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Abstract

Bottle King Solutions Services Inc., a plastic bottle manufacturing company, faces inefficiencies in
production scheduling, leading to overproduction and excess inventory. This study aims to develop a
production scheduling system that is optimized by reviewing two years of sales data, resource availability,
and production limitations. The company typically generates around 97,580 bottles each day, which is
higher than the actual requirement of 83,768 units, causing excess inventory and inefficient resource
allocation. By utilizing production scheduling methods such as demand forecasting and resource allocation
analysis, the study uncovers inefficiencies in labor efficiency, raw material consumption, and equipment
usage. Results suggest that synchronizing production schedules with market demand could decrease
overproduction by roughly 15%, reduce raw material waste, and enhance machine utilization. The
suggested scheduling framework advises adopting a demand-focused strategy, optimizing batch sizes, and
improving workforce distribution to boost productivity. These enhancements aim to shorten lead times,
decrease storage expenses, and increase operational efficiency, thereby ensuring sustainable growth and
profitability for the organization.

Keywords: Production Scheduling, Resource Optimization, Overproduction Management

1. Introduction

Effective production scheduling relies on a thorough grasp of market possibilities and the expenses related
to production, sourcing, inventory, and distribution throughout the planning period. Traditionally,
manufacturing systems that produce multiple products often struggled with the challenge of efficiently
distributing limited resources across each production line to reduce costs (Kim, 2020). This issue became
even more pressing for companies like Bottle King Solutions Services Inc., which is situated in Sitio
Pamutungan Jubay, Liloan, Cebu. As a manufacturer focused on large-scale production of plastic bottles,
Bottle King held an important position in its field, recognized for its wide range of products that met
various market demands. Its product offerings spanned from 250ml, 350ml, and 500ml bottles to 1-liter,
4-liter, and 5-gallon containers, including slim bottle varieties designed for specific applications. This
broad product assortment allowed the company to serve a diverse clientele, comprising Bottled Water
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Companies, Beverage Manufacturers, and the Food Sector. Furthermore, Bottle King strategically
engaged with Retailers, Distributors, and Government Contracts, thereby ensuring a consistent stream of
business opportunities and a varied revenue source. The company's capacity to address the needs of both
individual customers and businesses illustrated its adaptability in navigating market complexities.
Nevertheless, as its operations expanded in both scale and range, the necessity for effective resource
distribution and production scheduling grew increasingly vital for maintaining its position in the industry.

Despite achieving significant success, Bottle King Solutions Services Inc. encountered substantial
challenges in enhancing its operational efficiency. A major concern was overproduction, which led to an
overflow of inventory in its warehouse, with total output reaching 97,580 units while overall demand was
only 83,768 units. This excess production resulted from ineffective production scheduling, as production
rates failed to match the actual demand trends. Consequently, units that remained unsold cluttered the
warehouse as part of the routine process, creating a cycle of persistent overstocking. This surplus not only
consumed valuable storage space but also tied up resources that could have been used more effectively.
Adding to the complexity were unpredictable customer demands, poor raw material utilization, and the
lack of a robust production capacity planning system, which made it hard for the company to synchronize
supply and demand. To address this issue, the company needed to adopt a more precise production
scheduling system that would better align production rates with real demand, thereby ensuring optimized
inventory levels and more efficient use of resources.

The purpose of this study was to develop an improved production scheduling system at Bottle King
Solutions Services Inc. By analyzing the company’s historical production methods, resource distribution
practices, and scheduling limitations, the research sought to offer practical recommendations for
enhancing resource efficiency and streamlining production processes. The emphasis was on synchronizing
production schedules with market needs to minimize both overproduction and excess inventory,
guaranteeing that production levels aligned with real sales demands.
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2. Theoretical Framework

Figure 1: Theoretical Framework of the Study
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Figure 1 illustrates the theoretical framework employed in this research, which aimed to merge established
theories to improve production scheduling practices at Bottle King Solutions Services Inc. This framework
is based on three fundamental theoretical principles: Production Process Theory, Resource Allocation
Theory, and Production Scheduling Theory. The Production Process Theory emphasized the sequence of
activities and transformations that took place from the initial raw materials to the completion of finished
goods. A vital aspect of this theory was to ensure a seamless production process from material procurement
to the production and distribution of the end product. As noted by Phung et al. (2021), the complexity of
the production process varied depending on the product type and the operational scale. For example,
straightforward manufacturing processes consisted of only a few steps, such as assembly, whereas more
intricate processes involved stages like material handling, quality inspections, and packaging. Regardless
of the level of complexity, the primary objective remained to eradicate inefficiencies such as delays, waste,
or bottlenecks that could hinder the production flow.

In this context, Batdowska-Witos et al. (2021) emphasized that comprehending the flow of materials and
labor was crucial in production management. The effective coordination of labor, equipment, and
materials facilitated the achievement of production objectives within the targeted timeframe. The
implementation of modern technologies, including automation and lean principles, improved this flow by
minimizing the chances of bottlenecks or disruptions that could result in delays or increased expenses.
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Furthermore, optimizing the flow required balancing different production components such as labor,
machinery, and materials, ensuring that no step in the process was overstaffed or underutilized, thus
contributing to more reliable and efficient production cycles (Desole, 2022).

In addition, Kamoga Mulungi (2023) highlighted that a production process needed to be crafted with both
scalability and flexibility in consideration. In today's rapidly changing market, businesses had to swiftly
adapt to variations in consumer demand or shifts in the supply chain. A rigid production process resulted
in inefficiencies when demand surged or declined, as the company may have struggled to modify its
capacity in response. By creating a process that could easily scale up or down, companies could better
respond to market fluctuations, reduce waste, and sustain high levels of efficiency despite uncertainty
(Caldwell, 2020). This level of adaptability ensured that businesses could meet customer expectations
without overwhelming their production capabilities.

The Resource Allocation Theory played a vital role in managing production effectively by concentrating
on the strategic distribution of limited resources—such as workforce, materials, machinery, and capital—
across different production processes. The objective of resource allocation was to utilize resources
efficiently, fulfilling both production targets and strategic business aims while reducing costs and
minimizing waste.

A fundamental concept of resource allocation, as highlighted by Van Fan et al. (2024), was the necessity
for organizations to effectively prioritize their resources in alignment with their strategic objectives. This
required making choices about where to direct limited resources to achieve optimal outcomes, taking into
account both immediate demands and future goals. For instance, when a company encountered restrictions
on labor hours or raw materials, decisions regarding resource allocation aimed to ensure that these
resources were focused on the most essential or high-value activities. By prioritizing the most profitable
or critical products over those of lesser importance, it ensured that resources were utilized in a way that
significantly contributed to the organization’s success. This strategic alignment avoided the improper
distribution of resources, guaranteeing that production efforts consistently matched the company’s
overarching vision and objectives.

Additionally, Parag et al. (2023) asserted that successful resource distribution necessitated decision-
making that took into account both internal and external limitations. Internal limitations encompassed
aspects like the existing workforce, production capacities, and internal workflows, while external
constraints included supply chain issues, market changes, or regulatory demands. Organizations factored
in these limitations when determining how to allocate their resources.

In practice, resource distribution sought to enhance the productivity of available assets while reducing
inefficiencies such as downtime and underutilization. Nunag et al. (2024) underscored the significance of
managing resource usage to prevent both overexploitation and underexploitation. Overexploitation could
lead to resource exhaustion and increased wear on machinery, whereas underexploitation caused
inefficiencies and elevated operational expenses. For instance, machinery that was not fully utilized or
idle labor incurred costs without contributing to output. Resource allocation strategies aimed to achieve
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the most effective use of all assets, ensuring that each resource was placed where it would yield the greatest
benefit.

A vital element of resource allocation theory was the idea of balancing competing needs. In manufacturing,
numerous demands for limited resources often arose simultaneously. For example, various production
lines or departments might require access to the same equipment or workforce concurrently. Efficient
resource allocation prioritized these needs and distributed resources in a manner that reduced conflict and
ensured that the most critical tasks were addressed first. This became particularly difficult when demand
changed or when unexpected disruptions, such as supply chain holdups or workforce shortages, arose. In
such instances, the capacity to swiftly modify resource allocation to align with evolving demands was
crucial for sustaining production continuity and minimizing losses.

Production Scheduling Theory was a crucial element in manufacturing and operations management that
concentrated on structuring and planning tasks as well as resource distribution to maximize efficiency and
ensure that production targets were achieved. It served as an essential part of the overall production process
by making certain that the appropriate resources—such as labor, equipment, and materials—were
deployed at the correct times to reach the intended output without unnecessary delays or shortages of
resources.

An important aspect of production scheduling was optimizing the resources at hand while adhering to tight
deadlines. As noted by Parente et al. (2020), successful scheduling enabled businesses to assign tasks
effectively, reducing downtime and avoiding both underutilization and overutilization of resources. By
thoroughly assessing the availability of resources, the demands of the tasks, and the time required for
various operations, production schedulers developed balanced strategies that ensured heightened
productivity while keeping costs low. The objective was to guarantee that each phase of the production
process was executed punctually, without delays, and using the minimum necessary resources, while also
being adaptable to unforeseen changes or disruptions.

As highlighted by Ghaleb et al. (2020), production scheduling included aligning demand with the available
capacity. The process was overseen in such a manner that companies could satisfy customer demand
without surpassing their resource constraints. This involved coordinating production capacity, labor hours,
and material availability with demand projections. Additionally, scheduling took into account external
variables like supplier lead times, variations in demand, and potential disruptions in the supply chain, all
of which had a significant effect on a company’s capability to reach production objectives. Techniques
such as the Just-in-Time (JIT) system, Capacity Requirements Planning (CRP), and Materials
Requirements Planning (MRP) were frequently employed to navigate these complexities.

In accordance with this, Yao et al. (2022) highlighted that an effectively organized production schedule
not only maximized resource efficiency but also improved collaboration among different departments,
including procurement, production, and distribution. A comprehensive schedule made certain that each
department was aware of when to deliver materials, when to start production, and when to get ready for
shipping, thereby decreasing the likelihood of miscommunication or delays. Scheduling also played a
crucial role in overseeing inventory levels, making sure that raw materials and finished products were
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accessible when required, while avoiding the buildup of excess stock that could incur storage costs or lead
to inventory obsolescence.

Furthermore, scheduling contributed to minimizing downtime, which is one of the most significant
challenges in production settings. Downtime may arise from various issues, such as maintenance
requirements, supply delays, or lack of sufficient labor. By planning tasks and resources ahead of time,
production managers could ensure that required resources were ready when needed and that equipment
maintenance was carried out during off-peak production hours, thus reducing interruptions to the entire
production process.

In addition, an efficient production schedule promoted adaptability and responsiveness in manufacturing.
The production environment was frequently subject to change, with product demand varying, new orders
being placed, and unexpected situations occurring. Scheduling systems that possess the flexibility to
respond to these alterations, such as by employing real-time data for on-the-fly adjustments, enabled
businesses to satisfy customer demands without overwhelming resources or causing delays.

3. Review of Related Literature

Analyzing sales performance is essential for manufacturing firms, as it directly impacts strategic choices
and the distribution of resources. (Missbauer & Uszoy, 2020) point out that sales evaluations help
businesses recognize products with high demand, streamline inventory management, and adapt promptly
to market shifts. Research conducted by (Lapide, 2021) underlines that keeping track of sales for different
sizes of plastic bottles enables manufacturers to customize their production strategies, thus fulfilling
customer preferences while maximizing profits. Additionally, (Dittfeld et al., 2020) discovered that
accurate sales forecasting is vital for synchronizing production plans with consumer demand, ultimately
improving operational effectiveness.

This methodology is closely associated with production scheduling. By precisely assessing sales
performance, companies can predict demand more accurately and coordinate their production timelines
with anticipated sales. Production scheduling ensures that the required resources—such as workforce,
machinery, and raw materials—are at hand to meet production goals without overwhelming or underusing
the system (Lee et al., 2024). Effective scheduling enables manufacturers to allocate resources optimally,
preventing delays and assuring that production operates smoothly in response to market needs. In this
manner, data on sales performance directly influences production scheduling decisions, refining
production flow and boosting overall operational efficiency.

