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Abstract. Events such as Covid-19 have revealed the vulnerabilities that compa-

nies face due to low visibility. Consequently, companies experience impact on 

their supply chains in terms of disruptions of material supply, deliveries, produc-

tivity and revenue. Thus, the importance of Supply Chain Visibility (SCV) in 

global and competitive markets with increasing sustainability demands has re-

ceived widespread recognition. Yet, the literature provides limited understanding 

of requirements to consider when developing a SCV system. Addressing the gap, 

this study presents the findings from a case study during the first months of 2021 

at a global manufacturing company developing a SCV system to improve their 

inbound flow. Using a system engineering perspective, this study presents re-

quirements highlighted during early stage for a SCV system. The results indicate 

the importance of ensuring SCV system requirements to enable data collection, 

handling and usage for decision making leading to both supply chain sustainabil-

ity and resilience. This study contributes to the understanding of SCV by present-

ing and categorizing requirements considered for real-time case at a manufactur-

ing company when developing a SCV system. 
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1 Introduction 

In recent years, the importance of Supply Chain Visibility (SCV) has received wide-

spread recognition. The literature provides numerous suggestions for defining SCV. 

Key characteristics of visibility is the accuracy, accessibility, availability, timeliness 

and usefulness of information [1], [2], [3],[4]. Visibility is also considered to play an 

important role in the transition towards industry 4.0 by enabling real-time data and sup-

port decision making[5]. Despite its relevance, the level of SCV perceived by supply 

chain practitioners within the manufacturing industry is rather low. The study con-

ducted by Srinivasan and Swink [6] revealed that industrial leaders conveyed the need 
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to increase SCV. Events such as Covid-19 pandemic have shown the vulnerabilities 

that companies face due to low SCV [7]. Companies experienced disruptions in their 

material supply affecting deliveries, productivity and revenue [8], [9], [10]. In addition 

to affecting business performances, low SCV is mentioned restrict the ability to achieve 

supply chain resilience [11]. Thus, handling supply chain disruptions, a global supply 

base, operations and markets, have increased the attention on SCV in order to attain 

sustainable and resilient supply chains [12], [13], [14]. Although previous research ac-
centuated the importance and expected benefits of SCV, the requirements to consider 

when developing and implementing a SCV system in practice are fuzzy [15] [16]. This 

is problematic since failing to develop understanding of requirements may result in in-

adequate implementation leading to financial and reputational loss [10]. Addressing the 

gap, the objective of this paper was formulated as investigating the following research 

question: how are requirements on SCV formulated within manufacturing industry? 

This study presents the findings from a case study at a manufacturing company devel-

oping a SCV system to improve their inbound flow. This study contributes to the un-

derstanding of SCV by analysing and categorizing requirements considered by a man-

ufacturing company when developing a SCV system. The requirements can be consid-

ered as a support for further research on how to plan, develop and implement SCV 

systems.  

2 Methodology 

In order to address the objective, this research is based on a single case study within the 

manufacturing industry. Given the complexity of supply chains, adopting a case study 

method can be beneficial in order to understand specific problems [17]. This can in turn 

contribute to development of more generic solutions.  In addition, case studies are stated 

to support in-depth understanding which in turn can contribute to development of the-

ory in exploratory research [18] [19]. 

    The selected case company is in the top-three in terms of revenue in its business, has 

a global manufacturing presence and is considered to be world-class in its industry. 

They have approximately 50 000 employees in 100 countries. In order to improve their 

supply chains in terms of performance and sustainability aspects, they have identified 

areas where they want to improve SCV. They also experienced SCV challenges in re-

cent covid-19 pandemic through supply chain disruptions of material supply and un-

certainties leading to production issues. Therefore, they can be considered as suitable 

representative of a manufacturing company on a digitalization journey, facing number 

of SCV challenges. 

 The study has followed a project, run from the company’s headquarter in Northern 

Europe, which started at the case company in January 2021. Data collection occurred 

between January and March 2021. It included participation in six project meetings, 

three semi-structured interviews and analysis of project documents. The project team 

was cross-functional and consisted of members with responsibilities for supply chain 

development and data & mobility services. In total, three semi-structured interviews 

and participation in seven project meetings took place. The collected data was discussed 
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and reviewed by the authors (consisting of three professors, one postdoc, and one PhD 

student) to establish a detailed picture. 

In order to categorize requirements from the collected data, a system engineering 

perspective was adopted. System engineering, well recognized to enable the engineer-

ing of complex system, support to understand requirements needed to successfully im-

plement a system [20], [21]. Here four categories of requirements were used. Business 

requirements can support to understand the general aim with the system describing 

what the system should do and desired features. Functional requirements describe what 

functions a system should deliver. Nonfunctional requirements refer to the behavior of 

and constraints placed upon the system. Stakeholder’s requirement support to under-

stand the expectations and needs from stakeholders. It also increases the possibility for 

project success and acceptance [22],[23]. It is important to ensure that the requirements 

are verifiable, realistic, consistent and understandable by stakeholders [22]. 

