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A B S T R A C T 

The efficient functioning and cost-effectiveness of the oil and gas transportation system heavily rely on the pipeline network. Despite its pivotal role, the construction 

and operation of these networks demand substantial financial investments. In recognizing the potential to curtail pipeline costs, the oil and gas industry has 

increasingly embraced optimization. Optimization tasks in the pipeline sector span all phases, from initial design to ongoing operation. While past research has 

predominantly focused on developing algorithmic enhancements to refine specific aspects of search capabilities, there has been a notable scarcity of comprehensive 

review articles, a crucial resource for engineering solution providers. This article aims to fill this void by proposing a methodology tailored to optimize pipeline 

operations. The discussion includes a critical review of the recent applications of optimization in the pipeline industry, addressing issues, challenges, and potential 

avenues for future research. The overarching goal is to furnish pipeline engineers with a guide to comprehend and implement optimization techniques, ultimately 

enhancing pipeline profitability. 
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1. Introduction 

Background:  

Over the past two decades, global energy consumption has doubled, presenting significant technical and economic challenges for energy supply markets 

in meeting the surging demand. Environmental concerns surrounding greenhouse gas emissions add complexity to this landscape. Natural gas has arisen 

as a prominent, eco-friendly energy choice globally, gaining prominence due to increased public awareness of fossil fuel pollution and the imperative to 

modernize energy infrastructure. 

As a recognized clean, carbon-neutral, and reliable fuel, natural gas has witnessed a substantial surge in demand. In 2018, global natural gas consumption 

reached record highs, growing at a remarkable rate of 5.3 percent, the highest since 1984. Projections anticipate an annual increase of 2.9 to 3.2 percent 

until 2030. The escalating demand for natural gas in households and industries underscores the vital need for optimizing its transportation from producers 

to consumers, crucial for the economic growth of nations. 

Given the typical distance between natural gas sources and consumption points, pipeline networks assume a critical role in transportation, valued for their 

cost-effectiveness and high safety standards. Approximately 93 percent of the world's gas is conveyed through pipelines, making their efficiency crucial 

in the face of escalating transport costs. 

The United States boasts the longest trunk gas transmission pipelines globally, surpassing 330,000 km by the close of 2012. The economic and rationale 

aspects of pipeline networks significantly influence the profitability of global oil companies, emphasizing the paramount importance of safety and 

efficiency. 

Optimizing the operation of natural gas pipelines becomes imperative, considering the fluctuating gas demand and pressure limitations that may lead the 

pipeline network to operate sub-optimally. This study places emphasis on employing optimization methods to discern the optimal operating plan. The 

discourse covers diverse pipeline network topologies, delineates the methodology for optimizing pipeline operations, and scrutinizes three recent 

optimization parameters aimed at augmenting pipeline profitability. The conclusion reflects on the challenges and potential advantages associated with 

pipeline optimization. 
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Gas Transportation Pipelines: 

The natural gas industry heavily relies on pipeline transportation due to its cost-effectiveness and safety (Mokhatab and Poe 2012; Gupta and Arya 2019). 

A vast network of pipelines is dedicated to gas transportation, constituting approximately 93 percent of the world's natural gas movement. In 2013, the 

total length of pipelines either under construction or in planning stages reached 188,108 km, with 53,180 km in active construction and the remainder 

slated for future development. This marked an 11.4% increase from 2012, which saw 47,732 km under construction (Zhou et al. 2017). Europe alone 

boasted an estimated 100,000 km of natural gas pipeline networks (Rose et al. 2016). 

China stands out as a major player in pipeline development, with substantial investments in construction. In 2018, China extracted 277 billion cubic 

meters of natural gas, supported by an 80,000 km-long natural gas pipeline network. The "Thirteenth Five-Year Plan" outlines China's ambitious goal of 

constructing an additional 40,000 km of natural gas pipelines, projecting a total length surpassing 104,000 km by 2020 and an annual gas supply capacity 

of 400 billion cubic meters (Liu et al. 2019a, b, c). Despite global economic challenges, the construction of oil-and-gas pipelines remains profitable. 

However, efficiently managing such extensive pipeline networks poses a significant operational challenge. Maintaining a balance between gas quantity, 

consumer demand, and supply is crucial since pipelines simultaneously transport and store natural gas. Intensified competition among pipeline companies 

underscores the importance of operating pipelines efficiently to minimize losses. Optimization emerges as a key tool for pipeline managers to enhance 

operational effectiveness. 

The subsequent section delves into the fundamentals of pipeline optimization, exploring its role in addressing operational challenges. The paper concludes 

with a discussion of its scope and limitations. 

