Majeed and Rupasinghe 2017), companies need
to integrate these technologies into their processes to achieve greater competitiveness and
sustainability throughout the supply chain, although there are still barriers and challenges
to overcome (Silva et al. 2023; Peres et al. 2020). For (Nozari et al. 2022), the evolution of the
supply chain results from the adoption of new technologies in warehouses, responding to
the demand for flexible and integrated logistics. This allows the chain to adapt to seasonal
product variations and customer needs.

Ten years after the emergence of 14.0, other challenges, and approaches have emerged
(Kagermann and Wahlster 2022). According to the Federal Ministry for Economic Affairs
and Climate Actions (Plattform Industrie 4.0—2030 Vision n.d.) of Germany, Industry 4.0
is currently driven by new forms of economic activity and work in global and digital
ecosystems: today’s rigid and narrowly defined value chains are being replaced by flexible,
highly dynamic and globally connected value networks, with new forms of cooperation.
Today’s strategic fields of action are characterized by autonomy, interoperability, and
sustainability. The implementation of Industry 4.0 must address these fields of action
together, and they are guiding principles for the next decade of Industry 4.0 expansion
worldwide. There are many paths and directions to follow in the next decade of Industry 4.0
(Winter et al. 2022), seeking a balance between autonomy, interoperability, and sustainability.
Industry 4.0 technologies are creating digital ecosystems and will be able to analyze various
data types, both process and environmental. (Chalmeta and Santos-deLeon 2020; Sautter
2021). Authors (Kunrath et al. 2023) state that technologies promoting integration between
the factory and external suppliers and optimizing the delivery of raw materials and final
products in the supply chain are characteristic of a smart supply chain.

From this perspective, the authors identified the possibility of researching the use and
contribution of Industry 4.0 digital technologies to the operation of the CPFR. Therefore, this
article aims to study the applicability and contribution of Industry 4.0 digital technologies
to the CPFR, considering each stage of the CPFR. Considering the sequence of the stages
of the CPFR and the dependence between them, a roadmap can be created for the use
of Industry 4.0 digital technologies in each stage of the CPFR. This roadmap can guide
companies in prioritizing the implementation of these technologies in support of supply
chain objectives.
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Section 2 presents the theoretical foundation, followed by the research methodology
in Section 3, the results in Section 4, and finally, discussions on the results and conclusions
in Sections 5 and 6.

2. Theoretical Background

This section details the main concepts used in this work. These are supply chain
management, Industry 4.0, and CPFR.

2.1. Supply Chain Management

According to (Gomes et al. 2022), supply chain management is a set of operations
that facilitates and improves processes intended to strengthen ties with suppliers so that
everyone benefits from consumers. This management also optimizes collaboration and
trust among different partners by developing a process integrating planning, implementa-
tion, coordination, and control of all business processes and activities (Cahyono et al. 2023).
Therefore, the starting point for supply chain management is inventory, which efficiently
measures the system'’s performance from various stakeholders’ perspectives. In summary,
Supply Chain Management (SCM) seeks to manage this network of relationships, involving
all stakeholders from suppliers to consumers, aiming to provide high value to customers
and reduce supply chain costs. Accordingly, (Tan et al. 1998) observed six characteristics of
SCM practices: SC integration, information sharing, SC characteristics, customer service
management, geographical proximity, and Just-in-Time capabilities. Through these prac-
tices and a well-defined information flow, it is possible to ensure that services are provided
efficiently, from raw materials to distribution.

2.2. Industry 4.0

According to (Dalenogare et al. 2018), Industry 4.0 was coined in 2011 through
a German government initiative in partnership with universities and private compa-
nies. Significant transformations began with integrating information and communication
technologies (ICT) with manufacturing systems. According to Sony and Naik (2019), In-
dustry 4.0 drives a cyber—physical production system based on integrating knowledge
to achieve greater agility in production systems. (Frank et al. 2019) assert that integrat-
ing Industry 4.0 technologies with the supply chain gives rise to a smart supply chain,
demonstrating that these technologies facilitate horizontal integration with stakeholders,
making planning, demand forecasting, and replenishment easier. The authors (Chien and
Kuo 2013) report the importance of this integration as a means for companies to combine
resources in collaborative manufacturing, driving innovation capacity improvements and
increasing the added value of their products. There are also technologies incorporated
into final products (Smart products) that can provide feedback useful for developing
new products (Tao et al. 2018). This facilitates new product developers, enabling them
to make necessary corrections and improvements, thereby increasing service levels and
product quality.

