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Abstract
This study aims to optimize the control of agroinput inventory
at a company in Indonesia through the integration of Failure
Mode and Effects Analysis and Economic Order Quantity,
supplemented by safety stock and reorder points. The research
design is quantitative-operational, utilizing historical demand
data, ordering costs, storage costs per unit per year, unit prices,
and supplier lead times. Failure Mode and Effects Analysis is
Article Information: used to identify and rank failure modes in the warehouse based
Received August 23,2025 on severity, probability of occurrence, and detectability to
Revised September 25,2025 form a Risk Priority Number. The risk findings are then
Accepted October 29, 2025 mapped to inventory policy parameters: determining the
service level that forms the basis for the safety stock level,
setting the reorder point, and evaluating the order frequency
through Economic Order Quantity. The results show that
integrating the two approaches produces more efficient order
sizes, reduces unnecessary ordering frequency, and reduces the
potential for stockouts on items with high risk Priority
Numbers by adjusting safety stock and reorder points based
on service levels. A before-and-after comparison also
confirms that ordering and carrying costs can be reduced
without compromising the availability of critical materials.
Managerial implications include establishing standard ordering
procedures per item (economic lot size, reorder point, and
review period), periodically reviewing ordering and carrying
cost parameters, and integrating the Risk Priority Number
metric into the inventory control system. This study provides
practical ~ contributions  to  strengthening  inventory
management in the agro-industry sector.
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INTRODUCTION

Warehouse management plays a strategic role in ensuring that the flow of
materials is timely, reliable, and cost-effective. In contemporary practice,
warehouses are no longer seen merely as storage spaces, but as control centers
for material flows that affect service quality, the accuracy of process
requirements fulfillment, and the overall cost structure of the organization (Putri
& Sunarso, 2024; Vinet & Zhedanov, 2011). Various field reports indicate
recurring problems in this function, including disorderly space arrangement,
inconsistent grouping of goods, and weak recording discipline, resulting in
outdated inventory data (Triana & Kartika, 2023).
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This situation prolongs picking and sorting times, increases the risk of
items being mixed up or overlooked, and reduces labor productivity. At the
same time, many organizations still set inventory policies without adequate
cost analysis and data support, making it easy to fall into two equally
detrimental extremes: running out of inventory, which hinders the process, and
excess inventory, which wastes space and storage costs (Roghib & Naser
Daulay, 2023; Nawawi et al., 2023).

A risk management framework is needed to systematically reorganize
warehouse processes, starting from identifying sources of risk, assessing the
severity and likelithood of occurrence, to determining measurable mitigation
measures (Geofanny & Tanaamah, 2022; Sari et al., 2022). Organizations with
clear risk management strategies tend to be more adaptive to supply
disruptions, able to maintain the reliability of internal services, and at the same
time reduce unnecessary costs (Prianto et al., 2024). In this context, two
analytical tools are widely used and complement each other. First, Failure
Mode and Effects Analysis, which maps and prioritizes process risks based on
a combination of severity, probability of occurrence, and detectability, then
produces a priority measure known as the Risk Priority Number (Susanti et al.,
2023; Syamsiah et al., 2023). Second, Economic Order Quantity, which offers
a quantitative approach to determining the optimal order size by balancing
ordering costs and storage costs so that the total relevant costs are at a
minimum (Jan & Tumewu, 2019; Laoli et al., 2022).

Both have strong scientific rationale. Failure Mode and Effects Analysis
helps organizations focus resources on the most critical failure modes so that
improvements are not scattered and superficial. Its application has proven to
be widespread, from manufacturing to logistics, to reduce defects, eliminate
obstacles, and improve reliability (Elvina et al., 2022; Rayoga, 2024; Ridwan et
al., 2019). Economic Order Quantity, on the other hand, has long been a pillar
of decision-making in ordering policies. Assuming that cost and demand
parameters can be estimated, this framework reduces the frequency of
excessive orders while preventing the accumulation of unproductive inventory.
In modern practice, policy designs based on Economic Order Quantity are
almost always accompanied by safety stock and reorder points, both derived
from the desired service level and the variability of demand and supplier lead
time, so that cost efficiency does not compromise the availability of important
goods (Adi et al., 2023; Prihasti & Nugraha, 2021).

