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Abstract

Abstract

Small and Medium-sized Enterprises (SMEs) with Low-Mix, Low-Volume and High-Value (LMLV-HV)
products face challenges balancing Inventory service levels (ISL) and Inventory carrying costs (ICC),
particularly during the industrialization of new products. Uncertainties in demand, lead-times, and
supply chain variability amplify inventory management complexity, elevating the risk of stockouts or
high ICC. This study explores inventory management strategies in SMEs dealing with LMLV-HV
products during the industrialization of new products.

The purpose of this study is to develop a process for managing inventory during the industrialization
of new products in SMEs with Low-Mix, Low-Volume and High-Value products.

To fulfil this purpose, three research questions were asked,
[1] How can demand be forecasted during the industrialization of new products?

[2] What factors influence inventory service levels and inventory carrying costs in SMEs with Low-
Mix, Low-Volume and High-Value products?

[3] How can influencing factors be accounted for when balancing inventory service levels and
inventory carrying costs within SMEs with Low-Mix, Low-Volume and High-Value products?

Methods

The study relies on an embedded single-case study within a SME with LMLV-HV products, during the
industrialization of new products. Qualitative and quantitative methods are used for data collection and
analysis. The data collection consists of interviews, document studies and observations.

Results

Findings revealed the main methods used for forecasting demand during the industrialization of new
products. Moreover, the main factors influencing ISL and ICC was found to be demand variability,
forecast accuracy, internal and external lead-times and the trade-offs and strategic alignments within
the company. Moreover, to account for these factors, item differentiation, buffer management and
inventory strategy management was used to balance ISL with ICC.

Analysis

Through exploration of historical analogy in combination with judgement methods, demand for new
products could be forecasted, whilst highlighting the need for continuous evaluation and adjustments.
Furthermore, demand variability, lead-time variability and supply chain complexity were factors
influencing ISL and ICC, emphasising the need for aligning inventory policies and key performing
indexes (KPI). A process for strategic inventory management was developed, derived from the
theoretical framework and through answering the research questions.

Discussion

Insights into how SMEs within the context of LMLV-HV products can navigate through the balance
between ISL and ICC resulted in a practical process for strategic inventory management, derived from
the three research questions and theoretical findings. This study provided practical implications through
this process, acknowledging sustainability and theoretical findings.

Conclusion

The proposed process is conceptual, requiring implementation and evaluation within an organization to
understand its effectiveness. Inventory management methods and processes exist within current
literature, their applicability in the context of new product development and balancing ISL and ICC
through strategic inventory management, is new.
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Sammanfattning

Sammanfattning

Sma och medelstora foretag (SMF) med lag produktvariation, 1ag volym och hogviardesprodukter star
infor betydande utmaningar med att balansera lagerservicenivéer och lagerhallningskostnader, sarskilt
under industrialiseringen av nya produkter. Osdkerheter i efterfrigan, ledtider och variationer i
forsorjningskedjan 6kar komplexiteten i lagerstyrning, vilket i sin tur okar risken for materialbrist eller
hoga lagerkostnader. Denna studie undersoker strategier for hantering av materialbuffertar i SMF som
hanterar 14g produktionsvariation, 1&g volym och hogvardiga produkter under industrialisering av nya
produkter.

Syftet med studien dr att utveckla en process for lagerstyrning under industrialiseringen av nya
produkter i SMF med ldg produktionsvariation, ldg volym och hégvdrdiga produkter.

For att uppfylla syftet formulerades tre forskningsfrigor.
[1] Hur kan efterfrdgan prognostiseras under industrialiseringen av nya produkter?

[2] Vilka faktorer pauerkar lagerservicenivder och lagerhdllningskostnader i SMF med lag
produktion, ldg volym och hégudrdiga produkter?

[3] Hur kan dessa pdverkande faktorer beaktas vid balansering av lagerservicenivder och
lagerhallningskostnader i SMF med denna kontext?

Metod

Studien bygger pa en fallstudie inom ett SMF med lag produktvariation, ldg volym och
hogviardesprodukter, under industrialiseringen av en ny produkt. Bade kvantitativa och kvalitativa
metoder har anvants for datainsamling och analys, dar intervjuer, dokumentstudier och observationer
genomforts.

Resultat

Resultaten visade vilka metoder som anvénts for att prognostisera efterfrigan under industrialisering
av nya produkter. Dessutom identifierades de frimsta faktorer som paverkar lagerservicenivaer och
lagerforingskostnader, namligen efterfragevariation, prognosnoggrannhet, interna och externa ledtider
samt de avvagningar och strategiska anpassningar som gors inom foretaget. For att hantera dessa
faktorer anvindes differentiering av artiklar, buffertstyrning och strategisk lagerstyrning for att
balansera ISL och ICC.

Analys

Genom att kombinera historiska analogier med bedomningsbaserade metoder kunde efterfragan pa nya
produkter prognostiseras, samtidigt som behovet av kontinuerlig utvirdering och justering betonas.
Vidare identifierades efterfragevariationer, ledtidsvariationer och komplexitet i forsérjningskedjor som
faktorer som paverkar lagerservicenivder och lagerhallningskostnader, vilket understryker vikten av att
anpassa lagerstrategier och nyckeltal. Insikter om hur SMF inom denna kontext kan navigera i balansen
mellan servicenivd och kostnad bidrog till utvecklingen av en praktisk process for hantering av
materialbuffertrar, baserade pa de tre forskningsfragorna och teoretiska utgangspunkter.

Diskussion

Insikter i hur SMFs i kontexten av LMLV-HV produkter kan navigera balansen mellan lagerserviceniva
och lagerhéillningskostnader resulterade i en praktisk process for strategisk lagerhallning, hiarledd fran
de tre forskningsfragorna och de teoretiska resultaten. Denna studie bidrog med praktiska implikationer
genom denna process, med beaktande av hallbarhet och teoretiska insikter.

Slutsats
Den foreslagna processen ar konceptuell och kraver implementering och utvardering i en organisation
for att kunna bedomas i praktiken. Metoder och processer for lager- och materialhantering finns i
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tidigare litteratur, men deras tillimpning i kontexten av nya produkter och balansering av
lagerservicenivéer och lagerhallningskostnader genom strategisk lagerstyrning ar ett nytt bidrag.

Nyckelord: SS - Inventory management - Material management - Buffer management - ISL - ICC -
Product industrialization
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Introduction

1 Introduction

This chapter presents the theoretical and practical background of the study, and the importance of
balancing Inventory Service Levels (ISL) with Inventory Carrying Costs (ICC). The problem
description highlights the need for strategic inventory management during the industrialization of
new products in SMEs with Low-Mix, Low-Volume and High-Value (LMLV-HV) products. The chapter
then presents the purpose and research questions in the problem formulation and finally the
delimitations and outline of the study are introduced.

1.1 Background

Within inventory management and inventory control there are various uncertainties including
fluctuating demand and supply, creating challenges in inventory levels and order points (Demizu et al.,
2023). The balancing act within inventory control and the conflicting requirements is the main reason
for the necessity of inventory management, to resolve the specific conflict (Jonsson & Mattsson, 2016;
Wild, 2017). Inventory management is essential for enhancing competitiveness through improved
performance and profitability, contributing to increased effectiveness within companies (Bose, 2006;
Wild, 2017). The focus within inventory control is divided into three targets: Service level targets, cost
minimization targets and operational efficiency targets (Wild, 2017).

ISL refers to the extent inventory items are available at the time they are requested; it reflects the ability
to deliver rather than the delivery preparedness (Jonsson & Mattsson, 2016; Mattsson, 2012). The ICC
is related storage-, capital- and insurance costs, affecting the tied-up capital and the flow of material.
The balance between cost and service is related to the company strategy and priority (Chapman et al.,
2017). In the context of manufacturing companies with LMLV-HV products with an emphasis on high
availability, one conflict that arises is the balance between ISL and ICC. For Small and Medium-Sized
Enterprises (SMEs), effective inventory management is essential, due to its limited resources facing
challenges of stockouts, cash flow and storage space (Igbal et al., 2023). An imbalance between the two
would either cause overstocking, storage issues, high capital tied up or understocking and loss of
customer service with uncertainty in delivery.

To balance the ISL and the ICC, there are various inventory management methods that can be applied
to support the decision-making process. These include the ABC analysis, Safety Stock (SS)
dimensioning, Economic Order Quantity (EOQ) and demand forecast. These inventory management
methods rely strongly on sufficient data to provide resilience in inventory management (Li et al., 2024),
which during the industrialization of new products, impose constraints in the lack of sufficient data. It
is therefore of interest to investigate practical applications of inventory management methods during
the industrialization of new products.

The first practical inventory management approach to consider new product inventory management was
based on the (Q, r) method utilizing the quantity lot size Q and the reordering point r, for uniform
demand and lead time forecast (Wanke, 2008). Furthermore, the triangular distributed demand and
lead-time was suggested by Wanke et al. (2016) using the sum of demand per unit time, which is difficult
to acquire. Further models such as the Multi-Modal Transformed Fusion Model (M2TFM) were
suggested by Li et al. (2024) which focus on forecasting methods based on the integration of multiple
data sources to predict customer purchase. Wanke et al. (2016) express the need for future research to
make methods more adaptable to different situations. While these methods contribute to demand- and
lead time forecasts for new products, they disregard and lack the connections to material buffer
management.

In material buffer management, the dimensioning of SS includes considering defects in arriving goods,
items failing in production and the need for spare parts. The need for spare parts creates a dynamic
relation between sold products and increase requirements on the ISL (Roda et al., 2014). Chu and Hayya
(1988) suggested an approach for managing safety buffers with calculations in relation to MRP. The



Introduction

practical applicability of the calculations suggested by Chu and Hayya (1988) was later explored by
Hedvall (2024) with a practical approach for managing safety buffers. Despite the work of Hedvall
(2024) there is a gap in current literature in guidance for managing inventory and buffers in
environments characterized by high uncertainty and limited data availability. Addressing this gap is
critical for improving decision-making and resource efficiency in SMEs with LMLV-HV contexts during
the industrialization of new products

1.2 Problem Description

SMEs with LMLV-HV products encounter significant difficulties in inventory management due to the
increased conflict between service and cost. These challenges are intensified by variability and
uncertainty in the supply chain, creating difficulties in determining inventory levels and buffers. High
availability within SMEs with LMLV-HV products creates a struggle to balance ISL and ICC, risking
stockouts or overstocking, affecting customer service and profitability, respectively.

The variance of demand is inevitable in manufacturing companies (Torkul et al.,2016), one aspect to be
considered is the difficulty in managing inventory for multiple categories of demand, such as customer
orders, items failing during production and spare part needs. These categories disclose variabilities
difficult to apply in standard inventory operations. The uncertainties in SS are further complicated in
the context of industrializing new products, lacking sufficient historical data to provide accurate
forecasts. In addition, long and complex supply chains introduce unpredictability and fragility,
increasing the risk of a bullwhip-effect causing further challenges in inventory management. The trends
of offshoring to countries overseas, with lower wages, cause these long supply lead-times complex supply
chains through global networks (Boute & Van Mieghem, 2015). These variations in lead time increase
the risk of stockouts, mitigates through increase ICC affecting the ISL and profitability.

The primary focus of the study is to address the research gap in developing an inventory management
process that balances ISL with ICC through strategic inventory management during the industrialization
of new products. This is essential to ensure that SMEs meet customer demand, decreasing the risk of
overstocking or encountering stockouts whilst reducing excessive ICC.

1.3 Problem Formulation

The study investigates the challenge in inventory management for new products within SMEs dealing
with LMLV-HV products. An applicable process could improve decision making in inventory
management during the industrialization of a new product, increasing competitiveness and profitability
by balancing ISL with ICC. The purpose of this study is therefore to,

Develop a process for managing inventory during the industrialization of new products in SMEs
with Low-Mix, Low-Volume and High-Value products.

To fulfil the purpose, three research questions are addressed to guide the study. By addressing the
research questions, essential findings and analysis offer insights to fulfil the purpose of the study. The
first research question focuses on understanding how demand forecasting can be approached during the
industrialization of new products. It explores the nature and timing of demand, as well as the quantities
required, to improve decision-making processes. By examining how historical data and experience can
be leveraged, the question seeks to identify strategies for forecasting item- and product demand during
the industrialization of new products.

[1] How can demand be forecasted during the industrialization of new products?

An essential challenge in strategic inventory management is to balance high ISL with low ICC. For SMEs
with LMLV-HV products, this trade-off becomes particularly complex. High ISL ensure timely and
accurate deliveries but often require increased inventory and tied-up capital. Understanding what
factors influence this balance is key to developing a process for inventory management strategies. This
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second research question therefore seeks to explore the factors influencing ISL and ICC in SMEs with
LMLV-HV products.

[2] What factors influence inventory service levels and inventory carrying costs in SMEs with Low-
Mix, Low-Volume and High-Value products?

When identifying the factors influencing ISL and ICC within SMEs with LMLV-HYV products, the third
research question seeks to explore how these factors can be accounted for when balancing the trade-off
between service and cost.

[3] How can influencing factors be accounted for when balancing inventory service levels and
inventory carrying costs within SMEs with Low-Mix, Low-Volume and High-Value products?

These three research questions targets areas that are important to consider fulfilling the purpose of the
study.

1.4 Delimitations

The study is limited to viewing and collecting data in the field of inventory management in relation to
the industrialization of new products. The study comprehend data concerning internal and external
lead-time and quality aspects, in supply, customer demand and customer support. The study excludes
changes in production cost and capacity utilization within production. Furthermore, changes made to
suppliers and negotiations based on changes in orders are not considered in the study.

The study comprehends exploration of how to balance ISL and ICC in strategic inventory management
during the industrialization of new products in SMEs with LMLV-HV products. This indicates that the
study’s focus research during the first stage of the product life cycle, the market development stage (see
Figure 1) whilst comprehending the sustainability and robustness throughout the growth and maturity
phase.

Figure 1
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Note. The new product launch is researched during the first stage of the product lifecycle, the
introduction phase. From “Exploit the product life cycle” by T. Levitt, 1965. Cambridge, MA, USA:
Graduate School of Business Administration, Harvard University.

This study is influenced by the processes proposed by Hedvall (2024), adapting it for certain applications
during the industrialization of new products in SMEs with LMLV-HV products. This study is focused on
a process applicable to SMEs in the first stage of the life cycle, with iterative use during the growth and
maturity stage (see Figure 1), which is where the knowledge gap was evident. The proposed process is
conceptual, requiring implementation and evaluation within an organization to understand its
effectiveness.
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1.5 Outline

The thesis includes seven chapters, structured through the outline illustrated in Figure 2.

Figure 2
Outline of the Study

: Theoretical o . : : Concluding

The introduction chapter provides insights into the background and purpose of the study. After the
introduction, the thesis is composed of a logical course of action, beginning with the Theoretical
Framework, which provides insight into relevant theories within the study’s subject area. The chapter
then outlines the approach and methods used in the study, presenting the workflow and systematic
strategies for data collection and analysis. The Findings chapter presents the collected data in relation
to the research questions. The Analysis chapter intertwines theoretical findings from the Theoretical
Framework with the collected data in relation to the Methodology chapter. It revisits the purpose of the
study, presenting a process derived from the analysis of the research questions supported by additional
theoretical insights. To interpret the results, the Discussion chapter offers interpretations of key
findings, theoretical contributions and practical implications. Finally, the Concluding Remarks provides
a summary of insights of how the purpose is fulfilled and the key contributions of the study, it highlights
the limitations and suggest future research.
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2 Theoretical Framework

This chapter presents the theoretical foundation for the study and introduces literature and concepts
related to inventory management, demand forecasting, uncertainty and variations and insights into
the process developed by Hedvall (2024). The framework is structured to support the purpose of the
study and provide literature to address the research questions.

2.1 Link Between Theory & Research Questions

The theoretical framework provides key concepts, methods and theories used in the study. The excising
literature provides an understanding of what is currently known and used within the field of inventory
management. The theoretical framework ensures that the study's purpose and research questions are
rooted in theory and is organized into four main parts with theory related to the research questions and
the purpose of the study, which is briefly discussed subsequently.

The first research question is well anchored in theories and relies on current knowledge to establish
existing forecasting methods. These methods are influenced by the characteristics of the demand and
the type of data applied in forecasting. This is explored in the first section of the theoretical framework
“Demand Forecast for New Products”. The second research question is explored in the second part of
the framework “Factors Influencing Inventory Service Levels & Inventory Carrying Costs”, addressing
the core concepts of inventory management and identifying the factors influencing ISL and ICC.
Moreover, it highlights the specific challenges related to SMEs with LMLV-HV products. The third
research question builds upon the factors identified in the second research question. This is investigated
in the third part of the theoretical framework, “Strategic Inventory Management”. It facilitates different
methods used to account for the identified factors and provides insights into how a balance between ISL
and ICC could be obtained. The purpose of the study is founded in the literature provided in the first
three chapters. Furthermore, theoretical insights of processes development are explored by presenting
Hedvall’s (2024) Process for Managing Safety Buffers which is disclose in the last chapter “Process
Development for Strategic Inventory Management”.

2.2 Demand Forecast for New Products

To assess the risk of disturbances and uncertainties within manufacturing companies, informed
assumptions, predictions and forecasts are essential. The following subchapters provides insights into
demand, forecasts and forecast accuracy, contributing to the theoretical basis for addressing the first
research question.

2.21 Demand

To enable demand forecasting, it is important to first understand the concept of demand and various
types of demand. Cachon (1999) express that the ability to manage inventory is heavily influenced by
the fluctuations in customer demand. According to APICS Dictionary’s (APICS, 2013) definition,
demand refers to the need for a specific product or component. The source of demand can include
customer order, forecast, or request for spare parts. There are four general types of demand, cyclical,
random, seasonal or trends (APICS, 2013). Demand is classified in two categories: independent- and
dependent demand. The independent demand is referred to products and spare parts shipped as they
are, not tied to the demand of other items or products (Chapman et al., 2017). Dependent demand,
however, is derived from the demand of another product or service with a direct linkage to materials or
items required to fulfil that demand. The dependent demand should not be forecasted but rather
calculated from the independent demand.

Moreover, the characteristic of the demand relates to the frequency and variability that can be identified
within that demand. The demand can have characteristics of stable or dynamic nature, which can be
visible in patterns such as trends, seasonality, cyclic or random variations of demand (Chapman et al.,
2017). Wikner and Hedvall (2018) further express categorizations of systematic or stochastic variations
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where systematic variations are related to patterns, trends and seasonality whilst Li et al. (2014) express
that stochastic variations relate to random occurrences often measured through standard deviations.

2.2.2 Forecasts

Forecasts is a tool used to estimate and balance supply and demand based on expected needs and
available resources (Jonsson & Mattsson, 2016). It contributes to strategic and operational decision-
making, related to purchasing strategies, production planning, quantity requirements, and
replenishment (Jonsson & Mattsson, 2016). In particular, demand forecasts are relevant for
determining purchasing-, production- and inventory decisions all of which has a significant impact on
economic implications (Arvan et al., 2019).

To forecast demand, Jonsson and Mattsson (2016) explained that there are two types of techniques,
judgement- and calculation methods. Chapman et al. (2016) explain that there are four different types
of forecasting techniques: qualitative, quantitative, extrinsic and intrinsic. Qualitative techniques are
forecasts based on judgement and intuition, used over extended periods of time and suitable when
forecasting demand for new products, where historical data is limited. Quantitative techniques are based
on historical and/or numerical data (Chapman et al. 2017). Extrinsic techniques are forecasts based on
external indicators related to the demand for the specific products or items. The forecast is based on
factors correlated with the specific demand, called leading indicators (Chapman et al. 2017). Intrinsic
techniques utilize historical data to forecast demand based on the available recorded data, including
average demand, moving averages, exponential smoothening and mean absolute deviation (MAD;
Jonsson & Mattsson, 2016). Figure 3 summarize the forecasting techniques based on Jonsson and
Mattsson (2016) and Chapman (2017).

Figure 3
Forecasting Techniques
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Note. Forecasting techniques are divided into two categories with qualitative, judgement-based
forecasts and quantitative, calculation-based forecasts. Based on Jonsson and Mattsson (2016) and
Chapman (2017).

Historical analogy is explained by Chapman et al. (2017) which is based on a comparative analysis of
similar products with the assumption of similar behaviours with historical- and new products.
Moreover, market research is a method used to test customer opinions and intentions as a foundation
for forecasting (Chapman et al. 2017). Wanke (2008) explain that the first practical inventory
management approach to consider new product inventory management was based on the (Q, r) method
for uniform demand and lead-time forecast. Furthermore, Wanke et al. (2016) suggested the triangular
distributed demand and lead-time, using the sum of demand per unit time, which is difficult to acquire.
Li et al. (2024) explained forecasting methods based on the integration of multiple data sources to
predict customer purchase, such as the M2TFM. Arvan et al. (2019) express that it is beneficial to use
both qualitative and quantitative methods as a combination for more accurate demand forecasting. The
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possibilities to provide insights and qualitative input through judgement methods add weight to the
quantitative data models used in this combination (Arvan et al.,2019).