Industry 4.0 Technologies

Several technologies are employed in Industry 4.0, and according to (Dalenogare et al.
2018), these technologies can be organized into two layers: cutting-edge technologies and
base technologies. The authors (Nara et al. 2021) identify 16 essential technologies to drive
the development of Industry 4.0. A brief explanation of each of the 16 technologies is
presented below:

e Internet of Things (IoT): IoT establishes a global infrastructure connecting physical
and virtual objects, allowing continuous communication and data exchange (Miranda
et al. 2021).

e Cloud Computing: Cloud computing is a data storage technology that facilitates
remote information retrieval, enabling information sharing and coordinating various
activities (Jensen et al. 2015).
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e Big Data Analytics: Big data can generate information, create digital twins of the
factory, and facilitate advanced predictive analysis to avoid events that may affect
production (Dalenogare et al. 2018).

e  Cyber-Physical Systems: This technology creates Integrated Cyber-Physical Systems
(IMSs) with virtual reality interfaces, connecting humans and machines
(Chen et al. 2015).

e  Artificial Intelligence: Artificial intelligence reproduces human intelligence, enabling
machines to learn and solve complex problems, facilitating decision-making
(Lee et al. 2015).

e Autonomous and Collaborative Robots: Robots, through automation, act as collabora-
tive work partners, efficiently performing work activities (Chen et al. 2015).

e Intelligent Sensors: These sensors increase process safety, efficiency, and flexibility by
generating and receiving information and data where they are deployed (Oztemel and
Gursev 2020).

e  System Integration: This technology aims to integrate systems and subsystems, hard-
ware, and software through the IoT (Auger et al. 2017).

e Mobile Systems and Devices: Mobile systems and devices, such as smartphones,
tablets, wearables, and custom mobile apps, facilitate monitoring, equipment control,
and efficient communication with employees (Almada-Lobo 2015).

e Digitalization and Virtualization: Digitalization involves the interaction between
virtualized structural elements managed by service-oriented architectures, integrating
the physical and informational worlds to align technical and business areas within an
organization (Borangiu et al. 2019).

e  Machine-to-Machine Communication: Machine-to-Machine (M2M) communication
is used in various industrial areas, facilitating the efficient and flexible tracking of
materials, pallets, and trucks (Weyrich et al. 2014).

e Simulation: Simulation is widely used in the industry, particularly in SCM, as a
decision-making support tool, allowing for the early analysis of situations before they
occur (Kunrath et al. 2023).

e Industrial Internet: Industrial internet technology provides connectivity within the
industrial environment, using tools like Wi-Fi, WiMAX, and Bluetooth to enhance
connectivity between systems, devices, and people, increasing productivity (Malik
et al. 2021).

e  Additive Manufacturing: Additive manufacturing is a technique where material layers
are deposited only where needed, allowing for more sustainable production (Baierle
et al. 2020).

o  Cybersecurity: Companies can suffer significant losses from cyberattacks, making it
essential to develop strategies for secure machine connectivity, aiming to enhance the
performance of the entire value chain (Lezzi et al. 2018).

e Augmented and Virtual Reality: Augmented reality pairs computer images with users’
vision, relating the real world to the virtual world (Akbari et al. 2022). The industry
has various applications related to SCM, such as inventory levels and order picking
(Kunrath et al. 2023).

2.3. Collaborative Planning, Forecasting, and Replenishment (CPFR)

Around 1995, in a partnership between Walmart, Warner-Lambert, Surgency, and the
software companies SAP and Manugistics, an initiative emerged that sought to collabo-
ratively coordinate purchasing planning, forecasting, and asset replenishment activities
between supply chain stakeholders: Collaborative Planning, Forecasting, and Replenish-
ment (CPFR). In 2004, the Voluntary Interindustry Commerce Stand (VICS) realized that
it was necessary to correct problems related to the initial project and integrate new tech-
nologies to make it easier to use (Gomes 2022). Figure 1 shows how the CPFR works and
its elements:
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Figure 1. Manufacturer and retailer tasks in CPFR phases.