The urgency of strengthening this approach increases in the context of
an increasingly volatile supply chain. Surge in demand, shipping disruptions,
storage capacity limitations, and uncertainty in product quality require
inventory policies that are sensitive to process risks and based on reliable
calculations. Empirical experience in many agribusiness organizations shows a
similar pattern: over-ordering in certain periods leads to stockpiling and quality
deterioration, while under-ordering in other periods triggers stockouts and
internal service disruptions. These problems are exacerbated by manual
recording, irregular physical checks, and uncertainty about supplier lead times,
which in certain conditions can extend to nearly a week. The combination of
these factors reduces space utilization, increases storage costs, and weakens the
accuracy of inventory replenishment.

The integration of Failure Mode and Effects Analysis with Economic
Order Quantity provides a logical and sequential solution path. Failure Mode
and Effects Analysis is placed as the initial layer to map failure modes across
the entire Warehouse activity chain, such as late receipts, picking errors,
incorrect labeling, placement deviating from the slotting design, and

International Journal of Multidisciplinary of Higher Education (I]MURHICA)
Vol. 8, No. 4, pp. 895-909, 2025 896



Dwika, G. C. S., Harahap, 1., Nurlaila, N.

uncertainty in supplier lead times. The results of the mapping, especially modes
with high Risk Priority Numbers, are then translated into inventory policy
parameters with varying levels of strictness. Items with a high impact of failure
and difficult to detect can be given a higher service level through larger safety
stock and more conservative reorder points, while items with a low level of
risk follow standard parameters so that storage costs do not balloon. Thus,
decisions on order size and timing are no longer uniform for all items, but
explicitly adjust to the risk profile of the process.

Recent literature reinforces this rationale. The latest comprehensive
study shows that Economic Order Quantity-based inventory policies need to
be combined with uncertainty management and sustainability dimensions. The
review maps out eighteen prerequisites that can change the Economic Order
Quantity formula, ranging from imperfect quality, minimum order limits, costs
and carbon emissions, to supply chain disruptions, and confirms a shift in
research towards a more practical, resilient Economic Order Quantity that is
in line with technology-based industrial transformation (Alnahhal et al., 2024).
Simulations during the global health crisis also indicate that to prevent
stockouts during demand surges and supply disruptions, order sizes based on
Economic Order Quantity need to be increased by approximately twenty to
thirty percent, then when demand stabilizes again, they can be reduced by
approximately ten to fifteen percent to reduce storage costs.

In terms of quality, the development of lot size determination models
confirms that the assumption of “perfect goods” is unrealistic. Imperfect
quality-based models place inspection, defect rates, and waiting times as policy
determinants; calculating reorder points becomes an important milestone so
that orders are placed at the right time and do not trigger excess or shortage
of inventory (Nobil et al., 2020). The integration of reorder point calculations
in imperfect quality scenarios provides explicit operational guidance, including
options for stochastic waiting times and supplier constraints, so that policy
design more closely approximates real-world conditions. From a
methodological perspective, beyond the classical formula, the simulation-
based regression approach offers a practical way to estimate order sizes and
reorder points that are more consistent with varied field data. This approach
starts from simulations of processes rich in factors such as warehouse costs,
distance, price, demand variability, and fulfillment time, then condenses them
into regression models that are easy for managers to implement (Milewski &
Wisniewski, 2022). In line with the risk framework, a map of failure modes
with high Risk Priority Numbers can be translated into higher service levels in
the design of safety stock and reorder points; thus, decisions on order size and
timing become responsive to process risks and demand-supply volatility, which
are now increasingly prominent.