The current status of resource availability—comprising raw materials, labor, and machinery—is vital for
sustaining production scheduling in manufacturing. (Parente et al., 2020) highlight that efficient
management of these resources reduces production holdups and facilitates timely customer deliveries. A
study by (Bakke & Hellberg, 2021) reinforces that having a thorough comprehension of input availability
allows companies to enhance their production schedules, minimize waste, and improve overall output.
Furthermore, (Permana et al., 2021) found that businesses with a comprehensive awareness of their
resource availability are better prepared to make well-informed decisions regarding resource allocation
and necessary operational adjustments.
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The management of raw materials is essential for effective production scheduling. According to Chandra
et al. (2021), strategically managing raw material supplies can lead to a significant decrease in production
delays and budget excesses. Accessing high-quality raw materials consistently is vital to fulfilling
production timelines and meeting customer needs, as shown by Tineo et al. (2023). Reliable raw material
sourcing guarantees that production can continue uninterrupted, which is essential for efficient scheduling,
as stated by Missbauer & Uzsoy (2020).

The availability of labor is similarly important for ensuring smooth production operations. Alamgir
Hossain (2020) points out that optimizing labor distribution reduces downtime and boosts overall
productivity. Flexible scheduling, as highlighted by Chandra et al. (2021), enables companies to adjust
their workforce according to changing demand, ensuring production requirements are met without
overextending resources. Furthermore, Ertogal & Oztiirk (2020) underscore the significance of cross-
training staff, which enhances workforce flexibility and promotes effective labor utilization, benefiting
production scheduling.

Equipment availability is also critical for production scheduling. Yao et al. (2022) illustrate that properly
maintained machinery lowers the likelihood of downtime and enhances production efficiency. Investing
in modern machinery, as emphasized by Owens (2023), improves production scheduling and ensures more
consistent operations. Regular maintenance and timely upgrades, as suggested by Lohmer & Lasch (2021),
are vital for averting unexpected equipment failures and maintaining continuous production flow. By
ensuring both the availability and reliability of equipment, companies can prevent delays and improve
their scheduling accuracy.

Assessing the current inefficiencies and limitations within a manufacturing firm is essential for identifying
areas that need improvement and streamlining production processes. Research by (Parente et al., 2020)
indicates that such inefficiencies can increase operational costs and decrease profits, underscoring the
importance for companies to analyze their production capabilities. (Lohmer & Lasch, 2021) argue that
recognizing constraints in factors like raw material availability, labor hours, and production capacity
enables manufacturers to devise strategies focused on enhancing production scheduling and ensuring
prompt product delivery. Furthermore, (Fu et al., 2021) points out that companies that regularly assess and
address inefficiencies are more likely to maintain a competitive advantage in fast-evolving markets.

This assessment is closely linked to production scheduling. By uncovering inefficiencies and limitations,
manufacturers can plan and modify schedules more effectively in accordance with the resources at hand.
Evaluating raw material availability, labor hours, and capacity constraints facilitates the creation of more
feasible production plans, ensuring that manufacturers can satisfy customer needs without overextending
their resources.

The access to raw materials is crucial for efficient production scheduling. (Mohammadi, 2020) illustrates
that inconsistent access to high-quality raw materials can lead to production setbacks and increased
expenses. Studies by (Teerasoponpong & Sopadang, 2021) show that supply chain disruptions can
considerably affect raw material availability, compelling manufacturers to pause operations or opt for less
efficient alternatives, thus exacerbating capacity limitations. Poor management of raw materials can hinder
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a company’s ability to scale its production, which directly affects production scheduling, as highlighted
in the findings of (Trebuna et al., 2022).

Labor hours are a key element that affects production scheduling. (Ghaleb & Taghipour, 2020) indicate
that inadequate labor allocation can result in idle time and failure to meet production objectives. (Liu et
al., 2022) emphasize that companies may find it difficult to adapt to fluctuating production demands
without strong workforce management strategies, making scheduling even more challenging. Rigid labor
hour policies, as mentioned by (Berry & Vollman, 2020), can pose challenges in responding to market
changes, ultimately hindering the optimization of production schedules and timely delivery.

Equipment capacity limitations significantly restrict the ability to diversify product offerings or satisfy
market demand. (Mateljak & Mihanovi¢, 2020) note that constraints in equipment capacity can impede a
company’s capability to broaden its product line, resulting in lost revenue opportunities and diminished
customer satisfaction. (Yao et al., 2022) indicate that production bottlenecks often force manufacturers to
prioritize high-margin products over variety, negatively affecting their responsiveness to customer
preferences. (Sunday et al., 2021) emphasize that poor production scheduling leads to longer lead times
and decreased responsiveness to customer needs, which highlights the necessity of precise scheduling to
prevent these challenges and maintain market competitiveness.

Production scheduling is a vital aspect of successful manufacturing operations. A refined production
scheduling strategy specifies the required resources, including raw materials, labor, and equipment, to
meet anticipated demand. It ensures that a company can manufacture goods at the appropriate time and in
the correct quantity without overwhelming the system. According to (Li & lerapetritou, 2021), effective
production scheduling is crucial for companies to satisfy customer demand while reducing downtime and
operational inefficiencies. By aligning production scheduling with demand forecasts, businesses can evade
both overproduction and stockouts, enhancing overall workflow.

Furthermore, production scheduling concentrates on resource allocation to achieve production goals
within designated timeframes. A well-organized production schedule guarantees that tasks are completed
in the most efficient order, reducing delays and optimizing resource utilization. (Chen et al., 2023) point
out that production scheduling is essential for addressing capacity constraints, such as machine availability
or labor shortages, by strategically arranging production activities to avoid bottlenecks. Production
scheduling allows manufacturers to meet demand effectively. As indicated by (Danket et al., 2024),
aligning this process is vital for improving production timelines, lowering costs, and increasing overall
production efficiency. By consistently assessing and refining production scheduling, manufacturers can
ensure a seamless operational flow and remain competitive in evolving markets.

4. Statement of the Problem

This study aims to develop a production capacity planning and scheduling system for Bottle King
Solutions Services Inc.

Specifically, this study seeks to answer the following questions:
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1.

=

hat were the sales of Bottle King Solutions Services Inc. products over the past two years in terms of:

1.1 250 ml;
1.2 350 ml;
1.3 500 ml;
1.4 1 Liter
1.5 4 Liter;
1.6 5 Gallon;
1.7 Slim;

2. What is the current availability status of Bottle King Solutions Services Inc. in terms of:
2.1 Raw Materials;
2.2 Labor Hours;
2.3 Equipment;

3. What are the current inefficiencies and constraints within Bottle King production processes in terms of:
3.1 Availability of Raw Materials;
3.2 Limited Labor Hours;
3.3 Equipment Capacity;

4. What production scheduling strategies can be implemented at Bottle King Solutions Services Inc. to
improve resource utilization, mitigate overproduction and align production with market demand?

5. Based on the findings, what recommendations can be made to improve Bottle King’s production
processes and profitability?

5. Significance of the Study

This study held considerable significance for various stakeholders involved with Bottle King Solution
Services Inc. by providing actionable insights and solutions to optimize its production processes through
improved capacity planning and scheduling. The primary beneficiaries of this study included:

Owner and Management of Bottle King Solution Services Inc. The research delivered an in-depth
assessment of production inefficiencies and limitations, allowing the owner and management team to
refine their production workflows. This strategy improved resource utilization, optimized production
scheduling, and facilitated more informed decision-making, ultimately enhancing the company’s capacity
to fulfill demand while managing expenses effectively.

Employees. Employees experienced advantages from enhanced production processes and resource
management, resulting in a more orderly workplace. The improved production scheduling lessened
workloads, boosted job satisfaction, and reduced interruptions, contributing to smoother daily operations
and a more efficient work environment.
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Customers. Customers enjoyed the benefits of more dependable product availability and timely delivery.
By better aligning production with demand through efficient scheduling, Bottle King was able to fulfill
customer requirements and expectations more effectively, which led to increased customer satisfaction
and loyalty.

Suppliers. Suppliers encountered a more organized and predictable ordering process. As Bottle King fine-
tuned its production scheduling, it resulted in more consistent and prompt procurement of raw materials,
strengthening relationships with suppliers and ensuring seamless production operations.

Investors and Financial Stakeholders. Investors and financial stakeholders reaped the benefits of
enhanced financial performance and profitability at Bottle King. Improved operational efficiency through
superior scheduling heightened the company’s attractiveness as an investment and contributed to a
healthier financial outlook.

The Local Community. As Bottle King became more efficient and profitable, it positively impacted the
local community by potentially expanding operations, creating additional job opportunities, and
supporting local economic development.

Future Researchers. Future researchers gained from this study by obtaining insights into the practical
application of production capacity planning and scheduling. The research provided a real-world case that
serves as a reference for similar investigations, presenting a methodological framework and data that could
be utilized to explore further optimization techniques and strategies across various industries.

6. Scope and Limitations

This study established a proposed production scheduling system for Bottle King Solutions Services Inc.,
analyzing two years of sales data across seven product categories and evaluating available resources,
including raw materials, workforce, and equipment. By pinpointing inefficiencies and constraints, it
suggested strategies to enhance resource use and synchronize production schedules with demand. The
research offered practical recommendations aimed at improving production flow, decreasing
overproduction, and aligning with actual sales needs, resulting in a system customized to the company’s
requirements.

This study faced several limitations that may have influenced the findings and recommendations for the
proposed production scheduling system at Bottle King Solutions Services Inc. The ever-changing nature
of the industry, encompassing shifts in consumer preferences, regulatory changes, and economic volatility,
might not have been entirely considered. Furthermore, practical obstacles such as resistance to change,
the need for staff training, and possible disruptions during the implementation phase could influence
feasibility. Additionally, the research primarily centered on historical data and existing practices, which
may limit responsiveness to sudden market changes or supply chain issues. Inventory management
aspects, including safety stock and reorder thresholds, were not comprehensively examined, which could
affect how well production aligns with demand. Despite these limitations, the suggestions lay a
groundwork for enhancing production efficiency and resource allocation.
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7. Research Methodology

Research Design

This study used a quantitative case study approach to develop a production scheduling system for Bottle
King Solutions Services Inc. By examining two years' worth of data, it uncovered inefficiencies and
suggested improvements to enhance scheduling, minimize overproduction, and make better use of
resources, all while maintaining data validity and adhering to ethical standards.

Research Process Flow

Figure 2: Research Process Flow

INPUT PROCESS OUTPUT
eGathered data on eData Analysis
sales for the past two «Solving data through eProduction schedul-
years across seven Excel ing system.
product types (250 eInterpretation of data eRecommendations
ml, 350 ml, 500 ml, 1 for implementation
Liter, 4 Liter, and 5 and potential im-
Gallon bottles), re- provements.
source availability » »
(raw materials, labor

hours, and equipment
capacity), and current
inefficiencies in pro-
duction processes.

Figure 2 depicts the workflow of the research, detailing the procedures employed to establish a production
scheduling model for Bottle King Solutions Services Inc. The investigation commenced with gathering
data, emphasizing sales, raw materials, labor hours, equipment capabilities, and production limitations,
which were crucial for forming the model. The Process stage entailed assessing these limitations to devise
a production strategy that matched output with demand, tackling challenges such as excessive production
and inventory. In the Output phase, the results were compiled into a proposal for a new production system,
accompanied by suggestions for its implementation.

Research Environment

Figure 3 depicted a map of Bottle King Solutions Services Inc., which was found in the semi-rural region
of Liloan, Cebu, more specifically in Purok Manga, Sitio Pamutungan. This site could be reached by a
900-meter pathway, taking about 12 minutes to walk from Fatima Road in Liloan, Cebu. Adjacent to
Bottle King was Homman Builders and Development Corporation, a nearby entity that played a role in
the local economic environment. The study was carried out at Bottle King Solutions Services Inc., a
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manufacturer and supplier of plastic bottles that had been delivering high-quality and safe plastic bottles
to consumers for almost 8 years.