The authors (Singhry and Abd Rahman 2019) explain that CPFR is a facilitator for
companies, with its main function being sales forecasting, encompassing functions such as
interventions when changes occur in demand patterns, adjustments in inventory to ensure
products on the shelf, influencing the coordination of supply chain companies, coordinat-
ing the synchronization of manufacturing processes, and ensuring demand forecasting
processes. According to (Gomes et al. 2022), CPFR is a set of procedures that facilitate
relationships between buyers and retailers, encouraging them to contribute to demand
forecasting and order placement in order to reduce the “bullwhip effect”. Additionally, it
facilitates obtaining more accurate replenishment and forecast plans, significantly reduces
inventory for manufacturers, suppliers, and wholesalers, generates increased sales, and
enhances service levels (Peterson 2013; Gomes et al. 2022).

CPEFR is divided into three basic stages: Planning, Forecasting, and Replenishment.
Each stage is explained below.

e Planning: Authors (Panaihfar et al. 2015) emphasize the importance of collaborative
SCM planning, which can be divided into two stages: Initial agreement and joint
business planning. According to (Cassivi 2006), planning is a critical stage where
stakeholders express interest in developing collaboration initiatives and necessary
documentation. (Ramanathan and Gunasekaran 2014) explain the connection between
collaborative planning, execution planning, and decision-making, emphasizing that
effective supply chain collaboration requires key elements of planning, execution, and
decision-making.

e  Forecasting: According to (Panahifar et al. 2015a), collaborative forecasting has a
significant goal, which is to reduce the bullwhip effect and improve the supply chain.
However, (Panahifar et al. 2015b) state that the primary objective of collaborative
forecasting is to increase forecast accuracy. Additionally, it facilitates supply chain
visibility and predicts demand and cycle time (Yu et al. 2010). Furthermore, this stage
identifies and resolves exceptions. In the six collaborative forecasting sub-stages, sales
and order forecasting exceptions are identified and resolved.
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e  Replenishment: This stage involves order creation, where orders are generated based
on sales forecasts (Liu and Sun 2012), correlating forecasting activity with collabo-
rative replenishment. According to (Panaihfar et al. 2015), collaborative replenish-
ment distributes replenishment activities throughout the supply chain and facilitates
collaborative inventory management in operations. However, both suppliers and
retailers need to review the collaborative replenishment plan (Lyu et al. 2010).

3. Materials and Methods

Five steps were followed to meet the research objective, presented in Figure 2 and ex-
plained in detail. The research method presented below is well-established in the literature
and has been used in a number of studies (Silva et al. 2023).

STEP 1
Contextualization

y

Step 2
Systematic Literature Review

!

Step 3
Analysis of technologies used in the supply chain
and their impact on performance

l

Step 4
Identify which ones can be employed in the nine
steps of CPFR

v

Step 5
Roadmap connecting Industry 4.0 technologies
into CPFR

Figure 2. Methodology steps.

Step 1—Contextualization: This is where the research guidelines are put together
based on the central objective of the research. All the research was related to implement-
ing Industry 4.0 technologies in the CPFR method to improve SCM and, consequently,
collaboration between business partners.

Step 2—Systematic Literature Review: This step identifies the Industry 4.0 technologies
being studied concerning the supply chain. During the contextualization stage, some
research showed that the use of Industry 4.0 technologies in the supply chain can be called
a smart supply chain, so the term was included in the searches. The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) method was used for the
systematic literature review. This methodology aims to establish stages for the selection
and analysis of articles. Keywords were chosen to delimit the topic based on the following
questions: (i) What are the main technologies of Industry 4.0 related to the supply chain?
(if) Which of these technologies can be used in each of the stages of the CPFR? The keywords
were Supply Chain Management, Collaborative Planning, Forecasting, and Replenishment;
CPFR; Industry 4.0; Technology 4.0; Smart Supply Chain. Table 1 shows the search process
for the articles.
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Table 1. Search terms.

