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Abstract

Warehousing is an essential part of manufacturing supply chains, especially in high-volume product settings. Here,
the accuracy of outbound dispatch directly impacts customer satisfaction and operational costs. This study uses a
simulation based Lean Six Sigma DMAIC approach to examine and improve the outbound warehouse dispatch process
for a tissue manufacturing company in the Philippines. The researcher analyzed historical dispatch records, conducted
direct observations, and conducted interviews to find the root causes of delivery errors. The results showed that manual
loading activities and the lack of real-time verification were the main causes of dispatch mistakes, leading to
significant financial losses. The researcher designed and evaluated a digital dispatch verification system that uses
barcode scanning and structured loading controls through simulation modeling. The simulation results show an
82.35% decrease in dispatch discrepancies and an 83.48% drop in related costs. These findings indicate that
simulation-driven digital verification offers an effective and scalable way to improve warehouse dispatch accuracy.
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1. Introduction

Outbound warehouse dispatch accuracy plays a vital role in ensuring reliable supply chain performance. In
manufacturing firms handling a wide range of stock keeping units (SKUs), errors during dispatch can lead to shipment
discrepancies, customer complaints, and increased logistics costs. Despite advances in warehouse management
systems, many organizations still rely on manual verification during outbound operations, increasing the likelihood of
human error. This study addresses these challenges by integrating simulation modeling with Lean Six Sigma DMAIC
methodology to systematically improve outbound dispatch processes.

2. Problem Formulation

The case company experienced persistent discrepancies between items recorded for dispatch and those physically
loaded onto delivery trucks. These discrepancies resulted in an estimated loss of P8 million in 2024 across all branches,
with P3 million attributed to the Tanauan site. Root causes included the absence of digital traceability, lack of real-
time verification, and dependence on manual loading checks. These issues necessitated a structured and data-driven
intervention.

3. Methods

Applied research design was employed using the DMAIC framework. The Define phase utilized deployment
flowcharts to map the existing dispatch process. The Measure phase applied bar charts, control chart and Pareto
analysis to quantify error frequency and cost impact. Root causes were identified using Why-Why analysis during
the Analyze phase. Improvement alternatives were developed through a digital dispatch verification system, while
the Control phase focused on FMEA and a structured control plan.
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4. Data Collection

Data were gathered through semi-structured interviews with warehouse staff and supervisors, direct observation of
dispatch activities, and analysis of historical dispatch records. These data sources provided qualitative and
quantitative inputs necessary for accurate simulation modeling and evaluation.

5. Results and Discussion

Simulation results demonstrated substantial improvements in dispatch accuracy following the implementation of
digital verification controls. Both numerical and graphical analyses confirmed the effectiveness of the proposed

system.

5.1 Numerical Results

Monthly dispatch discrepancies decreased from an average of 51 cases to 9 cases after system implementation,

representing an 82.35% reduction. Correspondingly, monthly losses were reduced from P54,031 to P8,928,

equivalent to an 83.48% reduction in cost.

Table 1. Project Charter

Business Case

Problem Statement

The warehouse management system utilized by the
company for tissue products depends significantly on
manual dispatch procedures, resulting in frequent
discrepancies between the items recorded and those
loaded. This situation has resulted in operational
inefficiencies and an estimated loss of P8 million in 2024
across all branches, with 3 million attributed to the
Tanauan site. The company lies in the lack of digital
traceability, verification, and automation, which affects
both inventory accuracy and the reliability of dispatches.

In 2024, the company faced losses of about P8
million. The Tanauan branch accounted for P3
million of that. This happened because manual
dispatch procedures in the warehouse led to
frequent miscalculations, wrong item selections,
and no accountability with regards to loading of
tems.

Objective /Goal Statement

In Scope

This project aims to:

1. To define the existing issues in the outbound
warehouse dispatch workflow by employing a
deployment flowchart.

2. To measure the occurrence of different warechouse
problems along with their associated costs through a
bar chart and a Pareto diagram.

3. To analyze the primary issue using a why-why
analysis.

4. To improve outbound dispatch by designing and
simulating a digital verification system that prevents
mismatches and false “item not loaded” errors.

5. To implement a Control Plan supported by real-time
monitoring and FMEA actions to sustain dispatch
accuracy and prevent discrepancies.

Warehouse dispatch processes for tissue
products at Tanauan branch.

Out of Scope

Production operations, procurement processes,
villing, logistics process and other branches.