Figure 3: Research Environment of the Study

Research Instruments

To gather sales data for the past two years, the researchers analyzed compiled sales summaries and
inventory records, concentrating on sales quantities and pricing approaches for the seven types of plastic
bottles. Additionally, they utilized a Production Data Collection Form to record essential information such
as production capacity, raw material usage, labor hours, machine operation time, variable costs, selling
prices, and projected demand.

Procedures of Data Gathering

The process commenced with securing the company owner's consent via a formal request letter,
highlighting the study's aim to tackle inefficiencies and enhance the production capacity planning system.
Once approved, the researchers developed a Production Data Collection Form to systematically collect
essential inputs, including the availability of raw materials, labor hours, production capacity, current units
produced, variable costs, selling prices, estimated monthly demand, and sales data from the previous two
years. Following that, a scheduled observation of the production process was conducted to document the
details of workflows, raw material consumption, labor distribution, and machine operations.

The collected data underwent meticulous verification through cross-referencing production records with
staff feedback to identify and rectify any discrepancies. Quantitative metrics, such as daily production
capacity, labor hours per unit, and machine time per unit, were analyzed to assess production limitations
and inefficiencies. The historical sales data was utilized to develop a production scheduling plan aimed at
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mitigating overproduction problems that resulted in excessive stock in the warehouse while synchronizing
production scheduling with market demand.

Treatment of Data

The researchers gathered sales information from Bottle King Solutions Services Inc. over the last two
years to examine sales figures and customer preferences regarding seven varieties of plastic bottles. This
information was taken from sales records and reports, concentrating on critical metrics such as sales
figures, pricing strategies, and fluctuations in seasonal demand. The data was systematically organized
and scrutinized to recognize sales patterns, serving as a foundation for creating production scheduling
strategies that align with market requirements. To evaluate resource availability, the researchers employed
a customized Production Data Collection Form to obtain information on raw materials, labor hours, and
equipment supply. This information was analyzed to comprehend resource usage and to identify potential
areas for enhancement. In recognizing production inefficiencies, direct observations of workflows,
machine operation durations, and raw material consumption were performed. The observational data was
evaluated to identify operational bottlenecks and inefficiencies, guiding the creation of strategies to refine
production scheduling. The collected data was examined to formulate scheduling strategies focused on
improving resource use, addressing inefficiencies, and aligning production with demand. The
recommendations were derived from data insights, ensuring their relevance and optimizing operations.

8. Definition of Terms
e Production Data Collection Form- The Production Data Collection Form was a detailed
document created to gather essential production-related information for the seven kinds of plastic
bottles produced by Bottle King Solutions Services Inc. This included details on production
capacity, raw material consumption, labor and equipment time needs, variable costs, selling prices,
and projected monthly demand. The form facilitated organized data gathering for analysis and the
creation of a linear programming model focused on optimizing the product mix to minimize costs.

9. Presentation, Analysis, and Interpretation of Data

This chapter applied an empirical approach to address the issues of overproduction and overstocking at
Bottle King Solutions Services Inc. By analyzing data on sales, resource availability, and cost frameworks,
it pinpointed inefficiencies and emphasized opportunities for enhancement. The chapter concentrated on
creating a production scheduling strategy that aligns production with genuine demand, reduces surplus
stock, and optimizes resource utilization. It also described the execution of the scheduling solution and
provided insights into how it lowered costs while improving operational efficiency.
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Past Sales of Bottle King

Table 1: Quantity Demand Data Bottles of Bottle King Products for Year 2022

Product

250ml 350ml 500ml 1 Liter 4Liter 5 Gallon Slim

Monthly | Monthly | Monthly | Monthly | Monthly | Monthly Monthly

Demand | Demand | Demand | Demand | Demand | Demand Demand
Month /Pack /Pack /Pack /Pack /Pack /Pack /Pack
January 900 2230 2880 2000 650 3750 3345
February | 980 2260 2800 2000 690 3670 3220
March 1000 2450 2700 2200 780 3670 3425
April 995 2300 2830 1900 660 3560 3400
May 990 2400 2900 2100 700 3000 3260
June 975 2375 2760 1900 650 3700 3200
July 1100 2400 2800 2210 695 3560 3000
August 1020 2350 2780 2050 705 3407 3105
September | 965 2220 2875 1990 635 3540 3245
October 1070 2290 2950 1800 725 3780 3465
November | 1090 2375 2600 2350 700 3560 3320
December | 1015 2360 2670 2240 635 3565 3125

Table 1 presented the "Quantity Demand Data Bottles of Bottle King Products for the Year 2022," offering
a comprehensive analysis of monthly demand patterns for the different categories of bottles produced by
Bottle King. The months were listed from January to December, giving a complete view of how demand
fluctuated over the year for each bottle category. The table included seven varieties of bottles: 250ml,
350ml, 500ml, 1 Liter, 4 Liter, 5 Gallon, and Slim bottles, each demonstrating distinct demand trends.
Starting with the 250ml bottles, the demand showed moderate variations, ranging from a low of 900 packs
in January to a peak of 1,100 packs in July. This suggested that demand increased during the middle of
the year, possibly due to seasonal consumption patterns or market preferences. In contrast, the demand for
the 350ml bottles remained relatively high and stable compared to the 250ml bottles, with its highest
demand recorded in March at 2,450 packs. Though there were slight decreases in April and September,
the overall demand throughout the year was steady, indicating a consistent customer preference for this
particular size.

The demand for 500ml bottles fluctuated throughout the year, ranging from 2,600 packs in November to
2,950 packs in October. October represented the peak demand, suggesting a seasonal tendency for this
bottle size, potentially influenced by market trends or consumer behavior. The 1 Liter bottles experienced
more noticeable fluctuations, reaching a peak demand of 2,350 packs in November, which was
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significantly higher than its lowest point of 1,800 packs in October. This surge in November indicated an
increased demand for larger bottles as the year came to a close. The demand for 4 Liter bottles remained
the lowest among all bottle types, varying from 635 packs in September and December to a maximum of
780 packs in March. The slight rise in March might have been driven by specific market factors; however,
overall, the demand for this size was rather limited throughout the year. The 5 Gallon bottles showed
strong demand, with monthly figures ranging from 3,000 packs in May to 3,780 packs in October.

October’s peak demand aligned with the trends seen in other bottle types, pointing to a general rise in
demand during that month. The Slim bottles experienced consistent demand as well, with levels varying
from 3,000 packs in July to 3,465 packs in October. In keeping with the trends of the 5 Gallon and 1 Liter
bottles, October marked the peak demand for Slim bottles, further reinforcing the observation that various
bottle types saw increased demand during this month. Seasonal and monthly trends highlighted high-
demand months such as March, October, and November, when there was a surge in demand across several
bottle types, indicating that these months were significant for production and inventory management.
Conversely, months like January and September, which had lower demand, reflected decreased
consumption and could present opportunities for optimizing production or focusing on other operational
tasks. Certain bottle types, like the 350ml and Slim bottles, demonstrated more stable demand, showing a
steady customer preference throughout the year.

From a business perspective, scheduling production should prioritize increasing output during peak
demand months such as March, October, and November to guarantee sufficient supply. In contrast,

production during lower-demand months, like January and May, could have been allocated

Table 2: Quantity Demand Data Bottles of Bottle King Products for Year 2023

Product

250ml 350ml 500ml 1 Liter | A4Liter 5 Gallon | Slim

Monthly | Monthly | Monthly | Monthly | Monthly | Monthly | Monthly

Demand | Demand | Demand | Demand | Demand | Demand | Demand
Month /Pack /Pack /Pack /Pack /Pack /Pack /Pack
January 1000 2800 3300 2500 800 3300 3600
February | 900 2500 3100 2200 700 3180 3400
March 1100 2850 3450 2500 830 3340 3430
April 1095 2900 3610 2600 840 3280 3320
May 1130 3000 3800 2730 980 3360 3615
June 980 2950 3885 2700 780 3200 3350
July 985 2995 3875 2720 805 3050 3200
August 800 2180 3370 2590 793 3080 3180
September | 910 2780 3400 2243 920 3100 3310
October 1050 2850 3330 2230 820 3120 3220
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November | 1100 3200 3450 2560 810 3430 3150
December | 1010 3370 3700 2430 850 3270 3050

In Table 2, the monthly demand statistics for different Bottle King products during 2023 are categorized
by size: 250ml, 350ml, 500ml, 1 Liter, 4 Liter, 5 Gallon, and Slim bottles. Demand fluctuated throughout
the year, indicating seasonal changes and evolving consumer preferences. Each size exhibited unique
demand patterns that influenced production and inventory management. The 250ml size showed fairly
consistent demand, with a slight uptick in March (1,100 packs) and a notable drop in August (800 packs).
The 350ml bottles experienced their highest demand in December (3,370 packs), while the lowest occurred
in August (2,180 packs), pointing to increased consumer interest during the holiday season. Likewise, the
500ml size saw its peak in July (3,875 packs) and its minimum in February (3,100 packs), suggesting
steady popularity throughout the year with minor fluctuations. For the 1 Liter size, demand was generally
stable, reaching its highest in May (2,730 packs) and its lowest in October (2,223 packs). The 4 Liter size
maintained the most stable demand pattern, exhibiting only minor changes; however, demand peaked in
May (980 packs) and fell to its lowest in February (700 packs). The 5 Gallon size also followed a consistent
trend, with demand peaking in November (3,430 packs) and declining in July (3,050 packs).

Finally, Slim bottles demonstrated strong demand, reaching their peak in January (3,600 packs) and
dropping to their lowest in December (3,050 packs). These demand patterns revealed notable dynamics in
consumer preferences. Larger sizes, particularly the 4 Liter and 5 Gallon, exhibited stable demand, likely
driven by bulk or institutional buyers. In contrast, smaller sizes like the 250ml and 350ml showed more
pronounced seasonal fluctuations, which could reflect individual consumer preferences. The Slim bottles
indicated consistently high demand, showcasing their broad appeal.

Table 3: Sales Data of Bottle King Products by Size for Year 2022

Mon Product TOTAL
th Year
250mi 350ml 500mi 1 Liter 4 Liter |5 Gallon | Slim 2022
P731,25 | P1,349,15 | P1,584,00 P101,92 | P412,50 | P2,090,62 | P7,266,9
Jan 0 0 0 £997,500 |0 0 5 45
P796,25 | P1,367,30 | £1,540,00 P108,19 | P403,70 |P2,012,50 | P7,225,4
Feb |0 0 0 P997,500 |2 0 0 42
P812,50 | P1,482,25 | P1,485,00 | P1,097,25 | 122,30 | P403,70 | P2,140,62 | P7,543,6
Mar |0 0 0 0 4 0 5 29
P808,43 | P1,391,50 | P1,556,50 P103,48 | P391,60 |$2,125,00 | P7,324,1
Apr |8 0 0 P947,625 | 8 0 0 51
P804,37 | P1,452,00 | P1,595,00 | P1,047,37 | P109,76 | £330,00 |P2,037,50 | P7,376,0
May |5 0 0 5 0 0 0 10
P792,18 | P1,436,87 | P1,518,00 P101,92 | 407,00 | £2,000,00 | P7,203,6
Jun 8 5 0 P947,625 | 0 0 0 08
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PR93,75 | P1,452,00 | P1,540,00 | 1,102,23 | P108,97 | 391,60 |P1,875,00 | P7,363,5
Jul 0 0 0 8 6 0 0 64
PR28,75 | P1,421,75 | P1,529,00 | $1,022,43 | P110,54 | 374,77 | P1,940,62 | P7,227,8
Aug |0 0 0 8 4 0 5 77
P784,06 | P1,343,10 | P1,581,25 P389,40 | P1,028,12 | $6,218,0
Sept | 3 0 0 P992,512 | 99,568 | O 5 18
PR69,37 | P1,385,45 | P1,622,50 P113,68 | P415,80 | $2,165,62 | P7,470,1
Oct |5 0 0 P897,750 | O 0 5 80
PR85,62 | P1,436,87 | P1,430,00 | P1,172,06 | P109,76 | 391,60 |P2,075,00 | $7,500,9
Nov |5 5 0 3 0 0 0 23
P824,68 | P1,427,80 | P1,468,50 | P1,117,20 P392,15 | P1,953,12 | $7,283,0
Dec |8 0 0 0 P99,586 |0 5 49
TOT | $9,831,2 | P16,946, | P18,449, | P12,339, | $1,289,6 | P4,703,8 | P23,443, | P87,003,
AL | 50.00 050.00 750.00 074.50 98.00 20.00 750.00 392.50

Table 3 provided a comprehensive overview of Bottle King’s sales performance in 2022 across various
bottle sizes, showcasing significant trends in consumer purchasing behavior. The smaller bottle formats,
including 250ml, 350ml, and 500ml, consistently generated the highest revenue, with the 500ml size
earning P18,449,750, followed by the 350ml at 16,946,050, and the 250ml at £9,831,250. These sizes
likely appeal to a broad customer base due to their cost-effectiveness and convenience. Meanwhile, larger
bottles such as the 1 Liter, 4 Liter, and 5 Gallon sizes showed stable sales, with the 1 Liter producing
P12,339,075 and the 5 Gallon size yielding P4,703,820, attracting customers looking for bulk savings or
purchasing options. Slim bottles stood out as top performers, accumulating 23,443,750 in total sales,
indicating a strong preference among consumers possibly influenced by their sleek appearance, perceived
value, or focused marketing strategies. Overall, annual sales reached 87,003,393, demonstrating Bottle
King's strong market position and the importance of effective production and inventory management to
align with these demand patterns. These findings support earlier research that indicates the allure of
smaller products due to their affordability and practicality (Sazvar et al., 2021).

