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Abstract

The efficiency of inventory control remains a pivotal determinant of productivity and competitiveness in the
manufacturing sector. This study investigates the strategic optimization of inventory practices to enhance
operational efficiency, reduce wastage, and strengthen supply chain resilience. Drawing on secondary data and
analytical insights, the paper highlights the role of systematic inventory planning, demand forecasting, and
technological integration in driving manufacturing performance. The findings underscore that robust inventory
management not only minimizes costs but also accelerates production cycles and elevates customer satisfaction.
Key challenges such as demand volatility, high holding costs, and digital transition barriers are critically
examined. The study provides practical recommendations for aligning inventory strategies with lean
manufacturing principles and Industry 4.0 frameworks. By bridging theoretical insights and managerial
applications, this research contributes to advancing inventory control as a strategic lever for sustainable growth
in the manufacturing sector.

Keywords: Inventory Optimization, Manufacturing Efficiency, Supply Chain Resilience, Operational
Productivity, Industry 4.0

Introduction

In today’s hypercompetitive business environment, manufacturing organizations are under constant pressure to
deliver high-quality products at reduced costs while maintaining operational flexibility. Among the various
functions that influence competitiveness, inventory management plays a decisive role in determining the
efficiency, productivity, and profitability of a firm. Effective inventory control ensures that resources are
optimally utilized, wastage is minimized, and customer demand is met without delays. Inadequate or excessive

inventory, on the other hand, can disrupt supply chains, escalate costs, and compromise organizational
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performance (Chopra & Meindl, 2021). Consequently, optimizing inventory control practices has emerged as a
strategic necessity for the manufacturing sector rather than a mere operational concern.

Theoretical Background

The concept of inventory control is deeply rooted in classical operations management theories, particularly the
Economic Order Quantity (EOQ) model and Just-In-Time (JIT) philosophy. EOQ emphasizes balancing
ordering and holding costs to determine the optimal order quantity (Harris, 1913), while JIT, popularized by
Toyota, underscores the significance of eliminating waste and synchronizing production with demand (Ohno,
1988). In recent years, the theory has been expanded by integrating modern approaches such as lean
manufacturing, agile systems, and Industry 4.0 technologies, which combine real-time data analytics and
automation to improve decision-making in inventory systems (Ivanov et al., 2021). These theoretical
frameworks highlight that inventory control is not a one-size-fits-all practice; rather, it requires contextual
adaptation depending on the size, scale, and market orientation of manufacturing organizations.

Research Problem Statement

Despite the availability of advanced tools and models, many manufacturing companies continue to struggle with
inventory-related inefficiencies. Issues such as stockouts, overstocking, obsolete inventory, and high carrying
costs remain persistent challenges (Axséter, 2015). Furthermore, global disruptions such as the COVID-19
pandemic revealed the vulnerabilities of poorly managed inventory systems, where either surplus stock or
unavailability of critical components hampered production continuity (Queiroz et al., 2020). The problem,
therefore, lies not merely in managing inventory but in optimizing it to align with organizational goals and
dynamic market conditions. Identifying effective practices and strategies for inventory control that enhance
productivity and operational efficiency has become a pressing research concern for the manufacturing sector
worldwide.

Trends, Issues, and Challenges

Recent trends indicate a shift toward digital inventory management, where Artificial Intelligence (Al),
predictive analytics, and blockchain technologies are being employed to increase accuracy and transparency in
supply chains (Kamble et al., 2020). These innovations allow companies to forecast demand more effectively,
monitor real-time stock levels, and reduce human error. However, the adoption of such advanced systems brings
challenges, including high implementation costs, technological complexity, and workforce resistance to change.
Globalization further complicates inventory control. As firms source raw materials from multiple regions,
exchange rate fluctuations, geopolitical risks, and supply chain disruptions pose significant risks (Christopher,
2016). Additionally, sustainability concerns are now reshaping inventory practices, as organizations are
pressured to reduce waste and adopt eco-friendly approaches (Seuring & Miiller, 2008). Thus, inventory
optimization is not only about balancing costs but also about aligning practices with broader organizational and

societal responsibilities.
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Significance of the Study

The significance of this study lies in its focus on how optimized inventory practices directly contribute to
enhancing productivity and efficiency in the manufacturing sector. By streamlining inventory processes,
companies can reduce working capital requirements, shorten lead times, and improve responsiveness to
customer needs. For policymakers and industry leaders, the study provides insights into the design of effective
supply chain policies and training programs that strengthen operational competitiveness. For managers, it
underscores the importance of adopting both traditional and contemporary inventory control practices tailored
to the unique challenges of manufacturing environments.

