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Abstract. Industrie 4.0 and the consequent necessity of digitalization has also
implications to the field of procurement, resulting in the so-called term of
Procurement 4.0. Digitalization can be a valuable tool to increase the efficiency
of the procurement organization and to exploit new opportunities of growth.
A mandatory requirement to perform the digital transformation is an increased
transparency along the procurement process chain. This paper aims to concep-
tualize a digital shadow for the procurement process in manufacturing industry
as a basis for advanced data analytics procedures. The term digital shadow
stands for a sufficiently accurate, digital image of a company’s processes,
information and data. This image is needed to create a real-time evaluable basis
of all relevant data in order to finally derive recommendations for action. The
formation of the Digital Shadow is thus a central field of action for Industrie 4.0
and forms the basis for all further activities.
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1 Introduction

The rigid value chains are being transformed into highly flexible value networks. This
lays out the platform for the end-to-end digitalization of the entire value chain [1].
Being a part of the value chain, procurement also has to adapt itself to the transfor-
mation of Industrie 4.0. As procurement acts as a direct interface between the company
and suppliers, it holds the advantage of bringing the innovations into the company.
This creates the opportunity for procurement to establish a better position within the
entire network, both inside and outside of the company. This will result in the increase
of the strategic importance of procurement. The digital transformation and the real-time
availability will henceforth lead to the introduction of Procurement 4.0 [2].

“Procurement 4.0” or a “Supply Management 4.0” is a fundamental conceptual
element of Industrie 4.0 as it connects the different supply chain partners and enables a
dynamic and rapid cooperation and coordination beyond organizational boundaries [3].
To achieve this cooperation and coordination and to also improve the corporate pro-
cesses, the company’s data und their transparency is very essential. Therefore real-time
as well as historical data must be evaluated. An exact digital mapping of all processes,
information and data of a company is necessary. This digital mapping is called Digital
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Shadow [4]. In this paper we focus on the digital shadow for the procurement process
in manufacturing industry.

The field of observation in this paper is the procurement of stocked products, for
example C-parts. The ABC analysis is based on the finding that typically a relatively
small percentage of goods in the warehouse make up a high proportion of the total
inventory value. Typically, about 20% of the stock accounts for 70–80% of the total
inventory value (A-parts). Another 10–15% of the stock value is tied by another 30%
of the stock quantity (B-parts). The remaining 10–15% are represented by the C-parts,
which usually account for about 50% of the amount [5]. The cost of procuring C-parts
in comparison to the value of goods is usually disproportionately high. Ordering,
warehousing, administration and internal goods movement often generate 80% of the
costs, only 20% correspond to the material value [6]. Increased transparency in the
procurement process by means of a digital shadow may be helpful to reduce pro-
curement and storage costs of C-parts.

The remainder of this paper is organized as follows: First, a brief description about
the impact of Industrie 4.0 on the procurement organization is given. The second
chapter deals with the motivation for deriving a digital shadow for the Procurement of
Stocked Products. In Sect. 3, the state of the art of a digital shadow as a basis for data
analytics in the context of business intelligence is described and Sect. 4 derives a
digital shadow based on corporate reference processes. Finally, we conclude in Sect. 5
and highlight future work.

2 Motivation

In this paper, the term analytics in association with business intelligence is defined as
follows: It is understood as a scientific process of mathematical-logical transformation
of data to improve decision making [7]. Depending on the maturity level of analytical
skills, four stages of data analytics can be defined: descriptive, diagnostic, predictive
and prescriptive analytics (see Fig. 1) [8, 9].