Pricing strategies and product positioning, as highlighted by Pereira et al. (2020), appear to be essential,
particularly regarding the impressive sales of Slim bottles. Additionally, Thevenin et al. (2021) emphasize
the importance of utilizing sales data to improve production capacity and inventory management, ensuring
resources are aligned with market demands effectively. By leveraging these insights, Bottle King can
enhance its operations and capitalize on high-demand products to sustain its growth path.

Table 4: Sales Data of Bottle King Products by Size for Year 2023

Product Total
Mont Year
h 250ml 350ml 500ml 1 Liter 4 Liter | 5 Gallon | Slim 2023
P812,50 | P1,649,0 | P1,815,0 | P1,246,8 | P125,44 | P363,00 | P2,250,0 | P8,261,8
Jan 0 00 00 75 0 0 00 15
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P731,25 | P1,512,5 | P1,705,0 | P1,097,2 | P109,76 | P349,80 |$2,125,0 |#P7,630,5
Feb 0 00 00 50 0 0 00 60
P893,75 | P1,724,2 | P1,897,5 | P1,246,8 | P130,14 | P367,40 | $2,143,7 | P8,403,6
Mar 0 50 00 75 4 0 50 69
PR89,68 | P1,754,5 | P1,985,5 | P1,296,7 | P131,71 | P360,80 | P2,075,0 | P8,493,9
Apr 8 00 00 50 2 0 00 50
Po18,12 | P1,815,0 | $2,090,0 | P1,361,5 | P153,66 | P369,60 |P2,259,3 | P8,967,3
May 5 00 00 88 4 0 75 52
P796,25 | P1,784,7 | P2,136,7 | P1,346,6 | P122,30 | P352,00 | $2,093,7 |P8,632,4
Jun 0 50 50 25 4 0 50 29
PR00,31 | P1,787,7 | 2,131,2 | P1,356,6 | P126,22 | 335,50 | $2,000,0 | P8,537,6
Jul 3 75 50 00 4 0 00 62
P650,00 | P1,318,9 |P1,853,5 | P1,291,7 | P124,34 | P338,80 | P1,987,5 |P7,564,8
Aug 0 00 00 62 2 0 00 04
P739,37 | P1,681,9 |P1,870,0 |P1,118,6 |P144,25 | P341,00 | $2,068,7 |P7,963,9
Sept 5 00 00 96 6 0 50 77
P853,12 | P1,724,2 | P1,831,5 | P1,112,2 | P128,57 | P343,20 | P2,012,5 | P8,005,3
Oct 5 50 00 13 6 0 00 64
P893,75 | £1,936,0 |P1,897,5 |P1,276,8 | P127,00 | P377,30 | £1,968,7 | P8,477,1
Nov 0 00 00 00 8 0 50 08
P820,62 | $2,038,2 | P2,035,0 | P1,211,9 |P133,28 | P359,70 | $1,906,2 | P8,505,0
Dec 5 50 00 63 0 0 50 68
TOT | P9,798,7 | 20,727, | P23,248, | P14,963, | P1,556,7 | P4,258,1 | P24,890, | P99,443,
AL 51 075 500 997 10 00 625 758

Table 4 displayed the monthly and cumulative sales figures for Bottle King Solutions Services Inc.'s
product categories throughout 2023. Each product size, ranging from 250 mL to 5 Gallon, showed distinct
sales trends, each contributing differently to the company's total revenue of £99,443,758. The 500 mL,
Slim, and 5 Gallon categories emerged as the key revenue contributors, collectively accounting for the
majority of total sales. Leading the sales was the 500 mL size, which brought in 23,248,500, consistently
performing well throughout the year, likely due to its affordability and standard size.

The Slim category achieved P24,890,625 in sales, the highest of all categories, signifying strong demand
possibly influenced by its lightweight and portable characteristics. Meanwhile, the 5 Gallon category
totaled P4,258,100 in sales, backed by its practicality for large-scale use or bulk purchases. In contrast,
the 1 Liter (P14,963,997), 350 mL (P20,727,075), and 250 mL (P9,798,751) categories displayed
moderate performance, catering to different market segments, though their sales were overshadowed by
the leading categories.

The 1 Liter size sustained consistent monthly sales, with particularly strong performance in May and June,
appealing to medium-scale consumers. However, the 4 Liter product fell short, generating only 21,556,710
in total sales, indicating limited market appeal and a specific role. Sales peaked in May (P8,967,352),
reflecting heightened market demand during that month, while April (P8,493,950) and March
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(P8,403,669) also represented strong revenue months. Conversely, August (P7,564,804) and February
(P7,630,560) recorded the lowest revenues, suggesting fluctuations in demand due to seasonal or market
factors. Research highlighted the necessity to focus on high-performing products to boost revenue and
enhance strategic decisions. The robust sales of the 500 mL, Slim, and 5 Gallon products echoed findings
by Hartmann and Lussier (2020), underscoring the significance of prioritizing products based on market
demand. Meanwhile, the poor performance of the 4 Liter category was in line with observations by Lohmer
and Lasch (2021), who emphasized the need for companies to reassess the roles of low-demand products
in their lineup. Wang et al. (2021) further supported the focus on top-selling items to ensure profitability
and streamline operations.

Availability Status

Table 5. Current Resources Availability for Daily Production in Bottle King

Resource Quantity Available
Raw Materials 2,750,000 g
Labor Hours 1,440 minutes
Equipment Capacity 98,000 bottles

Table 5 presented an overview of the resources available for Bottle King's daily production operations,
encompassing raw materials, labor hours, and equipment capacity. The term Raw Materials referred to the
amount of plastic (measured in kilograms) utilized by the company for its manufacturing process. In this
instance, the company possessed 2,750 kg of raw materials for production. Labor hours represented the
total operating duration that the machinery and workforce could operate within a single day. In this
scenario, the company was allotted a total of 1,440 minutes (or 24 hours) for labor on production days.

This duration included all machine operation, setup, maintenance, and other essential manual tasks. With
six machines in operation, each providing 1,440 minutes of operational time, the firm had a total of 8,640
minutes (6 machines x 1,440 minutes) of labor available for production each day. Equipment capacity
described the manufacturing capabilities of the machines, particularly their ability to produce plastic
bottles of various dimensions, including 250ml, 350ml, 500ml, 1L, 4L, 5 Gallon, and slim bottles. Over a
24-hour operational period, the six machines could produce a maximum of 98,000 bottles, regardless of
the different sizes involved. This operational setup enabled the company to potentially manufacture up to
100,000 bottles daily, depending on the specific sizes of the bottles produced.

Effectively overseeing the consumption of raw materials, workforce productivity, and machine
capabilities allowed the company to meet demand while minimizing waste and downtime. Research
highlighted that effective resource allocation was essential for achieving operational efficiency and
enhancing production throughput in manufacturing settings (Morariu et al., 2020). Moreover, the ability
to adjust production schedules according to available resources ensured that businesses could easily adapt
to changes in demand, thereby boosting both profitability and customer satisfaction (Esteso et al., 2021).
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Understanding the relationship between equipment capacity and labor time was crucial for companies to
sustain a smooth production process while mitigating bottlenecks (Zhou et al., 2022).

Production Constraints

Table 6. Daily Material Requirements of Bottle King Products by Size

Product | Bottles Volume of | Raw Materials | Daily Raw Materials
Sizes Produced Plastic/g Used Demand Used for Demand
250ml 22,750 units | 10 g 227,500 ¢ 15,546 units | 154,560 g
350ml 29,040 units | 10 g 290,400 g 24,569 units | 245,690 g
500ml 28,000 units | 13 ¢ 364,000 g 23,776 units | 309,088 g
1 Liter 13,650 units | 23 g 313,950 g 9,183 units 211,209 g
4 Liters 2,240 units | 87 ¢ 194,880 g 915 units 79,605 g
5 Gallons | 1,000 units | 700 g 700,000 g 629 units 440,300 g
Slim 900 units 700 g 630,000 g 587 units 410,900 g
97,580
TOTAL units 1,543 g 2,720,730 ¢ 75,205 units 1,851,352g

Table 6 illustrates the daily material requirements for Bottle King Products across different bottle sizes,
factoring in production levels, utilized raw materials, and daily needs for each size. It shows a surplus for
all items regarding both the quantities of bottles produced and the raw materials used compared to actual
demand. For the smaller bottle sizes such as 250ml and 350ml, production numbers and raw material
consumption significantly exceed demand. Specifically, the production of the 250ml size reaches 22,750
units, using 227,500 grams of raw materials, while the demand stands at just 15,546 units, which
necessitates 154,560 grams of materials, resulting in an excess of 7,204 units. Likewise, the 350ml bottle
has a production of 29,040 units and consumes 290,400 grams of raw materials, in contrast to a demand
of 24,569 units and a raw material requirement of 245,690 grams, leading to a surplus of 4,471 units. The
500ml size is relatively balanced, with a production of 28,000 units and raw material consumption of
364,000 grams, slightly exceeding the demand of 23,776 units that requires 370,006 grams of raw
materials, yielding a small surplus of 4,224 units. Larger bottle sizes also exhibit notable surpluses. For
example, the 1-liter bottle is produced at a rate of 13,650 units and consumes 313,950 grams of raw
materials, while facing a demand of 9,183 units and a requirement of 211,209 grams of materials, resulting
in surpluses of 4,467 units and 102,741 grams. Similarly, the 4-liter bottle, with a production of 2,240
units and raw material usage of 194,880 grams, has a demand of 915 units which requires only 79,605
grams of materials, creating surpluses of 1,325 units and 115,275 grams. The 5-gallon size produces 1,000
units and consumes 700,000 grams of materials, exceeding its demand of 629 units that needs 440,300
grams, leaving surpluses of 371 units and 259,700 grams. Finally, the slim bottle, which produces 900
units and uses 630,000 grams of raw materials, surpasses its demand of 587 units that requires 410,900
grams, resulting in surpluses of 313 units and 219,100 grams.
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The total output of 97,580 units, along with a raw material usage of 2,720,730 grams, substantially
surpasses the overall demand of 83,768 units and a raw material need of 1,951,940 grams, which
underscores inefficiencies in how resources are utilized and how production aligns with market needs.
This surplus in production reveals a lack of synchronization between production schedules and market
demands, leading to wasted resources and heightened operational costs. Studies suggest that adopting
demand-driven production approaches can enhance the optimization of production levels, reduce waste,
and better align resources with genuine market requirements (Sunday et al., 2021). In addition, efficient
resource management is crucial for minimizing raw material waste and promoting sustainable production
practices (Lohmer & Lasch, 2021). By implementing sophisticated forecasting techniques and just-in-time
production strategies, companies can reduce excess production and ensure manufacturing is more closely
aligned with consumer demand (Trebuna et al., 2022).

