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Abstract:

Purpose: The purpose of this study is to identify the main causes of stock shortages and
supply disruptions in a distribution company operating in the electronic cigarette market in
Poland and to assess the effectiveness of proposed improvements in inventory and warehouse
management. The study also aims to determine whether the implementation of safety stock
and a Warehouse Management System (WMS) can improve product availability, delivery
performance, and customer service levels.

Design/Methodology/Approach: The study adopts a case study approach based on data
collected from Evapify Poland Sp. z o.o. for the period 2024-2025. Both qualitative and
quantitative methods were applied, including a literature review, employee interviews and
surveys, an Ishikawa cause-and-effect analysis, Failure Mode and Effects Analysis (FMEA),
and logistics indicator analysis. FMEA was used to assess the occurrence, severity, and
detectability — of identified failures and to  prioritize  corrective  actions.
A comparative analysis of selected logistics indicators was conducted to assess the expected
effects of implementing safety stock and a WMS.

Findings: The results indicate that stock shortages are primarily caused by the lack of
automated minimum stock monitoring, inadequate inventory levels, the absence of
emergency procedures, irregular supplier delivery schedules, and insufficient control of
warehouse processes. The highest FMEA risk priority number was identified for the lack of a
minimum stock monitoring system (RPN = 576). The proposed improvements include
introducing safety stock for high-turnover products and implementing a WMS. The analysis
indicates that these measures could increase the customer service level from 88% to 95%,
reduce the stock-out rate from 12% to 5%, and decrease average order fulfillment time from
2.6 to 2.25 days.

Practical Implications: The findings provide practical guidance for distributors operating in
dynamically changing markets with high product turnover and demand variability. The
implementation of safety stock and automated inventory monitoring can reduce the risk of
stockouts, improve delivery reliability, and increase customer satisfaction. The study
recommends introducing safety stock for key products, implementing a WMS with minimum
stock alerts, establishing supplier delivery schedules, and developing standardized
emergency and order-picking procedures.
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Originality/Value: The originality of the study lies in combining an analysis of the rapidly
developing electronic cigarette distribution market in Poland with classical quality and
logistics management tools, particularly the Ishikawa diagram and FMEA. The study
provides empirical evidence on the applicability of these methods to inventory management
in a dynamically changing and relatively under-researched market. It also demonstrates how
safety stock and warehouse digitalization can complement demand forecasting in managing
supply uncertainty.

Keywords: Supply logistics, inventory management, stockouts, safety stock, Warehouse
Management System, WMS, FMEA, Ishikawa diagram, electronic cigarette market, customer
service.
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Paper type: Research paper.

1. Introduction

Modern businesses operate in a dynamically changing market environment, where
effective logistics management is becoming a key factor in their competitiveness.
Proper organization of supply and warehouse management processes directly
impacts customer service levels and operational efficiency, which is essential to
meeting growing demands for product availability and on-time delivery.

This issue is particularly significant in industries characterized by high demand
dynamics and a large number of product indices, such as the e-cigarette market — one
of the fastest-growing market segments in Poland in recent years.

Growing competition, changing consumer preferences, and a changing regulatory
environment make efficient supply processes essential for maintaining sales
continuity and building a sustainable market position for distributors. The primary
research problem of this study is to identify the causes of stock shortages and supply
disruptions in the supply chain of a distribution company operating in the electronic
cigarette market. The research sought answers to the following research questions,
among others:

» What factors most significantly contribute to stock shortages and delivery
delays at the studied company?

» To what extent are the currently used inventory management methods
adequate to the specific nature of the electronic cigarette market,
characterized by highly volatile demand and a wide range of flavors?

» What organizational and IT solutions (e.g., buffer stocks and a Warehouse
Management System) can realistically reduce the scale of stock shortages
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and improve customer service?
» What logistics indicators can be used to reliably assess the effectiveness of
implemented improvements?

The time scope of our research covers the years 2024-2025, while the literature
analysis is based on items from the years 2003-2026. The study employed both
qualitative and quantitative methods, allowing for a comprehensive approach to the
problem under investigation. The following were used: an analysis of the literature
on supply logistics, inventory management, and WMS-class IT systems; a survey
conducted among company employees; a cause-and-effect analysis using the
Ishikawa diagram, which allowed for the identification of sources of inventory
shortages; the FMEA (Failure Mode and Effects Analysis) method, which allowed
for a quantitative risk assessment and prioritization of improvement actions; and a
ratio analysis.

The innovative nature of this work stems from combining the analysis of the
electronic cigarette market, which has been poorly described in the domestic
literature, with classic quality engineering tools—the Ishikawa diagram and
FMEA—used to diagnose and design improvements in the supply process. The
relevance of this topic is confirmed by the dynamic development of the e-cigarette
industry in Poland and the changing regulatory environment, which pose new
logistical challenges for distributors, previously poorly understood in scientific
studies.

The research conducted is a case study, limited to a single company and a specific
time period (2024-2025), which limits the ability to generalize conclusions to the
entire electronic cigarette distribution industry. Additional limitations include basing
part of the analysis on a subjective survey conducted among a limited group of
employees, as well as the availability of operational data resulting from the internal
information policy of the studied company.