3 Results 

The results from the data gathering and analysis is presented according to Current state, 

(detailing the process steps, flow of goods, IT-system as well as pain points) and Ex-

pressed requirements on the SCV system (mapped to the four categories of Business, 

Functional, Non-functional and Stakeholder requirements).   

 

3.1 Current state 

Semi-structured interviews were conducted with the project member with experience 

in supply chain development. This helped in understanding and visualizing the current 

state and related pain points in the inbound flow.  

 

Inbound flow. A general representation of the inbound flow at the case company is 

presented in Fig. 1, which depicts the main process steps, flow of goods & packaging 

and overview of the IT-systems. Orders to suppliers are predominately sent by EDI 

(Electronic Data Interchange) using the ERP (Enterprise Resource Planning) system at 

the case company. This is followed by order confirmations sent by the suppliers. Con-

secutively, suppliers will send an order for packaging, as they are normally required to 

use the packaging material produced by the case company. Once the parts are packed 

and ready for delivery, the suppliers send delivery confirmations to the company. Cer-

tain percentage of deliveries from suppliers are sent to cross-docks, called x-dock at the 

case company. The parts from suppliers arrive in pallet or box level as indicated in Fig. 

1. Operations performed at the x-docs are mainly unloading, sorting and loading. No 

extensive verifications of parts delivered from suppliers are performed. The pallets are 

eventually loaded at the x-dock, picked-up and delivered to logistic centers. Once the 

deliveries to the logistic centers arrive, there is an arrival confirmation at gate unloading 

confirmation, storing confirmation, booking confirmation and stock status update in the 

WMS (Warehouse Management System). Eventually, the arrival confirmation can be 

seen by the production site in order to place an order to the logistic center. 
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Fig. 1. Current state of the inbound flow in terms of main processes, flow of goods & packaging 

and IT system used. 

 

Current pain points. Primarily the pain points (summarized in table 1) consist of fac-

tors affecting operations but are also related to restricted capabilities to control, plan 

and analyze the inbound flow. 90-95% current deliveries are one time, so one challenge 

with current approach is that there is no-real time information from the supplier at the 

point of loading (Truck 1 in Fig. 1). Despite the fact that information exchange occurs 

using IT systems, this approach is in essence trust based. Consequently, the deliveries 

cannot be checked and verified in real-time. This has in turn led to choosing speed 

transports to solve deviations leading to additional costs. Together with lack of ability 

to verify deliveries in real-time, the complexity of the supply base forces the company 

to keep additional stock to ensure material availability for production. The lack of vis-

ibility pointed out in Fig. 1 causes blind spots in the flow. Thefts have occurred in 

certain blind spots causing issues. As production rate is planned to increase, additional 

investments are required to increase the storage capacity if the current delivery situation 

remains. The study also revealed that there is no unified visualization of the connection 

between article number, pallet, truck and hub. This leads to reduced ability to monitor, 

plan and act proactively. The importance of these abilities for both current and future 

operations were further realized during the covid-19 pandemic when the company suf-

fered from lack of SCV resulting in restricted capabilities to plan and be proactive.    
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Table 1. Summary of expressed pain points. 

Pain point Description 

Speed transports No real-time information causes speed transports 

Additional inventory 

levels 

The complexity of the supply base forces the company to keep ad-

ditional stock to ensure material availability for production 

Blind-spots Lack of SCV causes difficulties to identify spots of deviations in 
the flow 

Additional investments Additional investments in storage capacity due to the lack of SCV 

Lack of unified view No unified visualization of article number, pallets, truck and hub 

Limited proactivity Difficulties to identify deviations in time and take appropriate ac-
tions  

 

3.2 Requirements on SCV system 

As explained in the previous chapter, the identified requirements were categorized into 

business, functional, non-functional and stakeholder requirements. 

 

Business requirement. Business requirement included both short term and mid-long-

term goals describing both desired states and effects of implementing SCV system. 

Summary of the business requirements are presented in table 2. 

 

Short term. Real-time monitoring was expected to result in improved resource utiliza-

tion by reducing manual work spent on deviation handling. Flow optimization reduced 

inventory levels and unnecessary investments in logistics centers were stated to be an-

ticipated effects. In addition, reducing the environmental impact by reducing speed 

transports and optimizing transports were other desired outcomes. 