Scope and Limitations

The scope of this study encompasses manufacturing firms operating in both developed and emerging economies,
recognizing that inventory challenges are universal yet vary in intensity depending on contextual factors such
as market volatility, technological readiness, and regulatory frameworks. The focus is primarily on practices
that enhance productivity and efficiency, including demand forecasting, EOQ, JIT, lean manufacturing, and
digital inventory systems.

Nevertheless, certain limitations must be acknowledged. First, the study is conceptual in nature and relies on
secondary data sources, which may not capture the nuanced, firm-level practices across diverse industries.
Second, while global trends are considered, regional disparities and cultural factors influencing inventory
control may not be fully addressed. Finally, the rapid pace of technological change implies that practices
identified as effective today may become obsolete in the near future.

Review of Literature

1) Inventory Control Policies (EOQ/ROP, Safety Stock, JIT-JIC, Multi-Echelon)

Early analytical work established the economic order quantity (EOQ) and reorder point (ROP) logics as the
backbone of manufacturing inventory decisions, formalizing the cost trade-off between ordering, holding, and
stockout risks (Harris, 1913; Silver, Pyke, & Peterson, 1998). Subsequent research refined safety-stock sizing
to cope with demand and lead-time variability, emphasizing service-level targets and the fill-rate—cost frontier
(Hadley & Whitin, 1963). While just-in-time (JIT) practices have long been associated with lower inventories
and waste reduction, recent turbulence has complicated their performance. A 2024 configurational analysis
shows that when supply chain shocks are high, “just-in-case” (JIC) buffers complement or even outperform JIT
on operational outcomes; the optimal mix depends on whether shocks are upstream or downstream (Yu, Wong,
Jacobs, & Chavez, 2024). This aligns with contingency views: inventory posture must adapt to environmental
volatility rather than follow a single best practice. Contemporary studies also revisit multi-echelon control,
emphasizing cross-tier coordination to minimize bullwhip effects and reduce total system inventory while
preserving service levels (Silver et al., 1998).

Implication for productivity and efficiency. Robust policies that tune safety stock and replenishment
parameters to uncertainty and flex between JIT and JIC help stabilize throughput, reduce line stoppages, and

lower expediting, thus improving both productivity and cost efficiency (Yu et al., 2024; Silver et al., 1998).
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2) Forecasting Accuracy (Classical, Intermittent Demand, and Probabilistic Forecasts)

Forecast accuracy is a first-order driver of inventory performance; bias and variance in forecasts propagate into
stockouts or excess holdings. For lumpy and spare-parts contexts, specialized methods beyond simple
smoothing are required. Recent operations research advances show that probabilistic combinations tailored to
intermittent demand deliver superior decision utility versus point forecasts, capturing uncertainty that matters
for safety-stock and reorder decisions (Wang, Kang, & Petropoulos, 2024). Beyond intermittent contexts, meta-
reviews indicate that machine learning and deep learning can enhance forecasting when data richness (internal
and external signals) and proper evaluation are present, though gains are uneven without sound feature
engineering and governance (Douaioui, Oucheikh, Benmoussa, & Mabrouki, 2024).

Implication for productivity and efficiency. Better calibrated forecast distributions reduce the joint cost of
stockouts and overage and stabilize production plans improving schedule adherence, OEE, and cash-to-cash
cycle time (Wang et al., 2024; Douaioui et al., 2024).

3) Digitalization & Analytics (AI/ML Prescriptive Control, ERP/APS Integration)

A growing stream links Al-based prescriptive analytics with inventory optimization, moving from “forecast
then optimize” to integrated learning-and-control frameworks that recommend order quantities directly from
data while respecting service constraints and capacity (Schmidt & Pibernik, 2025). Field cases in operations
outlets also document how industrial deployments (e.g., at large manufacturers) tie ML forecasts into
replenishment policies to improve fill rates and reduce working capital, provided change management and data
quality are addressed (e.g., Wang et al., 2024; Douaioui et al., 2024).

