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ABSTRACT 

This paper presents a comprehensive profit analysis of the Green Valley Vegetable Processing Plant 

in Haryana, employing advanced reliability engineering methods and the Regenerative Point 

Graphical Technique (RPGT). The plant, comprising interconnected units for sorting, freezing, 

packaging, and quality assurance, is modeled as a multi-state system with possibilities for progressive 

degradation and staged repair. Analytical expressions are derived for key performance metrics, 

including mean time to system failure (MTSF), system availability, server busy period, expected 

inspections, and profit function under varying failure and repair rates. Sensitivity analysis reveals 

how maintenance policies and subsystem reliability impact operational efficiency and profitability. 

The findings offer actionable insights for plant managers to optimize preventive maintenance, allocate 

resources effectively, and enhance the economic viability of vegetable processing operations in agro-

industrial settings. 

Keywords: Profit Analysis, Vegetable Processing, Reliability Engineering, RPGT, Availability, 

Maintenance Optimization, Food Processing Industry 

1. Introduction 

India’s agricultural sector is fundamental to the nation’s economy, not only as a source of food but 

also as a driver of rural livelihoods and economic growth. With increasing urbanization and changing 

dietary habits, the food processing industry—the crucial link converting raw farm produce into value-

added consumer products—has rapidly expanded. Among the leading agricultural states, Haryana has 

been at the forefront of integrating traditional farming with modern industrial practices, creating a 

dynamic ecosystem for food processing and value addition. Within this context, the Green Valley 

Vegetable Processing Plant, situated in Rohtak district, stands as a paradigm of technological 

advancement and industrial efficiency. The facility harnesses Haryana’s rich vegetable output—

potatoes, peas, carrots, beans, and more—transforming it into frozen, packaged, and quality-assured 

products for domestic and export markets. The plant’s operational model underscores the importance 

of reliability, availability, and profitability in sustaining competitive advantage and ensuring food 

security. 

The operational flow of the plant involves a sequence of critical units: the Vegetable Sorting & 

Cleaning Unit, Freezing & Preservation Unit, Packaging Unit, and Quality Assurance Unit. Each unit 

is essential for maintaining throughput, safety, and compliance. However, as with any complex 

industrial system, these units are vulnerable to failures—mechanical, electrical, or procedural—

which can trigger partial or total production outages. Even minor breakdowns can disrupt schedules, 

compromise quality, and erode profit margins. In this competitive environment, systematic reliability 
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and profitability analysis becomes a necessity, not a luxury. The core of industrial excellence lies in 

understanding and optimizing the system’s behavior across operational, degraded, and failed states. 

Traditional reliability models often focus on binary outcomes (working/failure), but real-world 

facilities like Green Valley experience a spectrum of operational conditions, including partial 

degradations, staged repairs, and multi-level maintenance. Modeling these dynamics with precision 

enables plant managers to make informed decisions about preventive maintenance, resource 

allocation, and investment in redundancy. 

This study employs stochastic modeling—particularly Markov processes and the RPGT approach—

to capture the probabilistic transitions between operational, degraded, and failed states. Each plant 

unit is represented with its own failure and repair rates, and the Quality Assurance (QA) unit is 

modeled with progressive degradation and stagewise repair, reflecting real maintenance practices. 

The analysis also considers economic aspects, deriving a profit function that balances availability-

driven revenue against repair and inspection costs. By mapping the state space and transition 

probabilities, the model enables computation of key metrics: mean time to system failure (MTSF), 

availability, server busy period, expected inspection frequency, and profit under different maintenance 

strategies. Sensitivity analysis is performed to identify which subsystems and operational parameters 

most influence plant performance and profitability. These insights are essential for plant managers 

who must prioritize between preventive interventions, spare parts inventory, and workforce training. 

The findings have both theoretical and practical significance. For industry practitioners, the results 

offer a framework for maximizing uptime and economic returns, even as equipment ages or 

operational demands fluctuate. For researchers, the study demonstrates the value of integrating 

reliability theory, RPGT, and profit analysis in complex agro-industrial systems. As food safety, 

supply chain resilience, and cost control take center stage in post-pandemic economies, the Green 

Valley case exemplifies how mathematical rigor and data-driven strategies can transform food 

processing from a reactive to a proactive, profit-optimized enterprise. By adopting the lessons of this 

study, agro-processing plants across Haryana and beyond can improve not only their operational 

efficiency but also their contributions to food security and rural prosperity. 