The relatively new and constantly changing legal environment governing the trade
and storage of electronic cigarettes also posed a significant challenge, making it
difficult to clearly assess the long-term sustainability of the proposed solutions. The
theoretical basis for this work is the literature on supply logistics, inventory
management, and IT systems supporting logistics processes (EDI, ERP, WMS),
covering the years 2003—2026. The empirical material consists of internal data from
Evapify Poland Sp. z o.0., the results of a survey conducted among company
employees, and documentation of supply, storage, and distribution processes
provided by the studied entity.

This work contributes to the research on inventory management and supply logistics,
providing an empirical validation of the usefulness of cause-and-effect analysis
(Ishikawa diagram) and risk assessment (FMEA) tools in the practical context of
inventory management in a distribution company with high product turnover. The
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results of the analysis provide a starting point for a discussion on adapting classic
supply logistics concepts—such as ABC/XYZ analysis, MRP systems, and JIT
methods—to the specifics of young, dynamically developing markets, which have so
far been poorly described in the scientific literature. The findings can provide a basis
for further research on the design of inventory management systems in companies
with similar business profiles.

2. Literature Review

Supply logistics is a key element of a company's logistics, directly impacting its
competitive advantage and operational efficiency. Its primary task is to ensure
production continuity by delivering materials, raw materials, and semi-finished
products to the right location, in the right quantity, quality, time, and price (Bizon-
Gorecka, 2015).

Supply logistics serves as a link between the supplier's distribution logistics
processes and the company's production logistics processes, encompassing not only
warehousing tasks but also, and above all, activities related to order acquisition,
order processing, and purchase fulfillment (Odlanicka-Poczobutt, 2014).

Therefore, it is justified to consider supply from a functional perspective, within
which elements of procurement marketing also play a significant role in the raw
materials and materials market — analogous to the role marketing plays in
distribution logistics. Proper organization of the purchasing process, the selection of
appropriate forms of cooperation with suppliers, and the ability to negotiate delivery
and payment terms are crucial for the effectiveness of the procurement process
(Monczka, 2021).

Customer service is also crucial; although typically associated with distribution, it
occupies a central place in procurement logistics. It encompasses not only delivery
time but also the quality of relationships with internal customers, the availability of
information, and the added value resulting from the exchange of goods. Effective
customer service directly translates into customer satisfaction and the efficiency of
the entire supply chain, constituting one of the priority goals of procurement
logistics in an enterprise (Grabowska, 2013).

The ambiguity of the concept of procurement means that it can be analyzed at
several levels of interpretation — structural, systemic, and process. Its scope extends
beyond the execution of purchasing transactions to also encompass material
requirements planning, supplier relationship management, and ensuring
uninterrupted supply continuity. From a systemic perspective, supply functions as a
specialized logistics subsystem whose task is to ensure the efficient and effective
flow of goods from suppliers to internal collection points in the organization
(Matusek, 2012).
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The procurement process encompasses a series of interrelated, sequential activities.
The starting point is the definition or reassessment of needs, which involves
identifying a new need (if the product has not been procured before) or an existing
need (if the product has been previously purchased). The next step is defining and
assessing user needs, which involves establishing simple or complex criteria that the
ordered goods should meet.

A crucial decision-making step in the procurement process is making a strategic
"make or buy" decision, choosing between manufacturing a given product in-house
or purchasing it from an external supplier. This process also involves identifying the
type of order (routine, modified, or new) and conducting a supplier market analysis
to assess the availability of the required materials, the number of potential suppliers,
and the nature of the offers submitted.

The next steps involve analyzing all possible suppliers, both those with whom the
company has already collaborated and new entrants, pre-selecting suppliers capable
of meeting the company's needs, and then formally evaluating them according to the
adopted criteria. This step results in the selection of a specific supplier with the
highest rating. The process concludes with the acceptance of the ordered goods or
services, along with verification of their quality and an assessment of delivery by
analyzing the degree to which the reported need has been met (Matusiak, 2022).

The concept of supply can be interpreted in many ways — as an internal service of an
enterprise (a specific organizational unit or cell responsible for supply), as an entire
system encompassing both internal supply and collaboration with suppliers, along
with the interconnections between them, and as the supply process itself, understood
as a set of activities aimed at delivering goods to the right place, time, quantity, and
condition (Matusiak, 2022).

The contemporary understanding of supply goes far beyond simply maintaining
production continuity, encompassing a range of additional activities aimed at
optimizing the entire process.

In supply logistics, three fundamental stages of material flow are distinguished. The
first is inflow, encompassing the transport and delivery of raw materials and other
goods necessary to maintain production continuity and the smooth operation of the
enterprise. The next stage is receiving and storage, which involves the receipt of
goods delivered by the supplier into the warehouse and all related handling activities
— unloading, inspection, and storage in the supply warehouse. The third stage is the
organization of material flow, which refers to the movement of goods from storage
to production stations, all the way to the first station where the material is processed
(Piocha, 2012).