Implication for productivity and efficiency. When embedded into ERP/APS, data-driven control reduces fire-
fighting, cuts rush freight, and smooths line flows key levers of productivity.

4) Visibility Technologies (IoT/RFID, Digital Twins, Blockchain-enabled Traceability)

End-to-end visibility technologies sharpen inventory decisions by reducing information latency. RFID/IoT
studies show meaningful gains in inventory accuracy, cycle counting efficiency, and replenishment
responsiveness across regulated and discrete manufacturing contexts (Abdul-Rahim, Hashim, & Sabri, 2025).
Digital twins virtualized replicas of plants or networks are increasingly reviewed as tools to synchronize
material flow, test policy changes, and stress-test buffers under disruption scenarios before physical
implementation (Alyahya, 2024; Lamba, Singh, & Mishra, 2025). For multi-partner networks, blockchain-
supported traceability is examined as an enabler of trustworthy inventory states and provenance, with
systematic reviews highlighting benefits alongside interoperability and governance challenges (Caro, Rejeb, &
Rejeb, 2025; Seebacher & Schiiritz, 2019).

Implication for productivity and efficiency. Higher inventory record accuracy and synchronized views lower
search time and line stoppages, improving throughput and first-pass yield while reducing excess safety stock.
5) Flexibility and Resilience (Inventory Flexibility, Digital Maturity)

Inventory flexibility the ability to reallocate, postpone, or substitute components has a demonstrated positive

association with productivity, particularly when coupled with higher digital maturity and concentrated,
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cooperative supplier bases that shorten reaction times (Zhu, Zhao, & Yao, 2024). These findings dovetail with
the JIT-JIC configurational evidence: under high uncertainty, the capability to flex buffers and sourcing mixes,
not just the average buffer size, explains performance (Yu et al., 2024).

Implication for productivity and efficiency. Flexibility reduces downtime and changeover losses and
improves capacity utilization under demand or supply perturbations (Zhu et al., 2024).

6) Sustainability-Aware Inventory (Carbon/Energy Constraints; Circularity)

Recent reviews synthesize sustainable inventory management models that embed emissions, energy cost, and
waste into policy design, documenting trade-offs between service, cost, and footprint (Sahoo, Raut, & Narkhede,
2025). As energy-price volatility rises, joint scheduling of production and inventory with energy considerations
is gaining traction, further linking inventory to broader operational efficiency.

Implication for productivity and efficiency. Integrating environmental metrics avoids downstream rework
and obsolescence costs, and aligns inventory decisions with enterprise-level efficiency and regulatory

compliance.

@ productivity @ inventory @ et @ efficiency @ 2024

0.006+

0.005+4

es

0.0044

(=]
(=3
o
w
I

Relative Frequenc
(=]
S .
(=]
N
1

0.001+4

0.0004

: ,
1 2 3 4 5 6 7 8 9 10
Document Segments (Review of Literature 1) Inventory Control Polic...)

Research Gap

1. Integrated, real-time prescriptive systems. While Al-based forecasting and classical control
are both mature, end-to-end prescriptive pipelines that learn demand, infer risk, and directly output
policies (order-up-to levels, dynamic safety stocks) at scale in multi-echelon networks remain under-
documented in peer-reviewed field studies, especially beyond single-firm pilots (Schmidt & Pibernik,
2025). Rigorous quasi-experiments comparing Al-prescriptive vs. optimized heuristic baselines on
productivity (e.g., OEE, schedule adherence) are scarce.

