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Abstract 

This research focuses on optimizing production processes at Oda Natural Spring Water Factory in Ethiopia through the 

application of Linear Programming (LP). In the competitive bottled water industry, efficient resource management is crucial for 

profitability. Oda Natural Spring Water, known for its unique selenium-rich composition, faces challenges related to inefficient 

production practices and suboptimal resource allocation. This study develops a tailored LP model to determine the optimal daily 

production quantities for four bottled water sizes (35cl, 60cl, 100cl, and 200cl), with the objective of maximizing profit while 

adhering to constraints such as production time, cost budget, and market demand limits. Data collected over six months were 

analyzed using Excel Solver. The findings indicate that the factory can achieve a maximum daily profit of 150,143 Ethiopian 

Birr (ETB) by producing 1,100 packs of 35cl, 1,714 packs of 60cl, 1,441 packs of 100cl, and 976 packs of 200cl water. Sensitivity 

analysis reveals that the production cost constraint is binding, while significant production time remains unused. The study 

underscores LP as a practical decision-making tool in manufacturing, providing actionable strategies for improving resource 

allocation, reducing costs, and enhancing profitability. Recommendations include cost reduction initiatives and regular review 

of production plans in response to market dynamics. 
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1. Introduction 

1.1. Overview 

The optimization of production processes is a critical deter-

minant of success in today's fiercely competitive marketplace, 

particularly in industries like bottled water production where 

efficient resource management directly translates into profita-

bility and market share [9, 14]. Companies must continuously 

navigate challenges such as cost efficiency, resource limita-

tions, and fluctuating consumer demand. To address these 

complexities, organizations are increasingly adopting sophis-

ticated quantitative optimization techniques [10, 12]. This re-

search explores the application of linear programming (LP), a 

well-established mathematical optimization method, to enhance 

production planning and profit maximization at Oda Natural 

Spring Water Factory, a significant player in the Ethiopian water 
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production industry. Oda Natural Spring Water Factory, formerly 

known as Galema Spring Water PLC, is located near Bokoj town 

in the Likuche area of the Galema mountain region, Oromia State. 

The factory produces various bottled water sizes, including 60cl, 

100cl, and 200cl packs. Its unique selling proposition is the nat-

ural presence of Selenium, a trace element with documented 

health benefits such as supporting infant brain development, 

boosting immunity, and offering anticancer, anti-diabetic, 

liver protective, and cardiovascular properties [19]. Chemical 

analysis of the water confirms: Sodium = 3.3 mg/l, Potassium 

= 0.6 mg/l, Magnesium = 0.98 mg/l, Calcium = 3.2 mg/l, Zinc 

< 0.01 mg/l, Selenium < 0.01 mg/l, pH = 7.2–7.5, and Total 

Dissolved Solids (TDS) = 49 mg/l.</mark> 

Despite its unique product advantages and operational ca-

pabilities, the factory faces significant challenges in maximiz-

ing profits, primarily due to inefficient production practices 

and inadequate resource allocation. With a workforce of 63 

(including 20 women in roles such as management, quality 

control, and operations), the absence of systematic production 

planning leads to inefficiencies like overproduction or under-

production, adversely affecting profitability and market com-

petitiveness [17]. 

This study aims to address these operational inefficiencies 

by applying linear programming (LP) – a proven quantitative 

method for optimizing resource allocation [1, 3, 5, 10] - to de-

velop a customized model for Oda Natural Spring Water Fac-

tory. The objective is to determine optimal production quanti-

ties for each product type, thereby maximizing profit and 

strengthening the factory's market position [1, 14]. 

1.2. Background of the Study 

The bottled water production industry plays a vital role in 

providing clean drinking water, especially in regions with lim-

ited access to safe water sources. Globally, demand for bottled 

water continues to rise, driven by increasing health awareness 

and lifestyle changes, thereby pressuring producers to optimize 

their operations for efficiency and profitability [9, 19]. Common 

industry challenges include volatile raw material costs, intense 

market competition, and shifting consumer preferences. 