In addition to explaining the logic of integration, it is also important to
emphasize the basis of cost definitions so that policies can be evaluated fairly.
Ordering costs should reflect the actual costs of administration, order issuance,
receipt, and inspection, not the purchase value. Storage costs per unit per year
need to accommodate capital costs, space, energy, insurance, and the risk of
damage or expiration. This clarity ensures that comparisons before and after
intervention use the same cost components, so that evaluations are not biased
by irrelevant factors (Qanitah et al., 2025; Vinet & Zhedanov, 2011). At the
operational level, this means that the calculation of safety stock and reorder
points should be based on the desired service level and the variability of
demand and lead time, rather than simply practical rules that are insensitive to
change.
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Governance and operational ethics dimensions are also relevant. Excess
inventory that leads to damage or expiration is a form of waste that impacts
costs and the environment. Strengthening record keeping, batch or lot
tracking, periodic packaging inspections, and implementing “first in, first out”
for sensitive materials helps reduce the risk of quality deterioration while
increasing accountability. Simple digitalization, such as the use of barcodes or
quick response codes, control dashboards, and exception reports, can
strengthen detection capabilities in Failure Mode and Effects Analysis and
reduce discrepancies between records and the physical condition of inventory
(Triana & Kartika, 2023). With this foundation, the integration of Failure
Mode and Effects Analysis and Economic Order Quantity not only cuts costs
but also fosters a more transparent, adaptive, and sustainable process
discipline.

Based on the urgency and theoretical basis above, this study uses Failure
Mode and Effects Analysis as a process for identifying and prioritizing risks,
and Economic Order Quantity as a framework for determining efficient order
sizes. The two are linked through the service level that guides the amount of
safety stock and reorder points per item. This study utilizes historical demand
data, supplier lead times, ordering cost components, and storage cost
components, and conducts pre- and post-intervention readings so that the
impact of policies on relevant costs and availability reliability can be evaluated.

Although Failure Mode and Effects Analysis and Economic Order
Quantity have been extensively researched, the explicit relationship between
process risk priorities represented by Risk Priority Numbers and the
determination of service levels, safety stock, and reorder points is still limited
to specific operational contexts. Many studies discuss Economic Order
Quantity under the assumption of perfect product quality and deterministic
lead times, even though empirical evidence shows significant imperfections in
quality, fluctuations in demand, and variations in lead times. On the other
hand, studies of Failure Mode and Effects Analysis in warehouses often stop
at risk lists and general recommendations without translating them into
measurable inventory policy parameters.

This study offers novelty by linking process risk priorities from Failure
Mode and Effects Analysis directly to inventory policy design based on
Economic Order Quantity, through differentiation of service levels per item.
Items with high Risk Priority Numbers receive more conservative parameters,
while low-risk items follow standard parameters to contain storage cost
growth. Another novelty lies in the affirmation of consistent definitions of
ordering costs and storage costs as the basis for evaluation, as well as in the
integration of recent literature findings on imperfect quality, variable waiting
times, and sustainability requirements into the policy design argument
(Alnahhal et al., 2024; Milewski & Wisniewski, 2022; Nobil et al., 2020).

Theoretically, this study strengthens the bridge between process risk
management and inventory control theory by showing how the output of
Failure Mode and Effects Analysis can be used to set service levels, safety
stock, and reorder points. In practical terms, this approach provides a
replicable standard procedure for setting order sizes, order frequencies, and
replenishment thresholds differently per item, thereby reducing relevant costs
without compromising availability. In the current context, these findings are
relevant for supply chains facing uncertainty and sustainability demands; in the
long term, this approach paves the way for further integration with
information systems that enable real-time monitoring and adaptive parameter
adjustments.
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METHODS