Filters

Scopus

Web of Science

Document Type

Article

Article

Searched in

Title, abstract, and keywords

Title, abstract, and keywords

Research Area No filter No filter
Years 2011-2023 2011-2023
Language English, Chinese, and Spanish English, Chinese, and Spanish

Search terms

“Supply Chain management” AND
“Collaborative Planning, Forecasting, and
Replenishment” OR “CPFR” AND “Industry 4.0”
OR “Technology 4.0” “Supply chain
management” AND “Smart supply chain”

“Supply Chain management” AND
“Collaborative Planning, Forecasting, and
Replenishment” OR “CPFR” AND “Industry 4.0”
OR “Technology 4.0” “Supply chain
management” AND “Smart supply chain”

The four phases of the prism method were used as inclusion and exclusion criteria:
identification, screening, eligibility, and inclusion. Figure 3 shows the flowchart for selecting
the articles.

1) Identification

Keywords in Scopus and wi:;yeir;zl:: d

Web of Science = 2622
n= 28T
2) Screening - I _
© Aficles only in )
English,
‘ Application of inclusion | [ Chinesze, and |

and exclusion criteria Spanish were

excluded
n=32

~ 3) Eligibility 1

Duplicated

Works | - N
oy | ¢ Remaoval of duplicate Only topics
‘ works relevant to the

research were

Y - \ excluded
- ) n=182
. 4] Inclusion ]
Works excluded S
for not addressing | ’
the theme | Full reading of the

n=3 papers
n=25

Figure 3. Flowchart for selecting the articles according to the PRISMA method (Miihl and de Oliveira
2022).

In the first stage (identification stage), 2871 articles were identified using the Boolean
keywords. In the second stage, the inclusion and exclusion criteria were applied. For the
first exclusion criterion, only articles, a total of 2622 articles were excluded. For the second
criterion, only articles in English, Chinese, and Spanish, 32 articles were excluded. The
third criterion, topics relevant to the research, excluded 182 articles that did not fit the
theme. In the third stage (eligibility), two situations were important for conducting the
work. The first situation was that there were duplicate articles, so six duplicate articles were
identified. In the second situation, we excluded papers that did not address the proposed
topic from the eligibility stage. To help filter the articles, the qualitative analysis software
Nvivo was used to ensure all the articles were analyzed following the same reading and
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analysis system. Finally, in the inclusion stage, 25 articles that were relevant to the research
were selected and then analyzed in full.

Step 3—Analysis of technologies used in the supply chain and their impact on perfor-
mance: In Step 3, the final sample of articles was read in full to identify within the sample
which positive and negative impacts on companies were mentioned in each manuscript.

Step 4—Identify which ones can be employed in the nine steps of CPFR: After reading
and analyzing qualitative data in Steps 2 and 3, in Step 4, we identified which technologies
were related to each of the nine sub-steps of CPFR.

Step 5—Roadmap connecting Industry 4.0 technologies into CPFR: With the complete
analysis of Steps 2—4, it was possible to build the proposed roadmap, which integrates
Industry 4.0 technologies into CPFR. The roadmap was developed to facilitate and enhance
the implementation of the CPFR.

4. Results and Discussions

This section presents the research results, highlighting the technologies related to the
supply chain and then giving rise to the proposed roadmap.

4.1. Industry 4.0 Technologies Related to the Supply Chain

After analyzing the 25 articles selected in Stage 2 of the methodology, eleven
technologies were identified as most adherent to the supply chain. These eleven tech-
nologies are shown in Table 2.

According to Table 2, the technologies mentioned in the articles were the Internet of
Things and big data analysis. As (Szozda 2017) explains, the Internet of Things provides
various benefits for supply chain management, allowing machines, people, and products
to connect in real time, generating data that can be used throughout the supply chain.
Additionally, IoT can be considered an enabling technology for other technologies (Kunrath
et al. 2023), ensuring item location, shipping quality, fleet tracking, and fleet control across
the supply chain links (Aksentijevic¢ et al. 2015). Big data analysis was often mentioned in
the articles as a tool that can contribute to raw material purchasing and the formulation
of pricing strategies (Liu 2013). However, (Kunrath et al. 2023) assert that its use in the
smart supply chain requires a strong technical team to collect and process information intel-
ligently. According to (Tseng et al. 2019), big data analysis can improve smart supply chain
performance in terms of operational risks, chain impacts, increasing economic benefits, and
social development, allowing companies to maintain their competitive advantages.