Oda Natural Spring Water Factory holds a distinctive posi-

tion within Ethiopia's water sector due to the Selenium content 

in its water. This natural composition offers potential health 

benefits, making it a premium product. However, despite rig-

orous quality monitoring of parameters like Sodium, Potas-

sium, Magnesium, Calcium, Zinc, Selenium, pH, and TDS, 

the factory struggles with production inefficiencies stemming 

from non-systematic decision-making and suboptimal re-

source allocation [10, 17]. 

Linear Programming (LP), developed in the mid-20th cen-

tury, is a powerful mathematical optimization technique de-

signed to allocate limited resources efficiently across compet-

ing activities [7, 15]. Its applications span diverse sectors in-

cluding manufacturing, logistics, and agriculture, where it has 

consistently improved operational efficiency and profitability 

[4, 12]. For instance, [2] demonstrated its use in raw material 

allocation for plastic production, while [3] applied LP to opti-

mize water resource allocation in irrigation, and [1] success-

fully used it to determine optimal production levels in the plas-

tic industry. Despite its proven effectiveness, the adoption of 

LP in the water production sector, particularly in developing 

regions like Ethiopia, remains limited [14, 20]. 

This study seeks to bridge this gap by applying LP to the 

specific context of Oda Natural Spring Water Factory. By an-

alyzing production costs, resource constraints, and market de-

mand, the research develops a tailored LP model to identify 

optimal production strategies. The findings aim not only to en-

hance the factory's operational practices but also to contribute 

to the broader academic and practical understanding of opti-

mization techniques in resource-constrained manufacturing 

environments [8, 11, 13, 18]. Sensitivity analysis, a critical 

component of LP, will be employed to assess the robustness 

of the solution under parameter variations [4, 11, 18]. 

1.3. Statement of the Problem 

Oda Natural Spring Water Factory possesses a unique mar-

ket advantage due to the selenium-rich composition of its wa-

ter, which offers significant health benefits and differentiates 

it from competitors. However, despite this competitive edge 

and the factory's existing production capacity, it continues to 

face persistent challenges in maximizing profitability. The 

core operational issue lies in the absence of a systematic, data-

driven methodology for determining the optimal daily produc-

tion mix of its four main product sizes: 35cl, 60cl, 100cl, and 

200cl bottled water packs. 

Currently, production decisions are not guided by formal 

optimization techniques, leading to inefficient resource allo-

cation. This manifests as either the underutilization of availa-

ble production time and budget or the failure to meet the most 

profitable levels of market demand. Consequently, the factory 

operates below its potential financial performance, unable to sys-

tematically balance the constraints of limited daily production 

time (28,800 seconds), a fixed operational budget (293,174.50 

ETB), and fluctuating market demand with minimum and maxi-

mum purchase limits for each product [10, 14, 17]. 

Therefore, the specific problem addressed in this study is 

the development and application of a Linear Programming 

model to determine the precise, profit-maximizing quantity of 

each product type the factory should produce daily. This 

model must effectively navigate the constraints of time, cost, 

and market demand to generate an actionable production plan 

that resolves the current inefficiencies and unlocks the facto-

ry's full profit potential. 

1.4. Research Objectives 

1.4.1. General Objective 

The general objective of this study is to optimize the pro-

duction processes at Oda Natural Spring Water Factory using 
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linear programming techniques, with the aim of maximizing 

daily profitability while adhering to resource limitations, pro-

duction costs, and market demand constraints [1, 6, 14]. 

1.4.2. Specific Objective 

The specific objectives of this study are to: 

1) To develop a deterministic Linear Programming model 

for Oda Natural Spring Water Factory that systemati-

cally incorporates key operational parameters, includ-

ing unit production costs, unit profit contributions, and 

resource constraints related to daily production time, to-

tal operational budget, and market demand limits (both 

minimum and maximum) for the 35cl, 60cl, 100cl, and 

200cl water packs [1, 10, 16]. 

2) To solve the formulated LP model using Excel Solver in 

order to identify the precise, profit-maximizing daily 

production quantities (x1, x2, x3, x4) for each of the four 

bottled water sizes [1, 14]. 