This study uses a quantitative-operational case study design at a
company in Indonesia. This design was chosen because it is able to capture the
real relationship between demand patterns, supplier lead times, and ordering
decisions in a single annual cycle, so that the results can be directly used for
operational improvements (Asril et al., 2023; Eriyanti et al., 2020; Maputra et
al., 2020; Vinet & Zhedanov, 2011). The unit of analysis included four groups
of agricultural inputs with different demand and risk characteristics. The
observation period was from January to December 2024 to cover seasonal
variations. Primary data were obtained through observation of the processes
of receiving, placing, and retrieving goods, as well as structured interviews with
three warehouse officers who handled daily operations. Informants were
selected purposively based on their key roles and mastery of the process so
that the information collected was relevant to the research objectives.
Secondary data included monthly usage records, supplier waiting time records,
ordering costs, storage costs per unit per year, unit prices, and internal work
guidelines (Myint & Kyaw, 2024; Rachmawati & Surya, 2025; Rahma & Azhar,
2024).

The analysis was conducted in two mutually reinforcing layers. The first
layer used Failure Mode and Effects Analysis to map warchouse process risks.
Three internal assessors assigned severity, probability of occurrence, and
detectability scores on a five-point scale after a brief consensus-building
session; the scores were multiplied to obtain a Risk Priority Number as the
basis for the order of improvement. The use of this method is supported by
literature because it effectively prioritizes operations, can be enriched with
multi-criteria weighting for uncertainty, and has a more rigorous assessment
scheme development (Kirmizi et al., 2024; Du et al., 2023; Tang et al., 2024).

The second layer designs inventory policy using an economic order
quantity framework supplemented by safety stock and reorder points. This
framework balances ordering costs and holding costs, while two additional
parameters maintain service levels when demand and lead times change. The
determination of lot size and order thresholds considers recent findings on
imperfect goods quality, minimum order limits, and supply chain disruptions;
in crisis conditions, lot sizes are adjusted to prevent stockouts and then
recalibrated when conditions stabilize. Sensitivity testing refers to simulation-
based regression approaches and guidelines for determining safety stock under
uncertainty (Barros et al., 2021; Milewski & Wisniewski, 2022). The outputs of
the two layers are synthesized into a policy matrix per item for order size, order
frequency, safety stock, and reorder point, taking into account space
limitations and material handling capabilities. Practical validation is carried out
through periodic reviews and continuous improvement of warehouse
operations (Klaric¢ et al., 2025).

RESULT AND DISCUSSION
Data profile, demand patterns, and operational context

The study was conducted at a warehouse belonging to a company in
Indonesia that handles four groups of agricultural inputs: nitrogen-phosphorus-
potassium fertilizers, dolomite fertilizers, glyphosate-based weed control
chemicals, and paraquat-based weed control chemicals. The observation period
from January to December 2024 was chosen to cover one full seasonal cycle.
The annual usage recapitulation shows the following total requirements:
545,276.5 kilograms of nitrogen-phosphorus-potassium fertilizer, 385,432
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kilograms of dolomite fertilizer, 26,066.3 liters of glyphosate, and 1,783.6 liters
of paraquat. The monthly averages are 45,439.7 kilograms; 59,297.2 kilograms;
2,172.2 liters; and 148.6 liters, respectively.

Table 1. 2024 Demand Summary

Item Total Average/month
Nitrogen, phosphorus, potassium 545.276.5 kg 45.439.7 kg
fertilizer
Dolomite fertilizer 385.432 kg 59.297.2 kg
Glyphosate 26.066.3 1. 21722 L
Paraquat 1.783.6 L 148.6 L

Observation of the process revealed three main problems. First, there
were periods of over-ordering, resulting in goods piling up and taking up space.
Second, limited space slowed down the receiving, placement, and retrieval
processes. Third, in certain cases, supplier lead times were close to one week.
The combination of these three issues has given rise to two equally detrimental
situations: excess inventory, which increases storage costs and reduces quality,
and stockouts, which disrupt the smooth running of internal services.