 

Mid-long term. Improved forecast and planning abilities are expected to be the outcome 

of implementing a SCV system. This was in turn expected to enable virtual stock across 

the supply chain. It was also clear that going forward, a SCV system should support the 

case company to become more autonomous in the supply chain. Having a SCV system 

is considered to support automation of processes and flows. 
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Table 2. Business requirements 

 

Business requirement Description 

Real-time monitoring Enable real-time monitoring from point 
of loading at supplier till delivery re-

quired 

Improve forecast and planning accuracy Utilize real-time data to further improve-
ment of forecasts 

Virtual stock Implement virtual across the supply 

chain 

Autonomous flows  Attain more autonomous flow and pro-

cesses 

 

 

Functional requirement. The functional requirements identified describes the high 

level functions the SCV system is expected to perform. They were based on supporting 

operations and improve the ability to work proactively. The functional requirements are 

listed in table 3. 

 

Table 3. Functional requirements. 

Functional requirement Description 

Deliver digital view of article number, boxes 
and pallets 

The ability to have unified view of deliveries 
in real-time for the inbound flow 

Provide continuous updates regarding Esti-
mated Time of Arrival (ETA) upon for deliv-
eries 

This function was crucial for operations and 
for instance support the reduction of speed 
transports 

Deliver a track and trace function The function was needed to support devia-
tions 

Deliver measurement of fill rate This function will enable actual measurement 
of fill-rate in real-time 

Deliver measurement of CO2 consumption This function will enable higher accuracy of 
the measurement and the sharing of infor-
mation 

 

Non-functional requirements. The non-functional requirements indicated the ex-

pected characteristics of SCV system. They were based on the data collection, connec-

tivity, analysis, handling and security. In addition, the importance of integration and 
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interface with the current systems was identified. The non-functional requirements are 

listed in table 4. 

 

Table 4. Non-functional requirements 

Non – functional requirement Description 

Data collection and connectivity through reg-
istration of events in real-time 

Important to capture key steps such as depar-
ture, vehicle on road position, arrival cross-

docks and logistics centers. The data collec-
tion and connectivity should be used to visu-
alize order number, supplier shipping confir-
mation, pallet ID, Vehicle ID, Vehicle posi-
tion, Site information, Production unit need 
and stock status 

Data analytics for the measurement’s calcu-
lations 

Data analytics should be applied to utilize the 
components of digital thread in order to pro-

vide performance indicators and reports 

Set up data security to ensure data protection To ensure data protection 

Integration and interface with related systems Critical to make sure integration and inter-
faces with related system which includes 
ERP, WMS, and TMS (Transport Manage-
ment System) 

 

Stakeholder requirement. No explicit goals describing stakeholder requirements on 

the SCV system could be identified in the project during the time period for data col-

lection. One stakeholder requirement, which is related to business requirements, 

pointed out that the system should deliver alerts and notifications regarding deviations 

of deliveries in order to timely provide stakeholders with information to take appropri-

ate actions. 

4 Discussion and conclusion 

Supply Chain Visibility has received widespread attention from both researchers and 

practitioners. This paper strengthens the view that SCV is considered to be crucial for 

performance and decision making in both current and future operations in global man-

ufacturing [6],[7].  

This case study has identified and categorized the requirements expressed during 

early phases of a new SCV system for inbound logistics within a global manufacturing 

company, known to be a leader in their business. The current state of inbound flow 

confirms that the company suffers from lack of SCV [6] and the related pain points 

accentuates the consequences in terms of disruptions in material supplies [10]. Also, 

this study highlights that sustainability is a key driver for SCV [13]. 

From a systems engineering perspective, the requirements can be categorized into 

mainly business, functional and non-functional requirements. It can be noted that some 

of the requirements (both functional and non-functional) can be further detailed. For 

instance, the track and trace function might at this stage be insufficient, exposed for 
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multiple interpretations and lack stakeholder input [22]. Even though the project is still 

in its early phase, the study indicated that stakeholders’ requirements are not specified. 

Not including stakeholders’ requirements and inputs might limit the utilization of the 

SCV system for future large-scale implementation.  

Previous literature already highlighted the importance of gathering real-time data for 

SCV[5]. However, this study underlines additional points to consider. For manufactur-

ing companies on a digitalization journey with complex supply chains facing SCV chal-

lenges, this study indicates the importance of developing SCV systems requirements 

for collecting, connecting, analyzing, securing and applying real-time data for decision 

making, which incorporates both the goals for the company as well as external supply 

chain challenges. This can in turn enable both sustainable and resilient supply chains. 

The study contributed to the existing body of knowledge on SCV by presenting and 

analyzing early-stage requirements set within a large global manufacturing company, 

in the midst of external supply chain challenges and digitalization journey. Future stud-

ies will include analyzing further realization steps for the case, in relation to this initial 

requirement data. It can also include incorporating various stakeholders’ requirements 

for specifying and testing a SCV system. Such a study will support to identify additional 

requirements to consider for a large-scale implementation of SCV systems. 