3. Optimizing scope and paper’s limitations for Pipelines 

discourse underscores the pivotal role of pipelines in gas transportation, constituting its fundamental infrastructure. Nevertheless, the transportation of 

substantial gas volumes via pipelines entails substantial design and operational expenses. Optimization emerges as a crucial factor in mitigating the costs 

associated with designing and operating extensive gas pipeline networks. Generally, gas pipeline optimization aims to maximize specific economic 

metrics while adhering to performance equations governing the system's physical behavior and predefined constraints. This problem is commonly 

expressed mathematically, necessitating numerical solutions in most instances, except for rudimentary applications. 

Despite the availability of various general-purpose optimization algorithms, their application in pipeline transportation proves challenging due to several 

contributing factors. Firstly, incorporating these algorithms into pipeline designs is complicated by the numerous algebraic and differential equations 

essential for modeling gas pipeline transit. Secondly, many pipeline design and operational issues involve continuous and discrete parameter optimization, 

making optimization a recurrent task. Thirdly, addressing uncertainties related to the parameters of underlying pipeline models is often necessary. 

Consequently, innovating suitable strategies becomes crucial, leveraging the distinctive features of pipeline transportation while efficiently interfacing 

with general-purpose optimization algorithms. The importance of these approaches cannot be overstated, as they often determine the feasibility and 

realism of addressing specific issues or problem sets. The pipeline industry grapples with a spectrum of optimization challenges across all levels, spanning 

from design to operation. This paper delves into the critical and promising realms of study within this discipline. 

While the literature on challenges in natural gas transmission systems is extensive, this survey stands out as the first comprehensive examination of recent 

advances, as far as our knowledge extends. In the realm of pipeline optimization, most of the research has traditionally concentrated on refining specific 

facets of search capabilities through various algorithms. However, a noticeable scarcity exists in the availability of review papers, which are crucial for 

engineering solution providers. A significant identified gap is the absence of research offering a comprehensive strategy for implementing optimization 

techniques to maximize profitability in gas pipeline operations. This paper proposes a framework for integrating optimization into pipeline activities, 

aiming to address this void. Rather than delving into the intricacies of numerical methods, the focus will be on the foundational aspects of techniques 

applied to a range of key pipeline optimization issues in a general context. 

Furthermore, the paper does not aim to encompass all existing pipeline optimization algorithms but rather concentrates on highlighting the most widely 

adopted techniques. The potential beneficiaries of this research are pipeline operators, as it provides a systematic framework for enhancing both pipeline 

design and operation. The article serves as a resource for gaining insights into the evolution of real-world applications and the latest advancements in 

solution approaches arising from the intricate and captivating realm of decision-making issues in this field. 

The paper initiates with a thorough critical examination of diverse pipeline optimization parameters employed to enhance the profitability of gas pipelines. 

Subsequent discussions delve into the most effective optimization approaches and algorithms utilized to optimize various attributes of gas pipelines. 

Additionally, the author addresses issues, proposes potential remedies, and explores future possibilities for refining pipeline parameters. The concluding 

section succinctly summarizes the most noteworthy outcomes. Figure 1 offers a broad overview of the problem under investigation. 
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Figure 1. Demonstrating a broad overview of the problem under investigation. 

3. Optimization Parameters & Techniques 

Optimization Parameters: 

Extensive research has demonstrated that optimizing pipeline operations can yield substantial cost savings for pipeline networks. The remarkable 

economic benefits derived from optimizing pipeline networks have motivated pipeline managers to enhance network characteristics and reduce overall 

costs.  

The subsequent section delves into contemporary parameters that researchers have explored to optimize the operational advantages of pipeline networks. 

Additionally, the techniques employed to optimize these pipeline parameters are outlined below: 

1. **Mitigate the risk of a gas supply shortage in the pipeline.** 

2. **Optimize the flow of gas through the pipeline network.** 

3. **Maximize the overall profitability of the gas pipeline network.** 

4. **Identify the most effective location for compressor stations.** 

5. **Reduce power consumption at compressor stations.** 

6. **Minimize the overall cost of the entire pipeline network.** 

7. **Determine the optimal number of compressors for the pipeline network.** 

8. **Minimize the consumption of electric energy in the pipeline network.** 

9. **Lower the cost associated with fuel consumption in the pipeline network.** 

10. **Maximize the storage capacity or line pack volume within the gas network.** 

These parameters and associated optimization techniques collectively contribute to the efficiency, reliability, and economic viability of natural gas 

transmission pipelines. 