To reorganize decisions, this study combines Failure Mode and Effects
Analysis to map and prioritize process risks, as well as Economic Order Quantity
to determine economical order sizes. The policy is supplemented with safety
stock and reorder points based on the desired service level, so that cost efficiency
goes hand in hand with availability reliability. Recent evidence supports this
direction: order size and reorder point settings need to be adjusted for imperfect
quality, minimum order limits, and supply chain disruptions; even in times of
crisis, it is advisable to temporarily increase order sizes to prevent stockouts,
then reduce them again when the situation stabilizes (Alnahhal et al., 2024; Nobil
et al., 2020). In addition to analytical approaches, practical estimates can be
reinforced with regression models formulated from simulations of various
combinations of costs, demand variability, and fulfillment times, making them
more suitable for changing field conditions (Barros et al., 2021; Milewski &
Wisniewski, 2022).

With this framework, future ordering requirements are no longer
determined solely by habit, but rather by the risk profile of the process and
annual demand patterns. This principle then becomes the basis for calculating
order size, order scheduling, safety stock levels, and reorder points for each item.
Results of failure mode and effects analysis and risk prioritization

Risk assessment was conducted by three experienced officers using the
Failure Mode and Effects Analysis framework. Each failure mode was assessed
on three dimensions: severity of consequences, probability of occurrence, and
the system's ability to detect it before it has an impact. A scale of 1 to 5 was
used. The risk priority value was calculated as the product of the three
dimensions, so that the higher the value, the more urgent it was to address.
This approach was chosen because it proved effective in providing a clear
sequence of actions in the context of warehousing and was easy to combine
with multi-criteria decision-making techniques when uncertainty was high.

Mapping covers four process blocks: ordering, storage, expenditure, and
maintenance and security. A summary of the results is presented in table 2.
The highest risk priority value appears in the failure mode “excessive ordering
causing accumulation and risk of damage/expiration” in the ordering block,
with a value of 45. Other high values are seen in “order quantity exceeding
space capacity” (30), “capacity limitations triggering excess or shortage of
supplies” (24), and “physical-administrative stock differences” due to
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unreliable recording (20). This pattern is consistent with literature findings that
ordering decisions that do not consider capacity, demand variation, and lead
time will trigger excess inventory, increased storage costs, and decreased
physical quality.
Table 2. Summary of risk priorities based on failure mode and
effects analysis

Process Primary Severity Occurrence Detection Risk
Block Failure Mode Priority
Number
Otdering Otrder quantity 4 3 2 24