3) To perform a comprehensive sensitivity analysis on the 

optimal solution using Solver's tools. This analysis will 

determine how changes in critical parameters—such as 

resource availability (budget, time), unit profit coeffi-

cients, and market demand limits—affect the optimal 

production plan and total profit [4, 11, 18]. 

4) To identify and interpret the binding (active) and non-

binding constraints within the model. Specifically, to 

use shadow prices to quantify the economic impact of 

each binding constraint on the total profit, revealing the 

most critical bottlenecks in the production system [7, 

15]. 

5) To derive and provide evidence-based, practical recom-

mendations to the factory's management. These recom-

mendations will focus on strategies for improving re-

source allocation, reducing operational costs, and en-

hancing overall profitability based on the insights from 

the LP model and sensitivity analysis [12, 17]. 

6) To evaluate the potential impact of hypothetical changes 

in the internal production process (e.g., cost reduction, 

efficiency gains) or external market conditions (e.g., de-

mand shifts) on the optimal production plan and the fac-

tory's overall profitability [16, 18]. 

7) To determine the individual contribution of each prod-

uct type (solutions x1, x2, x3, x4) to the factory's total 

daily profit, based on the results from the Excel Solver 

analysis, thereby highlighting the relative financial im-

portance of each product line. 

1.5. Significance of the Study 

This study holds significant theoretical and practical value. 

Firstly, it demonstrates the concrete application of mathemat-

ical optimization, specifically linear programming, to a real-

world manufacturing challenge, bridging the gap between op-

erational research theory and industrial practice [9, 13]. Sec-

ondly, by employing tools like Excel Solver, it provides Oda 

Natural Spring Water Factory with a scalable, data-driven 

framework for informed decision-making and continuous op-

erational improvement [10, 13]. The resulting recommenda-

tions offer a clear pathway for the factory to optimize resource 

use, reduce waste, and enhance profitability. Finally, this re-

search strengthens academia-industry collaboration, serving 

as a model for how university expertise can address practical 

business problems, foster innovation, and contribute to eco-

nomic growth within the manufacturing sector [12, 17]. 

1.6. Research Questions 

1) What are the optimal daily production quantities for 

each product type (x₁, x₂, x₃, x₄) at Oda Natural Spring 

Water Factory that maximize total profit? 

2) How sensitive is the optimal production plan to varia-

tions in key parameters such as resource availability (la-

bor, materials, capacity), production costs, and market 

demand? 

3) Which specific constraints (e.g., total working time, 

maximum production limits for each product) are the 

most binding in the production process, and what is 

their quantified impact on profitability? 

4) Based on the LP model and sensitivity analysis, what 

strategic actions can Oda implement to reallocate re-

sources more effectively, reduce operational costs, and 

increase profit margins? 

5) How do changes in the shadow price of a critical con-

straint (e.g., Constraint 2: Production Budget) or in the 

objective function coefficients affect the overall profit-

ability? 

1.7. Research Limitation and Delimitation 

Limitations: 

1) The LP model assumes stable prices for raw materials, 

which are subject to market fluctuations in reality [16]. 

2) External factors such as sudden regulatory changes, 

competitor actions, or macroeconomic shifts are not en-

dogenously modeled, potentially affecting the solution's 

real-world applicability [16, 20]. 

Delimitations: 

1) The study scope is limited to the production of spring 

water in plastic packs (35cl, 60cl, 100cl, 200cl) and ex-

cludes other potential product lines. 

2) Data collection is confined to a six-month period (De-

cember 2024 – May 2025). 

3) The optimization focus is solely on production quantity 

decisions for the four specified products. 

4) The methodological approach is delimited to determin-

istic linear programming, implemented via Excel Solver. 

5) The analysis relies exclusively on internal operational 

and cost data provided by Oda Natural Spring Water 

Factory. 

6) The project is conducted within a specific timeframe, 
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and the analysis reflects conditions during that period. 

7) External strategic factors like competitor analysis, sup-

ply chain dynamics, or broad regulatory environments 

are excluded, with focus maintained on internal opera-

tional optimization. 