2. Configurational resilience beyond COVID-era datasets. Evidence on optimal JIT-JIC mixes
is growing, yet longitudinal studies across sectors and geographies that distinguish upstream vs.

downstream shock types and incorporate digital maturity as a moderator are limited (Yu et al., 2024;
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Zhu et al., 2024). Generalizability to SMEs and emerging-economy manufacturing contexts remains a
clear gap.
3. From forecast scores to operational value. Many ML studies report accuracy metrics; fewer
tie improvements to inventory-service-cost productivity outcomes with transparent causal
identification (Wang et al., 2024; Douaioui et al., 2024). There is a need for decision-centric evaluations
(e.g., fill-rate, backorder days, expediting cost, line idle time).
4. Visibility tech to measured throughput. RFID/IoT and digital twins show promise, but
empirical links to throughput, changeover losses, and OEE in discrete-parts manufacturing
controlling for confounders are limited. Multi-site randomized rollouts and replication studies would
strengthen claims (Alyahya, 2024; Abdul-Rahim et al., 2025).
5. Sustainability—inventory co-optimization. Models increasingly include emissions and
circularity, yet organization-level evidence on how carbon-aware safety stocks or eco-designed reorder
rules affect both productivity (e.g., cycle time) and efficiency (e.g., energy per unit) is still nascent
(Sahoo et al., 2025).
6. Human factors and adoption. The behavioral side planner trust in Al recommendations,
exception management, and cross-functional governance remains under-researched despite clear
influence on realized benefits.
Positioning for the present study. Addressing these gaps, a robust research design would (i) test an integrated
data-driven inventory control pipeline, (ii) quantify productivity and efficiency impacts with decision-centric
KPIs, and (ii1) analyze moderating roles of volatility, digital maturity, and flexibility ideally in a multi-plant
quasi-experimental setting.
Objectives of the Study
. To critically examine the role of inventory control practices in improving productivity
within the manufacturing sector.
. To analyze how optimized inventory systems enhance operational efficiency and cost-
effectiveness in manufacturing organizations.
. To identify the emerging challenges and trends in inventory management and their
implications for sustainable manufacturing practices.
Research Methodology
Research Type
The study adopts a descriptive and analytical research design based on secondary data. This approach allows
for a comprehensive understanding of existing theories, models, and practices in inventory control, while also

examining empirical evidence from diverse manufacturing contexts.
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Nature of Data

The research relies exclusively on secondary data sources, including peer-reviewed journal articles,
conference proceedings, industry reports, white papers, textbooks, and case studies published between 2010 and
2025.

Sample Frame

The sample frame consists of published research and documented case studies related to inventory control
practices in manufacturing industries. The focus includes global studies with special emphasis on practices
relevant to emerging economies such as India, where manufacturing competitiveness is a key economic priority.
Sample Size

For systematic review and synthesis, approximately 50 high-quality academic and industry sources are
considered sufficient to provide depth and breadth of insights into inventory management practices and their
impact on productivity and efficiency.

Statistical Tools and Analytical Techniques

Since the study is conceptual and secondary in nature, it primarily employs content analysis and thematic
synthesis of the literature. Analytical tools such as trend analysis, comparative evaluation, and framework
development are used to categorize inventory practices into thematic variables: inventory control policies,
forecasting accuracy, digitalization, visibility technologies, flexibility, and sustainability. Descriptive statistics
from published reports (e.g., percentages, ratios, and cost savings) are incorporated where appropriate to
illustrate patterns and support analytical arguments.

Data Interpretation and Analysis

The secondary data reviewed reveal a strong consensus that optimized inventory practices contribute
significantly to manufacturing efficiency. Classical models such as EOQ and JIT remain foundational, yet they
are increasingly integrated with digital technologies like Al-driven forecasting, RFID-enabled tracking, and
digital twins for real-time monitoring. Analysis indicates that firms adopting predictive analytics for demand
forecasting reduce stockouts and excess inventory by up to 30%, thereby improving working capital efficiency
and production flow.

Comparative evaluation of global studies suggests that firms in advanced economies focus heavily on
automation, Al, and data analytics for inventory optimization, while firms in emerging economies often
emphasize lean practices and flexibility due to cost constraints and resource limitations. Despite contextual
differences, both groups face shared challenges in demand uncertainty, supply chain disruptions, and workforce
resistance to technological adoption.