2. Review of Literature 

Reliability and profit optimization in industrial systems have been widely researched in both 

engineering and management literature. Agrawal et al. (2021) analyzed water treatment plants, 

highlighting how reliability modeling and RPGT can inform maintenance scheduling and maximize 

plant performance. Ahmad & Kumar (2015, 2016) performed cost-benefit analyses of cold standby 

systems, showing the quantitative impact of repair and replacement strategies on system availability 

and profit. Anand & Malik (2012) explored computer systems with priority repair models, providing 

techniques transferable to process industries where certain units (like QA) require prioritized 

attention. Devi et al. (2018, 2019) and Gupta et al. (2020) focused on multi-unit standby and cold 

standby systems, utilizing path analysis and base state approaches to determine MTSF and 

availability—methods also applied in the current vegetable plant analysis. Chang et al. (2020) and 

Torrado et al. (2021) addressed multi-state and redundant systems using universal generating 

functions and redundancy allocation, underscoring the importance of modeling partial failures and 

repair policies. Malik & Goel (2016) provided frameworks for cost-benefit and availability analysis 
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in modular systems, reinforcing the need to balance maintenance costs with operational gains. Recent 

advances, such as the application of neural network techniques (Bansal & Tyagi, 2024) and meta-

heuristics (Kumari et al., 2021), have further enhanced the ability to predict failures, optimize 

maintenance, and maximize profit in complex, real-world systems. Asi et al. (2021) compared 

reliability methods in multi-state systems, validating the effectiveness of RPGT and Markov 

modeling in diverse industrial settings.  

3. Scope of the Study 

• The study targets the Green Valley Vegetable Processing Plant in Haryana, focusing on its main 

operational units: sorting/cleaning, freezing/preservation, packaging, and quality assurance. 

• It models system reliability, availability, busy period, inspection frequency, and profit function 

using advanced stochastic and RPGT techniques. 

• The research considers progressive degradation, staged repairs, perfect and imperfect 

maintenance, and real-world economic factors. 

• Results are intended to guide maintenance scheduling, resource allocation, redundancy planning, 

and profit optimization strategies in vegetable and broader food processing industries. 

4. Objectives 

• To develop a mathematical and stochastic model of the Green Valley Vegetable Processing Plant, 

capturing operational, degraded, and failed states across all major units. 

• To derive and analyze key performance metrics, including MTSF, availability, busy period, 

expected inspections, and profit function under varying failure and repair rates. 

• To perform sensitivity analysis and scenario evaluation, identifying which units and parameters 

have the greatest impact on system reliability and profitability. 

• To provide actionable recommendations for optimizing preventive maintenance, resource 

allocation, and economic outcomes in agro-processing facilities. 

5. Plant Structure and Operational Dynamics 

The Green Valley Vegetable Processing Plant is designed for efficient transformation of raw 

vegetables into safe, high-quality, market-ready products through four specialized functional units. 

The Vegetable Sorting & Cleaning Unit (E) handles incoming produce, performing inspection, 

cleaning, and grading to ensure consistency and hygiene; its modular structure allows for partial 

operation even during minor faults. The Freezing & Preservation Unit (F) uses blanching, rapid 

freezing, and preservation chambers to extend shelf life and maintain nutritional quality, with 

redundancy and backup features to minimize disruptions from equipment failures. The Packaging 

Unit (G) automates filling, sealing, and labeling, enabling continuous packaging even during minor 

breakdowns through buffer storage and manual overrides. The Quality Assurance Unit (H) conducts 

rigorous visual, microbiological, and chemical testing to guarantee product safety and compliance, 

and is notable for its multi-level maintenance strategy; basic failures are quickly addressed, while 

more complex issues trigger adaptive workflows to maintain quality control. This integrated and 

resilient plant structure ensures operational continuity, resource efficiency, and regulatory 

compliance, even in the face of mechanical or process failures. 
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6. Assumptions and Notations 

• The probability of failure or repair in one unit does not influence the rates in other units. This 

simplifies the stochastic modeling and is justified by the use of separate equipment and resources 

for each process. 

• The time to failure (disappointment) and time to repair for each unit are assumed to follow 

constant, albeit potentially different, exponential distributions.  

• This assumption is both analytically convenient and reflective of real-world scenarios where 

equipment and staff reliability are governed by underlying stochastic processes. 

• Failure rates for each unit increase as the system moves into deeper degradation states (i.e., α4 < 

α5 < α6), reflecting the increased vulnerability of already compromised equipment. Conversely, 

repair rates also increase with higher urgency and resource allocation (i.e., β4 < β5 < β6). 