The choice of organizational form for the supply process depends on the specific
nature of the company's operations, its organizational structure, and the adopted
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logistics strategy. In business practice, three basic models are most common. The
decentralized form assumes that each organizational unit independently manages the
supply process for its own needs, without the need to forward requests to a central
unit. The centralized form, on the other hand, involves concentrating responsibility
for the supply process in a single specialized unit, which receives orders from all
units within the company.

The mixed form combines features of both solutions — standard materials are
purchased centrally, while specialized goods are ordered individually by interested
units (Biniasz, 2015). Efficient procurement requires meeting specific conditions:
deliveries must be complete and consistent with established quality standards,
regular and timely deliveries must be maintained, and the entire supply chain must
remain efficient and reliable (Piocha, 2012).

The procurement process is divided into two basic phases. The preparatory phase
involves developing the company's purchasing strategy and policy, identifying the
need for specific raw materials, materials, and semi-finished products, as well as
selecting suppliers and selecting the most suitable trading partner.

The execution phase, in turn, involves developing and placing an order with the
selected supplier, ongoing monitoring of its execution, receiving delivered products
in the warehouse, and finalizing the transaction (Jedynak, 2016). Each of these
stages—from need identification to finalizing and updating data—is crucial for the
company's operational efficiency and minimizing costs.

Proper supply organization requires an in-depth market analysis, tailored to the type
of materials being sourced and their importance to production continuity. Such an
analysis should take into account, among other things, the level of market stability
and the degree of contract fulfillment, the importance of imports in the supply
structure, price trends, existing barriers, and the potential for new suppliers and
customers to enter the market, as well as the production capabilities of entities
operating in a given sector (Biniasz, 2015).

Numerous decisions are made during the supply process that are crucial to the
efficiency of the entire system, including the selection of purchasing sources,
determining the size of ordered batches and the frequency of purchases, selecting the
means of transport and carrier, and establishing purchase prices and quality
requirements for purchased materials (Zakrzewski, 2014).

The supply phase of logistics processes involves the systematic creation of
inventories of raw materials, components, and other elements necessary to maintain
production continuity. Inventories are defined as tangible goods held by a company
for later use, in the form of raw materials, semi-finished products, components used
in production, and finished goods, constituting a significant component of a
company's current assets. In the literature, inventories are also recognized as tangible
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current assets ensuring the continuity of production and distribution processes.
Maintaining them involves tying up capital, engaging financial resources, and
utilizing warehouse space. Excessive accumulation can lead to loss of value (Sulka,
2012).

Depending on their function in commodity trading, several categories of inventories
are distinguished: current inventories, comprising raw materials, materials, and
semi-finished products used for daily production, as well as finished goods intended
for sale; cyclical inventories, created in response to seasonal fluctuations in demand;
safety inventories, maintained to protect the company against unpredictable
fluctuations in demand or delivery delays; and excessive speculative inventories,
accumulated in advance due to anticipated price changes or potential supply
difficulties. as well as excess, "redundant" inventory, which exceeds the company's
actual needs and generates additional storage costs and capital ties (Topolski, 2016).

Inventory management is a key element of a company's strategic planning. Effective
inventory management tools enable not only the control of storage costs but also the
prediction of their impact on customer service levels. The goal of inventory
management is to flexibly and efficiently respond to changes in demand while
simultaneously reducing excess inventory in warehouses (Bril, 2013).

Within this strategy, ABC and XYZ methods are widely used, enabling the
classification of resources according to the Pareto principle (80/20), taking into
account both the quantity of inventory and the value of individual items to the
company (Lambert, 2014).

After classifying inventories using the ABC and XYZ methods, which allow for
determining their structure and importance to the company's operations, the next step
is the implementation of advanced material planning systems, such as MRP
(Material Requirements Planning). The primary task of an MRP system is to manage
demand-dependent inventories, i.e., those whose demand directly results from
planned production volume. The MRP procedure is based on three elements: a bill of
materials, backward planning, and material breakdown analysis.

Based on the production plan, the system generates demand for raw materials and
consumables, enabling precise delivery dates and minimizing inventory levels,
which translates into cost optimization and increased production process efficiency.
MRP II systems, an extension of the MRP system, cover the entire production cycle
— from material orders, through subsequent production phases, to the distribution of
finished goods. This allows for the acquisition of detailed analytical information
essential for the company's economic management (Pandaya, 2016).

Implementing MRP systems enables precise planning of material requirements,
delivery scheduling, and inventory minimization, which in turn creates the
conditions for implementing further inventory management strategies. One such
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strategy is the Just in Time (JIT) strategy, which aims to completely eliminate
inventory by precisely synchronizing production with actual demand. Thanks to
precise supply and production planning, materials arrive precisely when they are
needed in the production process, translating into tangible operational and economic
benefits (Antos, 2013).