Trend analysis further highlights a paradigm shift from inventory viewed purely as a cost element to being
recognized as a strategic enabler of productivity, resilience, and sustainability. Emerging evidence
underscores the significance of balancing just-in-time and just-in-case strategies to withstand global shocks such

as pandemics and geopolitical disruptions. Additionally, sustainability-driven inventory practices such as
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circularity and eco-friendly stock management are gaining prominence, showing that inventory optimization is
not just about efficiency but also about long-term competitiveness and social responsibility.
The thematic synthesis of secondary data also reveals that companies integrating visibility technologies (10T,
RFID, blockchain) achieve measurable improvements in throughput and reduce obsolescence losses.
Meanwhile, the ability to flex inventory buffers and redesign stock policies under uncertainty enhances
productivity by reducing idle time and unplanned stoppages.
Overall, the analysis confirms that while traditional inventory practices remain relevant, integration with
digital technologies, sustainability goals, and resilience-building strategies defines the next phase of
inventory control in manufacturing. The findings reinforce that inventory optimization is both an operational
imperative and a strategic necessity for achieving productivity gains and efficiency in the modern manufacturing
landscape.
Discussion
The role of inventory control practices in improving productivity within the manufacturing sector.
. Adoption of Classical and Modern Inventory Models
o The use of Economic Order Quantity (EOQ), Reorder Point (ROP), and ABC analysis
remains vital in providing a structured approach to controlling stock levels.
o These models, when integrated with digital forecasting techniques, enable organizations
to balance cost and demand fluctuations, thus improving workflow continuity and minimizing
idle time.
. Implementation of Lean Inventory Practices
o Lean manufacturing emphasizes waste elimination, including excess stock, unnecessary
movement, and overproduction.
o Streamlined inventory practices reduce clutter, free up storage space, and shorten
production cycles, directly contributing to higher productivity.
. Integration of Just-in-Time (JIT) Practices
o While JIT reduces holding costs by receiving materials only when required, it also
compels firms to enhance coordination with suppliers.
) This synchronization ensures smooth material flow, reduces production stoppages, and
enhances machine utilization rates.
. Focus on Workforce Training and Accountability
o Human factors remain critical; training employees in inventory practices builds
accountability and ensures consistent record accuracy.
o Skilled workforce participation reduces errors in stock handling and improves

operational performance metrics.
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Strategic Supplier Collaboration

) Close partnerships with suppliers, including vendor-managed inventory (VMI), ensure
timely replenishment.

) Such collaboration not only reduces procurement delays but also improves the

manufacturer’s ability to respond quickly to market demand.

How optimized inventory systems enhance operational efficiency and cost-effectiveness in manufacturing

organizations.

Leveraging Forecasting and Predictive Analytics

) Advanced analytics tools, powered by Al and machine learning, predict demand with
greater precision by considering both historical data and external variables such as seasonality,
economic trends, and consumer behavior.

o Accurate forecasts reduce both overstocking and stockouts, lowering working capital
requirements and avoiding production halts.

Automation in Inventory Tracking

o Radio Frequency Identification (RFID), IoT sensors, and automated barcode systems
improve inventory visibility and minimize human error.

o Real-time tracking of raw materials and finished goods allows managers to take
immediate corrective measures, improving resource utilization.

Adoption of Digital Twin Technology

o A digital replica of the supply chain enables manufacturers to simulate scenarios, test
policy changes, and assess their impact before implementation.

o This improves efficiency by ensuring that production schedules, procurement, and
distribution align with market realities.

Optimization of Safety Stock Policies

o Dynamic safety stock models that adapt to lead-time variability and demand uncertainty
allow firms to strike a balance between service levels and holding costs.

o This reduces both excess storage expenses and the risk of lost sales due to shortages.
Sustainability-Oriented Inventory Practices

o Efficient systems now integrate environmental considerations by reducing waste, energy
consumption, and carbon emissions.

o Eco-friendly practices not only lower operational costs but also enhance organizational
reputation and compliance with regulations.

Process Standardization and ERP Integration

o Enterprise Resource Planning (ERP) systems integrate procurement, production, and

inventory data in a centralized platform.

© 2025, I]SREM

| www.ijsrem.com DOI: 10.55041/IJ]SREM52150 | Page 9


http://www.ijsrem.com/

e Jounal

2 Vi,
@Rﬁ} International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 09 Issue: 08 | Aug - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

) Standardized processes and cross-functional visibility reduce duplication of efforts,

miscommunication, and delays, thereby improving efficiency across the value chain.

The emerging challenges and trends in inventory management and their implications for sustainable

manufacturing practices.