The first stage, called descriptive analytics, answers the question “What hap-
pened?”. Descriptive analytics aim at analyzing large amounts of data with the purpose
of getting an insight and conclusion of what happened in the past. By analyzing

Fig. 1. Four stage model of the decision making assisted by data analytics [8]
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interactions within the data diagnostic analytics pursue the question “Why did it
happen?”. Predictive and prescriptive analytics support proactive optimization. The
question “What will happen?” is covered by predictive analytics. Future behavior is
predicted by methods of pattern recognition and the use of statistics. Prescriptive
analytics form the last stage and answer the question “What should be done?”. Using
optimization algorithms and simulation approaches concrete measures are suggested or
even directly implemented without any human interaction [8].

In this paper the following research question will be answered: How can we
increase transparency in cross-company procurement networks using the concept of the
digital twin?

3 State of the Art

Although, several publications focus on approaches regarding data models which assist
in planning and controlling the manufacturing process, a scientific investigation of a
real-time representation of a product component in a procurement stage is only per-
formed in very few research activities and not dealt with in detail. In the following
section these approaches will be outlined.

The paper by the research corporation for production technology defines the Digital
Shadow as a sufficiently exact mapping of processes in the production and develop-
ment with the objective to create a basis that evaluates in real-time all relevant data. As
a main challenge the paper points out the determination of the relevant data. It espe-
cially focusses on the state of technology and the corresponding challenges. In that
sense the research corporation refers to multimodal data acquisition and data fusion as a
means to achieve data faster and in a more reliable way. In contrast to our research, this
research does no create a model to illustrate the minimum level of transparency which
is required to put Procurement 4.0 into practice [10].

Schuh et al. emphasize in their paper the huge relevance that the Digital Shadow
currently has in the production processes. Relating it to Industry 4.0 the paper points
out that the Digital Shadow gained more importance following the development of
Industry 4.0 as better possibilities to link and process data. Within the framework of
digitalization not only the generation of data but especially its efficient use gains more
importance. For the production process the relevant data can help to measure efficiency
and progress and initiate changes. In the following the paper focusses on explaining
how companies can create a Digital Shadow using the method of a migration path. This
concept analyses the available and needed data and decides on the corresponding
technology. In contrast to our paper, it consequently describes an approach to imple-
ment to corresponding technology while we focus on a conceptual data model [4].

Blum and Schuh define the Digital Shadow as a virtual representation of a product
on the shop-floor that represents the relevant data in real-time. They focus on using
real-time data as in other relevant papers concerning data models real-time data is
neglected. As in our research, the paper also develops a data structure but they do not
use the conceptual data model and they focus on order processing and do not consider
procurement [11].
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4 Deriving a Digital Shadow for Procurement Process

The methodology for deriving a digital shadow for the procurement of stocked prod-
ucts, as a first step, central business processes have to be defined. The SCOR model
will be used as a regulation framework to derive basic business processes, related to
stocked products. The second step comprises the derivation of a data structure as a
basis for data analytics. To visualize the datastructure a conceptual data model will be
used. This data model is a conceptual representation of data structures required to
construct a database and a crucial tool to illustrate business requirements. However,
hardware and software requirements are not considered.

4.1 Defining Processes in Procurement

As pointed out before, the first step before creating a data structure as a basis for data
analytics procedures is defining the corporate processes in the field of procurement.
The Supply Chain Operations Reference (SCOR) model by APICS SCC1 is used as a
reference model to define the basic procurement processes (see Fig. 2).

The SCOR model comprises different schematic process levels. The first level gives
a definition of the scope and content of the SCOR model and the second level

Fig. 2. “Source” and “Deliver” Processes of the Supply Chain Operations Reference (SCOR)
model [12]

1 “APICS Supply Chain Council (APICS SCC) is a nonprofit organization […] that maintains the
Supply Chain Reference model (SCOR), the supply chain management community’s most widely
accepted framework for evaluating and comparing supply chain activities and performance” [12].
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differentiates different configuration types. The third level finally describes operational
processes. In Fig. 2, only the “source” and “deliver” processes relevant to the context
of the work are presented in greater detail.