2. Methodology 

2.1. Research Design 

This study employs a quantitative, case-study research de-

sign centered on the application of Linear Programming (LP). 

The design involves constructing a deterministic LP model 

based on six months of operational data from Oda Natural 

Spring Water Factory to determine the profit-maximizing pro-

duction plan [10, 14]. 

2.2. Research Methods 

The primary method is an in-depth single case study analy-

sis of Oda Drinking Water Factory. This approach facilitates a 

detailed examination of production processes, resource allo-

cation patterns, and cost structures [17]. Supplementary quan-

titative data regarding production levels, resource utilization, 

and operational efficiency is gathered through structured re-

views of factory records and targeted surveys administered to 

key managerial and operational staff. 

2.3. Data Collection Methods 

1) Primary Data: 

Semi-structured interviews with factory managers, sales 

personnel, and machine operators to gather qualitative insights 

and clarify production schedules and operational constraints 

[17]. 

Systematic review of internal documents including produc-

tion logs, daily resource usage reports, and financial records 

to extract quantitative data on costs, times, and capacities. 

2) Secondary Data: 

Analysis of previous academic studies on production opti-

mization in the beverage and water industry [1, 3, 6, 9]. 

 Examination of market data and price lists for bottled water 

products in the region. 

2.4. Analysis Technique 

The core analysis involves formulating and solving a linear 

programming model. The objective function aims to maxim-

ize total daily profit. Constraints are derived from limited re-

sources: total daily production time, total daily production 

budget, and upper/lower market demand limits for each prod-

uct. The model is solved using the Simplex algorithm imple-

mented in Microsoft Excel Solver, a widely accessible tool for 

LP problems [7, 13]. Post-optimality analysis, including sen-

sitivity analysis and shadow price interpretation, is conducted 

using Solver's reports to understand the solution's robustness 

and key limiting factors [4, 11, 18]. 

2.5. Materials Required 

1) Computer systems equipped with Microsoft Excel and 

the Solver add-in. 

2) Full access to the factory's operational data (production 

logs, cost accounting reports, sales records). 

3) Data collection instruments (interview protocols, struc-

tured survey questionnaires). 

2.6. Ethical Considerations 

Ethical research guidelines are strictly followed. All partic-

ipants provide informed consent prior to interviews or surveys. 

Confidentiality is maintained by anonymizing all personal 

identifiers in the collected data. The research objectives, meth-

odology, and intended use of findings are transparently com-

municated to factory management to ensure cooperation and 

ethical data usage [17]. 

3. Development of the Model 

This study applies Linear Programming (LP), a mathemat-

ical optimization technique used to find the best outcome 

(such as maximum profit) in a model whose requirements are 

represented by linear relationships. The general form of an LP 

problem with *n* decision variables and *m* constraints is as 

follows [7, 15]: 

Optimize (Maximize or Minimize): 

Z = c₁x₁ + c₂x₂ + c₃x₃ +... + cₙxₙ 

Subject to the following linear constraints: 

a₁₁x₁ + a₁₂x₂ + a₁₃x₃ +... + a₁ₙxₙ (≤, =, ≥) b₁ 

a₂₁x₁ + a₂₂x₂ + a₂₃x₃ +... + a₂ₙxₙ (≤, =, ≥) b₂ 

a₃₁x₁ + a₃₂x₃ + a₃₃x₃ +... + a₃ₙxₙ (≤, =, ≥) b₃ 

... 

aₘ₁x₁ + aₘ₂x₂ + aₘ₃x₃ +... + aₘₙxₙ (≤, =, ≥) bₘ 

and 

x₁, x₂, x₃,..., xₙ ≥ 0 

For this case, the model is built on two core assumptions 

common in deterministic LP [10, 16]:</mark> 

1) The resources required for production (time, budget) are 

limited and known with certainty. 

2) The profit contribution per unit for each product type is 

constant, and the total profit is a linear function of the 

production quantities. 