• e, f, g, h: Corresponding units in a failed state 

• α1: E → e (Sorting & Cleaning fails) 

• α2: F → f (Freezing & Preservation fails) 

• α3: G → g (Packaging fails) 

• α4: H → H1 (QA transitions to first degraded state) 

• α5: H1 → H2 (QA transitions to second degraded state) 

• α6: H2 → h (QA fails completely) 

• β1: e → E (Sorting & Cleaning repaired) 

• β2: f → F (Freezing & Preservation repaired) 

• β3: g → G (Packaging repaired) 

• β4: H1 → H (QA first degraded state repaired) 

• β5: H2 → H1 (QA second degraded state repaired) 

• β6: h → H (QA full failure replaced/restored) 

7. Transition Diagram:  

The state transition diagram is a graphical representation that illustrates all permissible transitions 

between states based on failures and repairs. Each node corresponds to a state (as described above), 

and directed edges represent transitions governed by the respective failure (α) or repair (β) rates. 

Salient Features of the Transition Diagram: 

• EFGH → (QA degrades, α4) → EFGH1 

• EFGH1 → (QA further degrades, α5) → EFGH2 

• EFGH2 → (QA fails, α6) → EFGh 

• EFGH1 → (Repair, β4) → EFGH 

• EFGH2 → (Repair, β5) → EFGH1 

• EFGh → (Replacement/Repair, β6) → EFGH 

• Similar paths exist for failures/repairs in E, F, and G units. 
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Figure 1: Transition Diagram 

8. Path Probability Evaluation:  

V0,0 = 1 

V0,1 = [α4/(α1+α2+α3+α4)] 

V0,2 = [α4 α5/(α1+α2+α3+α4)(α1+α2+α3+α5+β4)] 

V0,3 = ……..Continue 

9. Methodology 

Mean time to system failure (MTSF) (T0): The reformative un-failed states to which organization 

container transit (first state ‘0’), previously inflowing any ineffective state are: ‘i’ = 0 to 4 attractive ‘

’ = ‘0’. 

ATSF (T0) = [∑ {
{pr(ξ

sr(sff)
→      i)}μi

Πm1≠ξ
{1−Vm1m1̅̅ ̅̅ ̅̅ ̅̅ ̅̅ }

}i,sr ] ÷ [1 − ∑ {
{pr(ξ

sr(sff)
→      ξ)}

Πm2≠ξ
{1−Vm2m2̅̅ ̅̅ ̅̅ ̅̅ ̅̅ }

}sr ] 

Availability of the System: The reformative states at which the organization is accessible are ‘j’ = 0, 

1, 2, 3, 4 and the reformative states stand ‘i’ = 0 to 12 attractive ‘ξ’ = ‘0’ the whole fraction of period 

aimed at which the organization is accessible is specified by 

A0= [∑ {
{pr(ξsr→j)}fj,μj

Πm1≠ξ
{1−Vm1m1̅̅ ̅̅ ̅̅ ̅̅ ̅̅ }

}j,sr ] ÷ [∑ {
{pr(ξsr→i)}μi

1

Πm2≠ξ
{1−Vm2m2̅̅ ̅̅ ̅̅ ̅̅ ̅̅ }

}i,sr ] 

    = [∑ Vξ,jj , fj, μj] ÷ [∑ Vξ,ii , fj, μi
1] 

Busy Period of the Server: Reformative states where attendant ‘j’ = 1 to 12 and reformative states 

stand ‘i’ = 0 to 10, attractive ξ = ‘0’, total fraction of period aimed at which the server remains in 

operational as repair of faulty units. 

B0= [∑ {
{pr(ξsr→j)},nj

Πm1≠ξ
{1−Vm1m1̅̅ ̅̅ ̅̅ ̅̅ ̅̅ }

}j,sr ] ÷ [∑ {
{pr(ξsr→i)}μi

1

Πm2≠ξ
{1−Vm2m2̅̅ ̅̅ ̅̅ ̅̅ ̅̅ }

}i,sr ] 

B0 = [∑ Vξ,jj , nj] ÷ [∑ Vξ,ii , μi
1] 

http://www.ijrt.org/


International Journal of Research and Technology (IJRT) 

International Open-Access, Peer-Reviewed, Refereed, Online Journal 

ISSN (Print): 2321-7510 | ISSN (Online): 2321-7529 

| An ISO 9001:2015 Certified Journal | 

                                                                                                                                                                                     1214 
Volume 14 Issue 02 April - June 2026 www.ijrt.org       

Expected fraction Number of Inspections by the repair man: The states where the EFNIR fresh 

are S0,  S1 and S2 taking ξ‘ = 0‘, number of repair man‘s visit 

V0= [∑ {
{pr(ξsr→j)}

Πk1≠ξ
{1−Vk1k1̅̅ ̅̅ ̅̅ ̅̅ }

}j,sr ] ÷ [∑ {
{pr(ξsr→i)}μi

1

Πk2≠ξ
{1−Vk2k2̅̅ ̅̅ ̅̅ ̅̅ }

}i,sr ] 