2.2.3 Forecasting Accuracy

Forecast accuracy refers to the forecast alignment with the actual outcome which is critical in evaluating
inventory performance in manufacturing companies (Chopra & Meindl, 2007). Jonsson and Mattsson
(2016) highlights the need to monitor forecast errors, continuously adjust and improve the accuracy of
the forecasts, which has a significant impact on inventory management. Common measurements
include MAD and Mean Absolute Percentage Errors (MAPE), these measurements are often used as
basis for dimensioning appropriate SS (Jonsson & Mattsson, 2016). Inadequate forecasts can negatively
affect buffers within a system, increasing the risk of obsolescence (Hedvall, 2024). Continuous
evaluation of forecast in relation to the actual outcome, known as forecast errors, are used in the
dimensioning of SS (Jonsson & Mattsson, 2016).

Collaborative planning, forecasting and replenishment (CPFR) focus on close collaboration and
combined planning and forecasting alignment, to streamline the processes between supplier and
customer (Skjoett-Larsen et al., 2003). This is beneficial to protect against uncertainties from suppliers
and address potential increase or decrease in supply to prepare suppliers to increase or decrease their
capacity and potential to supply, to better manage different situations.

2.3 Factors Influencing Inventory Service Levels & Inventory Carrying Costs

Disturbances and uncertainties within inventory management are unavoidable within manufacturing
industries (Chapman et al., 2017) and relate to external and internal factors of lead-time and demand
variations. To understand these disturbances and uncertainties and comprehend the effect that they
have within inventory management, the following subchapters target four primary areas of exploration
within the study’s second research question, identifying factors influencing ISL and ICC. The first
subchapter introduces the foundations of the second research question, clarifying and describing ISL
and ICC. The second subchapter delves into uncertainties and variabilities that influence ISL and ICC.
Furthermore, the context of LMLV-HV products is explored and lastly the aspect of supplier reliability
is presented.

2.3.1 Inventory management

APICS (2014) define inventory management as “The branch of business management concerned with
planning and controlling inventories” (P.85). It includes the process of ordering, storing, using and
selling inventory, planning, controlling and overseeing the inventory levels with the aim of meeting
customer demand and minimizing cost (Jing-Sheng et al., 2020; Munyaka & Yadavalli, 2022). Within
this study, inventory management relates to the process of planning and controlling a manufacturing
companies inventory, involving ordering, storing, using and selling finished products and spare parts.
It includes activities to dimension and control inventory, with focus on managing SS, determining order
quantities, replenishment methods and trade-offs to balance ISL and ICC.

Bose (2006) states that inventory management is amongst several techniques, the most effective in
capital turnover through the reduction of material cost and ICC. In logistics management ICC is well-
established and is commonly applied within inventory management models (Harris, 1990). It is one of
several parameters that support decision-making within inventory planning and control (Azzi et al.,
2014). For inventory management decisions, item costs, carrying costs, ordering costs, stockout costs
and capacity-associated costs considered (Chapman et al., 2017). ICC is influenced by both the order
quantity and the level of SS maintained and is associated with cost of keeping inventory, such as capital-
, storage-, and risk costs (Chapman et al., 2017). Capital cost refers to the investments within inventory,
not available for use and corresponds to opportunity costs of capital (Chapman et al., 2017; Jonsson &
Mattsson, 2016). Storage costs refer to the costs of equipment, required storage space and workers,
whilst risk costs include damages, pilferage, obsolescence and deterioration of material (Chapman et al.,
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2017). The ICC is often presented as a percentage of dollar value per year or as annual ICC illustrated in
the following calculations (Chapman et al., 2017, p.239).

Total ICC (%) = Capital Cost(%) + Storage Cost (%) + Risk Cost (%)
Annual ICC = Total ICC (%) x Average Annual Inventory Value

The resulting annual ICC can then be applied in various inventory management models such as EOQ
and Joint Economic Lot Size Analysis (Azzi et al., 2014). The average annual inventory carried, is
dependent on the order quantity and the SS.

ISL refer to the degree of which inventory items are available in stock when requested, reflecting the
ability to deliver rather than the delivery preparedness (Jonsson & Mattsson, 2016; Mattsson, 2012).
The decision of ISL has significant impact on the company profitability (Lambert & Stock, 2007) and is
directly affected by the SS levels (Gallmann & Belvedere, 2011). There are various ways to measure the
ISL (Boylan & Johnston, 1994; Ronen, 1983). According to Ronen (1983), ISL can be assessed through
using single-item measures and multi-item measures. For single-item measurement, common metrics
include the share of unit supplied of the shelf, probability of no stockout, expected number of stockouts
and expected number of units short. The first two relate to demand supplied from a stock without being
backordered or lost and the probability of running out of stock before replenishment. The latter two
focus on the average number of times or shortages during a certain period (Boyland & Johnson, 1994;
Ronen, 1983).

Multi-item measurement refers to ISL across groups of items, allowing companies to focus on aggregate
performance rather than individual, less critical items. The multi-item metrics include share of orders
filled partially, share of order lines filled partially, share of orders filled completely and share of dollar
demand filled out of stock. The selection of measurements should be tailored to the company context
(Ronen, 1983). Ronen (1983) highlights that for strategically important items, service levels should be
tracked individually, as availability requirements can vary significantly between stock keeping units
(SKUs). Decisions regarding ISL are commonly based on senior management levels and should align
with the overall company strategy (Chapman et al., 2017).

2.3.2 Uncertainties and Variabilities

Shortage- and delay costs are associated with costs due to disruptions in delivery to the customers
(Jonsson & Mattsson, 2016). These costs have a direct linkage to customer service and ISL, which can
contribute to; loss of customers or income, added costs in the form of expensive shipment solutions or
overtime for workers to minimize the customers dissatisfaction (Jonsson & Mattsson, 2016).

The ability to deliver is influenced by demand variability and forecast accuracy within the company, the
variability of demand can be systematically reduced, but not eliminated (Ptak & Smith, 2019). It is
therefore important to target the cause of variation in demand, to reduce the need for SS (Hopp &
Spearman, 2021). Although it is not possible to eliminate all variations, nor is it strategically beneficial
(Boute et al., 2008), Teunter et al. (2010) highlights that inaccurate demand forecasts can negatively
impact both the ISL and ICC. Arvan et al. (2019) express the importance of demand forecasting and
consequences of errors amplifying throughout the supply chain causing supply chain inefficiencies.

Furthermore, Ptak and Smith, (2019) highlights that ISL are connected to the customer tolerance time,
meaning the amount of time customers are willing to wait for the delivery of goods before seeking
alternative sources, often referred to as demand lead-time. The definition of lead time provided by
APICS Dictionary”s (APICS, 2013) states that lead time is a span of time required to perform a process
which can include supply-, procurement-, assembly- or delivery lead-time. Lead times can be defined as
internal or external, relating to internal processes within production and delivery or external relating so
supplier lead-times.
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2.3.3 SMEs with Low-Mix, Low-Volume Manufacturing

Low-Mix, High-Volume (LMHV) manufacturing and High-Mix, Low-Volume (HMLV) manufacturing
are two different manufacturing categorizations. LMHV manufacturing focuses on cost and
throughputs, with low complexity in planning, short lead-times and is within industries most related to
lean operations (Braglia et al. 2019). HMLYV is related to highly customizable products, with a focus on
flexibility and responsiveness with drawbacks in long lead-time and higher complexity in planning, with
a low adaptability of lean operations (TomaSevi¢ et al., 2021). Hines et al. (2004) argue that
implementations of lean in HMLYV industries pose challenges in variabilities within market demand.

The context of LMLV-HV products is an under researched topic with both low product variability and
low production volumes. From the high-value items, there is a strong emphasis on precision and quality
control, involving skilled workers to manage the manufacturing process. With lack in economic scale,
the unit costs within operation can be higher in LMLV-HV manufacturing exactly like HMLV. The
LMLV-HV manufacturing companies are related and have a narrow customer segment with few
competitors, similar to the HMLV manufacturing context. For SMEs general limitations include
financial challenges impacting inventory management, and the low number of employees contributes to
vulnerability and disruptions in workflow.

Balancing high ISL with low ICC is a key challenge in inventory management, particularly for SMEs with
LMLV-HV products. These companies often operate with limited financial resources and high sensitivity
to disruptions, making it crucial to manage uncertainty in a cost-effective way. To ensure a balance
between service and cost, variations and uncertainties need to be mitigated or accounted for. Applied
rules, routines and behaviours internally can directly or indirectly affect the variations caused by
suppliers and customers (Hopp & Spearman, 2004). According to Hedvall (2024) “The costs in relation
to the expected effect of an action should be taken into consideration as it is only economically justifiable
to reduce variations to a certain extent” (p. 12). Similarly, Fry et al. (1994) express that the main
protective measure towards unexpected fluctuations is inventory. SMEs managing LMLV-HV products
must adopt a nuanced approach, recognizing challenges and opportunities in LMHV and HMLV
contexts adoptable in this context.

2.3.4 Lead Time and Supply Chain Complexity

Gunasekaran et al. (2004) express the importance of delivery performance measures including quality
of delivered goods and the on-time delivery and flexibility. Tracking lead-time is important to have a
profitable supply chain, good service, minimizing cost and inventory. Insufficient lead time tracking
causes poor visibility within the company, contributing to poor service, over- or understocking and extra
costs to cover the lack of visibility (Jonsson & Mattsson, 2016). Supplier evaluation and performance
measurements are crucial to understanding the variability in delivery and quality of the goods received.
Fahimnia et al. (2023) highlights the importance of supplier reliability and the need for continuous
supplier evaluation.

Chapman et al. (2017) highlights customer relationship management (CRM) and supplier relationship
management (SRM). These focuses on building and maintaining close relationships in long term. CRM
includes cross-functional collaborations with customers to align customer needs with company activity
(Chapman et al., 2017). This is of importance to ensure that the right focused is kept ensuring supply
and demand.

2.4 Strategic Inventory Management

There are certain strategies that can be used to increase the control within inventory management to
improve the balance between ISL and ICC. The following subchapters introduce, differentiation,
positioning of material buffers, dimensioning of material buffers, replenishment strategies and trade-
offs, facilitating a basis for addressing the third research question.
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2.4.1 Differentiation

Differentiation provides the ability to view separate items in relation to the demand variations, lead-
time variations or forecast errors (Jonsson & Mattsson, 2016). Product- or item classification is of great
importance in manufacturing industries, contributing to inventory level dimensions and supports
decisions in material planning strategies (Scholz-Reiter et al., 2012). One of the earliest methods used
to identify classes and categories based on their performance similarities and differences is the ABC
analysis, using a single criterion in item classification.

The basis of the ABC analysis is founded in the Pareto principle (Pareto, 1964), contributing to ease of
use and comprehensive versability. The Pareto principle (Pareto, 1964), also known as the 20/80 rule
describes the relationship between the number of items and their value, e.g., 20% of the total number of
items amounts to 80% of the annual sale (Teunter et al.,, 2010). Emmett (2005) states that,
nondependent of the categorization used, the outcome remains the same, a high percentage of a certain
criteria is found from a small segment, whilst a low percentage is observed in the larger segment.

The process of ABC classifications can be made in various ways, based on suppliers, products or items
(Jonsson & Mattsson, 2016). Depending on the objective of the classification, different criteria are
chosen. In a supplier classification, the volume value should be connected to the purchase cost, whilst
the classification of customer service differentiation is based on contribution of margin per profit. In the
process of creating an ABC analysis, the outline of the subsequent step-by-step guide, is applicable
nondependent of the selected classification criteria (Jonsson & Mattsson, 2016). An example within
inventory management and item classification is used in the step-by-step guide, with step 1-6 illustrated
in Table 1 (Jonsson & Mattsson, 2016; Chapman et al., 2017).

The first step includes, selecting the classification criteria and calculate the volume value per item by
multiplying the item volume with the value per unit. In the second step, the items are ranked from low
to high based on the volume value of each item. In the third step, a calculation is made of the percentage
share of the volume value for the items. Furthermore, the accumulated value of the percentage share of
volume value per item is made in the fourth step. As a fifth step, the percentage of the total number of
items are calculated and as a sixth step, the accumulated value of the percentage of item volumes are
calculated.

Table 1
ABC Analysis
Step 2 Step 1 Step 3 Step 4 Step 5 Step 6
Article. Acc. Volume Acc. Article
Volume value Volume value (% Article volume (%
no v v %) value (%) Vv %) volume (%)
volume value article volume
001 volume - value - 001 - 001
X volume value X article volume
volume value article volume
002 volume - value _ 001 +002 - 001 +002
Y volume value Y article volume
volume value article volume 001
..n volume - value - 001 +001+...+n -
¥ volume value ¥ article volume +001+...+n
Total T volume value 2 volume value X article volume

Note. Summary of the process for conducting an ABC analysis illustrating the calculations of volume
value, percentages and accumulated values excluding classification.

The seventh and last step of the ABC analysis is to classify the items based on the Pareto principle. In

Table 2 an example of the ABC analysis is presented with the logic of Pareto's principle where products
with A-classifications amount to 20% of the items with 80% of the annual sales (Emmett, 2005).

10
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Table 2
ABC Classification
Classification Article (%) Cost (%)
A 20 80
B 30 15
C 50 5

Note. ABC classification with Pareto’s principle as a foundation for the segmentation. Based on
Emmett (2005).

The simplicity of an ABC analysis and the clarity provided in identifying the items with the largest impact
in relation to the overall inventory cost and material consumption (Pandya and Thakkar, 2016), makes
ABC analysis a suitable decision-making tool that is easy to apply. Teunter et al. (2010) describes the
ABC analysis as a tool that can be used to differentiate service levels to optimize inventory management.

Although the ABC analysis contributes to efficient inventory management, the disadvantage of the ABC
analysis is the limitation of its ability to consider only one criterion, restricting and complicating the
incorporation of multiple criteria’s to be analysed (Ng, 2007). To bypass the limitations of a single
criterion taken into consideration and provide multiple perspectives to the problem, the XYZ analysis
extends the ABC analysis creating multiple category analysis. Criteria in the form of lead time,
stockability, commonality or item criticality are important considerations in certain contexts (Ravinder,
& Misra, 2014). The XYZ analysis adds another dimension, addressing the variation in demand or
delivery lead-time instead of single-handedly viewing the inventory costs of the products. The
combination of ABC XYZ classification enables differentiates service levels, inventory policies and
strategies (Aktunc et al., 2019). This classification contributes to further categorization, providing
options to strategize differently in relation to the influence of the different dimensions in criteria.
Differentiation of items contributes to the ability of SS dimensioning based on; the criticality-, fragility-
or cost of items or various other factors that might separate the need for certain items to have larger SS
(Jonsson & Mattsson, 2016). An illustration of a ABC XYZ analysis is illustrated in Figure 4.

Figure 4
ABC XYZ Analysis
- Lead Time +
A g
)
g
S #
B £<
C
X Y V4

Note. Illustration of the nine category ABC XYZ analysis with dual criteria of ICC and lead time
variability.

2.4.2 Positioning Material Buffers

Chu and Hayya (1988) argue that, to create a balance between protection against uncertainty, and low
inventory, the positioning and dimensioning of SS are essential. The purpose of inventory is to decouple
between supply and demand, e.g., decoupling customer demand with finished goods and item
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availability (Chapman et al.,, 2017). Jonsson and Mattsson (2016) emphasize the importance of
combining upstream and downstream buffering to protect against both known and unknown variability.
Dependent on the identified constraints within a system, buffers can be placed upstream or downstream.
To protect variability between suppliers and manufacturing, upstream buffers are introduced, and
downstream buffers are kept protecting against variability between manufacturing and customers (Ptak
& Smith, 2019).

There are various ways to strategically position material safety buffers, one using Demand Driven
Materials Requirements Planning (DDMRP). This was first introduced by Ptak and Smith (2019) and
aims to strategically position SS to improve performance. The DDMRP is a method used to control the
suppliers demand and variability, avoiding a bullwhip effect using decoupling points or SS (Achergui et
al., 2021). APICS Dictionary’s (APICS, 2013) states the definition of decoupling points as “The locations
in the product structure or distribution network where inventory is placed to create interdependence
between processes or entities” (p. 43). The selection of decoupling points is related to strategic decisions
determining customer lead times and investments within inventory (APICS, 2013).

Another way of determining the positioning of safety buffers is through the Theory of Constraints
(Goldratt & Cox, 1984) which is a principle focusing on continuous improvements. The Theory of
Constraints consist of six steps, illustrated in Figure 5. In the theory of constraints, decoupling
inventory, or buffers are implemented based on the identified constraint.

Figure 5
Theory of Constraints

Overcome

/ " \
Elevate constraint
K Identify constraint

Subordinate all Exploit constraint
resources to
global decision‘\v/

Note. From “Theory of constraints: a review of the philosophy and its applications” by Rahman, S. U.
(1998). International journal of operations & production management, 18(4), p. 338.

The first step includes identifying physical or managerial constraints (Rahman, 1988). Moreover, the
second step is to account for the constraints through making physical constraints more effective and
exploit managerial constraints to replace policies supporting increased throughput. Other, non-
constraints within the system, thereafter, needs to be adjusted, to support the effectiveness within the
identified constraint to synchronize the system and reduce the risk of further constraints within the
system (Rahman, 1998). In the fourth step, rigorous improvements and efforts are made to increase
performance within the system and as a last step, highlights the need to recognize the need for constant
changes and improvements.

2.4.3 Dimensioning Material Buffers

Manufacturing companies often face an imbalance in supply and demand. Demand, material flow and
inventory can be affected by disturbances, causing disruptions within manufacturing companies. To
account for this imbalance, strategically positioned and dimensioned buffers are used to absorb
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variations (Keskin et al., 2022). To refrain from the disturbances caused by uncertainties in demand, SS
or buffers can be introduces (Jonsson & Mattsson, 2016), reducing the risks of stockouts, backorder
costs, loss of sales and potential loss of customers (Chapman et al., 2017). The function of the SS is to
account for the uncertainties in quantity. Carrying extra stock is used to protect against random and
unpredictable fluctuations, deviating from the forecasted supply, demand or lead time (Chapman et al.,
2017).

When dimensioning the material safety buffer, the aim is to prevent stockouts whilst minimizing
unnecessary excess inventory. Chapman et al. (2017) explain that there are four main reasons for
required SS, (1) Variability in demand during lead time, (2) Frequency of reorder, (3) Service level
desired, and (4) Length of lead time.

Normal distribution is a statistical model, often used to account for demand or lead time variability in
safety buffer dimensioning. The normal distribution has a characteristic bell-shaped curve with values
clustered at the center gradually decreasing when moving away from the center (Chapman et al., 2017).
The average or mean in a certain data set is calculated, called the x-bar, symbolizing the center of the
standard deviation. The variation or dispersion relates to how close the individual values come to the
mean or average calculated, this can be measured through the standard deviation. The deviation relates
to the actual demand subtracted from the forecasted demand, previously described as forecast error.
The deviation should then be squared to display what the standard deviation (o) is. The actual demand
will then be within + o of the forecast average approximately 68% of the time.; + 20 98% of the time and
+ 30 99.88% of the time.

When determining the SS, certain calculation methods use the service level, directly related to the
number of standard deviations provided as SS and is known as the safety factor, which is illustrated in
the Table 3.

Table 3
Service Levels & Safety Factors

Service level (%) ‘ 50 ‘ 75 ‘ 8o ‘ 85 ‘ 90 ‘ 94 ‘ 95 ‘ 96 ‘ 97 ‘ 98 ‘ 99 ‘99.89 ‘ 99.99

Safety factor ‘ 0.00 ‘ 0.67 ‘ 0.84 ‘ 1.04 ‘ 1.28 ‘ 1.56 ‘ 1.65 ‘ 1.75 ‘ 1.88 ‘ 2.05 ‘ 2.33 ‘ 3.00 ‘ 4.00

Note. Relations between service levels and safety factors, with the service level related to the
percentage of order cycles without a stockout. Based on Chapman et al. (2017).

Six types of SS formulas are presented, which can be utilized when dimensioning SS. These rely on the
data available and the identified reason for requiring SS. The six calculations include acronyms of SS,
demand (D), lead time (LT), safety factor (Z) and the standard deviation (o). The first formula is based
on the average demand and a manual set parameter of the number of days covered by SS. The formula
does not account for the demand or lead time uncertainty but is suitable in instances with low sales and
unreliable data.

(1) SS = Average D - number of days

The second formula is used when lead time is the primary variability (Devara & Jayamohan, 2014).
Although this is easy to calculate and apply, it does not consider the targeted service level and is sensitive
to spikes in the data.

(2) §S = Maximum D - Maximum LT — Average D - Average LT

The last four formulas utilize standard deviations and the normal distribution curve, with higher reliance
on historical data. SS can be determined with higher accuracy when accounting for previous data of
demand, lead time, supplier reliability and desired ISL (Devara & Jayamohan, 2014). The third formula
is used to accounts for the primary concern of uncertainty in demand (King, 2011). The fourth formula
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accounts for variability where lead time is the primary concern (King, 2011). The fifth formula accounts
for the uncertainty in independent demand and lead-time, increasing assumptions closer to reality
(Devara & Jayamohan, 2014; Tang et al., 2022). The last formula accounts for the uncertainty in
dependent demand and lead time (King, 2011).

(3)SS =Z - oD - /Average LT

(4) SS =Z - AverageD - LT

= . verage 0 + verage * g
(5)SS =Z - \JAverage LT - 6D? + (Average D - oLT)?

(6)SS = Z - oD - /Average LT + Z - Average D - oLT

Dependent on the primary concern established within the company, these different formulas can be
used to determine safety stocks. The maturity of the company and the data availability has great impact
on which formulas can be used.