does not match
actual needs

Ordering Order quantity 5 2 3 30
exceeds storage

capacity

Otdering Delayed arrival 4 3 1 12
of goods

Otdering Over-ordering 5 3 3 45
causes stockpile
and  damage
risk

Ordering Misalignment 5 2 2 20
between order
data and receipt
records

Storage Stockpile 5 2 2 20
disrupts
workflow

Storage Mixed 5 2 2 20
items/damaged
packaging due
to inconsistent
standards

Storage Quality 4 1 3 12
degradation/ex
piration due to
time or
environment

Storage Limited 5 2 2 20
capacity causes
surplus or
shortage

Storage Discrepancy 4 3 2 24
between
physical  and
administrative
stock

Distribution  Inaccurate 3 3 2 18
recording of
outgoing goods

Distribution  Slow 3 2 1 6
distribution
process

Maintenanc  Loose  access 5 2 2 20
e/Secutity control and
weak  record-

keeping
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The interpretation of findings confirms that the primary source of
inefficiency lies not only in lot sizing, but also in the discipline of ordering
policies and capacity management. Accordingly, improvement efforts are
directed toward: establishing ordering policies that account for space
limitations (e.g., splitting lots and arranging staggered deliveries), adjusting
reorder points and safety stock based on demand variability and lead time, and
enhancing detection capabilities through scannable labeling, periodic inventory
checks, and firm visual controls (Sari et al., 2022; Triana & Kartika, 2023).
Recent literature supports this focus: during supply disruptions or demand
surges, order sizes often need to be temporarily increased to prevent stockouts,
then recalibrated once conditions stabilize; reorder points must be explicitly
calculated, especially in scenarios involving imperfect product quality
(Alnahhal et al., 2024; Nobil et al., 2020). Beyond analytical approaches,
simulation-based regression models can help determine more field-appropriate
ordering thresholds (Milewski & Wisniewski, 2022), while guidelines for
setting safety stock under uncertainty offer practical references for balancing
risk and cost (Barros et al., 2021). Overall, the results of the Failure Mode and
Effects Analysis provide a concrete priority map linking process risks to
decisions on order size and timing, enabling subsequent improvements to
target the most impactful root causes.

Design and outcomes of economic order quantity, safety stock, and
reorder point policies

Inventory policy design is carried out using the Economic Order
Quantity framework to determine the order size that minimizes the combined
costs of ordering and storage. To maintain service levels when demand and
supplier lead times change, this framework is supplemented with safety stock
and reorder points. In integration with the results of Failure Mode and Effects
Analysis, items with higher risk priority are given higher service level targets so
that safety stock and reorder points are more conservative; low-risk items
follow standard parameters to keep storage costs under control.

The calculation inputs are sourced from annual demand, one-time costs
covering administrative activities to acceptance inspections, and ideal storage
costs per unit per year, which include capital, space, energy, insurance, and
quality deterioration risks. Emphasizing this cost definition is important so that
the before-and-after evaluation compares the same components. Table 3
summarizes the parameters used.

Table 3. Cost parameters as inputs for economic order quantity

Item Annual Ordering Cost  Annual Holding
Demand per Order Cost per Unit
Nitrogen— 545.276.5  Rp 783.306.465 Rp 1.255 per kg
Phosphorus— kg

Potassium Fertilizer
Dolomite Fertilizer 385.432 Rp 106.428.000 Rp 1.775 per kg

kg

Glyphosate 26.066.3  Rp271.457.920  Rp 26.249 per L
L

Paraquat 1.783.6L  Rp 38.416.063  Rp 383.616 per L

Based on the above parameters, the Economic Order Quantity for
nitrogen-phosphorus-potassium fertilizer is 825,026 kilograms, for dolomite
fertilizer is 429,980 kilograms, for glyphosate is 23,219 liters, and for paraquat is
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1,793 liters. A comparison with actual ordering practices in 2024 is shown in
Table 4.
Table 4. Comparison of actual order size and Economic Order

Quantity results
Item Actual Total EOQ-Based Operational
Orders in Order Size Implications
2024
Nitrogen— 555.536.5 kg 825.026 kg Ideal lot size is larger;
Phosphorus— reduce ordering
Potassium Fertilizer frequency while
considering space
limitations.
Dolomite Fertilizer 588.000 kg 429.980 kg Indicates excess
inventory;

opportunity to reduce

holding costs.
Glyphosate 20920 L 23219 L Value aligns with

current practice; focus

on setting safety stock
and reorder point.
Paraquat 1.874 L 1.793 L Neatly identical; apply

fine-tuning via safety

stock and eatly issue

principle for expiry.

Safety stock levels are determined in two ways. First, a practical approach
based on the difference between maximum and minimum daily usage over seven
days as an initial comparison. Second, a statistical approach based on service
levels that incorporates daily demand variations and supplier lead times as a
reference for operational policy (Vinet & Zhedanov, 2011). A summary of the
initial values is shown in table 5.

Table 5. Safety Stock Summary

Item Safety Stock
Nitrogen—Phosphorus— 43.978.41 kg
Potassium Fertilizer
Dolomite Fertilizer 24.551.59 kg
Glyphosate 1.696.10 L
Paraquat 112.70 L.