 

Acknowledgement 

We gratefully acknowledge the funding from Produktion2030 and Vinnova for this 

research, as part of the research project Production Logistic Visibility (LOVIS). 

References 

1. Barratt, M., Oke, A.: Antecedents of supply chain visibility in retail supply chains: A resource-

based theory perspective. J. Oper. Manag. 25, 1217–1233 (2007).  

2. Williams, B.D., Roh, J., Tokar, T., Swink, M.: Leveraging supply chain visibility for respon-

siveness: The moderating role of internal integration. J. Oper. Manag. 31, 543–554 (2013).  

3. Francis Vernon: Supply chain visibility: lost in translation? Supply Chain Manag. Int. J. 13, 

180–184 (2008).  

4. Kalaiarasan, R., Olhager, J., Wiktorsson, M., Jeong, Y.: Production Logistics Visibility – Per-

spectives, Principles and Prospects. In: Säfsten, K. and Elgh, F. (eds.) Advances in Transdisci-

plinary Engineering. IOS Press (2020).  

5. Zeller, V., Hocken, C., Stich, V.: acatech Industrie 4.0 Maturity Index – A Multidimensional 

Maturity Model: IFIP WG 5.7 International Conference, APMS 2018, Seoul, Korea, August 26-

30, 2018, Proceedings, Part II. Presented at the August 25 (2018).  

6. Srinivasan, R., Swink, M.: An Investigation of Visibility and Flexibility as Complements to 

Supply Chain Analytics: An Organizational Information Processing Theory Perspective. Prod. 

Oper. Manag. 27, 1849–1867 (2018).  

7.Sharma, A., Adhikary, A., Borah, A.B.: Covid-19′s impact on supply chain decisions: Strategic 

insights from NASDAQ 100 firms using Twitter data. J.of Business Research. 117, 443-449 

(2020). 



9 

8. Caridi, M., Moretto, A., Perego, A., Tumino, A.: The benefits of supply chain visibility: A 

value assessment model. Int. J. Prod. Econ. 151, 1–19 (2014).  

9. Yu, M.-C., Goh, M.: A multi-objective approach to supply chain visibility and risk. Eur. J. 

Oper. Res. 233, 125–130 (2014).  

10.Swift, C., Guide, V.D.R., Muthulingam, S.: Does supply chain visibility affect operating per-

formance? Evidence from conflict minerals disclosures. J. Oper. Manag. 65, 406–429 (2019).  

11.Bregman, R., Peng, D.X., Chin, W.: The effect of controversial global sourcing practices on 

the ethical judgments and intentions of U.S. consumers. J. Oper. Manag. 36, 229–243 (2015).  

12.Chang Suh, In Lee: An Empirical Study on the Manufacturing Firm’s Strategic Choice for 

Sustainability in SMEs. Sustainability. 10, 572 (2018). 

13.Kittipanya-ngam, P., Tan, K.H.: A framework for food supply chain digitalization: lessons 

from Thailand. Prod. Plan. Control. 31, 158–172 (2020).  

14.Bai, C., Sarkis, J.: A supply chain transparency and sustainability technology appraisal model 

for blockchain technology. Int. J. Prod. Res. 58, 2142–2162 (2020).  

15.Somapa, S., Cools, M., Dullaert, W.: Characterizing supply chain visibility – a literature re-

view. Int. J. Logist. Manag. 29, 308–339 (2018).  

16.Lee, Y., Rim, S.-C.: Quantitative Model for Supply Chain Visibility: Process Capability Per-

spective. Math. Probl. Eng. 2016, 1–11 (2016).  

17.Yin, R.K.: Case study research and applications: design and methods. SAGE, Los Angeles 

(2018). 

18.Eisenhardt, K.M.: Building Theories from Case Study Research. 20 (2020). 

19.Gehman, J., Glaser, V.L., Eisenhardt, K.M., Gioia, D., Langley, A., Corley, K.G.: Finding 

Theory–Method Fit: A Comparison of Three Qualitative Approaches to Theory Building. J. 

Manag. Inq. 27, 284–300 (2018). 

20.Kossiakoff, A.: Systems Engineering: Principles and Practices. 2nd edn. Wiley, New Jersey 

(2011). 

21.Defense Systems Management College.: Systems Engineering Fundamentals: Supplementary 

Text. Fort Belvoir, Va: The Press (2001). 

22.Koelsch, G.: Requirements Writing for System Engineering. Apress, Berkeley, CA (2016).  

23.Hull, E., Jackson, K., Dick, J.: Requirements engineering. 2nd edn. Springer, London (2005). 

 

 
 