As the third most mentioned technology, cloud computing can be a differentiator
because it has unlimited storage capacity, facilitating decision-making, training, and col-
laboration among all supply chain stakeholders (Wang et al. 2015). Its use in the supply
chain creates competitive advantages for companies, allowing real-time visualization of
all produced data, improving operations management, and ultimately, SCM (Schaefer
et al. 2023; Frank et al. 2019). However, the most significant benefit is that it enhances
collaboration and communication among SC stakeholders, facilitated through the use of
applications that share information in real-time and improve decision-making, reducing
costs and enhancing customer service (Wang et al. 2015).

Autonomous and collaborative robots and artificial intelligence were mentioned less
frequently. The authors (Shao et al. 2021) report on a Pakistani packaging industry facing
issues with dents in its final products. In this case, a meeting was held with suppliers and
customers, taking the initiative to implement smart sensors to identify packaging dimension
errors. However, they faced issues due to the excessive time required by the operator to
confirm errors via images. Consequently, a meeting with the company’s technical team
resulted in the decision to use artificial intelligence, big data analysis, and cloud computing.
Artificial intelligence was employed to learn, through images, the different types of dents
the packages had. At the same time, cloud and big data analysis were used to store and
process Al data.
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Table 2. Industry 4.0 technologies used in the smart supply chain.
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(Wang et al. 2015) X X X X
(Tachizawa et al. 2015) X X
(Wang et al. 2015) X X X X X X X
(Tjahjono et al. 2017) X X X X
(Hackius and Petersen 2017) X X X X
(Shukla and Tiwari 2017) X X X
(Szozda 2017) X X X X X
(Treiblmaier 2018) X X
(Ding et al. 2018) X X X X X X
(Buiytikozkan and Goger 2018) X X X X X X X X
(Samir et al. 2019) X X
(Dalenogare et al. 2019) X X X
(Chiappetta Jabbour et al. 2020) X X X X X X
(Venkatesh et al. 2020) X X X X
(van Lopik et al. 2020) X X X X X
(Nara et al. 2021) X X X X X X X X X X
(Shao et al. 2021) X X X X X
(Nozari et al. 2022) X X X X X
(Enrique et al. 2022) X X X X X X X X
(Furstenau et al. 2022) X X X X X
(Zhang et al. 2021) X X X X X X X X
(Biswas et al. 2023) X X X X X
(Radmanesh et al. 2023) X X X X X X X
(Kunrath et al. 2023) X X X X X X X
(Ada et al. 2023) X X X X X X X
TOTAL CITATIONS 24 24 15 13 11 10 9 7 7 6 6

The other technologies are not yet fully consolidated; however, as (5zozda 2017) high-
lights, technologies can work separately but become more efficient when integrated. There-
fore, this article is important in promoting the potential integration of these technologies.
In this regard, (Kunrath et al. 2023) sought to study these correlations with the principle
of a future trend of intelligent distribution networks within the supply chain, describing
the frequency with which sets of technologies appeared together. Figure 4 presents the
correlation between Industry 4.0 technologies and the supply chain.
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Figure 4. Correlations between technologies and the smart supply chain.

Figure 4 shows two types of correlation: the primary correlation, which represents the
direct link between the technology and a process in the supply chain, and the secondary
correlation, which represents the link between two or more technologies improving a
process in the supply chain. Although most related articles do not present case studies
with direct applications of these technologies in the supply chain, they highlight the
possible improvements that can be achieved with their application. In addition, the articles
also address the possible benefits of their use and their difficulties, such as the cost of
implementation, the qualification of technical staff, and the time needed to implement them.