Safety lead-time (SLT) is used to plan orders earlier than required, to mitigate uncertainties in delivery
(Chapman et al., 2017). Moreover, the SLT accounts for the uncertainty in time aspects, accounting for
suppliers' ability to deliver on time (Jonsson & Mattsson, 2016). This should be regarded when there are
uncertainties in the supplier lead-time. Furthermore, Jonsson and Mattsson (2016) states that, although
the uncertainty aspect is time where implementation of SLT is most common, SS becomes relevant in
the case of low volumes in relation to the annual consumption.

2.4.4 Replenishment Strategies

Replenishment strategy and SS levels are highly influenced by the supply lead-time and production lead-
time variability. To ensure suitable inventory levels, accurate ISL and timely deliveries to avoid
stockouts, replenishment strategies are important to consider. For LMLV-HYV products, the selection of
replenishment strategies is essential to balance cost and availability. Chapman et al. (2017) emphasise
that within inventory management, the objective is to ensure the required level of customer service at a
reduced sum of the costs involved. This includes two aspects, the order quantity indicating how much
to order at one time and when to order, pointing to the ordering systems used.

Lot-size inventory refers to purchasing items in greater quantities than immediately immediate demand
(Arnold et al., 2012) often to reduce setup, clerical and shipping costs (Chapman et al., 2017). According
to the APICs Dictionary (APICS, 2014), a lot or batch is defined as “A quantity produced together and
sharing the same production costs and specifications” (p. 95). Selecting the appropriate batch size is a
strategic decision that impacts tied-up capital, ICC and operational flexibility.

Small batch sizes reduce capital tied up and storage costs, but result in more frequent ordering, which
increases the order processing cost and increased risk of disturbances due to a small product inventory
(Berlec et al., 2014). In contrast, large batch sizes may reduce the order frequency and take advantage
of economic scales in shipping or production, with disadvantages in increase storage costs and capital
tied up (Berlec et al., 2014). Heizer and Render (2001) highlights the advantage of different batch sizes
and the purpose of calculating the optimal batch quantity for products or subassembly, to ensure the
required quantity whilst maintaining a low cost. The EOQ model, also known as the Wilson model, is a
widely used decision-making tool to track and control inventory (Schwaller, 1988).

The purpose of EOQ is to minimise the total incremental cost (TIC), excluding the purchasing cost while
considering the total ordering cost (TOC) and the total carrying cost (TCC; Senthilnathan, 2019). In the
Wilson model, the demand (D), ordering cost (Co) and carrying cost (Cc) are considered to determine
the optimal order quantity (EOQ) of units per order, which is illustrated in the formula below:
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2DC,
Ce

E0Q =

This relationship is illustrated in Figure 6, showing the trade-off between ordering and carrying costs
as order quantities vary.

Figure 6
Economic Order Quantity
Cost

»

TIC =TOC +TCC

TCC=Q/2xIxV

TOC=D/QxCo

"

EOQ Order Quantity

Note. Relation between order quantities, order costs and carrying costs. Modified from “Logistik
Ldran om effektiva materialfloden” by Jonsson, P., & Mattsson, S.-A. (2016).
Studentlitteratur. P.418.

An alternative to the EOQ is the period order quantity (POQ), which focuses on how many time periods
each order should cover (Chapman et al., 2017). While EOQ determines the fixed quantity per order,
POQ determines a fixed order interval. The formula is:

EO0Q
POQ =
Average weekly usage

Were,
Annual usage of SKUs

52

Average weekly usage =

This approach ensures that orders cover a specific number of weeks, offering predictability in
replenishment timing (Chapman et al., 2017).

The re-order point (ROP) system triggers replenishment once inventory falls to a predetermined level.
The ROP account for both average demand (D) and lead time (LT), and includes SS to manage
uncertainty, which is illustrated in the subsequent formula (Jonsson & Mattsson, 2016, p.312),

ROP=SS+D-LT

This approach helps maintain inventory availability by ensuring sufficient inventory during the lead
time, with SS offering buffers against demand or supply variability (see Figure 7).
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Figure 7
Re-Ordering Point System

Inventory

1

Period

Note. From “Inventory policies and safety stock optimization for supply chain planning” by B. Brunaud,
J. M. Lainez-Aguirre, J. M. Pinto & I. E. Grossmann, 2019, AIChE journal, p.102.

In contrast, the periodic review system assesses and renew inventory levels at fixed intervals with orders
placed at those specific times, regardless of the current inventory levels (Chapman et al., 2019). The
order quantity varies to restore inventory target level (T), but the re-ordering is scheduled with fixed
intervals, decreasing the administrative effort. T is calculated through using demand per unit of time
(D), the lead time duration (LT), the review period duration (R) and SS (Chapman et al., 2019. P.286),

T=D(R+1L)+SS

Where the order quantity (Q) is dependent on the inventory on hand (I) at the review period (Chapman
etal., 2019. P.286),

Q=T-1

This facilitates combined orders of multiple items simultaneously and minimise the time spent
managing inventory (Brunaud et al., 2019). This is therefore suitable for businesses with limited
resources for daily monitoring and organizations that prefer simultaneous replenishments. In contrast
to the ROP system, the periodic review systems have a targeted inventory level instead of a ROP,
depending on the defined intervals of replenishments (see Figure 8).

Figure 8
Periodic Review System

Inventory

«

L s L
L L Period
Review Review

Note. From “Inventory policies and safety stock optimization for supply chain planning” by B. Brunaud,
J. M. Lainez-Aguirre, J. M. Pinto & I. E. Grossmann, 2019, AIChE journal, p.102.

Tagaras and Vlachos (2001) highlight the use of emergency replenishment to strategically reduce SS
levels. While emergency replenishment can be costly, they offer flexibility and responsiveness in
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uncertain environments. The trade-off lies in balancing these occasional emergency replenishments
with the cost of maintain increase SS levels.

The Two-bin system and kanban’s can be used to show when an item has reached the order point. The
two-bin system incorporates two order point quantities, with the rule of using one bin at the time. When
the first bin is empty and the second is used, a replenishment is triggered. The two-bin system is suitable
for controlling the C-items, minimising the time spent on these low value items. The Kanban system
sends a signal when inventory falls below a threshold and is used to replenish all items, not just C-items
(Chapman et al., 2017).

Moreover, Material Requirements Planning, (MRP) builds upon scheduling new deliveries at the point
in time when the net requirement for material arises, e.g., when the projected inventory levels become
negative. MRP plays a critical role in ensuring that necessary components and materials are available
for both internal production processes and for fulfilling customer orders (Jonsson & Mattsson, 2016).
In Make-to-stock production environments, there are typically no finished good kept in stock, which
places greater demand on accurate material planning to meet lead times and maintain production
efficiency. To align the flow of materials, from raw inputs and purchased parts through intermediate
products to final assemblies, the structure of the product itself used as a planning tool. These product
structures crate logical links between items at different levels, allowing planners to derive material
requirements based on the relationship of the components (Olhager, 2013).

2.4.5 Trade Offs

Andrews (1984) expresses that business strategy is related to how the company will compete within the
business area. For manufacturing actors, the business strategy is used to determine operational and
functional strategies (Ward et al., 1998). These functional strategies derived from the business strategy
specify how they will support the needs within the organization. These functional strategies can however
contradict each other within the organization and alignment between different functional strategies are
therefore of importance (Leong et al., 1990).

To balance ISL with ICC and support decision making, decisions in inventory management can be
assessed through a balance sheet, presenting the intended investments. These balance sheets provide
opportunities to align company strategies with the investments in inventory. To support the company
strategy and decision making, financial performance measures, such as profit margin, return on
investment (ROI), return on equity (ROE), return on assets (ROA) and return on capital employed
(ROCE) include cost, revenue and investments (Wagner et al., 2012). Tiedemann et al. (2021) found that
both the length of and uncertainty in SLT varies in direct and indirect impacts of the financial
performance with variations in strength. Carrying SS or ordering ahead of time are the two ways to
protect against uncertainty (Chapman et al., 2017). When increasing the SS, the risk of shortage costs
decreases whilst the ICC increase (Jonsson & Mattsson, 2016). The optimal SS is dimensioned by
minimizing the combined total of shortage costs and ICC (Jonsson and Mattsson, 2016).

2.5 Process Development for Strategic Inventory Management

To achieve the purpose of the study, the theoretical framework integrates insights from prior literature
on demand forecasting, ISL, ICC, trade-offs and strategic inventory management. This subchapter
extends the previous subchapters by anchoring the process development in established methodologies,
particularly, Hedvall’s (2024) process for managing safety buffers, the DMAIC framework, the PDCA
cycle and the five Ws. Together these frameworks link the structure and logic of the process with
established models. Moreover, the three pillars of sustainability are considered to provide insights into
the sustainability impacts and considerations within the process.

2.5.1 Process for Managing Safety Buffers

The process developed by Hedvall (2024) aims to enhance the understanding of decision-making related
to reducing and managing variabilities and ensure effective delivery performance through using safety
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buffers. The six-step process (See Figure 9) divided in four categories was presented by Hedvall (2024)
to; Identify variations, Reduce causes of variation, Select safety buffer types and subtypes, Determine
safety buffer positioning and Evaluate performance. This process aligns with the core principles of
system thinking and lean management by emphasising data-driven and iterative improvements.

Figure 9
Process for Managing Safety Buffers
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Note. From “Management of Safety Buffers for Effective Delivery Capability” by L. Hedvall, 2024.
Doctoral dissertation, Jonkoping University, School of Engineering.

2.5.2 DMAIC, PDCA and the Five Ws

The DMAIC framework is a commonly used improvement process within Six Sigma, and is an acronym
for Define, Measure, Analyse, Improve and Control (APICS, 2014). Originating from lean principles and
the Toyota Production System in the 1950s through the 1989s (Monday, 2022), the aim of these principle
is to improve the efficiency of a process and eliminate waste (Chiarini et al., 2018). To reduce process
variations, Bill Smith developed this five-step process, called the DMAIC method (Dahlgaard &
Dahlgaard-Park, 2006). DMAIC is applied in instances of organizational changes of routine and is a
problem solving and improvement approach (McAdam and Lafferty, 2004).

The first step of the DMAIC process is to define the problem. Moreover, to base decisions on fact,
measurements need to be conducted, to increase the knowledge and data available. When sufficient data
has been collected, a broader understanding can be created through analysis of the data collected. When
analysis have been made, improvements and potential solutions to the defined problem can be made.
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Lastly, to ensure the reliability of the solutions, evaluations and systematic control should be managed
(Sorqvist & Hoglund, 2017).

This model was inspired by the PDCA cycle (Plan, Do, Check, Act) developed by Shewhart and Demin
(Monday, 2022). The PDCA cycle is includes defining a problem and possible solutions, implementing
solutions, evaluating the results and either standardize the modifications or iterate from the first stage
of the cycle until the desired result is achieved (Monday, 2022). Another analysis to understand the root
cause is the five Ws method, is commonly used within quality management, used to determine the core
problem by asking “why” five times to identify the root cause (APICS,2014). It incorporates identifying
“Who”, “What”, “When”, “Where” and “Why”, linking the process design to view the cause and effect.

2.5.3 Three Pillars of Sustainability

Strategic inventory management must be aligned with sustainability objectives, which are commonly
referred to with the three pillars (see Figure 10). The first involved environmental sustainability, aiming
to minimize emissions, optimizing transport, reduce waste and enable remanufacturing and recycling.
Moreover, the economic sustainability referred to controlling ICC, optimizing operations, and increasing
productivity through efficient resource use. Lastly, the social sustainability aspect includes ethical
practices and facilitating equal opportunities (Purvis et al., 2019).

Figure 10
Three Pillars of Sustainability

Sustainable

Note. From “Three pillars of sustainability in search of conceptual origins” by B. Purvis, Y. Mao & D.
Robin, 2019, Sustain Sci. P. 681.

These dimensions are interconnected, viewing economic-social aspects, including workers right and
responsible sourcing. Moreover, social-environmental aspects include environmental justice and
stakeholder inclusion. Lastly, environmental-economic aspects consider efficient use of energy and
material (Becerra et al., 2022). Integrating these sustainability aspects and thinking into the process
design enhance compliance and long-term operational resilience.
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3 Methodology

The methodology chapter outlines the design and approach of the study. It justifies the use of an
embedded single-case study method introduce the case company, detailing the data collection
techniques employed. Additionally, the data analysis and research quality are presented. Lastly the
ethical considerations upheld throughout the study are displayed.

3.1 Research Design

An embedded single-case study was adopted within this study to support the purpose to, “Develop a
process for managing inventory during the industrialization of new products in SMEs with Low-Mix,
Low-Volume and High-Value products”. The study was predominantly based on qualitative data
collection methods including interviews, document studies and observations, mixing both primary and
secondary data.

The selection of the embedded single-case study was justifiable through the fulfilment of conditions
stated by Yin (2018). In this study, existing theory was applied within a LMLV-HV context that has low
previous research, providing insights that are relevant through data collected over an extended period
of five months. The embedded nature of the study is related to the multiple layers and aspects,
considering the initial phase of product industrialization, forecasting methods, inventory control
methods and the balance between ISL and ICC. The in-depth study, contributed to empirical findings
acknowledging the specific challenges and potential within the specific case company, that when
supported by literature helped address the research questions and fulfil the purpose both theoretically
and practically. The five-month period of case study research within the case company at a daily basis
enabled sufficient understanding of the current challenges and the desired state. The insights gained on
site were important during the development of the process to create an understanding of limitations and
opportunities that are difficult to anticipate based on previous theoretical knowledge.

3.2 Research Approach

Through a deductive approach, assumptions were derived from theories to then be systematically and
logically explored through empirical findings, contributing to verification of the assumptions made. To
collect appropriate data for the first research question, “How can demand be forecasted during the
industrialization of new products?”, knowledge of current demands and previous forecasting methods
were essential. It was also of interest to explore the types of data that could be used to forecast demand
during the initial stages of the product life cycle, when historical data was limited. To identify relevant
data sources, insights from development, manufacturing and purchasing functions were crucial during
the prototype stage. Interviews were used to understand the types of demand within the case company
and identify production and delivery disruptions due to forecast inaccuracy. Additionally, document
studies supported understanding of supplier quality variations as well as the length of and variations in
supplier lead-time during the prototype stage of the new product and from previous products. This was
valuable to understanding possible improvements in forecasts during the industrialization of new
products.

The second research question investigated, “What factors influence inventory service levels and
inventory carrying costs in SMEs with Low-Mix, Low-Volume and High-Value products?”. To explore
this, data was collected regarding the targeted ISL and ICC. Furthermore, insights of the supplier’s
accuracy, quality and delivery variations were investigated alongside historical customer orders and
spare part needs. Interviews provided insights into the strategies within the company and their previous
experience with variations affecting ISL and ICC, to understand causes and actions to manage these
situations. Moreover, the data extracted from the Enterprise Resource Planning (ERP) system offered
real-time data and historical information, enabling a deeper understanding of how ICC and ISL have
evolved over time and how they have been affected.

20



Methodology

To address the third research question, “How can influencing factors be accounted for when balancing
inventory service levels and inventory carrying costs within SMEs with Low-Mix, Low-Volume and
High-Value products?”. Data was collected regarding the case company’s strategies and abilities to
manage these influencing factors. Literature found in the theoretical framework guided the data
collection in regards of addressing this question. Observations of current processes within inventory
management, supplier relations and customer deliveries gave insights into how the company brace for
disturbances and variabilities affecting ISL and ICC. Through interviews, financial targets could be
identified facilitating a measurement for how to balance ISL and ICC.

Finally, to fulfil the purpose of the study, the findings and analysis of the research questions contributed
to insights of current challenges, in the contexts of manufacturing LMLV-HV products. With
foundations from the theoretical framework including DDMRP, theory of constraints and Hedvall’s
(2024) process for managing safety buffers a tailored process could be developed with inspirations from
these previous theories in addition to the case study findings.

3.3 Case Company

The choice of case company for the study was founded in the context of SMEs with LMLV-HV products
during the industrialization of new products. Furthermore, a necessity to conduct the study relied on
possibilities to gather information and real time data through interviews, document studies and
observations, which was a criterion for the selection of case company. Moreover, the possibilities to
explore ways of managing inventory was a criterion to enable an in-depth understanding of challenges
and practical applications.

The case company is per definition a SME in accordance with the European Commission (n.d.). The case
company develops, manufacture and deliver complex LMLV-HV products with a production volume of
8 units per year. The SME has a flat organization with centralized decision making where the general
manager had a strong influence on the activities within the case company. The case company develop
and produce products, at the tip of technical advancements, and are the current market leaders within
their field of products. The products are complex with electrical, optical and mechanical components in
addition to the software. The product consists of components which differ significantly in value and
supply lead-time. The product downtime is costly for the customers, and the obligation to support the
customers with service and spare parts is critical for the case company. Therefore, an emphasis is placed
on the criticality of facilitating customer with spare parts when needed and maintaining high ISL
towards customers.

The case company is in the initial stage of the product life cycle with their lates developments, with the
product in a prototype stage. With the new product closer to the ramp up phase, the case company tries
to navigate a path to maintain high ISL whilst balancing ICC. To avoid uncertainties and variabilities
during the pre-series build and during the release of the first product, the case company highlights their
need for strategic inventory management.

3.4 Data Collection

The study was predominantly based on qualitative data collection primary choice of data collection,
contributing to an understanding of the complexity within the specific context, exploring perspectives
and capturing nuanced details. Additional quantitative data was used to provide information to display
inventory data and support decision making within the case company. The following subchapters
introduce the data collection methods used including interviews, document studies and observations.

3.4.1 Interview

Yin (2018), Safsten and Gustavsson (2021) emphasise that interviews are important methods for data
collection during case studies. The purpose of the interviews within this study was to collect primary
data to increase the understanding of the current situation, historical events, challenges and
experiences. The selection of semi-structures interviews provided opportunities for follow-up questions
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and elaborate answers from the respondents. Semi-structured interviews are used to outline topics with
suggested questions (Brinkmann & Kvale, 2018). To address the research questions and broaden the
understanding of current challenges, semi-structured interviews were essential, facilitating possibilities
to explore topics in-depth. To support that the data collection was relevant to address the research
questions, interview topics were derived from the theoretical framework in combination with basic
elements within the case company’s current situation, historical events, challenges and experiences.

The interviews provided data regarding demand types within the company and forecasting methods
used. Furthermore, specific challenges during the industrialization of new products were noted based
on experience with previous products. Experience of the quality of incoming goods and suppliers’
delivery accuracy during the prototype build and for previous products were investigated to estimate
suppliers’ quality and accuracy for suppliers to items within the new product. Furthermore, information
from the prototype stage concerning potential problems within production with fragile items and
subassemblies could be identified through interviews, to estimate future items or product failures within
production. This data was experienced based and investigates item specific characteristics.
Furthermore, necessary data concerning the case company strategy, ISL and interest rates were of
importance during the development of the process, to understand practical limitations and possibilities
in managing material safety buffers.

The selection criteria of the interview respondents were: (1) involvement in, or knowledge of the new
product’s development, (2) experience within the company, and (3) expertise in customer support,
purchasing, logistics, production or management. Based on these requirements, six respondents were
selected for interviews. The roles, descriptions, duration of the interviews and interview guides are
specified in Table 4 excluding additional interviews conducted to clarify or elaborate on specific topics.

Table 4

Interview Respondents
Role Description Interview Duration Date

Guide

Customer Support | Responsible for customer support and after sales, 1 30 min 2025-03-13
Manager with hardware and software.
Logistics Manager | Responsible for logistics and purchasing 2 45 min 2025-03-14
Systems Engineer | Link between production and R&D, responsible for | 2 & 3 60 min 2025-03-17

launching the new product within production and
slimline the production as much as possible

Head of Responsible for purchasing, logistics, export 1&2 60 min 2025-03-26
Operations control and key account manager.
Production Responsible for daily management in production 2&3 70 min 2025-03-26
Manager and transforming the purchased materials into

finished products.
General Manager Company strategy and KPIs 3 30 min 2025-04-22

Note. Interview respondents, area of knowledge contribution and estimated time for each interview.
Areas of expertise were focused on both the previous products as well as knowledge concerning the
new product.

Interviews were conducted face-to-face at the case company with the respondents interviewed
separately with interviews held in Swedish to ensure that the respondents were comfortable to express
themselves in their native language. Interview guides were created with demographic and introductory
questions to provide basic knowledge and contribute a safe space for the respondents, which was critical
during the interviews. Furthermore, a mix of direct and indirect questions were used to explore the
subjects in depth and probing questions broadening the perspectives of the respondent (Séfsten &
Gustavsson, 2021).
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The interview guides (see Appendix A, Appendix B & Appendix C) was presented to the respondent’s
days prior to the interview, written in Swedish. This provided time for preparations and according to
Brinkmann and Kvale (2018) contribute to elaborate and well thought out answers. To ensure that the
respondents were understood by the researcher, whilst simultaneously creating an opening for them to
rephrase, interpretive questions were asked continuously, and a small summary of the interview was
presented after the interviews. To enable transcribing, the interviews were recorded after verbal consent,
contributing to increased quality in the data collection. The six interviews were conducted by one
researcher in March and April 2025. Posterior to the interviews, transcriptions were made in Swedish
and thereafter translated when analysing the data. The interview guides used can be found in Appendix
A, whilst the transcriptions remain confidential.