These results provide clear implementation directions. For items with
order sizes greater than the economic order quantity, the frequency of orders
can be reduced by phased deliveries to prevent stockpiling. For items with order
sizes smaller than the economic order quantity, order control is necessary to
reduce storage costs. For all items, the reorder point should reflect actual
demand variations and lead times (Ratningsih, 2021). Recent evidence confirms
that Economic Order Quantity policies and reorder points need to be adjusted
when item quality is imperfect, there are minimum order limits, or supply
disruptions occur; even during crisis periods, temporary adjustments to order
sizes are recommended to prevent stockouts (Alnahhal et al., 2024; Nobil et al.,
2020). For variable environments, reorder point estimates can be strengthened
with simulation-based regression models and guidelines for determining safety
stock under uncertainty (Barros et al., 2021; Miles et al, 2014). Thus, the
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resulting policies are measurable, adaptive, and ready for evaluation in the next
cycle.

Integrated discussion: validation of findings, managerial implications,
and improvement agenda

The calculation results show a pattern consistent with the operations
management literature. For bulk materials such as nitrogen-phosphorus-
potassium fertilizer, the Economic Order Quantity is higher than the company's
current practice. Increasing the lot size reasonably reduces the ordering cost
component because the number of orders per year decreases. However, this
change needs to be accompanied by phased delivery arrangements and loading
and unloading scheduling so that storage space is not temporarily filled to
capacity. These findings are in line with the basic principles of Economic Order
Quantity and applied evidence in industries with high logistics costs (Kusuma
Ningrat & Gunawan, 2023; Vinet & Zhedanov, 2011).

For dolomite fertilizer, the Economic Order Quantity is lower than actual
practice, indicating a tendency toward excess inventory. Adjusting the lot size to
the calculated value has the potential to significantly reduce storage costs without
reducing supply continuity (Fachrezy & Setiafindari, 2024). For chemicals
containing the active ingredients glyphosate and paraquat, the Economic Order
Quantity is relatively close to actual annual demand. Therefore, the key to service
reliability is not changing the lot size, but rather setting safety stock and reorder
points that reflect demand variability and supplier lead times (Dewi et al., 2025;
Vikaliana et al., 2024).

For a fair before-and-after evaluation, the cost components being
compared must be the same. Economic Order Quantity minimizes the sum of
ordering costs and holding costs; purchasing costs are not included because they
do not change when the lot size changes. Therefore, the estimated cost per order
must accurately reflect administrative activities, order issuance, receiving
processes, and inspection. Meanwhile, storage costs per unit per year must
include capital costs, space, energy, insurance, and the risk of quality
deterioration or expiration. Consistency in the definition of these costs prevents
bias in decisions between items.

The integration of Failure Mode and Effects Analysis with Economic
Order Quantity provides a clear path from process risk to decisions on order
size and timing. The risk map shows that the main sources of inefficiency are
related to undisciplined ordering policies, including a tendency to over-order and
weaknesses in detection capabilities, such as inaccurate recording and irregular
periodic checks. When risk priority values are translated into service level targets,
the amount of safety stock and reorder point thresholds can be differentiated
according to the risk level of each item (Ahmad & Sholeh, 2019; Sari et al., 2022).
Recent evidence reinforces this approach: effective Economic Order Quantity
policies in real-world conditions need to consider imperfect quality, minimum
order limits, and supply chain disruptions; even in times of crisis, lot sizes often
need to be temporarily increased to prevent stockouts, then reduced again when
the situation stabilizes (Alnahhal et al., 2024; Nobil et al., 2020). When variability
is high, order threshold estimates can be strengthened with simulation-based
regression models that summarize the effects of warehouse costs, distance, price,
demand variation, and fulfillment time into a form that is easy for managers to
use (Milewski & Wisniewski, 2022). Guidelines for determining safety stock
under uncertainty are also useful for balancing risk and cost in a practical manner
(Barros et al., 2021).