According to (Dalenogare et al. 2018), significant transformations began with integrating
information and communication technologies (ICT) with manufacturing systems and
Artificial intelligence (AI). Al plays a fundamental role in several critical areas of modern
technology. In the Internet of Things (IoT), Al can optimize the collection and analysis of
data generated by connected devices, enabling intelligent process automation and real-
time decision-making. In cloud computing, Al can improve operational efficiency by
optimizing resource allocation and improving data security. In extensive data analysis, Al
can identify complex patterns and valuable insights in large data sets, driving informed
decision-making. In the context of Blockchain, Al can improve the security and integrity of
the technology, detecting suspicious activity and identifying fraud. Robots benefit from
Al by learning and adapting to new tasks and environments, extending their capabilities
to perform and interact with humans. In additive manufacturing, Al can optimize the
design of parts and production processes, reducing costs and manufacturing time. Smart
sensors driven by Al can collect and interpret data more efficiently, enabling greater
measurement accuracy and reliability. Al can improve immersion and interactivity in
virtual reality, creating more personalized and immersive experiences. Finally, Al allows
closer integration between the physical and digital worlds in cyber—physical systems,
enabling more autonomous and adaptable systems in a wide range of industrial and

consumer applications.
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4.2. Roadmap for Connecting Industry 4.0 Technologies to the Basic Model of Collaborative
Planning, Forecasting, and Replenishment (CPFR)

Based on the content analysis of the articles selected in the systematic literature review,
seven technologies were identified that can facilitate the implementation of CPFR. These
are Blockchain, cloud computing, big data analysis, Internet of Things, artificial intelligence,
smart machines, and smart sensors. As a result, a roadmap was developed that was
responsible for connecting the stages of the CPFR with the digital technologies best suited
to each stage, as shown in Figure 5.

ROADMAP INDUSTRY 4.0 AND CPFR
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Figure 5. Roadmap for connecting Industry 4.0 technologies to the basic model of CPFR.

The following sections explain how each Industry 4.0 technology can contribute to
each stage and sub-stage of CPFR.

4.2.1. Planning

In the planning stage, there are two sub-stages: developing the initial agreement and
creating a joint business plan.

Develop Initial Agreement

In this sub-stage, negotiations begin among the involved parties. Rules and goals for
cooperation are established, resulting in a formal agreement. Important steps for the initial
agreement include

Definition of goals and objectives among participating companies;
Evaluation of resources and systems;

Definition of shared data;

Definition of resolution criteria;

Definition of the review cycle based on process evaluation;
Publication of the initial agreement.

Three technologies can be utilized: Blockchain, cloud computing, and big data analysis.
Blockchain can streamline contracts by creating digital twins that interact and can be auto-
matically modified, facilitating the definition of rules and goals without direct interaction
(Zhang et al. 2023; Radmanesh et al. 2023). Big data analysis can be used with the other two
technologies for resolution criteria and a definition of the review cycle based on process
evaluation. It provides the necessary analysis for resolution criteria definition through
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its processing capacity based on supplier data stored in the cloud, facilitating exception
triggers and their rules (Chiappetta Jabbour et al. 2020; Kunrath et al. 2023; Zhang et al.
2023).

Create a Joint Business Plan

In this sub-stage, partners work together to develop activities that define corporate
and business strategies, including setting joint goals related to sales, replenishment rates,
pricing decisions, inventory management, promotional plans, the number of involved
stores, technical requirements, service levels, product design initiatives, and policies for
safety stocks. Relevant factors like target products, brand quantity, item quantity, best and
worst-performing products, product target locations, replenishment times, and minimum
and maximum order rates are delineated. Technologies that can be used are Blockchain,
cloud computing, and big data analysis. Blockchain and cloud promote real-time interaction
with stakeholders (Treiblmaier 2018; Radmanesh et al. 2023), storing data, while big data
analysis can identify market trends and patterns (Shukla and Tiwari 2017; Chiappetta
Jabbour et al. 2020; Kunrath et al. 2023).

4.2.2. Forecasting

The forecasting stage can be divided into six sub-stages: create a sales forecast, identify
exceptions in sales forecasting, resolve exceptions in sales forecasting, create an order fore-
cast, identify exceptions in the order forecast, and resolve exceptions in the order forecast.

Create Sales Forecast

The main objective in this sub-stage is to feed the database with information for
creating forecasts. Considerations include sales points and promotion planning. Cloud
computing, big data analysis, and artificial intelligence can be employed for sales fore-
casting. Cloud computing is used to store found data, while artificial intelligence, in
conjunction with big data analysis, can capture and identify patterns to predict future
market demands through collected data, facilitating partners to develop production and
inventory strategies (Biiyiikozkan and Goger 2018; Frank et al. 2019).