A complementary strategy to Just in Time is cross-docking, which aims to minimize
the time goods are stored in the warchouse. While the JIT strategy focuses on
minimizing inventory by precisely matching deliveries to production needs, cross-
docking focuses on eliminating the need for long-term storage of goods. Under this
strategy, products arriving at the distribution center are immediately sorted and
transshipped directly to the means of transport responsible for further distribution,
without the need for warehousing.

This strategy is widely used in hub-and-spoke distribution networks, where goods
arrive at a central point and are then sorted and distributed to individual recipients,
such as stores or retail outlets. It can also be effectively used in other distribution
network systems, such as linear or point-of-sale systems. Cross-docking enables the
rapid division of large, homogeneous product batches into smaller units according to
the end customer's needs, as well as the consolidation of smaller shipments into
larger cargo units, which helps optimize both delivery times and transportation and
warehousing costs (Antonowicz, 2015).

Contemporary supply logistics relies heavily on modern technological solutions that
support the planning, control, and optimization of the flow of goods and
information. The use of appropriate IT systems enables increased process efficiency,
improved delivery time, cost optimization, and better coordination with suppliers.

One of the key tools supporting supply logistics is EDI (Electronic Data
Interchange) — the electronic exchange of data between business partners. EDI
enables direct and secure data exchange, accelerating and streamlining the flow and
processing of information, allowing for the processing of commercial documents
such as orders and invoices without the need for human intervention or the use of
paper media. Transmitted data is formatted as structured electronic documents,
which accelerates information flow, improves communication between trading
partners, and reduces errors.?’

The main benefits of EDI include: shortened delivery and order processing times,
reduced administrative workload, simplified arrangements with business partners,
standardized document formats and content, real-time shipment tracking, reduced
documentation costs, and improved organization and digitization of management
processes within the enterprise (Krasnodebski, 2010). Effective supply logistics
management requires not only external integration via EDI but also consistent
management of internal processes, which is enabled by ERP (Enterprise Resource
Planning) systems. These systems were developed by expanding previous MRP 11
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solutions, broadening their functionality.

ERP systems are complemented by WMS (Warehouse Management System)
systems, which focus on warechouse management and optimization of processes
related to the receipt, storage, and issuance of goods (Mollaoglu, 2026). The primary
goal of a WMS is to streamline the flow of materials within a warehouse — from
goods receipt to final issuance — based on continuous planning, supervision of
warehouse operations, and real-time product control (Pietrzak, 2012).

A WMS system enables quantitative and qualitative inventory management and
comprehensive warehouse space management through accurate identification of
goods and their assignment to specific locations — sectors, rows, racks, or shelves —
which allows for efficient use of available space. The system supports warehouse
workers by automatically indicating the location for picking specific goods
according to the adopted material flow scheme, as well as the location for storing the
received unit load. WMS solutions also enable inventory location based on
parameters such as category, size, and maximum weight. Each movement of goods
is recorded in the system, ensuring full control over inventory levels and enabling
optimal release of goods from appropriate locations (Tubis, 2023).

Supply logistics is a complex and multifaceted area of enterprise operations, the
efficiency of which determines the continuity and effectiveness of production
processes. A contemporary approach to supply management goes beyond the
traditional understanding of this area as solely securing material supplies, integrating
strategic purchasing decisions, advanced inventory management methods, and
modern IT systems that support the flow of goods and information throughout the
supply chain.

3. Research Methodology

Cause-and-effect analysis tools, such as the Ishikawa diagram and FMEA, are
available for use in scientific research. Based on the analysis, the implementation of
improvement solutions, the implementation of a buffer stock for products requiring
rotation, and a Warehouse Management System (WMS) inventory monitoring
system are aimed at eliminating the scope of the logistics system, customer service
levels, and reducing losses from inventory bottlenecks. The final section provides
additional solutions, such as customer service levels, on-time delivery, inventory
turnover, and inventory supply costs.

4. Research Results and Discussion

Following interviews with employees and collaborators at Evapify, supply-related
problems and solutions were identified. Interviewees emphasized their ability to
provide access to data, particularly for high-turnover products, which in practice
leads to delays in deliveries to points of sale. The results also highlighted recurring
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picking errors, which were caused by time pressure and not specific to individual
devices delivered.

The participants highlighted the lack of clearly defined warehouse procedures and
inconsistent work hazards, which hampered operations across the entire control
system. The device also faced a problem with accessing the IT system, which, as
revealed, does not provide access to inventory levels or quick access to out-of-stock
situations.

To thoroughly analyze the identified causes, a cause-effect analysis should be
conducted using an Ishikawa diagram. This tool allows for the systematization of
account interactions and grouping them into main categories: people, machines,
methods, materials, management, and work environment. The analysis enabled the
identification of key improvements, including standardization procedures,
communication security, launching an IT system, and securing the completion and
quality control processes. Figure 1 shows an Ishikawa diagram showing the causes
of stock shortages in the warehouse.

Figure 1. Cause-and-Effect Diagram
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The cause-and-effect analysis presented in Figure 1 identified key factors leading to
stockouts in Evapify's warehouse, resulting in delays in deliveries to points of sale.
The factors closest to the main axis, and therefore most directly impacting the
problem, are: the lack of a minimum stock monitoring system, the lack of
appropriate procedures for responding to stockouts, picking errors, an insufficient
number of mobile devices and barcode scanners, inadequate stock levels of finished
products in the warehouse, and frequent changes in regulations regarding the sale of
e-cigarettes.

