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Digitalization of Procurement Processes: Application of Lean Methods to Improve Efficiency
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Abstract This study investigates the application of lean methodologies in optimizing the internal material requisition process within a company, with a focus on waste reduction and operational efficiency. The subject of the study is a small to medium-sized enterprise (SME) based in Greater Lisbon, specializing in industrial machinery maintenance and repair, equipment rental, and accessory manufacturing. Several inefficiencies were identified, including redundancies in the current requisition process, resulting in excessive rework, resource consumption, and operational delays. These inefficiencies disrupt workflows, affect material requisition timelines, and create operational bottlenecks, ultimately hindering business opportunities and service delivery. To address these challenges, the following tasks were undertaken: (1) a detailed analysis of the existing procurement process was conducted, followed by the development of a simulation model to evaluate various improvement scenarios; (2) idle periods were identified and analyzed using Value Stream Mapping (VSM) to highlight areas with potential for efficiency gains; (3) a digitalized process simulation was created to compare against the existing process; (4) a feasibility study for implementing the digitalized process was performed. The results indicate that the proposed improvements will significantly enhance process efficiency, leading to positive impacts on the company's overall operations.
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1 Introduction
In today’s highly competitive and globalized business environment, organizations increasingly focus on strategic areas such as sustainability, digitalization, and Industry 4.0. The implementation of lean methodologies has become widely recognized as a vital strategy for reducing waste and optimizing production processes, aligning with the evolving industrial landscape. First introduced by John Krafcik in 1988 [1], lean production aims to create a streamlined system — defined as "a set of interconnected elements organized coherently to achieve a specific goal" [2]. By applying lean methodologies, organizations can enhance the efficiency of production systems while minimizing waste, ultimately gaining a competitive advantage through higher productivity [3].
The lean philosophy emphasizes a systemic approach, where all production elements are interconnected and harmonized to achieve common objectives. This holistic perspective is essential for understanding and optimizing the overall performance of production systems [4]. Lean tools such as Value Stream Mapping (VSM) are particularly effective for visualizing and analyzing value streams within organizations, helping to identify inefficiencies and eliminate waste [5]. Additionally, scenario-based simulations play a crucial role in process optimization, allowing companies to model virtual environments, identify bottlenecks, and test improvements without disrupting actual production or making premature investments. Software like Arena facilitates these simulations, driving better process efficiency and decision-making [6].
...
2 Background
2.1 Lean methodologies in material requisition 
Lean methodologies, particularly techniques such as Value Stream Mapping (VSM) and Kanban, have been widely adopted to streamline processes like material requisition. According to Womack and Jones [10], the primary objective of lean is the continuous identification and elimination of waste across all stages of production. These methodologies help identify inefficiencies in material flow, communication, and procurement processes. Recent studies have indicated that integrating lean techniques such as VSM can significantly optimize material requisition processes by reducing lead times, minimizing inventory levels, and improving overall operational flow [11, 12].
...
4 Improvement Hypotheses
Upon analyzing the company’s current purchasing procedure and simulating it using Arena software (Fig. 1), three improvement hypotheses were proposed.

[image: ]
Fig. 1. Current internal requisition process flow simulated in Arena.
...
5.2 Performance evaluation metrics
The results obtained for all the models are presented in Table 1.

Table 1. Comparison of results.
	Models / Indicators (average values from replications)
	Current Model
	Hypothesis 1
	Hypothesis 2
	Hypothesis 3

	Request arrivals
	400
	454
	438
	441

	Total requests leaving the process
	329
	341
	409
	426

	Orders generated
	272
	45
	48
	48

	Time spent by the Purchasing Department (%)
	55
	9
	10
	10

	Number of requests authorized by the requestor's supervisor
	396
	385
	374
	384

	Time spent by the requestor's supervisor (%)
	41
	40
	39
	40

	Number of requests arriving at the warehouse
	387
	363
	-
	-

	Time spent by the warehouse stock checker (%)
	78
	73
	-
	-

	Number of requests arriving to the purchasing responsible for authorization
	286
	259
	82
	83

	Time spent by the purchasing responsible in authorizations (%)
	99
	90
	19
	20

	Total Time in System (in hours)
	4,08
	9,94
	4,98
	3,78

	Process Efficiency (%) [Total requests leaving the process / Request arrivals × 100]
	82,25
	75,11
	93,38
	96,60



...
Considering Tables 3 and 5, and using Formula 1, the Payback Period (PP) was determined for each scenario of both proposals, yielding the following results:


		

where, PP is the Payback Period; n is the year immediately before the investment amortization shifts from negative to positive, which, for this analysis, is 0 for all scenarios; CFn is the initial investment (a negative amount, i.e., - €3,000); CFn+a is the amortized value for year n+1 (in this case, year 1), which, for each scenario, is: €9,558 for the pessimistic, €12,472 for the probable, and €15,385 for the optimistic scenarios. Substituting values into the formula for each scenario, we get:
...
6 Conclusion
This study explored three different ways to improve the internal requisition process of an industrial SME, focusing on digitalization, the implementation of a Production Planning and Control (PPC) system, and the integration of lean methodologies with Industry 4.0 technologies. The results clearly showed that all three approaches helped reduce overall processing time, with the third hypothesis proving to be the most efficient. From a financial perspective, while the second hypothesis had the highest Internal Rate of Return (IRR), the third one offered the best long-term financial stability, as indicated by its superior Net Present Value (NPV) across all scenarios. Although it requires a longer payback period, its long-term benefits outweigh the wait. Given this balance between operational improvements and financial strength, the third hypothesis stands out as the best approach for ensuring sustainable growth and continuous innovation, aligning with both lean principles and Industry 4.0 advancements. Beyond this specific case, the findings of this study can be adapted and applied to other industrial SMEs facing similar challenges in their requisition and procurement processes. Many businesses, regardless of their sector or location, struggle with inefficiencies caused by outdated systems, lack of digital integration, and process variability. By embracing digital tools, automation, and structured methodologies like lean and Industry 4.0, companies can significantly improve efficiency, reduce waste, and enhance decision-making. These improvements are particularly relevant for businesses that rely on well-coordinated procurement and resource management. 
...
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