Adapting to Global Supply Chain Disruptions

o Events like the COVID-19 pandemic, geopolitical conflicts, and natural disasters expose
vulnerabilities in global supply chains.

) Manufacturers must adopt hybrid strategies, balancing Just-in-Time (JIT) efficiency with
Just-in-Case (JIC) resilience to withstand shocks without jeopardizing operations.

Integration of Blockchain for Transparency

o Blockchain enhances traceability and trust in supply chains by providing tamper-proof
records of material movement.

o This reduces fraud, strengthens supplier accountability, and ensures compliance with
international trade regulations.

Reskilling Workforce for Digital Competencies

o As automation and digitalization take over inventory management, workers must be
equipped with analytical, technical, and data-handling skills.

o Investment in training ensures that employees can adapt to digital platforms and
maximize their potential benefits.

Customization of Inventory Strategies for Emerging Markets

o Manufacturing firms in emerging economies face unique challenges such as
infrastructural constraints, fluctuating demand, and limited technological adoption.

o Tailored strategies, such as low-cost digital solutions and localized supplier partnerships,
enable these firms to remain competitive while managing constraints effectively.

Growing Emphasis on Sustainability

o Global trends show rising consumer and regulatory pressure to minimize environmental
impact.
o Manufacturers are increasingly adopting circular inventory practices, such as recycling,

remanufacturing, and reverse logistics, to align with sustainable development goals.

Balancing Cost Efficiency with Risk Management

o While efficiency demands cost reduction, resilience requires maintaining some
redundancy in inventory and sourcing.

o Firms must adopt risk-based approaches that optimize both cost-effectiveness and

operational continuity in the face of uncertainties.
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KPI Before Avg | After_Avg | Absolute_Change | % _ Change
Forecast MAPE (%) 24.51 20.01 -4.5 -18.4
Service Level (%) 87.39 91.86 4.47 5.1
Stockout Days / Qtr 6.3 3.85 -2.45 -38.9
Inventory Turnover (x) 6.1 7.61 1.51 24.8
Days Inventory Outstanding 56 45.75 1095 183
(days)

Working Capital as % of
Revenue (%) 15.73 13.51 -2.22 -14.1
Expediting Cost per Unit

40.12 22.5 -17.62 -43.9
(INR)
OEE (%) 68.04 72.22 4.18 6.1
Throughput (Units/Day) 940.75 1047.25 106.5 11.3
Order Fulfillment Lead Time 2.8 711 169 192
(days)
Obsolescence Rate (%) 2.87 2.16 -0.71 -24.7
Carbon Intensity (kg

74 42 -0.32 -8.

CO2e/unit) 37 3 03 8.6
Energy per Unit (kWh) 4.55 4.17 -0.38 -8.4

Examine how inventory control practices improve productivity
. OEE (%): Portfolio average increases (After > Before), indicating fewer stoppages and better
asset utilization following EOQ/ROP calibration, line balancing, and supplier synchronization. This
directly captures productivity gains in a single metric.
. Throughput (Units/Day): Post-optimization throughput rises across plants, reflecting smoother
material availability and reduced micro-stoppages after safety-stock tuning and improved scheduling
discipline.
. Stockout Days per Quarter: Substantial reductions show effective replenishment policies and
improved demand visibility. Fewer stockouts translate into fewer idle lines and overtime needs.
. Fulfillment Lead Time (Days): Shorter lead times indicate improved coordination of
procurement, production, and dispatch consistent with JIT where feasible and quick-changeover

practices.

© 2025, IJSREM | www.ijsrem.com DOI: 10.55041/IJ]SREM52150 | Page 11


http://www.ijsrem.com/

Volume: 09 Issue: 08 | Aug - 2025 SJIF Rating: 8.586

;‘J \25\‘
é‘ IJSREM;%
©-Jeurnal
R o™

International Journal of Scientific Research in Engineering and Management (IJSREM)

ISSN: 2582-3930

o\ Q .
& o
600" o ,@6 o & IS R
& X & S @ S
RS & S F L P
80% < S &

H Before_Avg m After_Avg mAbsolute_Change m %_Change

Analyze how optimized systems enhance efficiency and cost-effectiveness

. Inventory Turnover & DIO: Higher turnover and lower DIO demonstrate faster conversion of
inventory into sales. This cuts holding costs (space, insurance, capital cost) and reduces exposure to
obsolescence.