The managerial implications of these findings can be summarized in
several areas of work. First, there needs to be an operating procedure document
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that specifies the Economic Order Quantity, reorder point, safety stock, and
service level target per item, while also reminding staff of space limitations to
prevent stockpiling. For high-volume materials, staggered deliveries and lot
splitting will maintain material flow. Second, organizations need a control board
that displays key parameters: average daily demand, standard deviation of
demand, lead time, service level targets, safety stock, reorder points, order
frequency, fulfillment rate, and space utilization. Monitoring should focus on
items with high risk priority (Triana & Kartika, 2023). Third, for chemicals,
implementing eatlier output according to expiration dates, periodic packaging
inspections, and strict visual control are important to reduce quality
deterioration. Fourth, periodic inventory checks based on value classification for
example, class A more often than class C can reduce the difference between
physical and administrative stock while improving detection capabilities.

Good policies must also be resilient to parameter changes. Therefore,
sensitivity tests on order costs and storage costs (e.g., a twenty percent increase
or decrease) and variations in service level targets (e.g., ninety to ninety-seven
and a half percent) need to be conducted to assess the robustness of decisions
on order size, safety stock, and reorder points. Parameter reviews should be
conducted at least quarterly or when there are significant changes in demand
patterns, item composition, or supplier policies. A continuous improvement
approach to warechouse operations provides a practical framework for this
review cycle, including limited implementation tests prior to expansion.

The limitations of the study should be noted so that the improvement
agenda is clear. The Failure Mode and Effects Analysis assessment only involved
three main assessors; although experienced, differences in opinion may arise.
Future research could expand the cross-functional panel and measure inter-rater
agreement to improve reliability (Salisyah & Rahmawati, 2024; Syamsiah et al.,
2023). Storage cost estimates can also be refined through an activity-based
costing approach so that the costs of space, equipment, and energy are reflected
in more detail (Sari et al., 2022). For contexts with highly variable demand and
lead times, periodic review policies or Monte Carlo simulations can be used to
evaluate the desired service level before it is established as an operational
standard (Vinet & Zhedanov, 2011).

Overall, the synthesis between process risk maps and Economic Order
Quantity policies supplemented by safety stock and reorder points provides a
measurable path to reducing relevant costs and maintaining supply reliability.
When item-by-item procedures are established, control boards are implemented,
and sensitivity tests are conducted periodically, organizations have a clear
mechanism for maintaining warehouse performance at a stable level that can be
improved over time.

CONCLUSION

This study concludes that combining process risk mapping using Failure
Mode and Effects Analysis with Economic Order Quantity-based inventory
policy design, supplemented with safety stock and reorder points, is an
effective and operational approach to achieving the research objectives. First,
Failure Mode and Effects Analysis successfully revealed the most pressing
sources of inefficiency in the warehouse, particularly the tendency to over-
order, the mismatch between order quantities and space capacity, and
weaknesses in the accuracy of inventory recording and checking, while also
prioritizing improvements based on severity, probability of occurrence, and
detectability. Second, the Economic Order Quantity calculation, aligned with
the risk findings, produced a more accurate order size, while the determination
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of safety stock and reorder points, which took into account demand variation
and supplier lead times, was able to maintain service levels without creating
excess inventory. This approach reduces unnecessary ordering frequency,
lowers ordering and storage costs, and minimizes the risk of stockouts for
critical items. Third, the research results provide a clear operational basis
through the development of procedures for each item, the arrangement of
staggered deliveries for large items so that space capacity remains under
control, and the implementation of control boards with key parameters and
periodic sensitivity reviews so that decisions remain based on the latest data.
Opverall, the combination of process risk maps and measurable inventory
policies provides a direct answer to the research objectives, namely clarifying
improvement priorities, determining efficient order sizes and times, and
maintaining reliability of availability. This framework can be replicated in
similar warehouse contexts, while also serving as a foundation for continuous
improvement through periodic reviews of cost parameters, demand variations,
and waiting times.
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