3.1. Model Assumptions 

1) Resource availability (production time and daily budget) 

is fixed and known for the planning period. 

2) All production parameters (processing times, unit costs, 

selling prices) are deterministic and constant. 

3) The market demand for each product size has known 
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minimum and maximum daily limits. 

4) The objective is to maximize total daily profit from the 

production of the four water pack sizes. 

3.2. Data Presentation 

The operational data for this study was obtained directly 

from the production and financial records of Oda Natural 

Spring Water Factory for the period December 2024 to May 

2025. The data pertains to four products: 35cl, 60cl, 100cl, and 

200cl water packs. Key parameters include production time 

per pack, production cost per pack, selling price per pack, and 

daily demand limits. Table 1 summarizes this data, which 

forms the basis for the LP coefficients and constraints [14]. 

Table 1. Production Data for Oda Natural Spring Water Factory. 

SN 
Production 

package 

Pieces 

per pack 

Production 

time per packs 

(seconds) 

Production 

cost per 

packs (ETB) 

Selling price 

per packs 

(ETB) 

Profit per 

packs (ETB) 

Highest pur-

chase per packs 

(daily) 

Lowest pur-

chase per 

packs (daily) 

1 35cl pack (x1) 12 1.05 60 90 30 1100 300 

2 60cl pack (x1) 6 0.90 31.50 57.50 26 1714 762 

3 100cl pack (x2) 6 1.50 55.50 82.50 27 1441 631 

4 200cl pack (x1) 6 3.00 95.50 130 34.50 976 452 

Source: Oda Natural Spring Water Factory in 2025 

Note: 

i. Working Hours 8: 00am – 12: 00Pm daily, excluding 

(2hrs), that is 480 mins, i.e 28,800 seconds (8 hrs) 

ii. The maximum cost production per day is 

293,174.50ETB. 

iii. Profit Maximization is production cost – selling price i.e 

1) 35cl pack of water is 90.00 – 60.00 = 30 

2) 60cl pack of water is 57.50 – 31.50 = 26 

3) 100cl pack of water is 82.50 – 55.50 = 27 

4) 200cl pack of water is 130 – 95.50 = 34.50 

The formulated Model is given as: 

Max. z = 30x1+26 x2+27 x3
 +34.5x4 

Subject to 

1.05x1 +0.90x2 + 1.50x3
 + 3.00x4 ≤ 28,800 

60.00x1 + 31.50x2 +55.50x3
 + 95.50x4 ≤ 293,174.50 

x1 ≤ 1200 

x2 ≤ 1714 

x3 ≤ 1441 

x4 ≤ 976 

and 

x1
 ≥ 100 

x2
 ≥ 762 

x3 ≥ 631 

x4 ≥ 452 

x1, x2, x3, x4 ≥ 0 

4. Data Analysis and Results 

 
Figure 1. Excel Solver Solution Report. 
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The corresponding maximum daily profit is calculated as: 

Maxize 

Z=(30×1100)+(26×1714)+(27×1441)+(34.5×976)=150,143Z

=(30×1100)+(26×1714)+(27×1441)+(34.5×976)=150,143 

ETB. 

Therefore, the factory can achieve a maximum daily profit 

of 150,143 ETB by implementing this production plan. 

 
Figure 2. Excel Solver Sensitivity Report. 

 
Figure 3. Excel Solver Answer Report. 
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Figure 4. Excel Solver Limits Report. 

Table 2. Summary of Optimal Solution. 

S/n Variable Value Obj. Coefficient Obj. Value Contribution 

1 35cl pack water 1100 30 33,000 

2 60cl pack water 1714 26 44,564 

3 100cl pack water 1441 27 38,907 

4 200cl pack water 976 34.5 33,672 

 Total   150,143 

Table 3. Constraints Status (Slack/Surplus Analysis). 