3.4.2 Document Study

The document study included secondary data collection gathered from previous products, including
failure mode and effect analysis (FMEA), case documentation of actual failures, customer service spare
parts usage and current inventory management methods. Moreover, internal processes and annual
reports were studied to review current processes and targets. Furthermore, data collection from the
enterprise resource planning (ERP) system, Monitor, provided real time data with insights in the bill of
material (BOM), supplier management and inventory management. Table 5 provides a summary of the
document studied and the number of documents, highlighting the data collected.

Table 5
Document Study
Type Name No. of Data collected
Documents
Internal FMEA previous 4 Failure rate
documents products Risk assessments
Case documents 2 Previous sparts needed in customer support
Service concepts 1 Starting critical items, subassemblies and future disassembles &
repairs for the new product
Internal 2 Description of internal processes
processes
Annual report 1 KPIs, balance sheet, cash flow
ERP system  Monitor lists 4 Real time data of current inventory for the new product including:
BOM lists, costs, internal lead-times, external supply lead-times.
Inventory lists 4 Extractions from inventory include customer support needs, R&D
item usage, defective items in production, defective items in delivery.
Email Supplier 2 Quality of delivered goods, supplier delivery accuracy, lead-time
management variance

Note. Representation of the documents studied, the number of documents and the data collected from
the documents.

The data collected from the ERP system was conducted through selecting important parameters within
the ERP system related to the items within the specific product studied. The data found was exported to
Excel files which were later used to structure the empirical findings and conduct the analysis. Failure
rates of items or subassemblies were summarized within an Excel sheet to provide foundations to further
analyse the data to compare it to the new product. The case documents were collected in the same
manner as the FMEA to enable future analysis. These internal, non-official documents studied provided
information gathered for the past 20 years continuously updated in accordance with events concerning
the FMEA, spare parts use, inventory management and real time data. Bryman (2018) and Denscombe
(2018) emphasize the important advantages of document studies namely as an unbiased source for the
research to comprehend without ability to impact the source.

The first research question relied on theoretical knowledge of forecasts and assumptions, which through
the document study provided data to understand the current situation and prospects. Historical data of
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spare parts extractions from inventory was collected to understand previous demand in items and
subassemblies. The FMEA documents provided insights into previous subassemblies with increased
risks of failure, used in comparison with subassemblies in the new product. Comparisons between the
FMEA in relation to actual extraction of spare part usage and customer service needs contributed to
knowledge of what items or subassemblies were critical, this was also supported by case documents.
Documents regarding service concepts summarized experiences of subassemblies with increased risk of
damage, indicating desired spare parts in inventory.

To address the second research question, data from the ERP system was essential, providing data
regarding the current ICC, inventory levels and lead times. Furthermore, internal processes related to
purchasing, manufacturing and supplier relations were examined to understand current practices and
identify weaknesses. Moreover, data regarding supplier performance including, delivery accuracy,
quality of incoming goods and lead time variance was collected. Moreover, to grasp an overview of the
current inventory, BOM-lists providing costs and quantities were extracted.

The third research question utilized the findings from the second research question where knowledge of
the current uncertainties and variabilities within data could be extracted from the ERP system,
displaying historical variability in supply lead-time and multiple types of demand. Furthermore, annual
reports contributed to data regarding targets and goals within the company, contributing to balance
costs and services in relation to internal targets. The exploration of the historical impacts of lead times
and demand could, through analysis contribute to estimations in how this could be accounted for to
balance ISL and ICC.

3.4.3 Observations

There were three main elements that were considered during the observations: observing what people
do, listening to what they say and asking clarifying questions, aligning with Gillham (2000). The
observations conducted in the study is known as participatory observations, including involvement,
providing descriptive and qualitative data (Gillham, 2000). Observations provided insights into
currently used ERP system and support the understandings of the current working processes, future
implications, and possibilities for strategic inventory management. Observations contribute to a
nuanced and holistic overview of the context, an essential factor in qualitative strategies (Miles &
Huberman, 1994; Wolcott, 1992).

Qualitative observations were conducted through both viewing CAD drawings, and physical
observations of the inventory, and during the manufacturing of the new product. This contributed to
knowledge of the current challenges within inventory, storage constraints and complexities of product,
contributing to understanding of which items within the new product that risk damage during
production. Observations that were of interest during the study were asked about and noted down in
relation to the event. Moreover, observations were made in relation to the introduction to the ERP
system, to understand how the case company currently works, how a process could be integrated in their
current work processes and identifying limitations. The observations were unstructured, providing a
broader understanding of the current situation, increasing the richness and explorative nature of the
study. Internal communication, collaboration and practices were observed during meetings, to gain a
nuanced understanding of strengths and weaknesses within the case company. Notes during
observations were continuously collected and summarised to facilitate further analysis. Table 6 presents
a summary of the observations and the data collected in relation to the observations.
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Table 6
Observations made at the case company and the data collected

Observations Data collected
Inventory Storage utilization, item fragility, product knowledge
Production Assembly of products
CAD Drawings Product knowledge and assembly
Meetings Communication, collaboration and priorities

Note. The table illustrates the main sources of data collected from observations within the case
company.

3.5 Data Analysis

The data gathered through interviews, document studies and observations were of both qualitative and
quantitative nature, contributing to both qualitative and quantitative data analysis were conducted. This
chapter first present the qualitative data analysis and thereafter the quantitative data analysis.

The qualitative data originated from semi-structured interviews, multiple document studies and
observations, contributing to large amounts of data. The qualitative analysis approach adopted within
this study was the model developed by Miles and Huberman (1994) with three concurrent workflows in
relation to data analysis: data reduction, data display and conclusion drawing and verification (See
Figure 11).

Figure 11
Qualitative Data Analysis

Data

Data
| l
Data

Reduction

Conclusion
drawing and
Verification

Note. Adapted from Miles and Huberman (1994), From “Language power in courtroom: the use of
persuasive features in opening statement”, by S. Supardi, 2016. Indonesian Journal of Applied
Linguistics, 6(1), p. 79.

During data reduction, transcriptions were made, translated and organized. Data were continuously
summarized and simplified following sub activities suggested by Miles and Huberman (1994). Using the
theoretical framework, codes and themes were derived in relation to each research question,
strengthening pattern matching (Yin, 2018). The themes and codes derived from the theoretical
framework provided a guide in data reduction and can be found in Appendix D.

The second step, data display, involved activities to increase visualization of the data collected, and
enhance understanding and interpretations. Graphs, charts and tables were presented with Microsoft
Excel as a tool to organize and visualize thematic connections across different data sources. According
to Miles and Huberman (1994), networks with collections of nodes and links are suitable when
considering multiple variables at the same time. This method supported identification of patterns from
interviews, document studies and observations, using data triangulation. Combinations of empirical
data originating from multiple sources of data supported the findings.
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Figure 12 illustrates how this was made through convergence of multiple sources of evidence, presenting
the relationship between the data collected and their contribution to the findings. Furthermore, it
displays the nonconvergence of evidence to provide clarity in the difference between the two.

Figure 12
Convergence and Nonconvergence of Multiple Sources of Evidence.

Convergence of Evidence
single study

/v | Findings ‘ 1\

!

Semi - strucured Interviews

Document studies Observations

Nonconvergence of Evidence
separate substudies

Semi - strucured Interviews ———» Findings E— Conclusions
Document studies S Findings —_— Conclusions
Observations — Findings E— Conclusions

Note. Figure displaying data triangulation and the difference between Convergence of evidence and
nonconvergence of evidence. Modified from “Case Study Research and Applications: Design and
Methods” by R. Yin, 2018, Sage.

Moreover, during the conclusions drawing and verification phase, theory triangulation, or pattern
matching (Yin, 2018) was applied through the comparison between different theoretical and empirical
findings. The interconnections between empirical findings and theories contributed to higher external
validity. Applying the qualitative data analysis model by Miles and Huberman (1994) ensures systematic
steps within the analysis of the study. Methodological triangulation was used through the comparison
of qualitative and quantitative data, when comparing the nominal and ordinal data (Patton, 2015).

To conduct quantitative data analysis, Microsoft Excel was used as a tool for basic analysis and
visualization. Quantitative data from the ERP system and the FMEA contained numerical data from
various sources. This data was cleaned to ensure consistency in formatting and reviewed in relation to
missing data and errors to ensure the reliability of the analysis. The data collection and extraction to
Microsoft Excel was displayed in contingency tables with data arranged in rows and columns, with
certain limitations for display within the thesis due to confidentiality. To understand and analyse the
data, different types of summaries, means, medians and frequencies were calculated which are
descriptive statistics. These measured the spread of failure in production, suppliers’ quality, delivery
accuracy, lead time and demand variations. Correlations between different variables were used to
investigate the relation between previous and new products. This contributes to a better estimate of how
the material buffer and placement is related to the number of products sold.
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3.6 Quality

The quality of the study was evaluated in terms of its credibility, reliability and validity. To increase the
quality of the study design certain case study tactics have been considered, which is presented
subsequently.

To ensure construct validity in an embedded single-case study, multiple sources of evidence should be
used (Yin, 2018) which was attained using three different data collection techniques: interviews,
document studies and observations. Furthermore, the internal validity refers to the connections between
different events and the relationship between cause and effect. This is increased using, pattern matching
and explanation building (Yin, 2018) which was considered in the results and analysis chapter. Both
pattern matching in the form of themes and code and the interview guides were derived from the
theoretical framework supporting this.

To increase the external validity for the embedded single-case study, it is of importance to use theory
supporting the empirical data (Yin, 2018), this was presented in the analysis chapter, displaying the
theoretical findings in relation to the empirical findings. Lastly, the reliability of the study, meaning the
ability to replicate the data collection with the intention of gaining the same results (Yin, 2018) was
considered through a detailed methodological chapter and context descriptions from the case company.
Table 7 summarize the methods adopted within the study in relation to the quality of the study.

Table 7
Quality of the Study
Methods Credibility Reliability Validity
Semi structured | (+) Open ended question (+) Opportunity for follow up (+) Contextual and in-depth
interview contributing to respondents’ questions. understanding.
experience and opinions. (-) Potential interviewer bias and | (-) Potential social desirability
(-) Data interpretation of response. data variability. bias.
Document (+) Transparent data collection (+) No bias influencing the data. | (+) Rich contextual data over
studies (-) Bias in documentation. (-) Inconsistencies in time.
documentation (-) Selective documentation —
leaving out certain information.
Unstructured (+) Rich data collection (+) Flexible approach and (+) Higher ecological validity —
Observations (-) Potential observers bias due to natural, authentic data. behaviours in the natural state
the freedom of choosing what to (-) Subjective and (-) Incomplete or partial
observe. inconsistencies conclusions due to a lack of
predefined structure
Triangulation (+) Comprehensive and rich (+) Multiple methods ensure (+) Multiple perspectives
understanding consistent results based on enhancing the validity through
(-) Different weight in the methods different approaches. Reduction | less limitations in the study.
used. of bias from a single method. (-) False sense of validity
(-) Complex analysis

Note. Summary of the advantages and disadvantages within the quality of the methods used. The table
displays credibility, reliability and validity in the different methods which are discussed in the
subsequent paragraphs. Based on Safsten and Gustavsson (2021) and Yin (2018).

To increase the credibility and validity of the interviews, interpretive questions were asked during the
interviews, with respondents reviewing their statements before publishing. This contributes to
opportunity to rephrase if needed, increasing the validity of the study (Bryman, 2018). Recordings and
transcriptions of the interviews contributed to more accurate data collection. The transcriptions further
facilitated to the use of citations within the analysis, contributing to increased validity. The use of an
interview guide contributes to increased reliability with the ability to replicate the data collection (Yin,
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2018). The interviews contributed to filling certain knowledge gaps from the document study,
broadening the understanding and facilitating triangulation of the data collected. Actions taken to
increase the credibility, reliability and validity of the report is summarized in Table 8.

The context and purpose of the document study was stated where documents were selected, and the
historical context was assessed. This decreases the risk of bias and selective documentation by depicting
the sources selected, increasing the validity of the study. The findings from the document studies were
triangulated with the findings from interviews and observations to consider multiple perspectives and
methods, increasing the validity and reliability of the study.

During the unstructured observation, an emphasis was made on the frequency of notations in relation
to the event in addition to triangulating the findings from the observations with those from interviews
and document studies. Considering that the observations were made in a participatory manner, the
reactivity bias cannot be excluded as an effect during observations but was minimized through a longer
period of observations.

The data was analysed from three different methods to support triangulation, reducing subjectivity and
biases. The combination of different data collection methods provided enhanced research quality and
dependability in the collective strengths of each approach, whilst mitigating the weakness of each
individual approach (Yin, 2018). The analysis of the study gains further validity through the combination
of data collection and analysis methods (Leedy & Ormrod, 2015). The use of data triangulation
strengthens the construct validity of the case study by convergent evidence (Yin, 2018).

Table 8
Summary of Actions Taken to Increase Credibility, Reliability and Validity of the Study
Methods Actions to increase credibility, reliability and validity
Semi-structured interview Verbal consent prior to the interviews

Interpretive questions were asked

Respondents reviewing statements

Recordings and transcriptions

Citations

Triangulated data with document studies and observations
Document studies Stated context and purpose of each document
Assessment of historical context

Triangulated data with interviews and observations
Observations High frequency in notations

Notations in relation to the observations

Extensive period of observations

Triangulated data with document studies and interviews

Note. Tllustration of the actions that were taken during the data collection and analysis of the study, to
maintain high credibility, reliability and validity within the study.

3.7 Ethical Considerations

Internal and external ethics, relating to how the research was conducted and the impact the research
has on its surroundings (Safsten & Gustavsson, 2021) were considered throughout the study. The
systematic and structured approach within the research conducted emphasizes considerations of
external ethics. These were considered through upholding social and environmental responsibility.
Moreover, internal ethics consider respondents requirements of ethical consideration to ensure
knowledge of anonymity, confidentiality, and consent.

From an ethical perspective, the matter of confidentiality was of importance during the study. To
mitigate any potential breach in case company confidentiality, selective parts of gathered data was made
public in the thesis and the case company remained confidential. The study transparently displayed how
data was collected, and the empirical data clarified what type of data was used, to ensure the studies
reproducibility.
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Throughout the study, the researcher adopted researchers’ ethics (Vetenskapsradet, 2024). These
researchers’ ethics were applied through relying on literature and data when providing information of
the research conducted. Furthermore, continuous updates and consent of the areas studied within the
case company were reported and the methods and results of the study were provided to the case
company before publication. The study has no commercial interests within the specific case company.
The literature and theories based on results from previous studies were referred to and the research was
conducted in a structured and organized way, presented in the data collection and data analysis chapter.
The data collection was displayed and conducted through verbal consent, to exclude any harm or unfair
treatment. To specify how the ethical considerations were ensured, the data collection methods and
analysis are decomposed in the subsequent paragraphs presenting the ethical considerations within
each method used.

The interview respondents were informed of the data usage, handling and their right to review the data
collected. Recordings were made after verbal consent from each respondent and the transcriptions were
used to provide a basis for analysis, remaining confidential with exceptions to citations used in the
analysis, approved by the case company. The internal document reviewed, and the data collected remain
confidential, with exceptions to descriptions of the type of data that was gathered or citations from the
document studied approved by the case company. Data reduction and display were limited to the case
company databases and will not be published. To maintain ethical integrity and confidentiality,
observation was noted down, excluding pictures or videos to be collected. Observations were conducted
after verbal consent to avoid disrupting or violating privacy.

29



Findings

4 Findings

This chapter presents the empirical findings from the case study, based on interviews, document
studies, and observations. The results are organized by the study’s three research questions, with each
section structured using themes and codes derived from the theoretical framework.

4.1 Research Question 1

This section presents the findings related to the first research question, “How can demand be forecasted
during the industrialization of new products?”. The themes and codes related to the first research
question are derived from the theoretical framework outlining the structure of the empirical findings
and are presented in Appendix D.

4.1.1 Demand Type and Characteristics

The case company expressed that there are different types of demand that need to be satisfied. Customer
demand is based on forecast from the general manager, based on leads and sales forecasts. The case
company expresses their emphasis on maintaining a high ISL in customer service. The logistics manager
explained that,

“The forecast for the new product is that we should be able to sell 8 products each year, demand
from customer service however remains unknown”.

Demand from product sales is stable at two units per quarter, while demand for customer support and
spare parts is considered volatile and driven by item failure. The forecast from the general manager is
updated on a quarterly basis for the subsequent months and year ahead, which was emphasized in
interviews and internal process documents (see Table 5). Historically, the company has identified
customer demand as the exclusive demand within the company, disregarding spare part needs for
customer support, causing disruptions within production. For the new products, the spare part needs
are identified as an independent demand including both subassemblies to switch within customer
support cases and items to repair the returned subassemblies.

Interview findings revealed that the inventory for production and customer support is combined within
the case company, with inventory being dimensioned in regards of both production and customer
support. Interviews emphasized the need for different forecast strategies due to the different nature of
demand.

4.1.2 Demand Patterns and Variations

Interviews with the support manager revealed that there are certain seasonal trends within customer
support, related to product usage frequency. Document studies supported the statements from the
support manager that,

“From March to June we have the most support cases coming in with a peak in May [...] the need
for quick support is critical”.

Historically customer orders have had increases in sales in the last months of the year according to the
interviews, which were supported by sales history. The unpredictable demand from customer support
and lack of spare parts has had a significant impact on the purchasing and production department. The
customer support manager states that,

“The requirements of delivery towards the customer is always as fast as possible, but there are
constraints within both resources and physical items”.

The unpredictable demand for customer support has contributed to late customer order deliveries,
although never at the expense of missed out sales. The customers are kept in close contact, continuously
updated if there is a risk of delivery outside of the initial delivery date, which has been of importance to
decrease the risk of lost sales.
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4.1.3 Forecasting Techniques

Items with long supply lead-time are purchased based on forecasts of customer orders, further
purchases based on needs of customer support and decisions regarding item failure within production
and in deliveries are based on experience. The logistics manager states that,

“I place orders based on the ERP system with quantities needed in relation to the orders, then I
order some more items based on experience of what customer support often needs and items with
higher risk failure”.

When asked about utilizing quantitative forecasting methods, the logistics manager expressed that their
low production volumes cause challenges in sufficient data in combination with the significant impact
of spikes within the data. During previous launches, issues were reported regarding inventory stockouts
with inaccurate spare parts at subassembly and item levels. Interviews highlighted the need for forecast
accuracy due to specific items long supply lead-times and dependency on accurate forecasts. The
customer support manager emphasises that,

“The customer demand is something that we base on forecasts from the general manager, but the
need from customer support vary in demand and is difficult to anticipate and forecast”.

4.1.4 Forecasting New Products

The case company expressed challenges in forecasting based on their low production volume of 8 units
each year. The accuracy of the forecast was important for the case company due to forecast errors of only
one product, which represents a 12.5% shift in demand, an increase in the margin for errors. Interviews
within the case company emphasize this challenge and compare them with high volumes of products,
which face a less significant impact if a single product were inaccurate in their forecast. The niche of the
products and the narrow customer segment contribute to the case company’s close contact with their
customers. The case company is world leading within their field and emphasizes long-term agreements
with their customers, which was emphasized in interviews. The customer order forecasts are mainly
based on the current customer segment and input from the customers and sales teams. The spare part
forecasts have previously been disregarded and not viewed as an independent demand.

Interviews reveal that during the industrialization and development of the new products, continuous
lessons have been learned throughout the process. The system engineer states that,

“This new product is still under development and a lot of changes constantly appear. We work to
have good communication between R&D, production and purchasing”.

The case company has experienced quality issues from both new and existing suppliers during prototype
manufacturing. Furthermore, the complex nature of the product and the items themselves contribute to
certain weak points within the system, where certain items are affected by dust and electronic
interferences, causing product or item failure. Throughout the prototype phase, data has been collected
to identify fragile items and anticipate future issues. Engineers involved in the development with
experience of similar products highlighted areas of concern and possible risk during interviews.

Interviews reveal that the new product is completely different from their previous products with low
number of similar items, ERP system and the BOM list support the statements. The new product, with
no shared components with older models, further limits the use of historical data, although interviews
reveal that certain items are similar in function and fragility to previous products. Historical data from
FMEA documents could therefore indicate MTBF within subassemblies which could be applied to the
new product. The data collected identified specific subassemblies and items considered to be at high risk
of failure, which remain confidential to the case company. However, the head of operations stated that,

“For this new product, there is a need for increased planning and structure from us, due to the large
number of items within the product. Although it is an advantage for us, that our suppliers build
more subassemblies, decreasing our assembly time, although increasing the supply lead-time”
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The interviews and internal documents, however, expressed subassemblies that could be replaced at the
retailers and subassemblies that could be replaced at the customer location, so called SRUs (shop
replacement units) and LRUs (Line replacement units) which were considered as primary needs within
customer support when the first product is launched. These subassemblies were pinpointed through
interviews and internal documents indicating experience-based forecasts.

4.1.5 Summary of Findings for Research Question 1

To summarize, the case study findings related to the first research question, the case study identified
two different types of demand within the case company: customer order demand and customer support
demand. Forecasts for customer orders are developed by the general manager, based on sales leads and
customer communication, currently at 8 units each year evenly distributed. This low volume increases
the impact of forecast deviations where each unit represents a 12.5 % shift in demand, emphasizing the
criticality of forecast accuracy.