These factors can be considered direct sources of stockouts, which are linked to
indirect causes such as insufficient communication between departments, staff
turnover, and inexperience. The analysis confirms that the stockout problem is
multifactorial and requires an integrated approach to improving logistics processes.

Based on the results of the cause-and-effect analysis, a detailed assessment of the
impact of individual factors on the occurrence of stockouts in Evapify's warehouse
was conducted. The FMEA (Failure Mode and Effects Analysis) method was used to
systematize and quantify the level of risk associated with errors in logistics
processes. This tool allows for the identification of potential process discrepancies,
assessment of their impact, and identification of areas requiring corrective or
preventive action.

As part of the analysis, three ratings were assigned to each identified cause:

» (Occurrence) — describing the frequency of occurrence of a given
nonconformity.

» S (Severity) — defining the significance of the error's consequences for the
customer and the company.

» D (Detection) — defining the possibility of detecting the error before it
occurs.

The ratings were based on the results of an interview conducted among 52
respondents and observations of warehouse processes at Evapify. They were
determined using a scale consistent with FMEA guidelines, allowing for the
assignment of points ranging from 1 to 10 for each of the three criteria.

Table 1. Incidence — R

Occur Process FMEA R Incidence

Very unlikely It is very unlikely that a defect will | 1 Less than 1/ 1 000 000
occur

Rare This defect occurs relatively rarely 2 1 in 20 000

Unlikely It is unlikely that a defect will occur 3 1 in 5 000



Agnieszka Gaschi-Uciecha, Jadwiga Grabowska, Zuzanna Lebkowska

613

Average This defect occurs occasionally 4-6 1 in 2 000
1in 1500
1 na 1000

Frequent The defect recurs periodically 7-8 1 in 500
1in 100

Very common The defect occurs regularly 9-10 | 1in 50
1in 10

Source: Compiled by the author based on A. Folejewska: Analiza FMEA - zasady,
komentarze, arkusze, 201 1.

Table 2. The Impact of a Defect on the Customer - Z
The Impact of a Defect on the Customer V4

Very small The customer does not notice the defect; it does not affect the | 1 -2
product's functionality

Small Minor inconveniences, slight deterioration in service conditions |3 - 4

Medium Minimal customer dissatisfaction, slight delays due to shortages | 5 -6

Large Clear customer dissatisfaction, issues with availability or |7 -8
service

Very large Failure to deliver / customer does not receive the product, | 9 - 10

significant financial loss

Source: Compiled by the author based on A. Folejewska: Analiza FMEA - zasady,
komentarze, arkusze, 201 1.

Table 3. Detection Level- W

Defect Probability of detecting a defect W

Detectability

Very high The defect is easy to notice before delivery 1-2

High Wada jest tatwa do zauwazenia przed dostawg 3-4

Medium Some defects may remain undetected (manual sample | 5-6
inspection)

Low Detecting the defect is difficult, requires analysis or system data | 7 - 8

Very low The defect is invisible until a customer complaint is filed 9-10

Source:  Compiled by the author based on A. Folejewska: Analiza FMEA - zasady,
komentarze, arkusze, 2011.
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Based on the presented criteria, individual causes identified in Evapify's warehouse
process were assessed. Each cause was assigned a point value from 1 to 10, based on
the following scales: frequency of occurrence (O), severity (S), and detectability (D).
A Risk Priority Number (RPN) was then calculated for each cause, which is the
product of three scores using the following formula: RPN=0x Sx D

The resulting RPN values allowed for risk prioritization and the identification of
areas requiring corrective or preventive action. Table 4 presents the results of the
FMEA analysis, along with an assessment of the individual causes of out-of-stocks
in Evapify's warehouse.

Table 4. FMEA Table for the Process of Supplying Retail Outlets with Disposable
E-Cigarettes
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Based on the FMEA analysis results, the causes of stockouts at Evapify's warehouse
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were identified as requiring priority corrective action. For this purpose, a threshold
of RPN of 300 was established, above which the risk was deemed unacceptable and
required immediate corrective action. This threshold was determined based on
consultations with logistics and warehouse staff, taking into account the specific
nature of the processes, the scale of operations, and the frequency of individual
nonconformities. According to the adopted criterion, the causes with the highest
RPN values were considered the most critical, including:

* Lack of a minimum stock monitoring system (RPN = 576).

* Lack of consistent supplier delivery schedules (RPN = 336).
* Lack of procedures for responding to stockouts (RPN = 392).
* Inadequate finished product inventory levels (RPN = 392).

These factors have a key impact on stockouts and delays in deliveries to points of
sale. The remaining reasons why RPN values did not exceed 300 were considered
acceptable, but required further monitoring to maintain process stability. The FMEA
results confirmed the need to implement solutions that improve inventory
management and warehouse process control.