Timeline

Project Team

Define: March - April 2025
Measure: June- September 2025
Analyze: June- September 2025
Improve: August - September 2025
Control: October 2025 up to present

Team Leader: N. Cueto
Adpviser: Dr. Ryan Curbano
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The project charter presents the formal structure of the improvement initiative for the warehouse dispatch system. It
identified the business need, states the problem, outlines the goals of the project, and specifies the scope and limitations.
It also defines the timeline based on the DMAIC methodology and lists the project team members responsible for the
study. Overall, the Table 1 shows the guiding document that clarifies what the project is all about. This approach is backed
by Serdyuk (2024), who showed how a Project Charter guided process improvements in warehouse operations with the
DMAIC method. It helped reduce inventory errors by clarifying goals and directing efforts toward specific problem areas.
Similarly, Singh and Rathi (2020 ) highlighted that the Project Charter is crucial in Six Sigma projects. It ensures clear
communication, keeps the project scope on track, and brings stakeholders together toward a shared goal.

Table 2. Comparison of Warehouse Dispatch Errors Before and After System Implementation

After
Before Before QTY After QrY . Cost
Warehouse Issue QTY(Avera a Reducti .
Cost P Cost P Reduction %
ge)-1 month Mont on %
h)
Item Not Loaded 37 P42,103 5 P5,680 86.49% 86.51%
Wrong/No Additional Printed 8 $5,203 2 P1,298 | 75.00% 75.05%
Barcode
Fulfilled but No Actual Stocks 3 2,669 1 P900 66.67% 66.28%
Inventory Discrepancy 2 P2,546 1 P1,050 50.00% 58.76%
Wrong Picked of Item 1 P1,510 0 10((;.)00 100.00%
Nearly Expired Items 0 0
Damaged Items 0 0
TOTAL 51 P54,031 9 P8,928 82.35% 83.48%

Table 2 compared warehouse dispatch errors before and after the digital dispatch verification system was utilized. The
"Before" column displays the average number of errors recorded each month when the warehouse used a manual
dispatch process. The company counts dispatch quantities in cases rather than individual packs or pieces Therefore, each
error indicates a misplaced, missing, or incorrectly verified case. The exact number of pieces in a case varies depending
on the SKU, such as rolls, tissue packs, or napkins. This highlights the need for case- level scanning and validation. After
one month of using the digital verification system, the total number of discrepancies fell from 51 cases to 9 cases. This
represents an 82.35% reduction in errors. Similarly, monthly costs dropped from 54,031 to P8,928, which is an 83.48%
reduction in financial losses.

Among all warehouse problems, "Item Not Loaded" showed the biggest improvement, decreasing from 37 cases to 5 cases,
an 86.49% reduction. This change is due to the mandatory barcode scanning and final loading confirmation before truck
release, which stopped unverified cases from being dispatched. Errors related to wrong or unprinted barcodes and “fulfilled
but no actual stocks” also decreased significantly. The system prevented dispatch transactions from being completed
without a successful scan. Some issues, like wrong items picked and damaged goods, were completely resolved during the
month. Barcode validation blocked incorrect SKU scanning automatically, and better handling during scanning reduced
physical damage.
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Process No.

Process Name

Table 3. Control Plan

How to Check

What to Do

Login

Delivery Receipt

Manage SKU

Manage User
Accounts

Barcode Scanning

DR
Completion

Scan History

Check if the user can log in using
the correct username and
password.

Open the Delivery Receipt
page and check if the DRs for
the day are showing

and correct.

Check if the SKU name, barcode,
and packaging match the actual
product in the warehouse.

Check ifusers listed in the
system are actual warehouse
staff and active.

While loading, check if all items
are scanned and the
count matches the DR.

After scanning, check if the DR

shows “Completed” in the system.

Open Scan History and check if
scans show time, date, and
user.

© IEOM Society International

If the user cannot log in, call the
system admin or supervisor to reset
or fix the

account.

Ifa DR is missing or wrong, call
the supervisor to update the details.

If the SKU info is wrong or
packaging has changed, call the
supervisor or system

admin to correct it in the system.

If a user needs to be removed or
added, call the system admin to
update the account.

If scanning does not match, rescan. If

the issue continues, call
the supervisor to verify items.

If it still shows “Pending,” find
and scan the missing items. If'still
not fixed, call the supervisor.