Constraint Description RHS (Limit) LHS (Used) Slack/Surplus Status 

Production time (seconds) 28,800 7,787.1 21,012.9 Not Binding 

Production cost (ETB) 293,174.5 293,174.5 0 Binding 

35cl pack water (max) 1,100 1,100 0 Binding 

60cl pack water (max) 1,714 1,714 0 Binding 

100cl pack water (max) 1,441 1,441 0 Binding 

200cl pack water (max) 976 976 0 Binding 

35cl pack water (min) 300 1,100 800 Not Binding 

60cl pack water (min) 762 1,714 952 Not Binding 

100cl pack water (min) 631 1,441 810 Not Binding 

200cl pack water (min) 452 976 524 Not Binding 
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4.1. Discussion 

The LP analysis provides a clear, data-driven production 

plan for Oda Natural Spring Water Factory. The optimal solu-

tion dictates producing at the maximum allowable market de-

mand for all four products, yielding a daily profit of 150,143 

ETB. Key operational insights emerge from Table 3 [4, 10, 14]: 

1) Primary Bottleneck – Cost Constraint: The production 

cost/budget constraint is binding (slack = 0), indicating 

it is the primary factor limiting further profit increase. 

The entire daily budget of 293,174.50 ETB is utilized. 

2) Underutilized Production Time: The time constraint 

has a large slack (21,012.9 seconds), revealing signifi-

cant idle machine/worker capacity. This idle time can-

not be converted to more profit under the current 

budget limit. 

3) Market-Limited Production: All maximum demand 

constraints are binding. The factory is producing at the 

maximum quantity the market can absorb for each 

product size. 

4) Surplus Over Minimum Demand: All minimum de-

mand constraints are non-binding, with substantial sur-

plus, ensuring reliable supply to the market. 

Recommendations from the LP Solution: 

1) Cost Management is Critical: Management should pri-

oritize strategies to reduce unit production costs (e.g., 

negotiating better prices for raw materials, improving 

process efficiency) to relax the binding budget con-

straint [12, 17]. 

2) Explore Budget Expansion: If cost reduction is limited, 

exploring options to increase the daily operational 

budget could allow utilization of idle time to produce 

more and increase profit. 

3) Demand Monitoring and Adjustment: The production 

plan is highly sensitive to maximum demand limits. 

Regular market analysis is essential to adjust these lim-

its in the model as demand evolves [9, 16]. 

4) Potential for Product Mix Expansion: If constraints re-

lax, introducing new product sizes or increasing output 

of existing high-profit items (like the 200cl pack) 

should be considered. 

4.2. Sensitivity Analysis 

Sensitivity analysis was conducted using Excel Solver to 

assess the robustness of the optimal solution and understand 

the impact of changes in key parameters [4, 11, 18]. The anal-

ysis covers two areas: changes in objective function coeffi-

cients (profit per pack) and changes in constraint right-hand-

side values (resource limits). 

Table 4. Sensitivity Analysis for Objective Coefficients (Profit per Pack). 

Variable Current Profit/Pack (ETB) Allowable Increase Allowable Decrease Range (ETB) 

35cl pack water 30 Infinity 30 0 to Infinity 

60cl pack water 26 Infinity 26 0 to Infinity 

100cl pack water 27 Infinity 27 0 to Infinity 

200cl pack water 34.5 Infinity 34.5 0 to Infinity 

Interpretation: 

The current optimal production mix remains unchanged as long as the profit per pack for each product remains positive. If the 

profit for any product drops to zero, it would likely be removed from the optimal plan. 

Table 5. Sensitivity Analysis for Constraints. 

Constraint Current RHS Allowable Increase Allowable Decrease Shadow Price (ETB) 

Min 35cl pack water 300 800 Infinity 0 

Min 60cl pack water 762 952 Infinity 0 

Min 100cl pack water 631 810 Infinity 0 

Min 200cl pack water 452 524 Infinity 0 

Production time (seconds) 28,800 Infinity 21,012.9 0 
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Constraint Current RHS Allowable Increase Allowable Decrease Shadow Price (ETB) 

Production cost (ETB) 293,174.5 Infinity 0 0 

Max 35cl pack water 1,100 0 800 30 

Max 60cl pack water 1,714 0 952 0 

Max 100cl pack water 1,441 0 810 27 

Max 200cl pack water 976 0 524 34.5 

 

Interpretation: 

Shadow Prices: The shadow price for the production cost 

constraint is 1 ETB, meaning each additional ETB added to 

the daily budget would increase total profit by 1 ETB, within 

the allowable increase range (which is infinite). The shadow 

prices for the binding maximum demand constraints (30, 27, 

34.5 for 35cl, 100cl, 200cl respectively) indicate the incre-

mental profit gained by relaxing each of those limits by one 

unit [7, 15]. 