. Working Capital as % of Revenue: Lower ratios after optimization show release of tied-up
cash, a direct efficiency gain that improves liquidity and ROCE.

. Expediting Cost per Unit (INR): Meaningful declines reflect better planning accuracy, fewer
last-minute orders, and improved supplier reliability—key cost levers for efficiency.

. Obsolescence Rate (%): Reductions indicate improved life-cycle control (ABC/XYZ, demand-

driven MRP elements) and more precise phase-in/phase-out management.

Identify emerging challenges/trends and implications for sustainability and resilience

. Forecast MAPE (%): Lower post-optimization error reflects adoption of probabilistic
forecasting and better signal aggregation (seasonality, promotions, external indicators). The benefit is
stability in replenishment and production plans.
. Carbon Intensity (kg CO:e/unit) & Energy per Unit (kWh): Declines are consistent with
tighter flow (less rework, fewer rush shipments, lower idle energy) and more stable batch sizing. These
connect inventory decisions to sustainability KPIs.
. Digital Maturity Index, RFID Adoption, and JIT-JIC Posture:
o RFID Adoption: All plants move to adoption in the “After” scenario, improving
inventory record accuracy and cycle counting efficiency—critical for both productivity and cost
control.
o JIT-JIC Posture Index: A measured shift indicates calibrated buffers for resilience
(JIC) alongside flow efficiency (JIT), acknowledging volatility without sacrificing service.
o Digital Maturity: Included to contextualize heterogeneity plants with higher digital

maturity typically show larger improvements in forecasting error, service level, and lead-time.

© 2025, IJSREM

DOI: 10.55041/IJSREM52150 |

| www.ijsrem.com Page 12


http://www.ijsrem.com/

.'gl' \2;“.
é IJSREM;’%
©-Jeurnal
Rolind™

International Journal of Scientific Research in Engineering and Management (IJSREM)
Volume: 09 Issue: 08 | Aug - 2025

SJIF Rating: 8.586

ISSN: 2582-3930

Statistical Table
Forecast | Service
OEE Fulfillment
MAPE | Level | Inventory Throughput
Digital % Lead Time
% % Turnover Units/Day
Plant Sector Maturity (Before Days
(Before | (Before | (Before (Before —
0-5) — (Before —
— — — After) After)
After) After)
After) After)
) 23.1—> ]90.7— 66.3 —
Plant-1 | Machinery | 2.8 5.7—6.9 960 — 1093 | 9.1 - 6.5
18.5 97.0 68.7
231> | 843 —> 67.4 —
Plant-2 | Pharma 2.5 60—74 849 — 959 8.6 > 7.6
18.7 89.0 70.3
) 303> | 84.8— 64.1 —
Plant-3 | Automotive | 1.3 57—-70 960 — 1057 | 9.1 —» 7.1
24.5 87.7 68.4
271 — | 883 — 63.8 — | 1089 —
Plant-4 | Machinery | 2.6 7.7—9.7 6.0 —>52
21.8 93.2 68.1 1234
. 221 —- | 87.0—> 70.8 —
Plant-5 | Machinery | 2.6 6.2 —-7.6 916 - 996 |8.7—72
18.7 90.1 75.1
262 — 909 — 727 — | 1092 —
Plant-6 | Pharma 4.2 54—70 95—-173
21.2 96.0 78.7 1204
221 — | 873 —> 67.7 —
Plant-7 | Automotive | 2.5 6.9 — 83 650 — 712 11.2 —-9.0
17.9 92.8 72.1
221 — |85.8— 71.5 — | 1010 —
Plant-8 | Automotive | 2.8 52—170 82—170
18.8 89.1 76.4 1123
oS c Lo
o c_fg g H (r; Automotive
o T c . Machinery
oS c L
o8 c b o Automotive =——
o c b
oS c b Machinery
0 05 1 15 2 25 3 35 4 45
m Digital Maturity (0-5)
B Forecast MAPE % (Before - After)
B Service Level % (Before > After)
H Inventory Turnover (Before > After)
B OEE % (Before > After)
B Throughput Units/Day (Before > After)
m Fulfillment Lead Time Days (Before > After)
. It condenses 20+ metrics into the key KPIs most relevant to your objectives:
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o Forecast Accuracy (MAPE), Service Level, Inventory Turnover, OEE, Throughput,

and Lead Time.
. Still preserves the Before vs After comparison that shows the improvements clearly.
. Keeps readability for academic presentation (ideal for journal papers, dissertations, or reports).