The field of “Source” is differentiated in different configuration types such as
“Source Stocked Product” (sS1), “Source Make-to-Order Product” (sS2) and “Source
Engineer-to-Order Product” (sS3). In the following, the configuration type of stocked
products (sS1) will be considered. It is described as a “process of ordering, receiving
and transferring raw material items, sub-assemblies, product and or services based on
aggregated demand requirements. The intention of Source-to Stock is to maintain a pre-
determined level of inventory for these materials, sub-assemblies or products. No
customer reference or customer order detail is exchanged with the supplier, attached to
or marked on the product, or recorded in the warehousing or ERP system for Source-to-
Stock products” [12].

Since the procurement process represents the external boundary of the enterprise
and communicates with external actors in the supply chain, the distribution process of
the supplier or logistics service provider should also be considered. For this reason, the
important processes regarding product shipping are listed. The configuration types
within the field of “Deliver” are similar to “Source”, however, there is an additional
configuration type “Deliver Retail Product” (sD4). In the following, the configuration
type of stocked products (sD1) will be considered. It is described as a “process of
delivering a product that is sourced or made based on aggregated customer orders and
inventory re-ordering parameters” [12].

4.2 Data Structure as a Basis for Data Analytics

Physical Level
According to the understanding of a production process, the process consists of dif-
ferent process steps which are needed to procure a product. Items are tracked in relation
to the procurement plan, e.g., the transport vehicle. This enables the user to determine
on which transport operations have been performed to complete the order. Based on the
current operation the status of the order is logged. To calculate time related data (e.g.
absolute procurement time, transition time) the status is needed. With this information
conclusions about the current state of an order as well as ex post analysis are con-
ducted. Based on the data record orders with the same production processes can be
compared and reasons for deviations can be revealed.

Virtual Level
This section presents the derived data structure for the virtual representation of the
transported goods during the procurement process as a basis for data analytics. For a
comprehensive representation of an order in the purchasing department different
aspects have to be considered. Besides tangible aspects (e.g. the good, transport
vehicles, etc.) intangible aspects (e.g. purchasing plans, the geolocation, the status, etc.)
are needed. The data structure is primarily developed for procuring stocked products.
The derived data structure is presented in Fig. 3 and is described hereafter.
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Time data specifies when the data was recorded and enables an entire data record
from the start of monitoring until all processes are executed. Similar to an airplane’s
flight data recorder collected data is written inside a database in a specific time interval.
As time data constitutes the leading characteristic among the collected data, corre-
sponding data must refer to it. During the procurement process deviations from the
schedule (e.g. geolocation and transport vehicle) may occur and can be detected in real-
time. Order data includes the attributes order and product. The item order assigns a
unique ID to each order and enables the traceability of an order during the procurement
and delivery process. Furthermore, product ID is recorded to determine between dif-
ferent products of an order. Based on the integration of tracking technologies (e.g.
GPS) a live tracking of an order is possible. Tracking the geolocation is necessary in
order to ensure the routing of the order between two points. This enables to determine
the current location of the order. Featured by the use of sensor technologies and a real-
time routing, the status of an order between different steps in the procurement plan can
be obtained.

5 Conclusion and Further Research

In this research paper a data structure for the procurement of stocked products is
developed, which aims at providing a virtual representation of the transported goods
during the procurement process. The digital shadow represents the relevant data (e.g.,
order, geolocation and status) in a time series format. After introducing the relevant
processes for the procurement the structural framework of a data structure was derived.

Fig. 3. Data structure for the purchasing of stocked products including example data sets
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For enabling the implementation of the model, practical implications have been carried
out. This data structure is the foundation for the use of data analytics methods in the
procurement environment. Therewith, conclusions about past incidents and a real-time
status of an order contribute to improve procurement processes. Further research is
needed to substantiate the presented solution principles. Directions of further work
include the development of measures to improve the data quality (i.e., plausibility and
consistency checks and the use of information provided by sensors), the handling of the
geolocation and the development of a reference architecture.
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