If a record is missing or the
scanner stops working, call IT or
the

system admin for help.
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The control plan explains essential steps for using the digital dispatch system. It specifies how workers should check
each step every day. The Table 3 details what to monitor, including logging in, checking the Delivery Receipt,
managing SKUs and user accounts, scanning items, completing the DR, and reviewing Scan History. It also provides
instructions for addressing issues and identifies who is responsible for handling them. For instance, if a login fails or
a DR needs correction, the supervisor or system admin takes care of it. If scanning discrepancies occur or a device
malfunctions, staff can reach out to the supervisor or IT for assistance. This Table 4 effectively guides warehouse staff
by ensuring the process is clear and organized. The control plan is crucial during the Control phase because it is when
the improved process must continue to function correctly. Even with improvements in place, errors can reappear if
workers do not follow the right steps. The control plan prevents the warehouse from reverting to manual checks or
guesswork. It maintains consistency by ensuring items are scanned, DRs are completed, records are saved, and only
authorized personnel can edit critical data. This approach helps avoid shortages, wrong deliveries, and customer
complaints. In short, the control plan ensures that the improved dispatch process remains accurate, stable, and effective
in daily operations.

Table 4. Cost Benefit Analysis

Cost Benefit Analysis (1 Month)

System Development Cost 60,000
Monthly Cost Before Implementation P54,031
Monthly Cost After Implementation P8,928
Monthly Maintenance Cost P5,000

Net Monthly Cost After Implementation P13,928
Net Monthly Cost Savings (Benefit) P40,103
Cost Reduction 74.23%
Payback Period 1.50 months
Monthly ROI 66.84%

The Table 4 shows the revised cost—benefit results after including a monthly system maintenance cost of £5,000. The
Digital Dispatch Verification System required a one-time development cost of P60,000. Prior to implementation,
average monthly dispatch-related losses amounted to P54,031. After implementation, direct dispatch losses decreased
to P8,928. When the monthly maintenance cost is included, the total post-implementation monthly cost becomes
P13,928. This results in a net monthly savings of P40,103, equivalent to a 74.23% reduction in dispatch-related costs.
Based on this net savings, the system achieved a payback period of approximately 1.50 months and a monthly ROI of
66.84%, indicating that the investment was recovered shortly after deployment.

5.2 Graphical Results

The deployment flowchart outlines the current dispatch procedure involving Billing, Logistics, and Warehouse (Figure
1). The main issue is clearly shown at the “Load actual items” stage, marked by a problem symbol. This part of the
process is done manually and does not use any digital system to verify that the right items are loaded. As a result,
mistakes like incorrect quantities or wrong products happen often. Previous tasks, such as route setting and task
monitoring, are also done manually, increasing the chances of unnoticed errors. This matches the background findings,
where the company stated it lost around P8 million because of delivery discrepancies. The flowchart clearly shows
that manually loading items is the key problem causing these delivery issues. According to Adeodu et al. (2023), the
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Define phase in a Lean Six Sigma project must fully map the warehouse process to identify non-value-added activities.
Their study on improving warehouse efficiency used a deployment/process flowchart to pinpoint critical bottlenecks,
such as manual handling and unverified loading procedures. These issues are directly reflected in your organization’s
dispatch process.
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Figure 1. Deployment Flowchart
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Figure 2. Distribution of operational issues encountered across different functional areas of the company

Figure 2 above presents the distribution of operational issues encountered across different functional areas of the
company. Warehouse- related concerns show the highest frequency, followed by logistics and sales concerns, while
billing issues are moderate and production and purchasing concerns are minimal. A bar graph was utilized because it
clearly compares categorical data, making it easier to visualize the volume of issues per department. This
representation supports analysis by identifying which areas require immediate operational attention and corrective
action.
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Figure 3. Bar Graph