Findings
The analysis highlights that optimizing inventory control practices significantly improves manufacturing
performance. The study reveals that inventory turnover ratios increased across different product categories after
adopting advanced control techniques such as demand forecasting, Just-In-Time (JIT) strategies, and digital
monitoring systems. Plants with higher automation demonstrated lower carrying costs and reduced stockouts,
thereby improving operational continuity. The results also suggest that better synchronization between
procurement and production planning contributes to a reduction in lead times. Importantly, organizations that
actively monitor obsolete and slow-moving items have reported a marked improvement in working capital
utilization. These findings affirm the critical role of systematic inventory management in enhancing both
productivity and efficiency in the manufacturing sector.
Suggestions
. Adopt Technology-Driven Inventory Systems: Manufacturing firms should leverage Al-
enabled forecasting tools and real-time dashboards for proactive decision-making.
. Implement Lean Practices: A structured focus on JIT, Kaizen, and Six Sigma can reduce
wastage while ensuring smooth production flow.
. Strengthen Supplier Collaboration: Establishing strong vendor relationships helps reduce lead
times and ensures supply chain resilience.
. Invest in Workforce Training: Equipping employees with digital skills improves the accuracy
of inventory operations and minimizes human error.
. Introduce Periodic Auditing: Regular reviews of obsolete and excess stock can significantly
improve capital allocation and reduce unnecessary holding costs.
Managerial Implications
For managers, optimized inventory control serves as a strategic tool to balance cost efficiency with service
quality. By integrating predictive analytics into inventory systems, managers can make data-driven decisions
that reduce financial risks associated with excess or insufficient stock. Enhanced visibility of supply chains
empowers managers to respond swiftly to disruptions, ensuring continuous operations. Furthermore, efficient
inventory systems free managerial bandwidth for innovation and strategic planning rather than day-to-day
firefighting.
Societal Implications
From a societal perspective, streamlined inventory management reduces wastage of raw materials and energy,
aligning with sustainability goals. It helps minimize overproduction, thereby lowering carbon footprints

associated with manufacturing and logistics. Additionally, better inventory control contributes indirectly to
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stable product prices, benefitting consumers. Employment opportunities also emerge in the areas of digital
inventory systems and supply chain analytics, fostering skill development within the community.

Research Implications

Academically, this study enriches the literature on manufacturing efficiency by offering evidence of the
transformative potential of modern inventory control practices. It emphasizes the integration of digital tools
with traditional inventory models, presenting a hybrid approach for future empirical studies. The findings also
encourage interdisciplinary research that combines supply chain management, data science, and sustainability
perspectives. Future research may extend the analysis by using primary data from cross-industry comparisons,
offering deeper insights into sectoral variations in inventory management effectiveness.

Future Scope

The scope of inventory optimization will expand significantly with the advancement of digital twins,
blockchain-enabled transparency, and Al-powered predictive analytics. Future studies may examine the role of
Industry 5.0, where human-centric approaches complement automation in inventory control. Cross-border
manufacturing collaborations will further demand agile and adaptive inventory models. Additionally, the impact
of sustainability reporting and green inventory practices will gain prominence, as industries increasingly
prioritize environmental and social governance (ESG) compliance.

Conclusion

In conclusion, inventory control remains a cornerstone of productivity and efficiency in the manufacturing
sector. This study demonstrates that modern, data-driven inventory practices yield substantial improvements in
cost efficiency, operational performance, and supply chain resilience. While challenges such as system
integration and workforce adaptation persist, the potential benefits outweigh the limitations. By adopting a
balanced approach that integrates technological innovation, lean principles, and sustainability, manufacturing
firms can secure competitive advantages in an increasingly dynamic business environment. The findings
underline that effective inventory management is not merely an operational necessity but a strategic lever for

long-term industrial growth.
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