Identify Exceptions in Sales Forecast

The main goal is to observe exception triggers defined in the initial stage. Identifying
stock percentage, forecast accuracy, and safety stock with replenishment times are crucial
for buyer-related triggers. For sellers, forecast accuracy and order fulfillment are important.
When an exception is identified, a review of the initial agreement may be necessary to adapt
to the new scenario. Considerations for this stage include data related to transportation
limitations, production capacity, and suppliers (Gomes 2022). Technologies that could
facilitate this stage are the Internet of Things, intelligent sensors, big data analysis, cloud
computing, artificial intelligence, intelligent machines, and Blockchain. Intelligent ma-
chines, through the Internet of Things, can provide real-time production information for
production capacity (Biiytikozkan and Goger 2018; Biswas et al. 2023). Intelligent sensors
can provide information on stock levels and order fulfillment for the stock percentage
(Ding et al. 2018). Artificial intelligence, big data analysis, and cloud computing can collect
historical data to adjust and scale a new safety stock with replenishment times (Kunrath
et al. 2023; Shao et al. 2021). Blockchain would facilitate the readjustment of the initial
agreement through smart contracts (Radmanesh et al. 2023).

Resolve Exceptions in Sales Forecast

This activity is based on resolving and clarifying exceptions, generating a new forecast
when issues are resolved, and accelerating the process. Blockchain, along with the Internet
of Things, can be extremely efficient in collecting the information described in the previ-
ous sub-stage and making necessary adjustments in this new forecast (Treiblmaier 2018;
Radmanesh et al. 2023).
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Create Order Forecast

In this sub-stage, data collected from sales points are interconnected with the indi-
vidual strategies of each partner. Data such as stock and replenishment time, specific to
each situation, are considered to generate an order forecast. Detailed information about
transportation times is necessary (Gomes 2022). Technologies that can be used include
the Internet of Things, along with intelligent sensors, to provide relevant data from each
sales point (Ding et al. 2018; Chiappetta Jabbour et al. 2020; Kunrath et al. 2023). Big data
analysis would facilitate the processing of this sales and stock data, allowing companies to
find trends and patterns that can be used for improvement and to make the entire supply
chain more efficient (Chiappetta Jabbour et al. 2020). Blockchain and intelligent sensors
can be used to track products throughout the supply chain, while artificial intelligence can
create demand and stock models (Radmanesh et al. 2023; Kunrath et al. 2023).

Identify Exceptions in Order Forecast

In this stage, all products representing exceptions are identified collaboratively and
corrected, and a new order forecast is created and approved. The result is a list of all the
items that meet the exception criteria defined in the initial agreement. Intelligent sensors
and the Internet of Things can be used to identify products that represent exceptions (Wu
et al. 2016; Ding et al. 2018).

Artificial intelligence, cloud, and big data analysis could be used to store, scale, and
predict possible exceptions, generating this new order forecast (Shao et al. 2021). Finally,
Blockchain could capture and update adjustments in the initial agreement in real-time
(Radmanesh et al. 2023; Venkatesh et al. 2020).

Resolve Exceptions in Sales Forecast

The actions developed in this sub-stage aim to solve the exceptions identified in the
previous stage. The final product is a corrected sales forecast that will be used for order
generation (Kilger and Reuter 2005). Technologies like the Internet of Things and Blockchain
can capture these data and transmit them in real time to the involved parties, enabling
real-time monitoring, predictive analyses, and supply chain optimization (Treiblmaier 2018;
Radmanesh et al. 2023).

4.2.3. Replenishment

Finally, after all previously executed stages and the strategic information of CPFR
partners are shared, replenishment orders are generated, which will be considered for
production and availability by CPFR partners. Technologies like cloud computing and
Blockchain can facilitate all stakeholders, as information can be provided in real-time,
allowing more efficient decision-making (Biiytiikozkan and Gocer 2018; Kunrath et al. 2023;
Radmanesh et al. 2023).