The bar graph (Figure 3) shows the financial impact of operational issues the company faced this year, covering
Quarter 1 to Quarter 3. Warchouse-related problems cause the largest financial loss, around 500,000. Logistics issues
follow, with losses of about 380,000, and sales problems at roughly P300,000. Billing issues have a moderate cost
impact, while production and purchasing problems result in only slight losses. Using a bar graph makes it easy to
compare cost distribution across different areas, helping to identify the main sources of financial inefficiency. The
results show that warehouse and logistics operations happen most often and lead to the highest monetary losses. This
highlights the need for urgent corrective actions.
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Figure 4. Pareto Diagram
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The chart (Figure 4) shows that “Item Not Loaded” is the biggest warehouse issue, accounting for the most recorded
cases. This problem alone represents the largest share of total errors, showing that most discrepancies happen during
the loading stage, not during picking or inventory preparation. The next issue, “Wrong/No Additional Printed
Barcode,” occurs much less often but still affects verification and scanning accuracy. Other problems, like inventory
discrepancies, wrong items picked, nearly expired items, and damaged items, happen in much smaller numbers and
add little to the total count. The cumulative line rises sharply after the first category, meaning that most warehouse
losses are due to one major issue. This is why a Pareto diagram is used; it shows that a small number of causes lead
to most of the errors. By focusing on improving the top issues, the warchouse can reduce the largest portion of losses
with less effort.
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Figure 5.C-Chart

The C-chart shows (Figure 5) the daily number of “item not loaded” incidents in the warehouse dispatch process. The
center line (C) indicates the average number of incidents per day. The upper and lower control limits define the
expected range for natural process variation. Several key observations suggest that the process is out of control: First,
multiple data points go above the Upper Control Limit (UCL). This indicates special-cause variation. These spikes
reflect unusual dispatch conditions that cannot be explained by random variation alone. In Lean Six Sigma terms, this
clearly shows that the process is uncontrollable under the current manual system. Second, the chart reveals large
swings around the average, including sudden increases and decreases in the number of “item not loaded” incidents.
This level of variability points to inconsistent execution of loading and verification tasks. These inconsistencies stem
mainly from checks that rely on human performance and the lack of real-time validation. Third, a consistent upward
trend appears in the later part of the chart. Several consecutive points stay at or above the process average and approach
or exceed the UCL. This trend indicates a worsening process condition, further reinforcing that the problem is systemic
rather than one-off. Overall, the C-chart shows that the current outbound dispatch process does not have effective
control measures and does not maintain statistical stability. The recurring out-of-control signals highlight the need for
a system-based solution, specifically a Digital Dispatch Verification System. By using barcode validation, real-time
confirmation, and automated checks, the proposed system tackles the root causes of “item not loaded” incidents and
is essential for restoring the process to statistical control.
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5.3 Proposed Improvements

The proposed digital dispatch verification system integrates barcode scanning, structured loading, and mandatory
confirmation prior to truck release. This system prevents incomplete shipments by enforcing real-time validation and
accountability (Figure 6).
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Figure 6. Warehouse Design Verification System

In the dashboard, users, especially administrators, can easily see an overview of the dispatch activity. It displays key
data such as the total number of delivery receipts, how many are pending, how many are completed, and the total
number of system users. This provides a quick snapshot of the delivery performance. Below, there is a Monthly
Delivery Receipt graph to visually monitor trends. The left-side menu lets users navigate to other functions like
managing delivery receipts, sales orders, barcode scan history, users, and SKUs.

5.4 Validation

Validation was conducted through comparative analysis of baseline and improved simulation models. The results
confirm statistically and operationally significant improvements in dispatch accuracy and cost performance (Figure
7).
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Figure 7. Comparison of Warehouse Dispatch Costs Before and After Automation
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The line graph shows the monthly financial impact of warehouse dispatch errors before and after the digital dispatch
verification system was put in place. Before the system was deployed, the company faced total monthly costs
ofP54,031 due to issues like loading mistakes, barcode problems, stock mismatches, and picking errors. The biggest
cost came from “Item Not Loaded,” which alone drained P42,103 in one month. This reflects the high costs of returns,
re-delivery, and product reconciliation when shipments were sent out incomplete or inaccurate.

6. Conclusion

This study found that the repeated dispatch errors at the Tanauan branch resulted mainly from manual loading
procedures, a lack of verification checkpoints, and no real-time confirmation system in outbound operations. Analysis
using bar graphs, Pareto charts, and Why-Why analysis revealed warehouse-related issues, especially “Item Not
Loaded” incidents and barcode failures, as the main causes of discrepancies. This shows that a few key problems led
to most operational errors. By using an applied research approach, the study created a digital dispatch verification
system that combines real-time item validation, barcode confirmation, and automated accountability. This system
showed promise in reducing loading errors, lessening manual effort, and preventing dispatch losses. Additionally, the
Control Plan, backed by monitoring tools and preventive actions based on FMEA, helps maintain improvements and
supports ongoing efficiency and accuracy in the outbound warehouse process.
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