Based on analyses, including survey results, an Ishikawa diagram, and FMEA, key
problem areas in Evapify's supply and warehouse management processes were
identified. The research revealed that one of the key challenges in supplying Crystal
products to retail outlets is product shortages and extended lead times when the
ordered product is not in stock. Most respondents indicated that delivery times in
such cases exceed one week, with waits sometimes lasting several weeks.

Respondents reported frequent issues with the availability of the most popular
flavors, such as Crystal Blueberry Raspberry, Crystal Mr. Black, and Crystal Fresh
Menthol Mojito. These shortages primarily affect the highest-turnover products,
which generate a significant portion of sales. Consequently, retailers are forced to
offer customers substitutes or products from competing brands, leading to a decline
in Crystal brand loyalty and a loss of revenue.

The study also highlighted uneven product distribution, with orders from large retail
chains often covering a significant portion of available product batches, limiting
availability for smaller retailers. This disrupts sales continuity and creates shelf
shortages in smaller stores, which are most affected by delays and stockouts. Taken
together, these issues point to an insufficiently flexible supply system, which
prioritizes serving large customers over smaller retail partners. As a result, the
system does not fully meet the needs of the entire distribution network, limiting sales
stability and negatively impacting retail customer satisfaction.

To further analyze the identified problems, a cause-and-effect analysis was
conducted using an Ishikawa diagram and FMEA. Comparing the results of these
tools allowed us to determine which factors had the greatest impact on the
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occurrence of stockouts in Evapify's warehouse. The most significant factors were
identified as: the lack of a minimum stock monitoring system, inadequate inventory
planning, the lack of safety stock, and incomplete batches delivered by suppliers.
High RPN values for these causes confirmed their crucial importance in the
procurement and delivery process.

The analysis indicates that the main source of irregularities is the lack of a coherent
inventory management system that allows for ongoing monitoring of stock levels,
forecasting demand, and quickly responding to shortages. This results in both
delivery delays and loss of sales at retail locations. Improvements in this area should
focus on implementing solutions that increase the flexibility and reliability of the
logistics system, particularly through the creation of buffer stocks and systematic
inventory control.

The current inventory management system at Evapify Poland Sp. z o.0. relies
primarily on demand forecasts. Demand estimation is the process of predicting
future demand for products or services based on the analysis of historical data,
market trends, and external factors. It is a fundamental element of strategic and
operational planning, influencing decisions regarding production, inventory
management, marketing, and business financing.

The advantages of using demand forecasting include:

* More informed order and delivery planning.
* Adjusting inventory levels to projected sales.
* Reducing the risk of overstocking.

* Optimizing logistics and operational costs.

Despite the benefits mentioned, demand forecasting in the dynamically growing e-
cigarette market has significant limitations. Primarily, forecasts are subject to error
because they do not account for sudden increases in interest in selected flavors or
unforeseen changes in consumer preferences. In practice, this leads to situations in
which the most popular product variants become unavailable, especially to retail
customers such as gas stations.

Furthermore, the current model does not incorporate buffer stocks, which could be
used in the event of forecast errors or sudden spikes in demand. This means that the
system operates reactively; only when shortages occur are actions taken to replenish
them. As a result, in many cases, delivery wait times are extended, which, as survey
results indicate, is one of the main problems reported by retail outlets. The
effectiveness of this approach is limited to situations in which market dynamics and
customer preferences are predictable.

For high-turnover products, such as Crystal e-cigarettes, it is essential to support
forecasts with additional mechanisms that can respond to unexpected changes in
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demand. Safety stocks, also known as buffer stocks, are designed to protect a
company from the effects of unforeseen events, such as sudden increases in demand,
delivery delays, or forecast errors. They constitute an additional inventory reserve
designed to minimize the risk of product shortages, which can lead to lost sales,
reduced customer service quality, or shifting demand to competitors. The general
formula for determining buffer stock depends on the order fulfillment time, demand
volume, and the assumed service level. It is assumed that the standard deviation of
demand during the order fulfillment time is described by the following relationship
figure 2.

Figure 2. Formula for the standard deviation of demand
. 2 2 2
o, —\/D o, +Lo,,

Source: P. Hanczar.: Wyznaczanie zapasu bezpieczenstwa w sieci logistycznej, Prace
naukowe uniwersytetu ekonomicznego we Wroctawiu, Ekonometria 26, 2009, str. 78.

And the safety stock itself can be determined using the formula figure 3.

Figure 3. Formula for the safety margin

ZB=k\D’} + Lo
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Source: P. Hanczar.: Wyznaczanie zapasu bezpieczenstwa w sieci logistycznej, Prace
naukowe uniwersytetu ekonomicznego we Wroctawiu, Ekonometria 26, 2009, str. 78.

where:

* D - average demand over the period.

* L - average order fulfillment time.

* oL - standard deviation of demand over the period.
* oD - standard deviation of order fulfillment time.

* k - service level parameter.