Non-Binding Constraints: Minimum demand and produc-

tion time constraints have a shadow price of 0, confirming 

they do not currently limit profit. 

Limits Report Insight: The profit remains at its maximum 

(150,143 ETB) as long as production is at the upper limits for 

the binding constraints. Reducing production to the lower lim-

its would cause a significant profit drop, confirming the value 

of producing at maximum allowed demand. 

In summary, the optimal solution is most sensitive to the 

maximum market demand for 35cl, 100cl, and 200cl packs, 

and critically dependent on the production budget. The plan is 

stable unless profit contributions fall to zero. The significant 

unused production time presents an opportunity if the main 

cost constraint can be relaxed [10, 14, 18]. 

5. Conclusion 

This study successfully applied Linear Programming to op-

timize the production planning of Oda Natural Spring Water 

Factory. The developed LP model, solved using Excel Solver, 

determined that a daily production of 1,100 packs of 35cl, 

1,714 packs of 60cl, 1,441 packs of 100cl, and 976 packs of 

200cl water maximizes profit, yielding 150,143 ETB. The 

analysis identified the daily production budget as the primary 

binding constraint, with production time being significantly 

underutilized. All maximum demand constraints were also 

binding, indicating the factory is meeting the full market po-

tential for its products under current conditions. 

The sensitivity analysis confirmed the solution's robustness 

within the current operational framework and highlighted key 

leverage points: increasing the budget or relaxing maximum 

demand limits for specific products directly increases profit. 

The shadow prices provide a quantitative measure of the value 

of additional resources or market capacity. This research 

demonstrates that LP is a highly effective and accessible tool 

for guiding strategic and operational decisions in medium-

scale manufacturing, leading to improved resource efficiency 

and profitability [1, 10, 13, 14]. 

5.1. Recommendations 

1) Immediate Action: Implement the optimal production 

mix (1100, 1714, 1441, 976) to achieve the identified 

maximum daily profit. 

2) Address the Primary Bottleneck: Prioritize initiatives to 

reduce unit production costs through supplier negotia-

tion, process improvement, or waste reduction to relax 

the binding budget constraint [12, 17]. 

3) Utilize Idle Capacity: Investigate the feasibility of in-

creasing the operational budget to leverage the idle pro-

duction time for additional output, thereby increasing 

profit. 

4) Dynamic Planning: Establish a routine (e.g., quarterly) 

to update the LP model with new data on costs, prices, 

and demand limits, ensuring the production plan re-

mains optimal over time [9, 16]. 

5) Strategic Marketing: For products with high shadow 

prices on their maximum demand constraint (200cl, 

35cl, 100cl), consider marketing efforts to potentially 

increase market absorption limits. 

5.2. Future Research 

1) Incorporating Uncertainty: Future studies could en-

hance the model by using Stochastic Linear Program-

ming or simulation to account for uncertainties in raw 

material costs, demand fluctuations, and machine 

breakdowns [16, 20]. 

2) Expanded Scope: Research could expand to include 

other product lines of the factory or integrate the entire 

supply chain, from procurement to distribution, for a 

more holistic optimization [19]. 

3) Comparative and Multi-Criteria Studies: A comparative 

analysis with other water bottling plants or the inclusion 

of multi-objective optimization (e.g., balancing profit 

with environmental impact) would offer broader in-

sights [20]. 
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Abbreviations 

LP Linear Programming 

ETB Ethiopian Birr 

cl Centiliter 

TDS Total Dissolved Solids 

RHS Right-Hand Side (In Constraints) 

LHS Left-Hand Side (In Constraints) 
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