Table 7. Labor Hours for Daily Production of Bottle King Products by Size

Labor

Product Labor time/ | Bottles Labor Minutes Daily Minutes
Unit Used for

Sizes (Minutes) Produced | Production Demand | for Demand
250ml 0.063 22,750 1,433.25 15,546 | 979.39
350ml 0.05 29,040 1,452 24,569 1,228.45
500ml 0.05 28,000 1,400 23,776 1,188.8
1 Liter 0.11 13,650 1,501.50 9,183 1,009.13
4 Liters 0.64 2,240 1,433.50 915 585.60
5Gallons | 1.45 1,000 1,450 629 912.05
Slim 1.6 900 1,440 587 939.20
TOTAL: 97,580 10,110.35 75,205 | 6,843.63

Table 7 provided detailed data regarding the labor time needed per unit, the number of bottles produced,
the total minutes of labor spent on production, the daily demand for these bottles, and the labor minutes
required to meet that demand across different product sizes. The information revealed a production
imbalance, where the minutes of labor spent on production generally exceeded the minutes necessary to
fulfill actual demand. This disparity indicated inefficiencies and the potential for overproduction in most
product categories. For instance, producing the 250 mL product required 1,433.25 labor minutes, while
only 979.39 labor minutes were necessary to meet the daily demand. This overproduction led to a surplus,
highlighting a lack of utilization of the produced goods and excessive consumption of resources. Similarly,
the 350 mL and 500 mL sizes consumed 1,452 and 1,400 labor minutes for production, respectively, yet
only required 1,228.45 and 1,188.8 labor minutes to satisfy daily demand. In the case of the 1 Liter size,
the production absorbed 1,501.50 labor minutes, surpassing the 1,009.13 labor minutes needed to meet
the demand.
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Larger sizes, including the 4 Liter and 5 Gallon containers, also exhibited signs of overproduction, with
labor minutes dedicated to production (1,433.50 and 1,450, respectively) significantly exceeding the labor
minutes required to address daily demand (585.60 and 912.05 labor minutes). The Slim category, which
required 1,440 labor minutes for its production, only needed 939.20 labor minutes to meet daily demand.
Overproduction created difficulties concerning resource optimization and operational efficiency, as the
excessive labor time led to machines being overworked with insufficient downtime for maintenance. This
continuous use resulted in higher maintenance costs and a greater likelihood of mechanical inefficiencies,
highlighting the urgent need for better alignment between production and demand to improve labor
utilization and guarantee sustainable operations.

The results align with the findings of Cox and Spencer (2024), who indicated that overproduction can
create a bottleneck by placing undue stress on equipment, resulting in overuse and inadequate rest
intervals. Additionally, Katiraee et al. (2021) supported this by pointing out that the continuous operation
of machines without sufficient downtime leads to increased maintenance costs and potential inefficiencies
due to accelerated wear and tear. Mianaei et al. (2022) emphasized the importance of aligning production
output with actual demand to reduce wasteful expenses, minimize resource wastage, and maintain
operational efficiency. These studies highlight the critical need for strategies aimed at synchronizing
production levels with demand to alleviate the negative impacts of overproduction.

Table 8. Machine Effective Capacity for Daily Production of Bottle King Products by Size

Total Total
Available | Capacity/Hour | Capacity Demand Surplus

Machine | Hours/day | (units) /day (units) | (units) (units)
Machine 1 | 24 1,302 31,250 24,358 6,892
Machine 2 | 24 1,302 31,250 24,358 6,892
Machine 3 | 24 1,302 31,250 24,358 6,892
Machine 4 | 24 94 2,250 915 1,335
Machine 5 | 24 44 1,050 629 421
Machine 6 | 24 40 950 587 363
TOTAL: | 144 4,083 98,000 75,205 22,795

Table 8 illustrated the daily capacity and demand for each machine at Bottle King Solutions, revealing a
considerable constraint where the equipment operated continuously, leading to excess production.
Machines 1, 2, and 3, which produced 250ml, 350ml, 500ml, and 1-liter bottles, each had a strong
production capacity of 31,250 units per day. However, the demand for these products was only 24,358
units each, resulting in a surplus of 6,892 units per machine. This excess production stemmed from the
machines running at full capacity, exceeding daily demand by a substantial margin. Similarly, Machine 4,
which manufactured 4-liter bottles, had a daily capacity of 2,250 units, whereas the demand was merely
915 units, leading to a surplus of 1,335 units. Machines 5, responsible for producing 5-gallon bottles, and
Machine 6, which produced slim bottles, also experienced overproduction, with surpluses of 421 units and
363 units, respectively. This pattern of overproduction across all machines indicated that the equipment
was utilized to its maximum potential without any interruptions, resulting in inefficient resource use and
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potential financial consequences, such as excess inventory and wasted production capability. Research
shows that overproduction often leads to waste and increased operational costs, highlighting the need for
better production planning (Li et.al, 2020). The lack of downtime also suggests missed opportunities for
machine maintenance, which could affect long-term operational efficiency (Yao et.al, 2022). To tackle
these inefficiencies, experts have recommended aligning production schedules more closely with demand
forecasts and instituting planned downtime for maintenance procedures (Missbauer & Uzsoy, 2020).

10. Summary of Findings

In 2023, Bottle King encountered substantial production inefficiencies stemming from overproduction of
nearly all bottle sizes. For instance, the production of 250ml and 350ml bottles greatly exceeded the actual
demand. The 250ml bottles had a daily output of 22,750 units, while the demand was only 15,546 units,
leading to a surplus of 7,204 units. In the same vein, the 350ml bottle's production stood at 29,040 units
against a demand of 24,569 units, resulting in a surplus of 4,471 units. This pattern of overproduction
persisted across every bottle size, with the 1-liter, 4-liter, and 5-gallon bottles similarly displaying
significant surpluses. Labor utilization was also skewed, with daily labor minutes often surpassing what
was necessary to meet demand, causing inefficiencies. For example, producing the 250ml bottle required
1,433.25 labor minutes, yet only 979.39 minutes were needed to satisfy the daily demand, leading to
unnecessary labor expenditure. These mismatches between production rates, labor utilization, and real
market demand underscored inefficiencies in resource management. The excess production not only
resulted in surplus inventory but also contributed to elevated operational costs due to overextended
equipment usage and inadequate maintenance downtime. To enhance operations, the company needed to
align production schedules more closely with actual demand, curtail overproduction, and adopt more
adaptable production strategies informed by demand forecasts.

11. Conclusions

This research focused on creating a production scheduling system for Bottle King Solutions Services Inc.
to tackle inefficiencies in resource use and excessive production. A comprehensive examination of the
company's existing operations, which included labor hours, machine utilization, production rates, and
demand fluctuations for various bottle sizes, revealed that the current system is not synchronized with
optimal production practices. The proposed system offers a systematic method for scheduling that ensures
machine use, labor distribution, and production outputs are in harmony with demand predictions. By
implementing these enhancements, the study illustrates the possibility of lowering operational costs and
mitigating excess inventory resulting from overproduction. In the end, the adoption of this proposed
system is anticipated to improve the company’s production efficiency, align more closely with market
demands, and support a more sustainable manufacturing approach.

12. Recommendations

According to the research summary, the authors suggest a production scheduling system for Bottle King
Solutions Services Inc. that aims to resolve the inefficiencies present in its existing operations. The
suggested system intends to maximize resource utilization, shorten lead times, and synchronize production
levels with actual demand to avoid overproduction and excess inventory. By adopting this enhanced
system, Bottle King can boost productivity and optimize its operations, ensuring that production processes
are more cost-efficient and in line with industry standards.
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Table 9. Proposed Production Scheduling at Bottle King for the Month of January

Monthy Machin | Machin
Beginni Producti | No. of e e
ng Monthly | on Worke | Labor | Daily | Operati | Downti | No. of
Bottle | Invento | Target rs Hours | Worki | ng me Worki
Type | ry Producti | Require | /Machi | (hrs)/da | ng (hrs)/da | (hrs)/da | ng
on d ne ily Shifts | ily ily Days
(units) (units)

1
250ml | 187,304 | 404,196 | 216,892 | Worker | 1,440 2 16.3 7.7 26

1
350ml | 116,246 | 638,794 | 522,548 | Worker | 1,440 2 18.8 3.5 26

1
500ml | 109,824 | 618,176 | 508,352 | Worker | 1,440 2 19.8 2.2 26
1 1
Liter | 116,142 | 238,758 | 122,616 | Worker | 1,440 2 16.8 7.2 26
4 1
Liters | 34,450 | 23,790 -10,660 | Worker | 1,440 1 9.8 14.2 26
5Gall 1
on 9,646 16,354 6,708 Worker | 1,440 2 15.2 8.8 26

1
Slim | 8,138 15,262 7,124 Worker | 1,440 2 15.7 8.3 26

Table 9 outlined the suggested production schedule for Bottle King for January, offering comprehensive
details on starting inventory, production goals, labor needs, and machine functions. The initial inventory
showed the leftover stock for each bottle type from earlier production cycles, while the monthly production
targets were based on projected demand derived from the average data obtained over the last three months.
This methodology enabled Bottle King to synchronize its production with market requirements. For the
250 mL bottle type, the starting inventory stood at 187,304 units, with a targeted production of 404,196
units. The monthly production needed to achieve this target was 216,892 units, reflecting a substantial
production effort. Operations consisted of one worker per machine operating two shifts daily, equating to
a total of 1,440 labor hours each month. The machines functioned for 16.3 hours per day, allowing for 7.7
hours of downtime. In a similar vein, the 350 mL bottle type started with 116,246 units in stock and had
a target production of 638,794 units, necessitating a monthly production of 522,548 units. Like the 250
mL size, it utilized one worker per machine, with machines operating for 18.8 hours daily, which left 3.5
hours for downtime. For the 500 mL bottle, the initial stock was 109,824 units, with a target production
goal of 618,176 units. The required monthly production for this size was 508,352 units. The machines
operated for 19.8 hours each day, providing 2.2 hours of downtime, indicating increased production
intensity. The 1 Liter size began with 116,142 units and aimed to produce 238,758 units, needing 122,616
additional units for the month. Machines for this category functioned for 16.8 hours daily, with 7.2 hours
of downtime.
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Notably, the 4 Liter size experienced a surplus, beginning with 34,450 units compared to its target
production of 23,790 units, leading to a negative monthly production requirement of -10,660 units. This
surplus indicated that the target production for January had been accomplished, with remaining stock
transitioning to the new beginning inventory for the upcoming month. Consequently, this scenario
permitted machines to allocate 14.2 hours for downtime, as no further production was needed for January.
In the case of the 5 Gallon category, the starting inventory was 9,646 units, while the production target
was set at 16,354 units, requiring an additional 6,708 units. Machines operated for 15.2 hours per day,
allowing 8.8 hours of downtime. Lastly, the Slim bottles began with 8,138 units, aiming for a production
goal of 15,262 units, necessitating 7,124 units of production. These machines functioned for 15.7 hours
daily, providing 8.3 hours of downtime.

Efficient production scheduling is crucial in ensuring that manufacturing activities align with market
demand while maximizing resource utilization. Research shows that reliable demand forecasting, such as
using historical data averages, aids in reducing production inefficiencies and prevents both
underutilization and overloading of resources (Abid et.al, 2020). Moreover, maintaining an equilibrium
between machine uptime and downtime is essential for sustaining operational efficiency and preventing
equipment failures, as excessive operation without sufficient rest can lead to increased maintenance costs
and lowered productivity (Briscon et.al, 2023). Adopting flexible scheduling techniques, which include
reallocating resources to high-demand products or curtailing production of excess inventory, enhances
adaptability and supports operational sustainability in changing market conditions (Lohmer & Lasch,
2021). These strategies play a vital role in aligning production practices with business goals, as
demonstrated in Bottle King’s proposed strategy.