Customer service level determines the percentage of orders completed in full and on
time. This indicator is calculated using the following formula:

Service Level (%) = [(number of items sold and shipped) / (number of items sold
and shipped + number of items sold but not shipped)] * 100

A high service level (above 90%) indicates efficient inventory management and a
minimal risk of out-of-stocks. Maintaining a high level of service is a key element in
building trust with trading partners and loyalty among retail customers.
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For Evapify, introducing a buffer stock could significantly reduce the risk of out-of-
stocks for the most popular e-cigarette variants. This reserve would provide a
safeguard in situations where deliveries are not made according to a fixed schedule
and demand from retail outlets remains high. This would ensure continuity of supply
even for smaller customers, who, under the current system, are often exposed to
shortages when larger retail chains generate large orders. Implementing a safety
stock would allow Evapify to stabilize product availability, improve customer
service, and reduce the risk of lost sales.

The implementation of buffer stocks requires additional support in the form of a
warehouse monitoring system that will allow for ongoing monitoring of inventory
levels and automatically generate signals indicating the need for replenishment. The
lack of such a system was identified in the FMEA analysis as one of the key causes
of out-of-stocks at Evapify.

Currently, inventory control is performed manually, which increases the risk of
human error and delays in purchasing decisions. To eliminate these irregularities, it
is necessary to automate the inventory monitoring process. Implementing an IT
solution would not only enable continuous inventory level monitoring but also real-
time analysis, forecasting out-of-stocks, and planning replenishment orders. Such a
system could also generate alerts when minimum levels are exceeded and reports to
support purchasing decisions.

A tool that meets these needs is a WMS (Warehouse Management System), a
modern solution for comprehensive warehouse operations management, enabling
full visualization of warehouse operations and real-time monitoring of warehouse
processes. It enables real-time data collection and analysis, enabling immediate
response to irregularities or operational disruptions. This system is a specialized tool
supporting warehouse operations, enabling the simultaneous management of
multiple warehouses, their structural division into zones, locations, and specific
storage locations.

Implementing a minimum stock monitoring system would provide Evapify with
tangible benefits, such as faster response to changes in demand, reduced stock outs,
improved delivery planning, and greater transparency of inventory data for all
departments. Implementing a WMS would represent the next step in the
development of the inventory management system, improving operational efficiency
and reducing the risk of stock outs.

To assess the effectiveness of the proposed improvement measures, which included
the introduction of a buffer stock for high-turnover products and the implementation
of a warehouse management system (WMS), a comparative analysis of selected
logistics indicators was conducted. The goal was to determine the impact of these
solutions on warehouse process efficiency, order fulfillment time, and customer
service levels. The analysis was based on operational metrics (customer service
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level, on-time delivery, inventory turnover) and economic metrics (inventory
holding costs). Data for the calculations was obtained from information from
Evapify, survey results, and observations of warehouse processes. The indicators
were calculated for two periods, before and after the implementation of the
improvements, allowing for an assessment of their impact on the logistics system.
The calculated indicators are presented in Table 5.

Table 5. Comparative table of results

Indicator Calculation Current State | Target State | Change [%] /
(Wskaznik) | Formula (Wzér | (Stan obecny) | (Stan Effect (Zmiana
obliczeniowy) docelowy) [%] / Efekt)
Customer (Orders 88% 95% +7 p.p. -=> higher
service level | completed / Total customer
orders) * 100 satisfaction
OTIF (Orders delivered | 88% 95% +7  p.p. ->
on time & in full improved
/ Total orders) * timeliness  and
100 completeness
Defect rate (Defects / Total | 12% 5% T pp- > 42%
orders) * 100 reduction in
defects
Average (In-stock share * | 2.6 days 2.25 days -0.35 days ->
order 2) + (Out-of- 14% time
fulfillment stock share * 7) reduction
time
Safety stock | k x v(D"2 * sL*2 | none 6,900 pcs. +8 days of sales
+ L"2 * sDA2) protection
Inventory Annual sales / | 45 days 45 days maintaining
turnover Average liquidity ~ with
inventory better
availability
Inventory (Costs /] 20% (799,980 | 20% +41,400 PLN ->
holding cost | Inventory wvalue) | PLN) (1,213,980 buffer  growth
*100 PLN) cost

Source: Own study.

A comparative analysis showed that implementing a safety stock at Evapify resulted
in an increase in inventory maintenance costs by approximately PLN 41,400 per
year (1,213,980 - 799,980 = 414,000). Increasing the average inventory level from
13,333 units to 20,233 units of products requires a greater commitment of working
capital and the need to maintain larger warehouse space.

However, it should be noted that the incurred cost is small compared to the potential
losses resulting from stockouts. With the current customer service level of 88%, the
company loses a portion of its revenue due to unfulfilled orders, estimated at up to
several hundred thousand PLN per month. Implementing a safety stock allows for an
increase in service levels to 95%.
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As a result, the increased inventory maintenance costs are offset by higher sales,
improved delivery fluidity, and greater customer satisfaction. From the perspective
of logistical efficiency and the long-term stability of the company, implementing a
safety stock should be considered an economically justified and organizationally
beneficial solution.