Customer support demand has previously been regarded in relation to forecasts and contrasts with
customer order demand, volatile and driven by item failure, requiring a different forecasting approach.
Historical data suggest seasonal trends, particularly between March and June. However, spare parts
have previously been available on item level, purchase based on assumptions and individual experience
rather than structured methods. The case company acknowledges underestimated spare part needs from
previous product launches which has triggered the need for increased inventory control.

The new product differs significantly from the previous models with few shared items, limiting the
usability of historical data, increasing the reliance of insights from the development and prototype stages
and qualitative assessments. Subassemblies were identified with functional similarities, facilitating
comparison from the MTBF in the FMEA for previous products in relation to the new product. The
identified SRUs and LRUs were highlighted within interviews and in internal documentations,
supporting experience-based forecasts of spare part demand. The combination of long supply lead-
times, product complexity and small customer segments emphasizes the need for adaptive forecasting
strategies in relation to the increase in products sold.

4.2 Research Question 2

This section presents the findings related to the second research question, “What factors influence
inventory service levels and inventory carrying costs in SMEs with Low-Mix, Low-Volume and High-
Value products?”.

The case company place strong emphasis on maintaining high ISL, particularly on customer support, to
ensure timely availability of spare parts. At the same time, management requires that ICC should be kept
to a minimum. To explore how the case company navigates this trade-off, interviews were conducted to
identify and explore factors influencing the ISL and ICC. The themes and codes related to the second
research question are derived from the theoretical framework outlining the structure of the empirical
findings and are presented in Appendix D.

4.2.1 Demand Variability and Forecast Accuracy

The customer demand for previous products has indicated challenges in forecasting and planning due
to the phase-out of previous products with high reliance on experience-based decisions in purchasing.
For the new product, the demand is stable (8 units/ year) with an evenly distributed production plan of
two units each quarter with interviews emphasizing the impact and importance of forecast accuracy,
with one product’s significant impact of a 12.5% shift in demand.

The customer segmentations within the case company were related to customer support and spare part
demand, to easier identify the needs related to spare parts. Internal documents from the customer care
documents disclose that most customers have signed customer support contracts. These customers
support contract generate revenue for the case company with corresponding service for these customers.
Interviews and observations within the case companies reflected a high emphasis on customer service
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through immediate action through repairs and spare part deliveries. These contracts define three service
levels: 1, 2, and 3, each with corresponding obligations presented in Figure 13.

Figure 13
Customer Segmentation
Level Obligations
1 Return to factory, no on-site repairs
2 On-site repairs
3 On-site repairs and loaner system

Note. Customer segmentation, based on internal documentation from the customer care process
documents. The level 3 support contract with a facilitated loaner system is an exception only applying
to a single customer.

On the supplier’s side, internal processes clarify the classifications into three categories based on the
criticality of the items supplied. These classifications influence the procurement routine,
communication coordination and collaboration strategies. The three categories include partnership
suppliers, key suppliers and general suppliers. Partnership suppliers are kept in close collaboration with
the case company through weekly meetings and shared production planning according to interviews
with the operational manager, supported by the internal process’s documents. The key suppliers are
audited with strict intervals, revealed within internal process documents, and are considered
strategically important for the case company whilst general suppliers are easily replaced. Interviews
reveal that these segmentations are important to ensure timely supply of high value, long supply lead-
time items.

4.2.2 Lead Time and Supply Chain Complexity

The internal lead-time for each subassembly was approximated from the manufacturing of the
prototype, which was evident in the ERP system. The Production manager clarified the importance of
utilizing the time-based tools in the ERP system,

“The foundation of Monitor is to have accurate internal and external supply lead-times to ensure
more accurate production planning. We will continue to note down the time for each subassembly
and test operations during the pre-series manufacturing”.

The complexity in combination with high quality requirements for the products is recognized through
the operations within production, with interviews revealing that half of the work in manufacturing is
assembly time, and the other half related to tests, analysis, verification and test reports to ensure quality.
Depending on the outcome of the tests conducted, the internal lead-time can vary significantly. The
logistics manager states that,

“Delays in production is often due to lack of material or due to the products failing during testing,
causing adjustments and retesting to gain approval for the products”.

The external lead-times identified in the case company are related to the significance of the length of
certain supply lead-times. The head of operation states that,

“Some of our products have a 22-week delivery time...”.

This was supported by document studies within the ERP system, with the maximum length of lead-time
stated. The decision to measure the maximum supply lead-time was considered beneficial to ensure
purchase planning with buffers in their estimate, to prevent stockouts. The lack of measuring the
delivery accuracy in a systematic manner made estimations more relevant to the case company, which
was revealed in interviews. The head of operations means that there is no use in complaining about
delivery variance for the low-value items but rather focus on the high-value items and therefore plan
with some margines.
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The supply lead-time for each item was retrieved from the ERP system, revealing significant variation
where some items had supply lead-times up to 240 days, with 10.3% of the items exceeding 30 days. An
overview of the supplier’s lead-time, categorized with the maximum supply lead-time for each item, is
provided in Table 9.

Table 9
Supply Lead-Time in Relation to the Number of Items within a Product.

Maximum supply lead-time (days) Items (%)
10 43.2

15 0.2

20 40.7

30 5.7

60 9

90 0.2

120 0.3

240 0.8

Note. Data based on internal documents from the ERP system, Monitor, with data extracted and
organized in Microsoft Excel.

While supply lead-times were traceable in the ERP system, supplier reliability and delivery accuracy
were not consistently recorded. The purchasing and logistics department shared their insights into
previous suppliers’ performance, emphasizing the variability in quality. The interview findings revealed
that the case company is positive towards tracking supplier KPI but has not managed it due to lack of
time and knowledge of utilization. They emphasis the relationship with their most important suppliers
and the head of operations state that,

“We have weekly meetings with our most important suppliers, which we co-develop with, to ensure
that they meet the requirements we have setup and to ensure that they can deliver on time”.

The complexity of the products was evident from observations of the assembly and the CAD drawings
with multiple items of high complexity, reliant on specific suppliers to facilitate items within the quality
requirements. Interviews revealed that the case company are on the forefront of technology
development with their products and current developments. With complex items and products,
interviews reveal that long supply lead-times are difficult to mitigate due to their dependence on external
suppliers to facilitate these complex items. With the most important suppliers, they have shared
production plans and open communication which was evident in internal processes. Interviews reveal
that the reliance on suppliers limits the case company's ability to rapidly increase their production due
to constraints within the supply chain. The logistics manager state that,

“There is a limited number of suppliers that can supply us with these specific items, limiting dual
sourcing and encouraging us to rely on supplier relationships rather than looking for other
suppliers.

The complexity of the products puts the case company in a position to be vulnerable with only a small
segment of suppliers available. Interviews reveal that changing suppliers is not possible for certain
reasons, which contributes to the case company working towards better relations and continuous
updates from the suppliers.
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4.2.3 SMEs with LMLV-HV Context

The high-value products supplied by the case company serve critical functions, and interviews revealed
that any downtime is costly for the customers, which contributes to the case company emphasis on
maintaining high ISL and availability.

Although storage of additional units is physically feasible, interviews reveal that constraints have been
found in the capacity and inventory planning with fear of high ICC and lack of resources. Low-mix
products put emphasis on streamlining the process and producing high quality products continuously,
which according to interviews is a challenge for the case company. The low volume aspect of the product
results in a reduced inventory turnover rate supported by historical data from the ERP system, which
ties up capital and increases the risk of obsolescence or overstocking. The general manager emphasizes
their need to keep a low inventory to reduce carrying costs, whilst maintaining high ISL.

4.2.4 Company Strategy and Decision-Making Process
The low production volumes impact the decision-making process and case company strategy, with the
head of operations emphasizing that,

“With the challenge of low production volumes, it is difficult to follow up data concerning service
levels...”.

Due to the long supply lead-time, the case company orders certain items on forecasts made a year in
advance. The top management has determined inventory policies which state that inventory should be
kept as low as possible but still facilitate customer support with spare parts when needed. Interviews
reveal that the case company has had difficulties in managing this balance with previous experience of
high ICC, without the ability to deliver on time. The head of operations states that,

“It is difficult for us to choose good KPIs, due to the low production volume, the KPIs can vary a lot
in between. Therefore, our KPIs mainly focuses on measuring quality”.

From previous products the case company has gone to extreme measures to facilitate customer support
with the spare parts needed which was evident in the interviews conducted. To facilitate customer
support in time, spare parts have been collected from systems in production, causing re-testing and new
test reports, generating disturbances in production. The interviews revel that trade-offs between
production and customer support is a reoccurring challenge, which is resolved through cross-functional
collaborations through shared resources and common goals.

The case company places a strong emphasis on maintaining high service levels for spare parts
availability, especially within customer support. According to interviews and internal documents, the
targeted ISL is stated as 100%. In critical situations, this commitment has led to extreme measures; for
example,

"We've disassembled complete systems to provide spare parts on time".

Which was noted by the customer support manager. Although such actions are costly, they reflect the
case company's prioritization of service level over cost. Observations of customer support operations
confirm a consistently fast response time, often within the same day.

The case company’s products are complex systems that require high quality with approved test reports
and certifications. Both subassemblies and final systems undergo testing and certification, which was
evident in the operation lists. As a result, dismantling finished systems to extract spare parts not only
disrupts production but also demands re-certification and new test reports, increasing internal costs.

While the targeted ISL is set at 100%, this goal stands in contrast to top management’s simultaneous
directive to minimize inventory costs, highlighting a clear tension between service and cost.
Furthermore, the targeted service level has no substance due to interview and document studies
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revealing no KPIs measuring service levels or on-time deliveries. This was highlighted in interviews with
the logistics manager,

“We do not keep track on our on-time delivery, but if a product is not delivered on time, it is often
the result of a product stuck in customs, due to the high value aspect of the product”.

Due to the volatile demand from customer support, production has faced disruptions, contributing to
new assemblies and re-testing. This strategy explained in interviews affects the production timeline and
cost, which was highlighted as a challenge. These trade-offs between service levels and resource
allocation have been evident through item shortages in previous manufacturing according to interviews.
Determining, measuring and evaluating KPIs within production was considered difficult in interviews,
due to the low production volume where spikes in the data collected have a significant impact on the
KPIs.

4.2.5 Summary of Findings for Research Question 2

To conclude the empirical findings from the first research question, multiple factors were discovered,
influencing the ISL and the ICC in LMLV-HV context. First the significant impact and importance of
forecast accuracy, with one product account for a 12.5% shift in demand. With unpredictable and
variable demand in spare parts with obligations to the customers with immediate action concerning
spare part needs, amplifying the constraints on maintaining high ISL. Moreover, internal- and external
lead-times related to production and supply, have previously caused disturbances affecting the ISL,
causing increased ICC to prevent these disruptions. The increased reliance on suppliers and the long
and complex supply chains have resulted in orders based on speculation, increasing the risk of
obsolescence and ICC.

Moreover, the context of LMLV-HV has resulted in low inventory turnover rate, emphasising the need
for forecast accuracy, due to the 12.5% decrease in income in instances of loss of sales. Furthermore, the
company’s trade-off and misalignment between inventory policies and priorities, historically caused
constraints affecting the balance between ISL and ICC. Lastly, the lack of KPI measures has contributed
to lack of visibility of internal targets and how to fulfil them.

4.3 Research Question 3

This section presents the empirical findings related to the third research question, "How can influencing
factors be accounted for when balancing ISL and ICC within SMEs with Low-Mix, Low-Volume and
High-Value products?”. The outline of the findings is structured in accordance with themes and codes
derived from the theoretical framework, presented in Appendix D.

4.3.1 Influencing Factors

The key case study findings related to factors influencing ISL and ICC were, demand variability, forecast
accuracy, internal and external lead-time, supply chain complexity, inventory policies and lack of KPIs,
presented in the previous subchapter. To account for these influencing factors, the theoretical
framework supported the approaches adopted within the case company.

4.3.2 Managing Demand and Lead Time Variation

The classification of items according to value and supply lead-time was an important aspect of the case
company’s inventory strategy. To gain a detailed view of the current situation of the new product and
detailed views of the item values, an ABC analysis was conducted. Data exported from the ERP system,
Monitor, enabled calculation of volume value per item, which facilitated a foundation for an ABC
analysis. Category-A items were predetermined by the case company in which the head of operations
stated that,

“We are well aware of which items should be classified as category-A items, but we have less
knowledge of the remaining items”.
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The ABC classification showed that category-A items represented 2.3% of all items but accounted for
86.5% of the total volume value (see Table 10).

Table 10

ABC Classification of Items for the New Product

Category Volume value (%) Items (%)
A 86.5 2.3
B 10 16.9
C 3.5 80.8

Note. The ABC classification was based on the volume value of the items with a segmentation made
where the accumulated volume value was 86.5% of the total value, these are the category- A items. The
category-B items amounted to 10% and the category-C items amounted to 3.5% of the total volume
value. Data in the ABC classification originated from the ERP system with calculations in Microsoft

Excel.

In parallel, an XYZ classification was implemented (Table 11) based on length of supply lead-time. Items
were segmented based on supply lead-time brackets from data presented in Table 9 , where 30 days was
used as a threshold for long supply lead-time related to the case company’s quarterly takt.

Table 11
XYZ Classification
Category Supply lead-time (days) Items (%)
X <10 43.2
Y 10<x <30 46.6
Z > 30 10.3

Note. This classification captures the length of lead based on internal documentation from the ERP

system, Monitor.

The combination of ABC XYZ data is compiled and summarized in Table 12, illustrating the volume
value and length of lead-time perspective.
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Table 12
ABC XYZ classification
Category Item (%) Volume value (%) Description
A — High volume value
AX ° ° X — Low lead-time variability
A — High volume value
AY 16 65 Y — Moderate lead-time variability
A — High volume value
AZ 07 25 Z — High lead-time variability
B — Medium volume value
BX 16 0.6 X — Low lead-time variability
BY B — Medium volume value
99 59 Y — Moderate lead-time variability
B — Low volume value
Bz 54 3.6 7 — High lead-time variability
cx L o C — Low volume value
45 5 X — Low lead-time variability
cy 5 C — Low volume value
35 5 Y — Moderate lead-time variability
oz o C — Low volume value
45 5 Z — High lead-time variability

Note. ABC XYZ classification based on internal documents from the ERP system, Monitor and data
refinement in Microsoft Excel.

Visualization of the inventory value and item distribution between the different categories are further

illustrated in Figure 14.

Figure 14

ABC XYZ Classification
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Note. The chart illustrates the volume value and item distribution between the classification with
data extracted from the ERP system refined in Microsoft Excel.

During observations of the outcomes from the classification, the head of operations stated that,

“We can afford to not have the most expensive parts on hand as a reason for late delivery, but there
can never be a late delivery due to a low value item. We need to have the right items at the right
time”.

This place strong emphasis on the 100% ISL, specifically for the category-B and -C items.
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4.3.3 Buffer Management

The case company lacked formal KPIs related to on-time delivery performance. Service levels or time
coverage were therefore estimated based on internal experience. Buffer positioning decisions included
postponing the inclusion of expensive category-A items until later in the production process. According
to the head of operations:

“We currently work on integrating the expensive items as a last step and keep our ICC as low as
possible”.

Additionally, interviews revealed that parts reused from customer support previously reduced the need
for dedicated safety buffers, with current emphasis on the new products’ necessity for dedicated safety
buffers. Interviews and internal documents disclosed the need for SRUs and LRUSs to ensure timely
availability of spare parts. Due to confidentiality, the results of the number of SRUs, and LRUs
determined in safety buffer dimensioning will not be disclosed.

4.3.4 Inventory Strategy Management

Interviews revealed the case company distinguishes high-value and low-value items in their
replenishment policies. Category-A items are ordered based on forecasts and are managed through close
collaboration with suppliers, supported by weekly meetings and shared production forecasts, based on
interviews and internal process documents. Category- B and -C items are replenished when they are
needed in inventory, to decrease the ICC in relation to production start and the quantities are assumed
based on item fragility and risk of damage. The logistics manager state that,

“Due to our low-volumes, I try to cluster the orders as much as possible”.

Interviews revealed the case company historically faced issues with underestimating spare part demand
during the production ramp-up phase which resulted in: (1) Delays in customer support cases, (2)
Disruptions within the production flow due to missing parts and (3) increased costs due to emergency
actions and re-certifications of the finished product due to changes in items. In response, safety buffers
are initially set high and later adjusted based on usage monitoring.

A reoccurring theme across interviews was reliance on individual experience and informal practices.
Although the ERP system provides a structured foundation, its functionality is underutilized due to
historical instability in customer demand and lack of system understanding. The decisions regarding
purchasing are firmly linked to the ERP system, in combination with suggestions on what to order based
on the data from Monitor, in addition to manual work based on experience with suppliers and what to
purchase when. The production manager emphasizes that,

“Our ERP system is good, but we do not use it to its full extent, which creates a lot of manual work.
This has been the result of previous uneven customer demand and takt, which has now stabilized
for the new product”.

The general manager expressed the trade-off between ISL and ICC for the new product, related to the
case company’s internal goals of 15% Return on capital employed (ROCE).

4.3.5 Summary of Findings for Research Question 3

To conclude the empirical findings of the third research question, multiple ways in which the company
account for these influencing factors and balance ISL with ICC were revealed. First the company
established classifications of the items within the new product, to grasp the segmentation between value
and item volume. Moreover, the length of supply lead-time established in the findings from the second
research question was integrated into the ABC XYZ analysis, to understand which items were of
increased risk of variabilities and disturbances based on the length of supply lead-time. To reduce the
ICC the company worked on integrating the expensive category-A items as a last step in production. To
further decrease the ICC, the current replenishment methods were found and the main internal goals
related to ROCE, was established to facilitate a balance between ISL and ICC. Within the subsequent
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analysis chapters, findings from the first and second research question is used to further support these
findings.
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5 Analysis

This chapter provides the analyses of the empirical findings in relation to the study’s three research
questions and the process development. The analysis integrates theoretical insights with observations
from the case study, providing a structured interpretation of how ISL and ICC are balanced during
the industrialization of new products, in the context of LMLV-HV products.

5.1 Research Question 1

This section provides analysis of the first research question, “How can demand be forecasted during
the industrialization of new products?” with a focus on the case company’s practices and the
applicability of different forecasting approaches. The analysis is structured through pattern matching,
comparing the theoretical framework with empirical findings. Initially, demand types and
characteristics are established, thereafter, demand patterns and variations are identified. Moreover,
both general forecasting methods and forecasting methods applicable within this context are presented.
Lastly, a summary of the theoretical findings in comparison with the empirical findings are presented.

5.1.1 Demand Types and Characteristics

Ptak and Smith (2019) express that demand is classified into two categories, dependent and independent
demand. A key finding within the case company was the two identified demands of both independent
and dependent demand. Independent demand included customer orders and spare parts within
customer support. With dependent demand related to the increased need for specific spare parts based
on the number of products sold from customer orders.

Jonsson and Mattsson (2016) express the need of forecasts, to estimate and balance supply and demand
based on the expected needs and available resources. The case company’s previous disregard of spare
part demand has decreased their capability to ensure high ISL and increased variabilities and
uncertainties within production. By recognizing spare part demand as an independent demand, not tied
to production takt, rather driven by the volatile item failure, distinct forecast approaches can be used
aligning with Ptak & Smith, (2019). Arvan et al. (2019) highlighted the need for accurate forecasting and
its impact on purchasing, production, inventory and costs. The absence of structured forecasting in spare
parts contributed to previous stockouts and fluctuations within production, aligning with Arvan (2019).

5.1.2 Demand Patterns and Variations

Chapman et al. (2017) express different characteristics of demand, identified trends and patterns such
as seasonality, cyclic or random variation of demand. Wikner and Hedvall (2018) highlighted systematic
variations related to patterns, trends and seasonality. The characteristics identified within the case
company for historical products revealed seasonality of products sold, with an increase in deliveries in
the last months of each year. Stochastic variations and deviations from a systematic baseline (Wikner &
Hedvall, 2018) represents volatility and unpredictability. The spare part needs characterized demand of
random variation with some trends revealed peeks from March to June each year, related to the increase
in product use during those months. The logistics manager’s reliance on experience-based purchasing
reflects a lack of formal stochastic forecasting or inventory control for spare parts, deviating from Li et
al’s. (2014) suggestion to measure stochastic deviations based on standard deviation.

5.1.3 Forecasting Techniques

According to Jonsson and Mattsson (2016), forecasts techniques are divided into judgement
(qualitative) and calculation (quantitative) methods. For new products, where historical data is limited,
qualitative methods, such as judgement methods and collaborative planning are generally more
applicable (Arvan et al. 2019). The case company rely on sales forecasts and leads from top management
and customer indications for customer orders, aligning with qualitative judgement methods supported
by Jonsson and Mattsson (2016). These forecasts are updated quarterly for the upcoming year and are
critical in the purchase of items with long supply lead-time. Hedvall (2024) express that inadequate
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forecasts accuracy negatively affects the buffers within a system and increase the risk of obsolescence.
The case company s forecasts for the new product are estimated to be 8 products each year, with stable
takt of 2 products each quarter. The forecast accuracy is of great importance in this low-volume context,
especially for the items with long supply lead-time due to the 12.5% shift in demand and income if the
forecast deviates with only one product. The items with short supply lead-time, however, do not depend
on the forecast accuracy to the same extent, due to the ability to order extra items in less time.