Table 10. Proposed Production Scheduling at Bottle King for the Month of February

Monthy Machin | Machin
Beginni Producti | No. of e e
ng Monthly | on Worke | Labor | Daily | Operati | Downti | No. of
Bottle | Invento | Target rs Hours | Worki | ng me Worki
Type | ry Producti | Require | /Machi | (hrs)/da | ng (hrs)/da | (hrs)/da | ng
on d ne ily Shifts | ily ily Days
(units) (units)
1
250ml | 0 404,196 | 404,196 | Worker | 1,440 2 16.3 7.7 26
1
350ml | 0 638,794 | 638,794 | Worker | 1,440 2 18.8 3.5 26
1
500ml | O 618,176 | 618,176 | Worker | 1,440 2 19.8 2.2 26
1 1
Liter |0 238,758 | 238,758 | Worker | 1,440 2 16.8 7.2 26
4 1
Liters | 10,660 | 23,790 13,130 Worker | 1,440 1 9.8 14.2 26
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5Gall 1

on 0 16,354 16,354 Worker | 1,440 2 15.2 8.8 26
1

Slim |0 15,262 15,262 Worker | 1,440 2 15.7 8.3 26

Table 10 presented the proposed production schedule for Bottle King for February, building on data from
the prior month. The initial inventory for nearly all bottle sizes was reset to zero, with the exception of the
4 Liter size, which had a surplus of 10,660 units carried over from January. This surplus represented the
leftover stock after fulfilling the production goals for January, as no further production was necessary for
the 4 Liter size during that month. For February, the target production for the 4 Liter bottle type was set
at 23,790 units, with a production requirement of 13,130 units after factoring in the surplus from beginning
inventory. With one worker assigned to each machine, the production schedule indicated that the machines
would run for 9.8 hours each day, allowing for a significant 14.2 hours of downtime—much higher
compared to other bottle sizes, highlighting the lighter workload due to the carryover surplus. In contrast,
the other bottle types commenced with zero inventory and needed full production to achieve their targets.
For instance, the 250 mL size had both a production target and requirement of 404,196 units, resulting in
machines operating for 16.3 hours daily with 7.7 hours of downtime. Likewise, the 350 mL size required
638,794 units, with machines functioning for 18.8 hours daily, which allowed only 3.5 hours for
downtime. The 500 mL size necessitated 618,176 units of production, requiring machines to run for 19.8
hours each day while permitting just 2.2 hours of downtime. The 1 Liter bottle type had a requirement of
238,758 units to be produced, with machines operating for 16.8 hours daily and having 7.2 hours of
downtime. The 5 Gallon and Slim bottles, which also began with zero inventory, needed 16,354 and
15,262 units, respectively. Machines for these sizes worked for 15.2 and 15.7 hours daily, resulting in 8.8
and 8.3 hours of downtime, respectively. Effective production scheduling necessitated a balance between
managing inventory, allocating labor, and utilizing machines efficiently. The surplus carried over from
January for the 4 Liter bottle underscored the need to adjust production based on inventory levels to
prevent inefficiencies and overproduction. Leveraging surplus stock allowed companies to alleviate
pressure on resources and concentrate production on more in-demand products. Research indicated that
incorporating surplus inventory into production schedules improved flexibility and operational efficiency,
enhancing reactions to changing market demand (Sazvar et al., 2021). Additionally, synchronizing
production schedules with precise forecasts supported sustainable practices by reducing resource waste
and optimizing machine downtime, as seen in the 4 Liter category (Canas et al., 2022). Strategic
modifications, such as reallocating resources to other products, also contributed to maintaining equipment
durability and boosting overall productivity (Fu et al., 2021).

Table 11. Proposed Production Scheduling at Bottle King for the Month of March

Beginni Monthy | No. of Machin | Machin
ng Monthly | Producti | Worke | Labor | Daily |e e No. of
Bottle | Invento | Target |on rs Hours | Worki | Operati | Downti | Worki
Type | ry Producti /Machi | (hrs)/da | ng ng me ng
on Require | ne ily Shifts | (hrs)/da | (hrs)/da | Days
(units) d ily ily
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(units)

1

250ml | 0 404,196 | 404,196 | Worker | 1,440 2 16.3 7.7 26
1

350ml | 0 638,794 | 638,794 | Worker | 1,440 2 18.8 3.5 26
1

500ml | O 618,176 | 618,176 | Worker | 1,440 2 19.8 2.2 26

1 1

Liter |0 238,758 | 238,758 | Worker | 1,440 2 16.8 7.2 26

4 1

Liters | 0 23,790 23,790 Worker | 1,440 1 9.8 14.2 26

5Gall 1

on 0 16,354 16,354 Worker | 1,440 2 15.2 8.8 26
1

Slim |0 15,262 15,262 Worker | 1,440 2 15.7 8.3 26

For March, the production scheduling proposal for Bottle King was crafted to alleviate and respond to
current challenges within the company. The plan showcased a systematic method for overseeing the
manufacturing of different bottle types, ensuring effective coordination with consumer demand. It was
suggested that all bottle varieties commence with zero-unit inventory, employing a just-in-time production
approach to reduce storage expenses and avoid surplus inventory. Monthly production goals varied widely,
with smaller bottles, such as the 350ml type, needing the highest output at 638,794 units, while larger
bottles, like the 5-Gallon size, had a lower target of 16,354 units. Each type of bottle was allocated one
worker, providing a clear distribution of the workforce, with each worker contributing around 1,440 labor
hours each month. This amounted to roughly 55.4 hours per week across the planned 26 working days.

Machine usage was customized to align with production needs, requiring higher daily operation for smaller
bottles, like the 500ml size, at 19.8 hours per machine, compared to larger bottles, such as the 4-Liter size,
which necessitated only 9.8 hours each day. Downtime for machines was kept to a minimum for high-
demand bottle types like the 500ml, which faced only 2.2 hours of downtime daily, whereas the larger
bottles with lower demand, like the 4-Liter size, were allotted more downtime flexibility at 14.2 hours per
day. Most bottle types were scheduled to function on a two-shift basis to achieve their production targets,
with the exception of the 4-Liter size, which was planned for a single shift due to its lower demand. The
plan ensured steady production across the 26 working days, balancing the use of resources and overall
output.

This proposal integrated concepts from production management to effectively tackle Bottle King’s
challenges. By adopting a just-in-time production strategy, as recommended by (Romero-Selva et.al,
2024), it minimized surplus inventory and matched production with actual demand, thereby decreasing
waste. Aligning machine utilization with product demand, as highlighted by (Rena, 2024), ensured that
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resources were utilized efficiently while reducing idle periods. Furthermore, the flexible scheduling
strategy adhered to (Permana et.al, 2021) suggestions for responding to variable production needs. The
implementation of this production scheduling proposal assisted Bottle King in overcoming inefficiencies,
optimizing resource usage, and enhancing its ability to meet demand, ultimately leading to an
improvement in overall operational effectiveness.

Table 12. Proposed Production Scheduling at Bottle King for the Month of April

Monthy Machin | Machin
Beginni Producti | No. of e e
ng Monthly | on Worke | Labor | Daily | Operati | Downti | No. of
Bottle | Invento | Target rs Hours | Worki | ng me Worki
Type | ry Producti | Require | /Machi | (hrs)/da | ng (hrs)/da | (hrs)/da | ng
on d ne ily Shifts | ily ily Days
(units) (units)

1
250ml | 0 404,196 | 404,196 | Worker | 1,440 2 16.3 7.7 26

1
350ml | 0 638,794 | 638,794 | Worker | 1,440 2 18.8 35 26

1
500ml | 0 618,176 | 618,176 | Worker | 1,440 2 19.8 2.2 26
1 1
Liter |0 238,758 | 238,758 | Worker | 1,440 2 16.8 7.2 26
4 1
Liters | O 23,790 23,790 Worker | 1,440 1 9.8 14.2 26
5Gall 1
on 0 16,354 16,354 | Worker | 1,440 2 15.2 8.8 26

1
Slim |0 15,262 15,262 Worker | 1,440 2 15.7 8.3 26

In April, the production scheduling proposal for Bottle King aimed to tackle and resolve the company's
ongoing challenges. The strategy showcased a methodical approach to managing the production of
different bottle types, ensuring effective coordination with market demand. All bottle types were suggested
to start with a zero-unit inventory, embracing a just-in-time production methodology to reduce storage
costs and overstock. Production targets for the month varied greatly, with smaller bottles, such as the
350ml type, needing the highest output of 638,794 units, while larger bottles, like the 5-Gallon size, had
a reduced target of 16,354 units. Each bottle type was allocated one worker, providing a clear workforce
distribution, with each employee contributing roughly 1,440 labor hours per month. This equated to about
55.4 hours weekly across the 26 scheduled working days.

Machine utilization was adjusted according to production needs, with smaller bottles, like the 500ml size,
necessitating higher daily machine usage at 19.8 hours, while larger bottles, such as the 4-Liter size,
required only 9.8 hours each day. Proposed machine downtime was kept low for high-demand bottles like
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the 500ml type, with only 2.2 hours of daily downtime planned, whereas larger bottles with lesser demand,
such as the 4-Liter size, were allotted greater downtime flexibility at 14.2 hours per day. The majority of
bottle types were scheduled to operate on a two-shift system to achieve their production goals, except for
the 4-Liter size, which was designated for a single shift due to its lower production needs. The proposal
guaranteed steady production over 26 working days, striking a balance between resource utilization and
output.

This scheduling proposal integrated production management principles to effectively address the
challenges faced by Bottle King. By employing a just-in-time production strategy, as noted by (Romero-
Selvaetal., 2024), it reduced excess inventory and aligned production with true demand, decreasing waste.
The alignment of machine utilization with product demand, highlighted by (Rena, 2024), ensured efficient
resource usage while limiting idle time. Moreover, the adaptable scheduling method was consistent with
(Permana et al., 2021) suggestions for responding to fluctuating production demands. Executing this
production scheduling proposal enabled Bottle King to resolve inefficiencies, optimize resource
utilization, and enhance its ability to satisfy demand, ultimately boosting overall operational performance.

Table 13. Proposed Production Scheduling at Bottle King for the Month of May

Monthy Machin | Machin
Beginni Producti | No. of e e
ng Monthly | on Worke | Labor | Daily | Operati | Downti | No. of
Bottle | Invento | Target rs Hours | Worki | ng me Worki
Type | ry Producti | Require | /Machi | (hrs)/da | ng (hrs)/da | (hrs)/da | ng
on d ne ily Shifts | ily ily Days
(units) (units)

1
250ml | 0 404,196 | 404,196 | Worker | 1,440 2 16.3 1.7 26

1
350ml | O 638,794 | 638,794 | Worker | 1,440 2 18.8 35 26

1
500ml | 0 618,176 | 618,176 | Worker | 1,440 2 19.8 2.2 26
1 1
Liter |0 238,758 | 238,758 | Worker | 1,440 2 16.8 7.2 26
4 1
Liters | O 23,790 23,790 | Worker | 1,440 1 9.8 14.2 26
5Gall 1
on 0 16,354 16,354 | Worker | 1,440 2 15.2 8.8 26

1
Slim |0 15,262 15,262 Worker | 1,440 2 15.7 8.3 26

For May, the production scheduling proposal for Bottle King was created to alleviate and tackle the
existing challenges faced by the company. The plan demonstrated a systematic method for managing the
production of different bottle varieties, ensuring an efficient match with demand. It was proposed that all
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bottle types start with a zero-unit inventory, utilizing a just-in-time production strategy to reduce storage
expenses and surplus inventory. Monthly production goals varied widely, with the smaller bottles,
specifically the 350ml type, needing the largest output of 638,794 units, while the larger bottles, such as
the 5-Gallon size, had a reduced target of 16,354 units. Each type of bottle was assigned a single worker,
guaranteeing a simple distribution of the workforce, with each worker contributing roughly 1,440 labor
hours monthly. This equated to about 55.4 hours weekly over the 26 scheduled working days.