5. Conclusions

Through the systematic literature review, an unexplored gap was identified: the
use and contribution of Industry 4.0 digital technologies to the functioning of the CPFR.
The current literature provides essential research, but all in isolation, considering single
technologies or technologies applied to only one specific area of SCM. Therefore, this article
aimed to research the applicability and contribution of Industry 4.0 digital technologies to
the CPFR, considering all the stages of the CPFR. The CPFR is basically characterized by
a sequence of stages dependent on each other, i.e., it is impossible to skip stages. It was,
therefore, possible to develop a roadmap indicating, based on current literature, which
Industry 4.0 digital technologies can enhance SCM at each stage of the CPFR. This roadmap
has two significant contributions: (i) to guide companies in prioritizing the implementation
of these technologies in support of supply chain objectives and (ii) to serve as a basis
for further empirical studies, highlighting the development of this roadmap through its
application in real situations.
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The roadmap could clarify definitions for each CPFR sub-stage as it connects its stages
with technologies. Stakeholders can identify which technologies can be used to develop
this collaborative proposal. Blockchain stood out the most among the seven technologies,
although it was not the most mentioned technology in the articles. Its applicability has
great potential and can benefit implementing Collaborative Planning, Forecasting, and
Replenishment (CPFR). However, for the maximum use of this technology, it must be used
in conjunction with other technologies. The main benefits of this technology are smart
contracts and distributed decision-making processes, making the process more transparent
for the involved parties, as both the joint business plan and the definitions of goals and
strategies can be decided together. This technology, along with cloud computing and big
data analysis, will allow the involved parties to know about negotiations and historical
data from suppliers. These data will enable transparent and accessible decisions, rules,
and goals.

In the analysis of the forecast stage, the roadmap highlighted the technologies of
the Internet of Things, intelligent sensors, Blockchain, big data analysis, and artificial
intelligence. The integration of these technologies will facilitate interaction between the
demands of the involved parties, identification of stock percentage and forecast accuracy,
providing information, and defining safety stock with replenishment times. IoT and
intelligent sensors will provide real-time data on sales points, which will be processed by
big data analysis, seeking to identify patterns and generate an efficient forecast. Finally,
artificial intelligence can contribute to demand and stock models based on the collected data,
providing a clearer and more accurate view for companies. Blockchain and the Internet of
Things can facilitate product traceability along the supply chain, ensuring transparency
and reliability. For the treatment of exceptions, Blockchain and IoT stood out for making
adjustments in real time to initial agreements. In this case, the framework becomes efficient,
as it allows, through the proposed technologies, the clarity that agreements, exceptions,
and exception handling are transparent for all interested parties in the SCM.

The roadmap proposes using Blockchain and cloud computing technologies in the col-
laborative replenishment stage. These tools can provide, through appropriate synchroniza-
tion between production and availability of CPFR partners, support for decision-making in
a faster and more efficient way.

Finally, to make the implementation process clearer and more transparent for stake-
holders, the roadmap’s objectives have been achieved, as activities related to CPFR sub-
stages will be available to everyone in real time. This reduces the lack of trust in col-
laborative partners. Furthermore, the roadmap showed that the main obstacles to CPFR
implementation can be mitigated through a more transparent process.

6. Limitations, Challenges, and Future Directions

This research had its limitations. One limitation was that it did not address the issue
of sustainability in the supply chain. This topic was not discussed because the focus was
on understanding the digital technologies involved in the different stages of the CPFR.
However, we believe this limitation could indicate the way forward for future research,
with this article serving as a basis.

In the introduction, we mentioned that three fields would have to be studied together
over the next decade: autonomy, interoperability, and sustainability. In this research, we
highlight the fields of autonomy and interoperability through the roadmap, using the
digital technologies arising from the 14.0 concept as an aid. As an opportunity and direction
for future research, we highlight the further development of this roadmap through its
application in an actual situation. Through this application, the field of sustainability can
also be assessed, verifying the post-application impacts. In addition to the post-application
effects, there are also pre-application impacts to be analyzed, such as the increasing need to
use electricity, which highlights the importance that renewable energy generation can have,
as some studies have already shown. (Bildirici and Ersin 2023; Bildirici et al. 2023).
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Finally, future directions lead to the use of this roadmap as a guide for companies in
prioritizing the implementation of these technologies in support of supply chain objectives
and ii) to serve as a basis for further empirical studies, highlighting the development of
this roadmap through its application in real situations.
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