Optimization Techniques: 

• LP-Linear programming  

• GB-Gradient based 

• GF-Gradient free 

• SLX-Simplex algorithm  

• NR-Newton Raphson 

• NM-Nelder Mead  

• HS-Harmony search  

• CS-Cuckoo search  
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• BA-Bat algorithm  

• FFA-Fire fly algorithm  

• NN-Nearest neighbor 

• HJ-Hook Jeeves  

• TS- Taboo Search  

• GA-Genetic Algorithm  

• GP-Genetic programming  

• DE-Differential Evolution 

• ACO-Ant Colony optimization  

• ABC-Artificial bee colony  

• TPO-Tree physiology problem  

• PSO-Particle swarm optimization 

• SA- Simulated annealing  

• BFA-Bacterial foraging algorithm  

• WOA-Whale optimization algorithm 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Demonstration of Optimization techniques tree graph 

4. Future Scope and Challenges 

The application of optimization in the pipeline business undeniably yields financial benefits. However, researchers must address various issues to fully 

harness the potential operational advantages of pipeline transportation. This section delves into some of the current concerns that require resolution, 

accompanied by various offered solutions. 

**Pipeline Safety Risks** 

Recent attention has been directed towards pipeline safety, primarily driven by the potential for catastrophic incidents leading to both human and economic 

consequences in the event of a pipeline failure. Integrating a pipeline reliability objective that considers risks associated with pipe rupture, corrosion, or 

the formation of gas hydrates into existing models allows for the simultaneous optimization of economic, environmental, and safety aspects of pipeline 

operation. Further research on quantitative risk assessment, failure probability prediction, and calculations of failure consequences is imperative to 

enhance our understanding and management of pipeline safety risks. 
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Given that safety goals possess a distinct dimension compared to current objective functions, it becomes essential to develop an appropriate decision-

making technique for selecting the optimal solution from the Pareto front when employing a multi-objective objective function. 

The natural gas business represents a complex system in dire need of performance improvement methods. The computational challenge arises from the 

nonlinearity and nonconvexity inherent in the issues faced. Addressing non-convex functions frequently involves employing linearization methods, which 

transform the problem into a series of linear or mixed-integer linear programming problems. Over the past decade, the popularity of meta-heuristics has 

surged, driven by advancements in computing power. 

5. Summary and Conclusions 

The gas pipeline industry faces a myriad of optimization challenges, and this paper explores the methodology employed to enhance the profitability of 

gas pipelines using widely accepted criteria. Complexity, scalability, and algorithmic performance are thoroughly discussed in the context of optimizing 

pipeline operations. Additionally, the paper examines suggested methods to overcome these challenges, leading to several intriguing conclusions: 

Traditional optimization of gas pipeline networks is computationally challenging and time-consuming. Consequently, intelligent optimization techniques 

with strong global search capabilities and robustness have garnered widespread attention and usage. 

The gas pipeline optimization model is formulated as a Mixed-Integer Nonlinear Programming (MINLP) model, featuring a nonconvex region with 

continuous, discrete, and integer optimization variables. While current optimization models focus on parameters such as fuel consumption, line packs, 

compressor costs, and greenhouse gas emissions, pipeline safety tends to receive less attention. Introducing a pipeline safety goal function could optimize 

economic, environmental, and safety aspects of pipeline operations. 

 The efficient utilization of natural gas reserves faces a significant challenge due to the limitations of theoretically conceivable optimization approaches, 

which are challenging to implement in practice due to various assumptions. To stimulate demand and achieve increased efficiency, sophisticated 

technologies capable of responding rationally to changing conditions are needed. Enhanced efficiency in traditional natural gas pipelines could yield 

substantial economic benefits for the industry, surpassing initial estimates. Continued contributions from the scientific community are expected to 

accelerate this trend. 

Since 1985, stochastic optimization methods have been successfully applied to solve the MINLP problem. Genetic Algorithms (GA) and their extensions 

have proven effective in addressing various pipeline transportation problems with diverse sizes and topologies, including gun barrels, trees, and cyclic 

networks. While Particle Swarm Optimization (PSO), Ant Colony Optimization (ACO), and Simulated Annealing (SA) algorithms are less conventional, 

PSO has demonstrated quicker performance than GA and ACO. However, these stochastic optimization techniques have yet to address issues related to 

early failure. 

Hybrid algorithms offer a promising avenue for overcoming existing algorithm constraints by combining the strengths of two or more stochastic 

algorithms. However, their application to gas pipeline operation optimization remains relatively rare. 
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