Machine usage was adapted to the production needs, with smaller bottles, like the 500ml type, requiring
more daily use at 19.8 hours per machine compared to larger bottles, such as the 4-Liter size, which needed
only 9.8 hours per day. The proposed plan allowed for minimal machine downtime for high-demand bottle
types, such as the 500ml size, showcasing only 2.2 hours of downtime daily, while larger bottles with
lesser demand, like the 4-Liter size, were afforded more downtime flexibility at 14.2 hours each day. Most
bottle types were arranged to function on a two-shift schedule to achieve their production targets, except
for the 4-Liter size, which was scheduled for a single shift due to its decreased production need. The plan
assured steady production across 26 working days, balancing resource utilization with output.

This proposal integrated principles from production management to effectively confront Bottle King’s
issues. The utilization of a just-in-time production strategy, as indicated by (Romero-Selva et al., 2024),
helped minimize surplus inventory and align production with actual demand, thereby reducing waste. By
coordinating machine usage with product demand, as highlighted by (Rena, 2024), the plan promoted
efficient resource utilization while lessening idle time. Furthermore, the adaptable scheduling approach
corresponded with (Permana et al., 2021) recommendations for responding to fluctuating production
demands. Executing this production scheduling proposal enabled Bottle King to rectify inefficiencies,
optimize resource utilization, and more effectively meet demand, ultimately enhancing overall operational
performance.

Table 14. Proposed Production Scheduling at Bottle King for the Month of June

Monthy Machin | Machin
Beginni Producti | No. of e e
ng Monthly | on Worke | Labor | Daily | Operati | Downti | No. of
Bottle | Invento | Target rs Hours | Worki | ng me Worki
Type | ry Producti | Require | /Machi | (hrs)/da | ng (hrs)/da | (hrs)/da | ng
on d ne ily Shifts | ily ily Days
(units) (units)
1
250ml | 0 404,196 | 404,196 | Worker | 1,440 2 16.3 7.7 26
1
350ml | 0 638,794 | 638,794 | Worker | 1,440 2 18.8 3.5 26
1
500ml | O 618,176 | 618,176 | Worker | 1,440 2 19.8 2.2 26
1 1
Liter |0 238,758 | 238,758 | Worker | 1,440 2 16.8 7.2 26
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4 1

Liters | O 23,790 23,790 | Worker | 1,440 1 9.8 14.2 26

5Gall 1

on 0 16,354 16,354 | Worker | 1,440 2 15.2 8.8 26
1

Slim |0 15,262 15,262 Worker | 1,440 2 15.7 8.3 26

For June, the production scheduling strategy for Bottle King was crafted to tackle current challenges
within the company. This plan showcased a systematic method for managing the production of different
bottle types, ensuring an effective match with consumer demand. All bottle varieties were suggested to
commence with zero inventory, embracing a just-in-time production model to reduce storage expenses
and minimize surplus stock. Monthly production goals varied considerably, with smaller bottles, like the
350ml variety, necessitating the highest output of 638,794 units, whereas larger bottles, such as the 5-
Gallon size, had a lower target of 16,354 units. Each bottle type was allocated a single worker, providing
a straightforward distribution of the workforce, with each worker contributing roughly 1,440 labor hours
each month. This amounted to about 55.4 hours weekly over the planned 26 working days.

Machine utilization was customized to meet production needs, with smaller bottles, like the 500ml type,
requiring greater daily machine time at 19.8 hours, while larger bottles, like the 4-Liter type, needed only
9.8 hours per day. Proposed machine downtime was kept minimal for high-demand bottles, such as the
500ml type, with just 2.2 hours of downtime daily, while larger bottles with lesser demand, like the 4-
Liter size, were allocated more downtime flexibility at 14.2 hours per day. Most bottle types were intended
to operate on a two-shift schedule to achieve production goals, with the exception of the 4-Liter size,
which would run on a single shift due to lower production requirements. The plan facilitated steady
production across 26 working days, effectively balancing resource use and output.

This proposal integrated production management principles to effectively tackle Bottle King’s challenges.
By adopting a just-in-time production approach, as proposed by (Romero-Selva et al., 2024), it reduced
excess inventory and aligned production with real demand, cutting down on waste. By adjusting machine
utilization to match product demand, as highlighted by (Rena, 2024), the plan ensured efficient resource
usage while minimizing downtime. Furthermore, the adaptable scheduling method aligned with (Permana
et al., 2021) recommendations for responding to fluctuating production demands. The implementation of
this production scheduling proposal assisted Bottle King in addressing inefficiencies, optimizing resource
utilization, and aligning better with demand, thereby enhancing overall operational effectiveness.

Table 15. Proposed Production Scheduling at Bottle King for the Month of July

Beginni Monthy | No. of Machin | Machin
ng Monthly | Producti | Worke | Labor | Daily |e e No. of
Bottle | Invento | Target |on rs Hours | Worki | Operati | Downti | Worki
Type | ry Producti /Machi | (hrs)/da | ng ng me ng
on Require | ne ily Shifts | (hrs)/da | (hrs)/da | Days
(units) d ily ily
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(units)

1

250ml | 0 404,196 | 404,196 | Worker | 1,440 2 16.3 7.7 26
1

350ml | 0 638,794 | 638,794 | Worker | 1,440 2 18.8 3.5 26
1

500ml | O 618,176 | 618,176 | Worker | 1,440 2 19.8 2.2 26

1 1

Liter |0 238,758 | 238,758 | Worker | 1,440 2 16.8 7.2 26

4 1

Liters | 0 23,790 23,790 Worker | 1,440 1 9.8 14.2 26

5Gall 1

on 0 16,354 16,354 Worker | 1,440 2 15.2 8.8 26
1

Slim |0 15,262 15,262 Worker | 1,440 2 15.7 8.3 26

For July, the production scheduling proposal for Bottle King was crafted to alleviate current challenges
within the company. The strategy showcased a well-organized method of overseeing the production of
different bottle types, ensuring alignment with market demand. Each bottle type was proposed to start with
an inventory of zero units, adopting a just-in-time production model to reduce storage expenses and
surplus inventory. Monthly production goals varied greatly, with the smaller 350ml bottles needing the
highest output at 638,794 units, while the larger 5-Gallon bottles had a significantly lower target of 16,354
units. Each bottle type was assigned one worker, facilitating a simple distribution of the workforce, with
each contributing around 1,440 labor hours monthly. This equated to approximately 55.4 hours weekly
across the 26 scheduled working days.

Machine usage was customized according to production needs, with smaller bottles, like the 500ml size,
necessitating greater daily utilization at 19.8 hours per machine, in contrast to larger bottles such as the 4-
Liter size, which only required 9.8 hours per day. Daily machine downtime was kept to a minimum for
the high-demand bottle types, like the 500ml bottle, with just 2.2 hours of downtime each day, whereas
larger bottles with less demand, such as the 4-L.iter size, were allotted more downtime flexibility at 14.2
hours per day. Most bottle types were scheduled to function on a two-shift basis to achieve their production
objectives, except for the 4-Liter size, which was designated for a single shift due to its lower production
requirements. The plan maintained steady production over the course of 26 working days, effectively
balancing resource utilization and output.

This proposal integrated concepts from production management to tackle Bottle King’s challenges
successfully. By implementing a just-in-time production strategy, as indicated by Romero-Selva et al.
(2024), the proposal reduced excess inventory and aligned production closely with actual demand, cutting
down on waste. Ensuring machine utilization matched product demand, as highlighted by Rena (2024),
helped the plan make efficient use of resources while minimizing idle time. Furthermore, the adaptable
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scheduling method matched the recommendations of Permana et al. (2021) for responding to fluctuating
production needs. The execution of this production scheduling proposal enabled Bottle King to resolve
inefficiencies, maximize resource utilization, and better satisfy demand, ultimately enhancing overall
operational effectiveness.

Table 16. Proposed Production Scheduling at Bottle King for the Month of August

Monthy Machin | Machin
Beginni Producti | No. of e e
ng Monthly | on Worke | Labor | Daily | Operati | Downti | No. of
Bottle | Invento | Target rs Hours | Worki | ng me Worki
Type | ry Producti | Require | /Machi | (hrs)/da | ng (hrs)/da | (hrs)/da | ng
on d ne ily Shifts | ily ily Days
(units) (units)

1
250ml | 0 404,196 | 404,196 | Worker | 1,440 2 16.3 7.7 26

1
350ml | O 638,794 | 638,794 | Worker | 1,440 2 18.8 3.5 26

1
500ml | 0 618,176 | 618,176 | Worker | 1,440 2 19.8 2.2 26
1 1
Liter |0 238,758 | 238,758 | Worker | 1,440 2 16.8 7.2 26
4 1
Liters | O 23,790 23,790 Worker | 1,440 1 9.8 14.2 26
5Gall 1
on 0 16,354 16,354 | Worker | 1,440 2 15.2 8.8 26

1
Slim |0 15,262 15,262 Worker | 1,440 2 15.7 8.3 26

In August, the production scheduling proposal for Bottle King was crafted to tackle and resolve ongoing
company challenges. The plan demonstrated a systematic method for overseeing the production of
different bottle varieties, ensuring effective coordination with market demand. It was proposed that all
bottle categories start with a zero-unit inventory, employing a just-in-time production model to reduce
storage costs and prevent surplus inventory. Monthly production goals varied considerably, with smaller
bottles, like the 350ml type, necessitating the highest volume at 638,794 units, while larger bottles, such
as the 5-Gallon variety, had a much lower target of 16,354 units. Each bottle type was designated a single
worker, leading to a clear distribution of the workforce, with each worker providing roughly 1,440 labor
hours each month. This equated to approximately 55.4 hours per week throughout the planned 26 working
days.

Machine usage was customized according to production needs, with smaller bottles, like the 500ml size,
requiring a greater daily operation of 19.8 hours per machine, in contrast to larger bottles, such as the 4-
Liter size, which demanded only 9.8 hours of daily usage. Daily machine downtime was intended to be
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minimal for high-demand bottles, like the 500ml size, allowing for only 2.2 hours of downtime each day,
while larger bottles, like the 4-Liter size, were allocated more downtime flexibility at 14.2 hours per day.
The majority of bottle types were scheduled to operate using a two-shift system to meet their production
goals, except for the 4-Liter size, which would function with just a single shift due to lower production
demand. The plan aimed to maintain steady production over the course of 26 working days, striking a
balance between resource utilization and output.

This proposal embraced production management principles to effectively confront Bottle King’s
challenges. Implementing a just-in-time production strategy, as advocated by (Romero-Selva et.al, 2024),
reduced excess inventory and aligned production efforts with actual demand, thereby minimizing waste.
By correlating machine utilization with product demand, as highlighted by (Rena, 2024), the plan ensured
effective resource utilization while reducing idle time. Furthermore, the adaptive scheduling approach
resonated with (Permana et.al, 2021) recommendations for accommodating fluctuating production
demands. Executing this production scheduling proposal enabled Bottle King to rectify inefficiencies,
optimize resource utilization, and more accurately fulfill demand, leading to enhanced overall operational
performance.

Table 17. Proposed Production Scheduling at Bottle King for the Month of September

Monthy Machin | Machin
Beginni Producti | No. of e e
ng Monthly | on Worke | Labor | Daily | Operati | Downti | No. of
Bottle | Invento | Target rs Hours | Worki | ng me Worki
Type | ry Producti | Require | /Machi | (hrs)/da | ng (hrs)/da | (hrs)/da | ng
on d ne ily Shifts | ily ily Days
(units) (units)

1
250ml | 0 404,196 | 404,196 | Worker | 1,440 2 16.3 1.7 26

1
350ml | O 638,794 | 638,794 | Worker | 1,440 2 18.8 35 26

1
500ml | O 618,176 | 618,176 | Worker | 1,440 2 19.8 2.2 26
1 1
Liter |0 238,758 | 238,758 | Worker | 1,440 2 16.8 7.2 26
4 1
Liters | 0 23,790 23,790 | Worker | 1,440 1 9.8 14.2 26
5Gall 1
on 0 16,354 16,354 Worker | 1,440 2 15.2 8.8 26

1
Slim |0 15,262 15,262 Worker | 1,440 2 15.7 8.3 26

For September, the proposed production schedule for Bottle King aimed to resolve current challenges
within the company. The plan showcased a methodical approach to managing the output of different bottle
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types, ensuring effective coordination with market demand. All bottle types were slated to start with zero
inventory, utilizing a just-in-time production method to reduce storage costs and surplus inventory.
Monthly production goals varied widely, with smaller bottles like the 350ml type necessitating the highest
output of 638,794 units, whereas larger bottles, such as the 5-Gallon size, had a significantly lower target
of 16,354 units. Each bottle category was assigned one worker, allowing for a clear distribution of labor,
with each worker contributing roughly 1,440 hours per month, equating to about 55.4 hours weekly over
the planned 26 working days.