5.1.4 Forecasting for New Products

Skjoett-Larsen, (2003) express that, to increase the alignment between suppliers and customers, CPFR
was developed, focusing on close collaboration and joint planning and forecasting. Chapman et al.
(2017) highlighted SRM and CRM, which the case company relies on through close customer
communication and long-term agreements to make informed demand forecasts in addition to top-down
sales forecasts. This aligns with collaborative forecasting practices such as CPFR, and the case company
adopts information sharing with suppliers, enhancing forecast accuracy. This is supported by the narrow
customer segment and established customers, where the CPFR would be suitable in contrast to
statistical forecasting, especially in the context of low-volume manufacturing. The demand variations
and combined inventory for production and support has put emphasis on the role of collaborative
planning and customer integration in forecasting.

Arvan et al. (2019) emphasised the benefits of both human judgement in combination with quantitative
insights. Jonsson and Mattson (2016) further emphasised the need for judgement methods in the
instance of low historical data. For spare part needs, the case company primarily relied on assessment
methods, such as judgements and cross-functional evaluations for demand forecasting during the
industrialization phase. In the case company limited historical data was evident due to the low-volume
prototype builds and insufficient tracking of supplier performance or product quality for both historical
products and the new products at this stage. Chapman et al. (2017) expressed that historical analogy,
which is a part of forecasting judgement methods, can be used through assumptions from historical
products similar too new products. Judgements and evaluations of spare part needs was based on
experience and assessment from different departments within the case company, with relation to the
new product and historical knowledge of customer support and previous product launches, aligning with
Chapman et al. (2017).

To support historical analogy described by Chapman et al. (2017), data in the ERP system from previous
products and FMEAs indicated certain components with higher frequency for customer support,
indicating the specific component types similar to the new product. The assessments of the spare part
need were made on both an item and subassembly level based on critical items or interdependencies
within subassemblies. Based on certain functional similarities between the previous product and the
new product, certain assumptions could be made in relation to the MTBF from the FMEA for previous
products, aligning with Chapman et al. (2017). Finally, Jonsson and Mattsson (2016) emphasised the
need to monitor forecasts through MAD or MAPE. The case study findings however disclosed difficulties
in utilization of these methods due to the low-volume context. The case company acknowledged that
through increased data collection over time, these methods could be used.

5.1.5 Summary of Research Question 1

To ensure demand forecasting during the industrialization of new products, the analysis contributed
with certain aspects that should be to be considered. First, the demand types, characteristics and
patterns should be established. This brings awareness to the demand that should be forecasted. To
increase the understanding of the demand that should be forecasted, combinations of historical analogy,
judgement or assessment method should be used during the industrialization of new products.

5.2 Research Question 2

This section provides an analysis in relation to the second research question, “What factors influence
inventory service levels and inventory carrying costs in SMEs with Low-Mix, Low-Volume and High-
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Value products?” is provided. This analysis builds upon findings and analysis of the first research
question. It introduces the analysis in categories of, demand variability and forecast accuracy, lead times
and supply chain complexity, SMEs with LMLV-HV context, company strategy and decision making and
lastly providing a summary of the analysis.

5.2.1 Demand Variability and Forecast Accuracy

Chapman et al. (2017) highlighted the impact that order quantity, inventory levels and SS has on the
ICC. For companies to improve opportunities for investments, the aim is to minimize the ICC to tie up
less capital. Chapman et al. (2017) express that within manufacturing companies, disturbances and
uncertainties within inventory management are unavoidable. Cachon (1999) mean that the ability to
manage inventory is heavily influenced by the fluctuations in customer demand. Interviews within the
case company confirmed that fluctuations in the spare part demand within customer support led to
production disturbances and stockouts. These disruptions increased both response time and rework
costs (e.g., disassembly and retesting), thereby reducing the service levels and increasing the ICC,
aligning with statements from Cachon (1999).

According to Jonsson and Mattsson (2016), for SMEs, the challenges in unpredictable demand directly
impact the ability to meet customer’s demand. Chopra and Meindl (2007) explained that forecast
accuracy refers to the forecast alignment with the actual outcome and is critical in determining inventory
performance in manufacturing companies. The case company’s low-volume context has
disproportionately large effects, which were found in the analysis of the first research question, where
one unit deviation corresponds to a 12.5% shift in demand. This illustrates the heightened importance
of forecast accuracy in low-volume settings. According to interviews, historical forecasts for customer
demand have relied on close customer contact and indications whilst the spare part needs have relied
on intuition rather than data-driven approaches, which has caused understocking previous launches.
The forecast impacts capacity within production, quantities as a foundation for call-off agreements,
proper order quantities and replenishment (Jonsson & Mattsson, 2016). Interview findings revealed
that resources were shared across the company to ensure sufficient capacity within production in
response to forecast deviations.

Jonsson and Mattsson (2016) express that high forecast accuracy enables better inventory planning,
reducing excessive stock and increasing the ability to meet customer demand. Inaccurate forecasting
has previously led to inadequate inventory levels, increasing the risk of low ISL. Simultaneously,
overstocking items with long supply lead-time has increased the risk of excess inventory and
obsolescence within the case company. Thus, the forecast accuracy directly impacts both ISL and ICC.

5.2.2 Lead Time and Supply Chain Complexity

Theoretical insights highlight lead times as a key factor in deciding service levels and inventory policy.
As defined by APICS (2014), lead time is a span of time required to perform a process which can include
supply-, procurement-, assembly- or delivery lead-time and its variability introduces uncertainty in
inventory planning (Li et al.,2016; Ptak & Smith, 2019). Chapman et al. (2017), highlights that lead time
uncertainty increases the need for safety buffers, thereby affecting both service levels and carrying costs.
In the case company, supply lead-times extend up to one year due to the item complexity contributing
to long and complex supply chains. The long and complex supply chains increase the risk of disruption
and uncertainties.

Ronen (1983) state various ways to measure ISL, determined based on the company context. The case
company uses the maximum supply lead-time classification to mitigate risk, a form of SLT planning to
ensure timely availability. Gunasekaran et al. (2004) express the importance of delivery performance
measures including quality of delivered goods and the on-time delivery and flexibility. The case company
findings revealed absence of structured supplier evaluations and limited use of the ERP capabilities
weakening the case company’s ability to proactively manage lead times. These long supply lead-times
create challenges for the case company and demand accurate forecast and inventory control. When the
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product is in the development phase, interviews expressed that changes are constantly made, and items
with long lead-time are ordered on speculation to ensure availability with known risks of increase of
obsolescence

Shortage- and delay costs are associated with costs due to disruptions in delivery to the customers
(Jonsson & Mattsson, 2016). These costs have a direct linkage to customer service and ISL, which can
contribute to; loss of customers or income, added costs in the form of expensive shipment solutions or
overtime for workers to minimize the customers dissatisfaction (Jonsson & Mattsson, 2016). Document
studies and interviews revealed that internal lead-times, influenced by testing and errors in pre-series
builds, also impact inventory responsiveness and the ability to deliver. Variability in internal lead-time
increases the probability that high-value items remain unused in inventory, increasing the carrying
costs. Simultaneously, these variabilities complicate the on-time delivery, affecting the service level.

Applied rules, routines and behaviors’ internally can directly or indirectly affect the variations caused
by suppliers and customers (Hopp & Spearman, 2004). During the development of the new product, the
internal lead-times have been estimated, with the need for continuous update throughout the pre-series
build, aligning with Hopp and Spearman (2004). The variability in test time and errors detected will,
according to the interviews always affect the production and variations in the internal lead time will
occur. Lead time, both external and internal, is a critical source of uncertainty. Lack in visibility or
control over lead time requires either earlier ordering, increasing the carrying cost or tolerance for
disruptions, reducing the service level.

5.2.3 SMEs with LMLV-HV Context

Within SMEs, effective inventory management is essential, due to its limited resources facing challenges
of stockouts, cash flow and storage space (Igbal et al., 2023). The product characteristics of LMLV-HV
products impact the inventory dynamics. Jonsson and Mattsson (2016) note that high value items carry
a greater risk in terms of capital cost and obsolescence. In the case company, the cost of carrying a single
extra product indicates an increase of 12.5% in carrying costs, contributing to lean inventory policies for
the high value items.

Jonsson and Mattsson (2016) express the limitations within warehousing, which is often a challenge
within SMEs, but was found to not be a limiting factor due to the small size and low volume of items.
However, the financial impact of storing high-value items remains significant, especially if product
changes results in items being obsolete. Observations and interviews revealed that certain items are also
sensitive to environmental conditions (e.g., dust), adding complexity to storage and handling. The high
value of individual items creates a low tolerance for lack of inventory control. The items stored without
immediate use represent financial risks, whilst failure to store items risk decreased service levels.

5.2.4 Company Strategy and Decision-Making Process

The decision regarding targeted ISL was explained by Lambert and Stock (2007), having a significant
impact on the company profitability. The case company expressed their priority of high ISL targets
because of the narrow customer segment and the income from customer support contracts, justifying an
increased ISL at the cost of increased ICC. Strategic alignment emerges as a main point of balance
between both service and cost (Keskin et al. 2022). The case company’s ambition is a targeted 100% ISL,
yet their inventory policies are centred around minimizing stock, including disassembling systems or
reallocating production inventory to meet customer demand and specifically facilitate spare parts.

Azzi et al. (2014) explained that ICC is one of several parameters supporting decision making within
inventory planning. Jonsson and Mattsson (2016) defined ISL as reflecting the ability to deliver rather
than the delivery preparedness. Within the case company, this includes the ability to deliver items for
production, spare parts for customer support and finished products to the customer. This mismatch
between targeted service levels and actual inventory policies has historically increased costs related to
emergency purchasing, supplier dissatisfaction, and production disruptions. These findings highlighted
the importance of cross-functional coordination and implementing inventory strategies effectively.
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Gunasekaran et al. (2004) express the importance of delivery performance measures including quality
of delivered goods and the on-time delivery and flexibility. The lack of on time delivery measurement
within the case company means that the case company cannot assess whether service level targets are
met, further complicating strategic evaluation. Jonsson and Mattsson (2016) express the ability to have
call-off agreements, proper order quantities and replenishment methods. Interview findings revealed
that purchasing strategies within the case company has previously been limited due to product phase
out with purchasing made in relation to customer order and not the forecast. This has limited the
opportunities for call-off agreements and effective purchasing from suppliers.

5.2.5 Summary of Research question 2

In SMEs with LMLV-HV products, ISL and ICC are influenced by a dynamic interplay of demand
variability and forecast accuracy, internal and external lead-time and company strategies and decision
making. Findings from the first research question highlighted the importance of forecasting accuracy,
and its effect on ISL and ICC. Moreover, variabilities in internal lead-times related to internal processes
affect the timely delivery towards customers, influencing the ISL. The external lead-time reflecting the
long and complex supply chains and supply lead-time increase the risk of supply disturbances, affecting
the ISL.

Moreover, the strategic misalignment and lack of performance tracking undermine inventory
effectiveness. While the case company emphasizes high service levels in theory, operational practices
and policies are more aligned with cost minimization rather than with ISL. Without data and
coordination, this conflict results in increased total costs and decreased service levels. The current
inventory management policies are based on keeping minimum inventory, without quantifying and
measuring what the limits are depending on internal policies and goals.

5.3 Research Question 3

In this section the analysis of the third research question, “How can influencing factors be accounted
for when balancing inventory service levels and inventory carrying costs within SMEs with Low-Mix,
Low-Volume and High-Value products?”is presented. The analysis compares the theoretical framework
with empirical findings from the analysis of the second research question identifying influencing factors
including demand variability and forecast accuracy, internal and external lead-time, company strategy
and decision making. This subchapter provides theoretical insights whilst simultaneously building upon
previous findings, exploring ways to account for these factors when balancing ISL and ICC.

5.3.1 Managing Demand and Lead Time Variability

According to Jonsson and Mattsson (2016), unpredictable demand can to some extent be managed
through shared resources. Within the case company, weekly cross-functional coordination meetings
between production and customer support improve reallocation of resources in response to fluctuating
demand. While this reactive approach enhances short-term responsiveness, it does not address the root
cause of variability or leverage predictive tools. Implementing demand forecasting using seasonality
indexes, as recommended by Jonsson and Mattsson (2016), could complement these meetings by
allowing preventive planning rather that reactive adjustments.

Furthermore, Keskin et al. (2022) explain that imbalance in supply and demand can be accounted for
through strategically positioned buffers to absorb variations. The demand variability and forecast
accuracy has previously not been measured within the case company. The absence of forecasting
accuracy measurements undermines inventory planning by reducing the reliability of demand forecasts.
Without metrics like MAD or MAPE (Jonsson & Mattsson, 2016), it is difficult to assess or improve
forecast performance, leading to either overstocking, which increases carrying costs, or decreasing
service levels. Empirical findings revealed a lack in measuring and evaluating the forecasting accuracy,
with emphasis on personal experience. With improvements to the case company’s internal processes
and data collections, evaluation of forecast accuracy could be made in the future. This would enable the
case company to make decisions about inventory needs based on facts rather than assumptions.
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Fahimnia et al. (2023) emphasise that supplier reliability, directly impact the ISL, promoting supplier
performance evaluation. Gunasekaran et al. (2004) expressed the importance of measuring
performance within a company. Within the case company, low supplier reliability has had an impact on
both lead time and demand, with variations in quality and delivery accuracy, stated in interviews. The
lack of supplier evaluation within the case company implies high emphasis on people with experience
and knowledge which was emphasized in the interviews.

Skjoett-Larsen et al. (2003) emphasised focus on CPFR which were found through interviews as a main
source for mitigating variations within supply. Empirical findings disclosed supplier segmentation,
nurturing the relationship with the important suppliers through weekly meetings, shared production
plans and co-development to ensure timely deliveries for long lead-time items, aligning with the CPFR
expressed by Skjoett-Larsen et al. (2003). Jonsson and Mattsson (2016) emphasize the importance of
combining upstream collaboration with downstream buffering to protect against both known and
unknown lead-time variability. Interviews disclosed lead time, managed proactively for certain items
through increased supplier collaboration whilst lacking reactivity through buffering and data-driven
analysis. This has historically decreased the ICC at the expense of lower ISL.

5.3.2 Buffer Management

Item differentiation provides the ability to view separate items in relation to the demand variations,
lead-time variations or forecast errors (Jonsson & Mattsson, 2016). The context of LMLV-HV
manufacturing within the case company emphasizes focused awareness of the financial impact of
carrying certain items, currently lacking tools for creating nuanced trade-offs between risks, costs and
service. Keskin et al. (2022) previously explained that strategically positioned buffers are used to absorb
variations. To account for uncertainties, the case company determined to implement material buffers to
account for the variations during the launch of the new product which was revealed during interviews.
The decision was based on the historical experience of stockouts and production disruptions during
previous product launches. Strategically placed safety buffers absorb demand fluctuations, increasing
the ISL at the expense of increased ICC (Ptak & Smith, 2017). Previous findings revealed the case
company’s emphasis on high ISL did not align with previous inventory policies. With the new product
however, material buffers were determined to be implemented, to ensure sufficient ISL where it was
needed.

To balance ISL and ICC, it is important for the case company to keep inventory in the right amount,
when and where it is needed. Scholz-Reiter et al. (2012) express the importance of product classification
within manufacturing industries, supporting decision making in material planning strategies. An
integration of multiple criteria was highlighted by Ng (2007) as an enhancement to the basic ABC
analysis. Ravinder and Misra (2014) means that stockability, commonality, lead-time and item criticality
should be used based on the challenges within the company. Teunter et al. (2010) describes the ABC
analysis as a tool that can be used to differentiate service levels to optimize inventory management. The
case company stated challenges in high value items with long supply lead-times which enabled item
segmentation based on criteria of value and lead-time. Teunter et al. (2010) express that the Pareto
principle describes the relationship that 20% of the result comes from 80% of the cause. The case study
findings, however, revealed that the LMLV-HV context within the case company did not align with the
pareto principle. Category-A items represent a small number of items (2.3%) accounting for the majority
of the volume value (86.5%). Category - B and -C items carry less value (13.5%) amounting to (97.7%) of
the item assortment.

The ABC XYZ analysis supports differentiated service levels and inventory strategies (Aktunc et al.,
2019). The case company strategically chose lower service levels for category-A items, justifying delayed
deliveries due to their high cost and reliance on re-usage and repair of these items. Chapman et al (2017)
expressed emphasis on SRM for key suppliers, which the case company currently adopts. Interviews
highlighted emphasis on category-A items and supplier collaborations which the case company ensures
through weekly meetings with partnership suppliers and key suppliers, reducing uncertainties.
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Higher service levels of material buffers were applied in category-B and -C, especially where the lead-
time variability was high (BY, BZ, CY and CZ category; Table 12). The cost of carrying these items is low
in relation to category-A items, making increased ISL more affordable and beneficial. This
differentiation enables the case company to allocate inventory resources where they provide the most
risk mitigation to stockouts without excessive costs, supporting the balance between availability and
costs expressed by Keskin et al. (2022).

Chu and Hayya (1988) argue that to create a balance between protection against uncertainty and low
inventory, the positioning and dimensioning of safety buffers are essential. Chapman et al. (2017)
emphasize the importance of carrying sufficient SS to guard against stockout and loss of sales. Moreover,
SLT include receiving goods earlier than needed to account for uncertainties in delivery (Chapman et
al., 2017; Jonsson & Mattsson, 2016) protecting against uncertainties in time. Table 13 illustrates the
actions the case company decided upon in relation to SS and SLT, which were applied using maximum
supply lead-time to ensure timely availability. The arrows within the table indicate an increase or
decrease in the ISL and ICC

Table 13

Material Safety Buffers and SLT Implementation
Category | SS SLT | ISL | ICC
AX No No l l
AY No Yes T T
AZ No Yes T T
BX Yes No T T
BY Yes Yes T T
BZ Yes Yes T T
CX Yes No T T
CY Yes Yes T T
CZ Yes Yes T T

Note. Implementation of SS and SLT based on differentiation of volume value and lead time. “Yes”,
represents where implementations of SS or SLTs were determined and “NO” where the company did
not implement SS or SLTs. The effects on ISL and ICC are represented in relation to the decisions
made.

Rather than implementing DDMRP (Ptak & Smith, 2019), the case company adopted the Theory of
Constraints (Goldratt & Cox, 1984) with the identified constraint related to spare part demand for
customer support. This decision was based on limitations within the case company’s ERP system and its
capabilities. The theory of constraints focuses on protecting system constraints through targeted buffers
(Goldratt & CoX,1984), which in the case company was identified in the volatile customer support
demand. This mitigates over-investing in inventory and improves service where it is most important. If
ERP usage was improved, hybrids between theory of constraints buffering and DDMRP for flow-
oriented planning could improve the balance between responsiveness and ICC.

Interviews revealed the main constraints related to ISL within the company, related to spare part
demand in combination with fast response time within customer support. The identified constraints
have previously resulted in production disturbances and stockouts. To ensure strategically positioned
buffers to absorb variations emphasised by Keskin et al. (2022), the new product estimations were based
on subassemblies and items identified with increased risk of failure and possibilities to replace. Through
interviews SRUs and LRUs were derived from historical analogy explained by (Chapman et al., 2017)
and explored within the analysis of the first research question. Historical analogy offered insights from
previous launches and easy to replace subassemblies, to reduce the ICC, certain subassemblies were
decided to be buffered without high value category-A items.
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5.3.3 Inventory Strategy Management

Aktunc et al. (2019) highlights the use of item segmentation to differentiate service levels and inventory
strategies. Assumptions and estimations were made within the case company of the targeted service
levels for each category to facilitate comparisons between ISL and ICC. Jonsson and Mattsson (2016)
highlighted judgement methods in instances of low historical data. Due to the case company’s new
product launch, historical data was limited, providing an opening to estimate material buffers based on
assumptions, before larger amounts of data have been collected. Hedvall (2024) expressed the need for
reactive adjustments which aligns with the case company’s initial qualitative assumptions and future
need for quantitative calculation methods when larger amounts of data are available.

To facilitate a balance between ISL and ICC and facilitate decision making within the case company,
strategic alignment between ISL and financial performance is critical. Leong et al. (1990) emphasise
financial performance measurements to satisfy the balance. Tiedemann et al. (2021) expressed that SLTs
has financial impact and Wagner et al. (2012) explained that ROI, ROA and ROCE can be used to support
company strategy alignments. The case company findings revealed that the targeted service levels
should be compared to ROCE which was targeted at 15%. Due to qualitative assumptions founded in the
dimensioning of the SS, scenarios of different buffers could be compared to the targeted ROCE. SS were
calculated per category, through manual parameters.

Interviews revealed the need for flexibility in SS during the first phase of the product lifecycle, due to
constant changes and developments. Through categorization, new items or changes in the product could
be made with a reduced amount of manual work, which was emphasised as important within the
company. Jonsson and Mattsson (2016) suggest upstream buffers to reduce exposure to lead-time
uncertainty, and downstream buffers to improve service responsiveness. The case company’s buffer
positioning upstream in subassemblies rather than a final assembly allows flexibility reducing the high-
value A-items, lowering the inventory costs aligning with Jonsson and Mattsson (2016).