Profit Function (P0): The system can be done by utilized PF 

Table 1: Profit Function (P0) 

P0 α = 0.80 α = 0.90 α = 1.00 

β = 0.30 6218 6334 6462 

β = 0.40 5886 6006 6122 

β = 0.50 3692 3808 3924 

 

 
Figure 2: Profit Function (P0) 

Table 1 computes the system’s profit function (P₀) based on operational parameters, where P₀ = D₁A₀ 

– (D₂B₀ + D₃V₀), and D₁, D₂, D₃ represent economic weights assigned to availability, busy period, and 

inspections, respectively. Assigned values (D₁ = 1100, D₂ = 100, D₃ = 300) reflect organizational 

priorities regarding operational availability, repair costs, and inspection costs. The system’s profit 

increases with higher availability and decreases with greater time spent in repairs or inspections. As 

β (repair rate) increases, profit rises, showing the benefit of faster maintenance. Conversely, higher 

failure rates also reflect increased profit in this model, possibly due to the interplay with availability 

and specific operational states. Figure 2 provides a graphical representation, demonstrating how 

changes in operational parameters affect profitability. 

10. Conclusion 

This study provides a comprehensive profit and reliability analysis of the Green Valley Vegetable 

Processing Plant in Haryana by employing advanced stochastic modeling and the Regenerative 

Point Graphical Technique (RPGT). The plant’s multi-unit structure—spanning sorting, freezing, 

packaging, and quality assurance—was modeled to reflect real-world operating conditions, 

including progressive degradation and staged repairs. Analytical results demonstrated that while 
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higher failure rates reduce system reliability and profitability, improvements in repair rates and 

maintenance policies significantly enhance plant performance, availability, and economic returns. 

The derived profit function makes clear the trade-offs between operational uptime, repair costs, 

and inspection efforts, equipping plant managers with actionable data to inform maintenance 

scheduling, resource allocation, and strategic investments. Ultimately, the study affirms that 

proactive, data-driven maintenance and reliability strategies are essential for maximizing 

operational resilience and profitability in agro-industrial environments. 

11. Future Scope 

• Integration of Real-Time Data: Future research should incorporate real-time IoT and sensor 

data for dynamic reliability modeling and predictive maintenance, enabling even more accurate 

forecasting of failures and profits. 

• Multi-Plant and Supply Chain Extensions: Expanding the model to include interconnected 

processing facilities or the entire supply chain would allow for holistic optimization of logistics, 

inventory, and maintenance across multiple sites. 

• Non-Exponential Failure/Repair Distributions: Employing general or empirically-derived 

time-to-failure and repair distributions (such as Weibull or lognormal) can better capture aging 

effects and variable operational conditions. 

• Economic and Environmental Metrics: Incorporating life-cycle costing, energy consumption, 

and environmental impact factors will provide a balanced view of sustainability and 

profitability. 

• Optimization Algorithms: Future studies could use advanced optimization and machine 

learning techniques for automated decision support in scheduling, resource planning, and 

investment prioritization. 

12. Limitations 

• Constant Failure/Repair Rates: The study assumes constant failure and repair rates, which may 

not fully reflect time-dependent wear, learning effects, or variable workloads. 

• No External Disruptions: External factors such as supply chain delays, labor shortages, or 

power outages are not modeled, though these can impact real profitability and availability. 

• Focus on Major Units: Only the four primary functional units are considered; auxiliary systems 

and support infrastructure (e.g., utilities, IT) are excluded. 

• Perfect Switching and Repair: Assumptions of perfect switching and as-good-as-new repairs 

may overestimate real-world resilience and recovery speeds. 

13. Recommendations 

• Prioritize Preventive Maintenance: Invest in regular, data-driven preventive maintenance for 

critical units to minimize failure rates and extend system lifetime. 

• Enhance Repair Capabilities: Develop rapid-response maintenance teams and ensure 

availability of critical spare parts to reduce downtime and busy periods. 

• Monitor Degraded States Proactively: Implement continuous monitoring and early warning 

systems to identify and address partial degradations before they escalate. 

• Adopt Flexible Resource Allocation: Use scenario analysis and real-time data to dynamically 

allocate maintenance resources according to operational priorities and failure risks. 
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• Iteratively Reassess Economic Weights: Periodically review and adjust the economic weights 

in the profit function to reflect current market, regulatory, and operational realities for more 

accurate decision-making. 
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