Machine usage was adjusted according to production needs, with smaller bottles, such as the 500ml size,
requiring more daily usage at 19.8 hours per machine, in contrast to larger bottles like the 4-Liter size,
which only needed 9.8 hours daily. Proposed machine downtime was kept minimal for high-demand
bottles, like the 500ml size, allowing for just 2.2 hours of downtime each day, while larger bottles with
lower demand, such as the 4-Liter size, had a more flexible downtime of 14.2 hours per day. Most bottle
types were scheduled to operate on a dual-shift basis to achieve their production goals, except for the 4-
Liter size, which was planned for a single shift due to its reduced demand. The proposal ensured steady
production across the 26 working days, striking a balance between resource use and output.

The proposal integrated various production management principles to effectively tackle Bottle King’s
issues. The adoption of a just-in-time production strategy, as recommended by (Romero-Selva et al.,
2024), helped to minimize excess inventory and synchronize production with genuine demand, thereby
reducing waste. By aligning machine utilization with product demand, as highlighted by (Rena, 2024), the
plan guaranteed efficient resource usage while cutting down on idle periods. Furthermore, the adaptable
scheduling approach was in agreement with (Permana et al., 2021) guidelines for responding to fluctuating
production demands. The implementation of this production scheduling proposal enabled Bottle King to
address inefficiencies, optimize resource allocation, and improve its ability to meet demand, ultimately
enhancing overall operational performance.

Table 18. Proposed Production Scheduling at Bottle King for the Month of October

Monthy Machin | Machin
Beginni Producti | No. of e e
ng Monthly | on Worke | Labor | Daily | Operati | Downti | No. of
Bottle | Invento | Target rs Hours | Worki | ng me Worki
Type | ry Producti | Require | /Machi | (hrs)/da | ng (hrs)/da | (hrs)/da | ng
on d ne ily Shifts | ily ily Days
(units) (units)
1
250ml | 0 404,196 | 404,196 | Worker | 1,440 2 16.3 7.7 26
1
350ml | 0 638,794 | 638,794 | Worker | 1,440 2 18.8 3.5 26
1
500ml | O 618,176 | 618,176 | Worker | 1,440 2 19.8 2.2 26
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1 1

Liter |0 238,758 | 238,758 | Worker | 1,440 2 16.8 7.2 26

4 1

Liters | O 23,790 23,790 Worker | 1,440 1 9.8 14.2 26

5Gall 1

on 0 16,354 16,354 Worker | 1,440 2 15.2 8.8 26
1

Slim |0 15,262 15,262 Worker | 1,440 2 15.7 8.3 26

For October, the production scheduling plan for Bottle King was crafted to tackle and resolve existing
challenges within the company. The proposal presented a methodical strategy for managing the
manufacturing of different bottle types, ensuring that production was efficiently matched with customer
demand. Each type of bottle was set to start with a zero-unit inventory, utilizing a just-in-time production
approach to reduce storage expenses and avoid surplus inventory. Monthly production goals varied widely,
with the smaller 350ml bottles needing the highest output at 638,794 units, while the larger 5-Gallon
bottles had a lower target of 16,354 units. One worker was assigned to each type of bottle, providing a
clear distribution of the workforce, with each worker contributing around 1,440 labor hours per month.
This equated to roughly 55.4 hours a week during the 26 designated working days.

Machine utilization was adjusted based on production needs, with the smaller 500ml bottles requiring
more daily machine hours at 19.8, while larger bottles, like the 4-Liter size, needed only 9.8 hours daily.
To minimize downtime for the high-demand 500ml bottles, only 2.2 hours of daily downtime was
recommended, whereas larger bottles like the 4-Liter size were allowed a more flexible downtime schedule
of 14.2 hours per day. Most varieties were scheduled to run on a two-shift system to accomplish their
production goals, except for the 4-Liter size, which was planned for a single shift due to its reduced
production needs. The proposal enabled consistent production across the 26 working days, maintaining a
balance between resource utilization and output.

This proposal integrated production management principles to effectively address Bottle King’s
challenges. Implementing a just-in-time production strategy, as proposed by (Romero-Selva et.al, 2024),
helped to minimize excess inventory and aligned output with genuine demand, thereby decreasing waste.
By aligning machine usage with product requirements, as highlighted by (Rena, 2024), the strategy
promoted efficient resource allocation while minimizing downtime. Furthermore, the flexible scheduling
method conformed to (Permana et.al, 2021) recommendations for adjusting to fluctuating production
demands. The introduction of this production scheduling proposal enabled Bottle King to combat
inefficiencies, enhance resource utilization, and more effectively satisfy demand, ultimately leading to
improved overall operational performance.
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Table 19. Proposed Production Scheduling at Bottle King for the Month of November

Monthy Machin | Machin
Beginni Producti | No. of e e
ng Monthly | on Worke | Labor | Daily | Operati | Downti | No. of
Bottle | Invento | Target rs Hours | Worki | ng me Worki
Type | ry Producti | Require | /Machi | (hrs)/da | ng (hrs)/da | (hrs)/da | ng
on d ne ily Shifts | ily ily Days
(units) (units)

1
250ml | 0 404,196 | 404,196 | Worker | 1,440 2 16.3 1.7 26

1
350ml | O 638,794 | 638,794 | Worker | 1,440 2 18.8 3.5 26

1
500ml | O 618,176 | 618,176 | Worker | 1,440 2 19.8 2.2 26
1 1
Liter |0 238,758 | 238,758 | Worker | 1,440 2 16.8 7.2 26
4 1
Liters | 0 23,790 23,790 | Worker | 1,440 1 9.8 14.2 26
5Gall 1
on 0 16,354 16,354 Worker | 1,440 2 15.2 8.8 26

1
Slim |0 15,262 15,262 Worker | 1,440 2 15.7 8.3 26

In November, the production scheduling proposal for Bottle King was crafted to tackle and resolve
ongoing company issues. The strategy showcased an organized method for overseeing the production of
different bottle types, ensuring effective coordination with demand. All bottle types were set to start with
zero inventory, adopting a just-in-time production approach to reduce storage costs and surplus inventory.
The monthly production goals varied widely, with the smaller 350ml bottles needing the highest output at
638,794 units, while larger bottles, like the 5-Gallon size, had a lower target of 16,354 units. Each type of
bottle was assigned one worker, resulting in a simple distribution of the workforce, with each worker
contributing about 1,440 labor hours monthly. This equated to roughly 55.4 hours weekly over the planned
26 working days. Machine utilization was adjusted according to production needs, with smaller bottles,
such as the 500ml size, needing higher daily machine use at 19.8 hours per machine, in contrast to larger
bottles like the 4-Liter size, which only required 9.8 hours per day. To maintain high demand, machine
downtime was kept low for popular bottle types, like the 500ml size, with only 2.2 hours of downtime
each day, while larger bottles, such as the 4-Liter size, had more flexibility for downtime at 14.2 hours
daily. Most bottle types were scheduled for two shifts to meet their production goals, except for the 4-
Liter size, which was planned for a single shift due to its lesser production needs. The proposal ensured
steady production across 26 working days, achieving a balance of resource use and output. This plan
integrated production management principles to effectively confront Bottle King’s challenges. By
implementing a just-in-time production strategy, as highlighted by (Romero-Selva et al., 2024), it curtailed
excess inventory and synchronized production with genuine demand, minimizing waste. The alignment
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of machine utilization with product demand, as stressed by (Rena, 2024), ensured efficient resource use
while reducing idle time. Furthermore, the flexible scheduling method adhered to (Permana et al., 2021)
recommendations for accommodating shifting production needs. The execution of this production
scheduling proposal enabled Bottle King to resolve inefficiencies, optimize resource utilization, and better
fulfill demand, ultimately enhancing overall operational performance.

Table 20. Proposed Production Scheduling at Bottle King for the Month of December

Monthy Machin | Machin
Beginni Producti | No. of e e
ng Monthly | on Worke | Labor | Daily | Operati | Downti | No. of
Bottle | Invento | Target rs Hours | Worki | ng me Worki
Type | ry Producti | Require | /Machi | (hrs)/da | ng (hrs)/da | (hrs)/da | ng
on d ne ily Shifts | ily ily Days
(units) (units)

1
250ml | 0 404,196 | 404,196 | Worker | 1,440 2 16.3 7.7 26

1
350ml | 0 638,794 | 638,794 | Worker | 1,440 2 18.8 35 26

1
500ml | 0 618,176 | 618,176 | Worker | 1,440 2 19.8 2.2 26
1 1
Liter |0 238,758 | 238,758 | Worker | 1,440 2 16.8 7.2 26
4 1
Liters | O 23,790 23,790 Worker | 1,440 1 9.8 14.2 26
5Gall 1
on 0 16,354 16,354 | Worker | 1,440 2 15.2 8.8 26

1
Slim |0 15,262 15,262 Worker | 1,440 2 15.7 8.3 26

For the month of December, Bottle King's production scheduling proposal was crafted to tackle ongoing
challenges within the company. The plan featured an organized method for managing the production of
various types of bottles, ensuring effective alignment with market demand. All bottle varieties were set to
start with zero inventory, employing a just-in-time production strategy to reduce storage expenses and
surplus inventory. The monthly production objectives differed greatly, with the smaller 350ml bottles
needing the highest output at 638,794 units, while the larger 5-Gallon bottles had a lower target of 16,354
units. Each type of bottle was allocated one worker, providing a clear distribution of the workforce, with
each worker contributing around 1,440 labor hours monthly. This amounted to about 55.4 hours per week
across the 26 scheduled working days.

Machine utilization was customized to fit the production needs, with the smaller 500ml bottles needing
higher daily machine use at 19.8 hours, compared to the larger 4-Liter bottles, which required only 9.8
hours daily. Downtime for machines was kept minimal for high-demand products like the 500ml bottles,
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allowing for just 2.2 hours of daily downtime, while larger bottles like the 4-Liter size had more downtime
flexibility, set at 14.2 hours per day. Most bottle types were intended to function on a two-shift system to
reach their production goals, except for the 4-Liter bottles, which were designated for a single shift due to
their lower production needs. The plan guaranteed steady production throughout the 26 working days,
balancing the utilization of resources with output.

This proposal integrated production management principles to effectively overcome Bottle King's
challenges. By implementing a just-in-time production strategy, as recommended by (Romero-Selva et
al., 2024), excess inventory was minimized, and production was aligned with actual demand, thus reducing
waste. The plan ensured efficient resource use by aligning machine utilization with product demand, as
highlighted by (Rena, 2024), while minimizing idle time. Furthermore, the adaptable scheduling approach
was in line with (Permana et al., 2021) suggestions for responding to fluctuating production needs. The
execution of this production scheduling proposal allowed Bottle King to resolve inefficiencies, optimize
resource use, and more effectively meet demand, ultimately enhancing overall operational performance.

13. Appendixes

APPENDIX A
Production Data Collection Form

CAPACITY PLANNING AND PRODUCTION SCHEDULING AT BOTTLE

KING SOLUTIONS SERVICES INC.: SOME PROPOSALS

Production Data Collection Form

Product: ml/liter/gallon/slim
Production Capacity: units/day

Raw Material Usage: kg of plastic/unit
Labor Requirement: hrs/unit

Machine Time Required: hrs/unit

Variable Cost: pesos/unit

Selling Price: pesos/unit
Monthly Demand: units/month
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