Analysis of the conducted indicators and FMEA results clearly indicates that a key
factor influencing the occurrence of stockouts at Evapify is the lack of an effective
inventory monitoring system.

The current, manual inventory control method increases the risk of errors, delays in
responding to changes in demand, and hinders delivery planning. Implementing a
WMS (Warehouse Management System) would allow for automatic inventory level
tracking, generating alerts when minimum levels are exceeded, and ongoing control
of goods flow. Using a WMS combined with a buffer stock would reduce stockouts
and improve customer service from 88% to 95%.

Due to implementation costs, it is recommended to start with a trial or free version
of the system, available as a cloud application. If effectiveness is confirmed, the next
step could be to purchase a full version of the software, tailored to the company's
specific needs, integrated with the sales and delivery planning system. In the long
term, implementing a WMS should deliver tangible benefits such as reduced
operating costs, improved inventory turnover, elimination of picking errors, and
increased transparency of logistics processes.

In order to illustrate the impact of the implemented improvements on the functioning
of logistics processes at Evapify, the table presents the values of selected indicators
before and after the implementation of solutions, including the introduction of a
buffer stock and a WMS warehouse monitoring system.

The implementation of a buffer stock and a WMS system at Evapify has led to
significant improvements in the efficiency of logistics processes.

The greatest benefits were noted in the following areas:

* Increased customer service levels and on-time delivery (from 88% to 95%).
* Reduction in stockouts (from 12% to 5%).
* Shortening the average order fulfillment time (by 14%).

Although implementing a buffer stock increases inventory maintenance costs by
approximately PLN 41,000 annually, the benefits of reducing stockouts and
improving sales flow significantly outweigh the costs. Implementing a WMS
system, even in a trial or free version, is a logical and economically viable step
toward increased inventory control, warehouse optimization, and improved customer
service.
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5. Conclusions, Proposals, Recommendations

The research conducted enabled the achievement of the study's cognitive objectives
and provided valuable scientific results regarding the functioning of supply logistics
at Evapify Poland Sp. z o0.0. First, key concepts of supply logistics were defined and
systematized, highlighting its fundamental role in ensuring operational fluidity and
building competitive advantage. This constitutes a significant theoretical
contribution, organizing issues necessary for further analysis of logistics processes.

The empirical section characterized the e-cigarette industry in Poland, taking into
account its growth dynamics, competitive structure, and legal framework. This
analysis allowed us to determine the specific logistics requirements for distributors,
which provides an important interpretative framework for assessing supply
processes at the studied company.

The analytical tools used, including the Ishikawa diagram and FMEA, confirmed
their usefulness in diagnosing irregularities and assessing operational risk. It was
demonstrated that Evapify's supply process relies primarily on demand forecasting,
but the lack of automated inventory monitoring and the absence of a buffer stock
lead to recurring out-of-stocks and delivery delays.

The practical conclusions provide the basis for implementing improvement
measures. The FMEA analysis allowed for prioritization of problems, identifying
two areas with the highest operational risk:

» lack of an automated minimum stock monitoring system (RPN = 576),
» inadequate inventory levels and a lack of emergency procedures (RPN =
392).

The proposed measures include implementing a buffer stock for three key products
(approximately 6,900 units in total) and implementing a WMS system that enables
the digitization of warehouse processes, automated reporting, and the generation of
low-stock alerts. The indicator evaluation confirmed the effectiveness of the
proposed solutions:

» Customer service level increased from 88% to 95%,

» Stock-out rate decreased from 12% to 5%,

» Average order fulfillment time decreased from 2.6 to 2.25 days (a 14%
reduction).

Although implementing buffer stock increases inventory maintenance costs by
approximately PLN 414,000 annually, the operational and sales benefits outweigh

the costs, justifying the implementation of the recommended actions.

Despite the results obtained, the research is subject to several significant limitations:
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Limited availability of operational data — some information regarding
inventory levels, stock-out history, and detailed sales data was incomplete or
unstructured due to the lack of an integrated WMS.

Methodological limitations of qualitative tools — Ishikawa and FMEA
analysis are based on subjective assessments by employees and experts,
which may influence risk interpretation. * Changing regulatory environment
— the introduction of excise tax on nicotine products in July 2025 may
significantly impact demand structure, inventory levels, and logistics
indicators, therefore results should be interpreted in the context of conditions
in force before the regulatory change.

Lack of full process automation — limits the ability to conduct more
advanced quantitative analyses, such as scenario simulations or real-time
inventory modeling.

Based on the identified limitations and obtained results, it is recommended:

>

Intensifying quantitative research after WMS implementation, which will
enable real-time data analysis and assess the impact of digitalization on
process efficiency,

Monitoring the impact of tax changes on demand, inventory turnover, and
sales structure,

Developing a buffer stock optimization model that takes into account
seasonality, demand variability, and inventory holding costs,

Comparing Evapify's results with other companies in the e-cigarette
industry, which will allow for the identification of best practices and
benchmarks,

Expanding the research to include analysis of distribution processes,
including the impact of cross-docking and integration with TMS systems.
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