5.3.3.1 Case Company Trade-Offs

Aktunc et al. (2019) emphasised the combination of ABC XYZ classifications with differentiated service
levels, inventory policies and strategies. Within the case company, the inventory strategies selected, and
the material buffers determined affected the outcomes of the strategic decision-making process. The
balance between cost and service is related to the company strategy and priority (Chapman et al., 2017).
To evaluate the relationship between service levels inventory costs and financial performance, a
scenario-based trade-off analysis was conducted through comparing the ROCE of different set SS. With
a calculated ROCE exceeding 15% suggesting a balance in ISL and ICC in line with the company strategy.
The ROCE evaluation within the case company measures the costs justifiable in relation to the risk of
lost sales or customer dissatisfaction exceeding the opportunity cost of capital. The analysis revealed
that higher service levels improved availability and reduced the risk of stockouts at the expense of
significantly increased inventory value and reduced capital efficiency. The practical calculations remain
confidential to the case company.

Ronen (1983) highlights that for strategically important items, service levels should be tracked
individually, as availability requirements can vary significantly between stock keeping units (SKUs). The
trade-off highlights that LMLV-HV contexts strategic SS placement is not about maximizing availability
but rather strategically managing it. The optimal scenario within the case company is achieved through
the financial target of 15% ROCE, while maintaining sufficient ISL and buffer positioning which
contributes to operational resilience and capital efficiency. The scenario with a favourable balance
between availability and acceptable ROCE represents the most suitable option from both an operational
and financial standpoint.

5.3.4 Summary of Research Question 3
The ABC analysis enabled a holistic overview of the costs within inventory, affecting the replenishment
strategies selected for each category. Regular replenishment intervals would decrease the time spent
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within the case company during replenishment, with higher emphasis on larger SSs covering during the
review period and during the lead-time after the order is placed, which is suitable for the case company’s
category-B and -C items. While the ABC XYZ analysis was applied effectively during the initial phase of
the product lifecycle, challenges remained within forecasts based on experiences rather than
quantitative methods. This limited the case company to set more accurate safety buffers based on actual
data. The limitations are based on the lack of ways to collect data in a structured way and knowledge of
how to use the data. This resulted in judgement methods to determine safety buffers based on experience
and lessons learned from previous launches.

Moreover, the absence of KPIs related to forecast accuracy, on-time delivery and supplier performance
creates challenges in evaluating targets. Currently the case company prioritize KPIs related to quality
and customer support metrics, lacking internal performance measures for planning and inventory
management. This has contributed to reduced control and strategic alignment within production and
inventory management. The case company’s ERP systems tailored for high-volume operations is not
designed for needs of low-mix and low-volume contexts. This limits the implementations of DDMRP,
due to the challenges of utilising the current ERP system in combination with low amounts of data. To
further support the industrialization of the new product within the case company’s implementations of
basic forecast accuracy tracking and introducing data driven KPIs. The enhancement of employee ERP
inventory planning features would contribute to improved usage of the current system enabling more
control and less manual work.

The differentiated SS during the launch is based on lessons learned from previous product launches
where a lack of spare parts disrupted both production and customer support. Investing in safety buffers
for category-B and -C items early is a low-cost, high impact strategy. Furthermore, the utilization
tracking of SS allows for iterative refinement as real demand data becomes available. Hedvall (2024)
suggested measuring the safety buffers share of utilization as a tool to analyse the need for certain safety
buffers. This aligns with Chapman et al. (2017), who argues for adaptive SS policies under uncertainty.
Concluding remarks specific for the case company can be found in Appendix G.

5.4 Process for Strategic Inventory Management Purpose Fulfilment

The purpose of the study is to, “Develop a process for managing inventory during the industrialization
of new products in SMEs with Low-Mix, Low-Volume and High-Value products”. SMEs with LMLV-HV
products are faced with unique challenges during the industrialization of new products. These include
elevated levels of uncertainty, limited historical data, and constrained resources. To address these
challenges, this chapter introduces a structured process designed for strategic inventory management.
The process was shaped by insights from the case study conducted, identifying gaps and problems to be
addresses. The process is derived from theoretical findings in addition to analysis of the three research
questions, providing insights into challenges and opportunities for strategic inventory management. The
process is presented in three phases, outlining specific steps and activities. This process facilitates a
pathway for strategic inventory management from the initial product launch phase continuing to the
growth and maturity phase of the product lifecycle.

5.4.1 Process Outline

The proposed process was developed during the data collection and analysis of the study’s research
questions, which contributed with insights into practical challenges and needs within this context.
Furthermore, the process is inspired by Hedvall (2024), with a process for managing safety buffers.
Hedvall (2024) focuses on reducing and absorbing variations for effective delivery capability in the
management of safety buffers through a holistic and comprehensive perspective. This study contributes
with a more operationalized and practically applicable process, specifically tailored to SMEs with LMLV-
HYV contexts during the industrialization of new products. The key distinctions are in the focuses on
industrialization of new products, with limited data availability and elevated variability require
fundamental, agile and adaptive approaches. Moreover, the process follows the steps within the DMAIC

49



Analysis

framework, which McAdam and Lafferty (2004) supports to apply in instances of organizational changes
of routine or overall improvements.

The industrialization phase of a new product is characterized by low historical data availability, shifting
demand patterns, and high uncertainty in supply reliability and internal processes. These conditions
highlight an agile and structured approach to facilitate strategic inventory management. The subsequent
seven step process supports SMEs during the industrialization of new products through strategic
inventory management within the context of LMLV-HV products. This process supports the decision-
making process in strategic inventory management through balancing ISL and ICC. The seven-step
process is illustrated in Figure 15 and will be explained subsequently.

Figure 15
Process for Strategic Inventory Management

Strategic Inventory Management

Identify Influencing Factors Define Strategies Implement & Improve

Segment Items & Determine Buffer
Prepare Data Collection, Assess Variabilites & Define Size and Balance Implement & Monitor &
Measure & Detemain KPIs Identify Constraints Differentiated Replenishment ISL & ICC Operationalize Adjust
Strategies Strategies

Note. Overview of the process for strategic inventory management.

5.4.2 Phase 1: Identify Influencing Factors

Phase 1 (see Figure 16) ensures that variations, uncertainties and challenges can be identified. It
facilitates a baseline to increase the understanding for areas of constraint and improvements relating to
the theory of constraints (Goldratt & Cox, 1984). Within phase 1, there are two steps included. The first
step considers preparation of data collection, defining KPIs and ensuring measurements. During the
case study’s data collection phase, it was evident that these three foundational aspects were not
prioritized within the case company. The need for data collection, KPIs and measurements were deemed
as wasted time, with low understanding of it affect inventory management.

Moreover, the second step aims to both assess variabilities and identify constraints. Variations are
closely related to constraints within a system. Through assessing and identifying constraints in this early
stage, the current situation can be visualized to increase the understanding of the current situation. This
first phase is related to the first steps within the DMAIC process to define, measure and analyse
variabilities and uncertainties within the company.

Figure 16
Phase 1, Identify Influencing Factors

Strategic Inventory Management

Identify Influencing Factors Define Inventory Strategies Implement & Improve

Determine Buffer
Size and
Replenishment
Strategies

Segment Items &
Define
Differentiated
Strategies

Monitor &
Adjust

Balance
ISL&ICC

Implement &
Operationalize

Prepare Data Collection, Assess Variabilites &
Measure & Detemain KPIs Identify Constraints

Note. Highlighted areas indicating the first phase of the process.
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Step 1: Prepare Data Collection, Measure and Determine KPls

With the aim to reduced or absorbed variations, companies must first establish a solid understanding of
their specific operational context and sources of variability. Early-stage data collection is essential to
establish a baseline for inventory decisions. This is particularly critical during the industrialization of
new products, when uncertainty is high, and data is limited. Potential risks related to items,
subassemblies, products, suppliers and customers is of great importance to highlight in this step.

In the industrialization of new products, there are two primary scenarios: (1) a new product introduced
by an established company with historical data from previous products, and (2) a new product launched
by a new or less mature company with little or no historical data. The first scenario creates opportunities
to use historical analogy, a comparative analysis based on similar products or behaviours between
historical and new product (Chapman et al., 2017). The second scenario, however, require reliance on
qualitative techniques, highlighting the need for increased amounts of assumptions and judgements.

To prepare data collection, the Five Ws can be utilized to ensure that the company creates a baseline to
ensure data collection, measurements and definitions of KPIs. “Who”, is related to the person(s)
responsible for ensuring data collection and measurement. “What”, is related to the measurements that
should be conducted, supporting evaluations of KPIs. “When”, consider the frequency of data collection,
which could be related to certain events or periods in time. “Where” is related to the location of data
collection, to increase availability and usability of the data collected. Lastly, “Why” is related to reasons
behind measuring, which contributes to companies determining KPIs tailored for their specific “whys”.
To address these questions, Figure 17 illustrates a way to visualize how the data preparation and
measurements could be addressed within the company to increase awareness and accountability.

Figure 17
The Five Ws Applicability within the First Step of the Process

 Reasons for
measurements
and targets (KPIs)

0
* Responsibilities * Measurements * Frequency of
measurements

Note. Alignment between the five Ws and the decisions that needs to be made in relation to the first step
of the process.

o Location of data
collection

This first step help visualise and thereby increase awareness of how to collect data and why it is
important. Furthermore, it facilitates, and comparisons of the measurements determined and the
targets. Furthermore, Ronen, (1983) emphasized that the selection of measurements should be
tailored to the specific company context. Based on the context of LMLV-HYV products, certain metrics
are more suitable than others. Chapman et al. (2017) express that decisions of senior management
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should align with the overall company strategy and operational decisions. The selection of KPIs should
therefore be selected to support awareness and highlight areas where increased control is needed.

Figure 18
Examples of KPIs to Increase Awareness and Facilitate Comparison of Targets

KPIs

1
I 1 1 1 1 1

Supplier Demand Forecast Inventory Production .
P ) Service level
performance Variability Accuracy Carrying Cost accuracy
Standard Average Cycle Service

—  Accuracy MAPE Order to delivery

deviation B Inventory Value level

|| Reliability Coefficient of MAD | Inventory

variation Turnover Rate Calinelnelien) Giligate

|| Carrying Cost of

1 U Inventory

Note. Illustration of targets that can be applicable within the context to support different areas within
inventory management and increase control and awareness of the current state and targets within the
company.

This early focus on measurement and performance mapping facilitates opportunities for future data-
driven decision making and enhanced inventory management. Hedvall (2024) highlighting the need to
identify and reduce variations at an early stage. This study emphasizes structured KPI tracking and
continuous data collection as necessity for SMEs during the industrialization of new products. This was
supported by the findings from the second research question, emphasizing the importance of data
collection and evaluation, which is often overlooked within SMEs due to their capacity constraints and
fear of increased administrative time.

Step 2: Assess Variabilities and Identify Constraints

In the second step of the process, data from the first step is analysed to uncover sources of variability.
These variabilities can be of both systematic and stochastic nature (Wikner & Hedvall, 2018). Internal
and external constraints can be identified through mapping bottlenecks related to, e.g., unreliable
suppliers, inconsistent internal processes or demand fluctuations. This facilitate decision-making of
whether the identified variations should be absorbed or mitigated. The decision concerning weather to
reduce causes of variation or accounting for the variations, is related to the cost and outcome
perspective. Hedvall (2024) highlighted that cross functional collaboration increases the understanding
of the relationships between cause and action, which according to Hedvall should be considered in the
decision to reduce variations. Within SMEs, time consuming activities should be avoided with a focus
on high value outcome with minimum time spent, which was expressed by the case company. Hedvall
(2024) propose that the five Ws could be implemented to identify causes and PDCA for implementing
changes and track the process over time. This process therefore adapts the suggestions from Hedvall to
mitigate certain variabilities (See Figure 19).
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Figure 19
Identify and Mitigate Variations

= RN
EWhere Check Do

| o

Note. Nllustration of methods used to identify and mitigate variabilities and uncertainties.

For the uncertainties and variabilities that needs to be accounted for, rather that mitigated, constraints
and bottlenecks related to the variability should be identified. The identified constraints within the
system should be highlighted through high and low uncertainty and risk. This contributes to knowledge
of what types of buffers should be placed within the system. Arvan et al (2019) emphasizes the benefits
of combined quantitative and qualitative forecast methods. In this stage it is important to conduct cross
functional workshops or focus groups discussing the subassembly need based on the constraints found
within the system and were, within the material flow to keep products, subassemblies and items. A
holistic perspective of constraints within the system supports the buffer placements and weather
material buffers should be placed downstream or upstream. This includes the needs of subassembly or
item placements within the production flow.

This could be made through mapping variations in supply and demand, related to timing o quantity Chu
& Hayya, 1988; Ptak & Smith, 2019). Hedvall (2024) emphasize the importance of identifying
constraints in both the material and informational flow. Pereira Librelato et al. (2014) suggest that the
combination of the theory of constraints and VSM enhance identification and visualization of
variabilities and losses. This contributes to increased understanding and awareness within the
company’s main constraints introduce opportunities to account for these variabilities, by defining the
positioning of them.

5.4.3 Phase 2: Define Inventory Strategies

The second phase is related to developing and improving the current state, with connections to the
improvement phase of the DMAIC framework. In this second phase, tools are suggested in relation to
the context of LMLV-HV products, to facilitate improvements in strategic inventory management.
Within the first phase, constraints were identified, whereas this second phase aim to exploit the
constraints, in accordance with the theory of constraints (Goldratt & Cox, 1984). This Phase include step
3, 4 and 5 which are illustrated in Figure 20.

Figure 20
Design Buffer Strategy

Strategic Inventory Management

Identify Influencing Factors Define Inventory Strategies Implement & Improve

Segment Items & Determine Buffer
Prepare Data Collection, Assess Variabilites & Define Size and Balance Implement & Monitor &
Measure & Detemain KPIs Identify Constraints Differentiated Replenishment ISL& ICC Operationalize Adjust
Strategies Strategies

Note. Highlighted areas indicating the second phase of the process.
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Step 3 focuses on segmenting items and differentiate strategies. The main case study findings revealed
that any process or tool implemented should be easily applicable, due to capacity constraints. This step
therefore focuses on categorizing items to increase knowledge within these categories based on
challenges in SMEs with LMLV-HV products. Moreover, Scholz-Reiter et al. (2012) highlighted
categorizations of items as beneficial in decisions regarding material planning strategies. Segmentation
and differentiation of strategies is therefore a crucial aspect within the process.

The fourth step, rely on the findings from the previous step to calculate buffer size and define
replenishment strategy. The case study findings revealed that the selected buffer strategy should be
easily adjustable due to the early stages of product industrialisation, with frequent item updates and
supplier changes, emphasising adaptability. This step therefore suggests alternative formulas to
calculate and determine the buffer size.

The fifth step, include alignment of the company’s financial strategies and the operational strategies.
This is conducted through balancing ISL and ICC. The financial aspects of carrying inventory in relation
to the safety and service provided are key to quantifying the cost and service balance.

Step 3: Segment Items and Define Differentiated Strategies

To design a buffer strategy, companies with LMLV-HV products benefit from segmenting their items
using classifications based on criteria related to the main challenges within inventory. In this context
the one criterion is related to the cost of the item, and the other is based on the constraints and
variabilities previously identified.

The ABC XYZ analysis is widely used, classifying inventory in relation to: Annual usage sales, demand
variability, unit sales, unit value, demand frequency, lead-time or item criticality (Wang et al., 2018), to
strategically handle the different items based on the nature of the item. Fist, an ABC analysis should be
conducted within the context of high value products, focusing on a criterion relating to annual value or
unit values, to gain a holistic view of the value of carrying these items in inventory. Pandya and Thakkar
(2016) emphasize the simplicity of the analysis increasing the adaptability of this tool. Furthermore, the
XYZ classification should contribute to criterion related to the findings within the first phase of the
process, relating the classification to the main influencing factors that should be accounted for instead
of mitigated. Table 14 illustrates an example of how segmentation, value and uncertainty aspects are
differentiated.

Table 14
Example ABC XYZ analysis
X Y Z
A High value, low High value, mid High value, high
uncertainty uncertainty uncertainty
B Mid value, low Mid value, mid Mid value, high
uncertainty uncertainty uncertainty
C Low value, low Low value, mid Low value, high
uncertainty uncertainty uncertainty

Note. ABC XYZ analysis illustrating the uncertainty and value aspects within the categories.

Keskin et al. (2022) emphasise the use of segmented strategies. This classification supports
differentiated targeted service levels, SS, supplier strategies and replenishment strategies within the
company. This analysis tool facilitates decision-making regarding the categories defined and tailored to
SMEs with LMLV-HV products. These companies are highly dependent on increased inventory control
and replenishment strategies to minimize effort and costs. Table 15 summarize a framework of how the
ABC XYZ analysis can differentiate strategies, policies and actions in relation to each category. This
framework guides the subsequent steps of the process, which includes replenishment strategies, service
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levels, safety stocks and supplier strategies. Appendix G, summarize a suggestive category and actions
matrix for the case company.

Table 15
Category and Actions Framework

Category | Description | Replenishment strategies Service levels SS Supplier strategy

AX
AY
AZ
BX
BY
BZ
CX
CY
CZ

Note. Framework illustrating the segmentation of replenishment strategies, service levels, SS and
supplier strategies based on determined categories.

Step 4: Determine Buffer Size and Replenishment Strategies

Kersin et al. (2022) expressed that to account for disturbances, strategically positioned and dimensioned
buffers can absorb these variations. With the constraints identified in the first step, this step relates to
the dimensioning of the buffers.

There are three types of safety buffers, SS, SLT and capacity buffers to account for variations and
uncertainties, this process is limited to viewing SS dimensioning and SLT implementations. The
positioning within the material flow is dependent on the constraints identified within the second step of
the process. Depending on the nature of the constraints, if it is related to suppliers, production or
delivery, certain buffer types are suitable (Jonsson & Mattsson, 2016; Ptak & Smith, 2019). Table 16
summarize the identified constraints and the type of buffers that should be considered.

Table 16
Constraints and actions

Constraint location Example of constraint Suggested buffer type
Upstream Supplier SLT
Mid-stream Production SS on item and subassembly level
Downstream Before delivery to SS on subassembly level with material buffers, close
customer to customer delivery

Note. Constraints location, examples and suggested SS and SLT buffer. Based on Jonsson and
Mattsson (2016)

The strategic buffer positioning should align with the identified constraints or variations found within
the company, which was made in the second step of the process. Once the type and positioning of the
buffer is determined, the size of the buffers must be determined. The dimensioning of safety buffers
depends on the data available, which was established in the first step of the process. If the data is limited
with no historical product data, SS should be dimensioned using quantitative data from the prototype
build and development stage with qualitative insights and assessments. Through cross-functional
collaborations, the main uncertainties can be captured supporting the use of the first formula based on
judgement, displayed in Table 17. When more data becomes available, the 3-6 step can be utilized in
coordination with targeted service levels, strengthening the relationship between costs and service.
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Table 17
Safety stock calculation methods and their suitability

Nr. | Formula Suitable

1 (1) SS = Average D - number of days Suitable when data is limited, and qualitative
judgement methods are more reliable.

2 (2) SS = Maximum D - Maximum LT — Average D - Average LT | When data is limited, and exaggerated SSs are
wanted to guard for uncertainty.

3 (3)SS =Z - oD - [Average LT Utilization of targeted service levels when
demand uncertainty is the main challenge.

4 (4)SS =Z - AverageD - oLT Utilization of targeted service levels when
lead-time uncertainty is the main challenge.

5 (5)SS =7 - \[Average LT - oD? + Average D - oLT? Utilization of targeted service levels when
uncertainty in independent demand and lead-
time is the main challenge.

6 (6)SS =27 -oD- W + Z - AverageD - oLT Utilization of targeted service levels when
uncertainty in dependent demand and lead-
time is the main challenge.

Note. SS formulas and suitability based on (Devara & Jayamohan, 2014; Jonsson & Mattsson, 2016;
King, 2011; Tang et al., 2022)

These different calculation methods can be used categorically, in the framework display in Table 15
dependent on the suitability of the formula and the data collected. The use of these methods supports
SMEs, through the simplicity of categorizing multiple items and dimensioning them in relation to
category, decreasing time consumption.

The replenishment strategies determined should reflect the categories. The case study findings showed
that, within the LMLV contexts it is critical to decrease administrative time and frequency of manual
purchasing. The high value context simultaneously supports timely deliveries in relation to the item
need in production, decreasing the inventory carrying costs. To support the replenishment strategies
used, companies must determine if batch production will be used, to determine replenishment
quantities. Case study findings revealed that, the replenishment of category -B and -C items, with low
value items in SMEs with LMLV production, should include coordinated purchasing strategies. This
decreases the unit cost, the administrative cost and time spent to frequently place orders.

The replenishment strategies include the order quantities, and the replenishment methods used. To
relate the order quantities with production, operational decisions should be made in relation to batch
production. Batch production and lot-size inventory refers to purchasing items in greater quantities than
immediately immediate demand (Arnold et al., 2012) often to reduce setup, clerical and shipping costs
(Chapman et al., 2017). This is suitable in the context of LMLV products, to reduce the shipping and unit
cost of items. Berlec et al. (2014) emphasise small batch sizes suitable to reduce tied up capital and
storage costs, with the disadvantages of increase order processing costs. Moreover, lager batch sized
reduce the order frequency and takes advantage of economic scale, although increasing the ICC.

To determine the order quantity, the EOQ or POQ formula could be adopted, to calculate the optimal
order quantity or the time periods which each order should cover. Moreover, different replenishment
methods such as the ROP system, periodic review system, two-bin system, kanban system, or MRP
system can be used to determine when and what to order (Brunaud et al., 2019; Chapman et al., 2019;
Jonsson & Mattsson, 2016; Olhager, 2013).

The replenishment method used can be different, depending on the categorical context, e.g., related to
the value of the items and the length of lead time. The ROP system triggers the system to replenish when
a specific threshold is met, decreasing the risk of stockouts, although increasing the order frequency and
administrative costs (Chapman et al., 2019). Moreover, the periodic review system uses scheduled
reviews and replenishment planning with different order quantities to fulfil the targeted inventory level
(Chapman et al., 2017). Through this method, the risk of stockouts is increased, although the combined
orders can be placed, decreasing the administrative costs. Moreover, the two-bin and kanban system
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trigger signals when replenishment is needed to over demand during the lead time. Lastly, the MRP
schedule deliveries in relation to the net requirements of material (Olhager, 2013). This puts emphasis
on accurate forecasting, to ensure accurate MRP. The replenishment system and order quantities impact
the ISL and ICC which is relevant to consider when further balancing the two.

Step 5: Balancing ISL and ICC

When replenishment strategies are determined and SS have been dimensioned, the influence of these
decisions should be quantified in relation to financial indicators to illustrate the investments in safety
and service in contrast to the cost of carrying inventory.

Common financial indicators used within companies to compare investment opportunities, efficiency
and return on capital employed are ROI, ROA and ROCE (Wagner et al., 2012). These financial
indicators are related to internal targets and goals, which can be used to evaluate the cost and service
aspect. Strategically implemented safety buffers can be limited in employment due to the lack of
quantifying a link between costs and service. This step supports data-driven trade-offs between service
levels and ICC before implementation. Using internal company targets related to ROI, ROA or ROCE a
scenario-based analysis of different suggested SS, and inventory replenishment strategies, can support
the decision-making process (See Table 18). Table 18 illustrates how different scenarios of SS can be
compared in relation to the financial targets, justifying the investments if they align with the company
strategy.

Table 18
Scenario-Based Analysis
Scenario 1 Scenario 2 Scenario 3
ROI
ROA
ROE
ROCE

Note. Matrix facilitating an example of how to compare different scenarios of safety buffers balance the
ISL with ICC.

This step is iterative, indicating that if a balance can’t be found, adjustments are to be made in the
previous steps.

5.4.4 Phase 3: Implementation and Continuous Improvement

This final phase of the process is linked to the DMAIC process and includes control. Furthermore, this
phase is inspired by the last step of Hedvall’s (2024) process which is to evaluate performance. This
phase consists of the last two steps of the process, step 6 and step 7 (See Figure 21) The sixth step
includes implementation and operationalizing the improvements made in the previous steps. Moreover,
the seventh step include monitor and adjust, to ensure that the decisions made is relevant to the
situations ahead. This was a key finding within the case study regarding the industrialization of new
products, due to constant changes of items and high uncertainty.
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Figure 21
Implement and Improve

Strategic Inventory Management

Identify Influencing Factors Define Inventory Strategies Implement & Improve

Determine Buffer
Size and
Replenishment
Strategies

Segment Items &
Define
Differentiated
Strategies

Balance
ISL& ICC

Implement & Monitor &
Operationalize Adjust

Assess Variabilites &
Identify Constraints

Prepare Data Collection,
Measure & Detemain KPIs

Note. Highlighted areas indicating the third phase of the process.

Step 6: Implement and Operationalize

To realize and utilize the data collected and the operationalize these functional strategies determined
throughout the process, the categorisation, SS management and replenishment strategies should be
integrated within the ERP system. The replenishment rules should be clarified, and buffer policies
should align with the order triggers suitable in relation to the product maturity and demand pattern.
Responsibilities for monitoring and adjusting replenishment settings should also be assigned to ensure
that it meets real time demand, which was exemplified in the first step of the process. The introduction
of the decisions made demand increased knowledge within the ERP system used and adaptation to the
decisions made.

Step 7: Monitor and Adjust

The last step of the process includes tracking KPIs determined in the first step of the process, but also
to employ further KPIs deemed suitable. Managing inventory within the context of product
industrialization in the early phase of the product life cycle, emphasizing classification updates
continuously due to item list changes. Goldratt and Fox (1986) emphasized the need to adjust safety
buffers if they are frequently used and close to empty. This was realized in Hedvall’s (2024) work,
measuring the degree of utilization and based on different thresholds increase or decrease the safety
buffers.

Within this process the degree of utilization is critical to measure and evaluate. To adjust buffers in
relation to the utilizations of the determined SS is essential to decrease the ICC and increase the ISL.
Case study findings revealed that due to the limited use of historical data with lack of accurate
forecasting, the investments within the initial inventory should be high to gradually decrease or increase
where it is needed. The risk of keeping inventory at the earlier stages of the production phase is
decreased due to low risk of non-utilized material based on production needs but increased in the event
of changes of singular items due to upgrades and changes. The degree of utilization could be viewed
upon from item perspectives rather than based on categorization to allow more accurate inventory
needs, decreasing inventory levels.

Furthermore, the shift in constraints within the company should be monitored and re-evaluated based
on previous knowledge from the third step of the process. Indication of shifts in constraints could
enhance the material buffer placement, increasing the ISL, decreasing the ICC. These feedback loops are
critical once data availability increases the buffer and replenishment strategies should be reviewed and
use of more data driven approaches should be investigated.

5.4.5 Process Evaluation

This seven-step process supports SMEs with LMLV-HV products through a structured yet adaptable
process for managing inventory during new product industrialization. By combining early-stage data
collection, classification-based differentiation, balancing costs with service and facilitating continuous
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improvement and adjustments, this process supports increased inventory control, resilience, and
strategic alignment. It is designed specifically in the context of SMEs with LMLV-HV products, where
complexity must be minimized, and flexibility maximised. Moreover, this process follows the DMAIC
process for improvements, combining learnings from Hedvall’s (2024) process, the five Ws, PDCA and
comparative analysis. The process is iterative and could be used to continuously update and improve at
each step of the process, to address changes.

The three sustainability pillars were considered throughout the process. It supports the sustainability
aspect of the process, through the iterative aspects, constant adjustments and changes in inventory,
which reduce the environmental impact through decreased obsolescence of material and shipping
through coordinated deliveries. Through strategic inventory management, energy and material usage
can be used more efficiently, supporting environmental-economic aspects. Moreover, stakeholder
inclusion is adopted through aligning company strategy with operational decisions, supporting social-
environmental aspects.
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6 Discussion

This chapter presents discussions of results and main findings. The outline of this chapter first provides
interpretations of key findings to later discuss the suggested process. Lastly the theoretical
contributions and practical implications are presented.

6.1 Interpretations of Key Findings

The first research question investigated, “How can demand be forecasted during the industrialization
of new products?”. Forecasting was found to be particularly unreliable and difficult to anticipate during
the early stages of the product life cycle stages due to low amounts of historical data and high reliance
on judgement methods. A particular important finding was the criticality of defining the types of demand
and the nature of them. Through combining historical analogy with qualitative inputs from cross
functional collaboration, the uncertainty within demand forecasting could be reduced. Additionally,
during the industrialisation of new products, it should be highlighted that evaluations and adjustments
is critical to support sustainable forecasting reliance and inventory management.

This aligns with Arvan et al. (2019) supporting combinations of qualitative and quantitative methods
within demand forecasting. Furthermore, the criticality of measuring actual outcome with the forecasts
align with Chopra and Meindl (2017). Current theory is expanded through illustrations of how SMEs
adapt forecasting strategies through internal cross functional collaboration in the absence of statistical
models.

The second research question explored, “What factors influence inventory service levels and inventory
carrying costs in SMEs with Low-Mix, Low-Volume and High-Value products?”. ISL, stating the ability
to deliver, and ICC were most affected by the demand variability, forecast accuracy, supply lead-time
and supply chain complexity, creating challenges in the ability to plan. The lack of KPIs and
misalignment in inventory policies further amplifies the influence of ISL and ICC. These factors
illustrate factors affecting inventory control and management. The effects of low control or planning for
any of these factors, increase the risk of stockouts, slow moving material and high capital tied up.

These findings confirm the balancing act within inventory control and the conflicting requirements
being the main reason for the necessity of inventory management, to resolve the specific conflict
(Jonsson & Mattsson, 2016; Wild, 2017). Igbal et al. (2023) stated the need for effective inventory
management and its criticality for SMEs, which was confirmed within the study and the context of LMLV
production.

The third research question investigated, “How can influencing factors be accounted for when
balancing inventory service levels and inventory carrying costs within SMEs with Low-Mix, Low-
Volume and High-Value products?”. These identified factors should be accounted for through strategic
buffer positioning, supporting increased ISL whilst minimising excessive ICC. This aligns with Keskin
et al. (2022) suggesting that strategically positioned buffers are used to absorb variations and account
for this imbalance. The influencing factors identified should be accounted for through utilizing a
dynamic buffer design based on product classification. This aligns with Aktunc et al. (2019) suggesting
differentiation of service levels and inventory policies within the ABC XYZ classification. In addition,
identifications of system constraints, supported by Goldratt and Cox, (1984), contribute to the
positioning of safety buffers within the system.

To illustrate the balance between ISL and ICC, strategic financial and operational alignment should be
assessed through comparing different buffer dimensions with the financial impact. The findings
indicated that the financial parameter should be tailored to the company strategy, suggesting ROI, ROA
or ROCE to facilitate comparison with targets and scenarios of material buffers. A key finding within the
context of SMEs with LMLV-HYV products was the outcome from an ABC classification contradicting the
pareto principle (Pareto, 1964) expressing that 20% of the results comes from 80% of the cause with
certain approximations. This was a result of the high value context within the case company and
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illustrates the need for further theoretical research within the context of LMLV-HV contexts, to
investigate the generalizability of this occurrence.

The seven-step process that was developed provides a structured framework suitable in the early stages
of the product lifecycle, with iterative use throughout the growth and maturity phase of the product
lifecycle. The process draws empirical insights and theoretical concepts to propose a process for strategic
inventory management. The logical step within the process is founded in the previous work from Hedvall
(2024), theoretical findings and knowledge building through answering the research questions.

6.2 Theoretical Contributions

The study contributes to existing theory by suggesting a practical process within an under-researched
area: industrialization of new products in SMEs with LMLV-HV products. The study is inspired by the
process suggested by Hedvall (2024), building upon the process with the focus of a more practical
approach within a narrow context. Moreover, the thesis precents how theoretical and empirical findings
can be operationalizes, demonstrating how qualitative data and ERP system outputs can be utilized in
thelack of historical data. This offers practical contributions to forecast theory in early product lifecycles,
highlighting Hedvall (2024) and Li et al. (2024) emphasis on adaptive and data integrated models.

The suggested process combines established concepts such as ABC XYZ classifications, SS calculations,
and service level trade-offs, with scenario-based comparison of ROI, ROA and ROCE. This highlights
how financial and operational objectives could be accounted for in buffer management, facilitating a
holistic understanding of the impact and inventory strategy in the specific context. This context is
previously under research; thus, this thesis contributes to expanding the theory that exists. This study
has reduced theoretical gaps through a practical process and a structured pathway towards sustainable
inventory management from the start of the product lifecycle.

6.3 Practical Implications

This thesis offers a practical process for strategic inventory management during the early stages of the
product lifecycle within. Furthermore, the process outlines a pathway for SMEs with LMLV-HV
contexts. The seven-step process helps SMEs deal with uncertainty to improve ISL whilst balancing ICC.
It suggests the initial steps to facilitate decision making within the company, relying on alignment
between strategic and operational alignment.

The findings from the research questions shed light on the challenges of forecasting demand during the
early stages of the product lifecycle. Through highlighting important aspects within inventory
management and how to account for them, practitioners can delve into these findings to reflect
operational improvements. The fragility of SMEs within the context of LMLV and common reliance on
people over documented processes and transparent usage were highlighted through the thesis,
highlighting the need for documentation and processes independent of specific people.

The process improves operational decision making through a structured approach to facilitate better
planning and simplified industrialization by reducing the risk of stockouts. From a financial perspective
the implementation of scenario-based trade-offs between the material buffers and the financial outcome
supports the decision-making process for practitioners. From a sustainable perspective, increased
inventory control and management decrease the risk of obsolescence contributing to waste reduction,
the process further supports continuous improvements and adjustments through classification and
monitoring, emphasising a sustainable practice.

6.4 Methodological Discussion

The study was based on an embedded single case study, supported by theoretical insights. The design
itself was a result of the which to study the specific topic, which highlights a narrow context, decreasing
the opportunity to conducting a multiple case study. The descriptive approach was anchored in
theoretical guidance through pattern matching and theory building throughout the study, increasing the
validity of the results.
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The data collected included semi-structured interviews, document studies and unstructured
observations. The data from the semi-structured interviews contributed to in depth understanding of
internal processes, supplier and customer relationships and the current strategies. The interviews were
conducted with six participants, with main roles and connections to area studied. Inclusion of more
participants would reach outside of the limitations of the study, due to roles outside of the scope if this
study. Additionally, document studies facilitated data from historical products and the new product,
which was critical during the triangulation of data and additional insights into specific items and
subassemblies to buffer. Due to ethical considerations, document information’s from the documents
studied could not be reveled within the thesis. The observations helped grasp the entirety of the priorities
within the company, how communication and decisions were made. Through the five-month period of
research, the observations provided continuous information adding value to the questions asked during
interviews and determining documents to study.

Triangulation of data contributed to increased validity, strengthening the results form the research
questions and the development of the process. Although the generalizability of the study was limited
through the single-case study approach, the theoretical relevance and pattern matching contributed to
enhanced opportunities for generalizability of the results. The ethical considerations were upheld
through recordings after consent, possibilities to view the data collected and finally through reading the
report before publishing. Biases cannot be fully excluded, although the use of triangulated data through
convergence of evidence, biases were reduced, increasing the internal validity.
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7 Concluding Remarks

This chapter provides conclusions in relation to the purpose of the study from a holistic perspective,
including purpose fulfilment and contributions, limitations and lastly further research.

7.1 Purpose Fulfilment and Contributions

In this subchapter, the purpose fulfilment and process are discussed and concluded. The purpose of the
study was to,

Develop a process for managing inventory during the industrialization of new products in SMEs
with Low-Mix, Low-Volume and High-Value products.

The developed process was derived from the theoretical framework and insights from investigation of
the research questions and the overall study. The suggested process was highly influenced by the
previous work of Hedvall (2024), although adopting a more practical approach. A suggested seven step
process is a result of fulfilling the purpose of the study.

One of the key contributions from the study is the combination of historical analogy and qualitative cross
functional collaboration insights to reduce uncertainty in the early stages of demand forecasting. This
highlights the need for collaboration and judgement where historical data is limited. Furthermore, the
necessity of KPIs and aligning inventory policies in combination with knowledge of the impact that
demand variability, lead-time variability and supply chain complexity has on ISL and ICC sheds a light
on the importance of inventory control. Insights into how SMEs within the context of LMLV-HV
products can navigate through the balance between ISL and ICC have been presented and detailed
through the developed process.

7.2 Limitations

This study has several limitations that should be acknowledged. First, the research was based on a single
SME focusing on the initial phase of new product industrialization, limiting the empirical data,
specifically quantitative data. The embedded single-case study design enabled in-depth exploration
within the context, limiting its generalizability to other types of industries or product types. The
empirical data relied primarily on qualitative methods for data collection providing in depth detailed
quantitative data collection. Furthermore, reliance on quantitative data may limit the generalizability of
the findings without comparative validation. Additionally, the study relied on internal data sources and
perspectives limited from customer and supplier perspectives which could contribute to a more holistic
understanding of lead-time variation and demand uncertainty.

Lastly, confidentiality constraints within the case company restricted in depth empirical data to be
presented. While these limitations were necessary to maintain the ethical standards detailed in the
thesis, they reduce the level of detail that could be disclosed in the findings and analysis of the thesis.

7.3 Further Research

Due to the limited research of inventory management within LMLV contexts, there are several
opportunities for future research. Based on the limitations presented within this study, future studies
can support more extensive data collection. A suggestion for future research includes testing the
suggested conceptual process within other settings to verify robustness and adaptability. Further
research could explore the implementation and adaptability of the suggested process in multiple SMEs
to evaluate the reliability and impact. This would further validate the findings within this study.

Furthermore, the integration of digital tools during the early stages of the product lifecycle and ERP
systems adopted within the context of LMLV production have sparse previous literature, contributing
to increased practical implications.
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Appendices

Appendix A - Interview Guide 1

Demographic questions
What is your role at the company?
Can you describe your main responsibilities and tasks?
How long have you worked at the company?
Questions related to customer support
How do you currently manage customer support?
Give examples of how a case is received and handled until it is closed on your end?
What is your delivery time in customer support?
What are the main causes to why you cannot deliver on time?
What KPIs do you have in customer support?
How do you segment your customers?
Questions related to spare parts
What is the process when spare parts are extracted from inventory?
How do you cooperate with production?
What items or subassemblies should be available to customer support?
Why have you not had enough inventory previously?
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Appendix B - Interview Guide 2

Demographic questions
What is your role at the company?
Can you describe your main responsibilities and tasks?
How long have you worked at the company?
Questions related to customer lead-time
What are the main reasons for late deliveries?
What are the consequences for late deliveries?
Questions related suppliers
How does the quality vary in the incoming goods?
Do long lead-times correlate with variance in quality?
Do you measure supplier performance?
If not, do you think you would benefit from measuring supplier performance?
Questions related to Monitor
What do you think about the ERP system you currently use?
How do you monitor inventory?
Questions related to decision making
What are the main challenges in decisions concerning inventory?
What decisions are made when both customer support and production need items?
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Appendix C - Interview Guide 3

Demographic questions
What is your role at the company?
Can you describe your main responsibilities and tasks?
How long have you worked at the company?
Questions related to the new product
What are the potential risks with the new product?
Are there any specific items or subassemblies more fragile than others?
Which items have high and low risk of failure during assembly and whilst in inventory?
What subassemblies face increased risk of failure during customer use?
Questions related production
What are the main challenges during the production ramp up phase?
What have you learned through previous launches?
How often do you face interferences within production?
What is the main cause for disturbance within production?
How accurate is the internal lead-time?
Questions related suppliers
Are there any components with frequent defects at the time of delivery?
Are there any patters related to suppliers with frequent defects in delivery?
Questions related to Monitor
How accurate are the internal and external lead-times within production which are
displayed in Monitor?
How do you utilize Monitor today?
To what extent do you use Monitor?
What are the main constraints within Monitor?
Questions related to decision making
How do you determine inventory levels?
What do you base decisions on regarding purchasing?
What do you base decisions on regarding inventory levels?
What are your main KPIs?
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Appendix D - Themes and Codes RQ1

Themes

Codes

Demand type and characteristics

Independent and dependent
demand

Spare parts and products
Stable or volatile demand

Demand patterns and variations

Seasonal demand and trends
Systematic or stochastic variation

Forecasting methods

Qualitative (judgement, experience)
Quantitative (historical)

Human adjustment to forecast
Market input

Forecasting new products

Limited data

Prototype-phase insights
Comparison of similar products
Planning and purchasing
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Appendix E - Themes and Codes RQ2

Themes Codes

Demand variability & forecast accuracy
Demand variability
Forecast accuracy
Lead-time & supply chain complexity
Internal lead-time
Supply lead-time
Supply chain complexity
Nature of the product
Storage requirements
Inventory turnover
Inventory value
Company strategy & decision-making process
Purchasing strategy
Buffer strategy

Inventory policy
KPIs
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Appendix F - Themes and Codes RQ3

Themes Codes
Segmentation and inventory
differentiation ABC classification
XYZ classification
Item criticality
Service level targets
Material buffers
Buffer positioning
Safety buffer strategy
Theory of constraints
Inventory strategies and cost balancing
Replenishment
EOQ / POQ
Spare part policy

Strategic decision-making process
Planning based on experience
ERP system limitations
Internal processes
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Category

Appendix G - Classification and Actions Alignment

Description

Plan for Action

High value items with short supplier lead-time

Just-in-time replenishment

Tight inventory control

Supplier audits

Emphasis on supplier communication and collaboration
Minimal SS

AY

High value items with moderate supplier lead-time

Just-in-time replenishment

Tight inventory control

Shared supplier production plans

Supplier audits

Emphasis on supplier communication and collaboration
Low SS

High value items with long supplier lead-time

Just-in-time replenishment

Tight inventory control

Shared supplier production plans and replenishment strategies
Supplier audits

Emphasis on supplier communication and collaboration

Low SS

BX

Medium value items with short supplier lead-time

Automated reorder points or periodical review systems
Moderate SS to avoid unexpected stockout

BY

Medium value items with moderate supplier lead-
time

Automated reorder points or periodical review systems
Moderate SS to avoid unexpected stockout

BZ

Medium value items with long supplier lead-time

Automated reorder points or periodical review systems
Supplier performance evaluation
Moderate SS to avoid unexpected stockout

CX

Low value items with short supplier lead-time

Periodical review systems
High SS to avoid unexpected stockouts

CY

Low value items with moderate supplier lead-time

Periodical review systems
High SS to avoid unexpected stockouts

CzZ

Low value items with long supplier lead-time
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Periodical review systems
High SS to avoid unexpected stockouts



