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1. Introduction  

Oil production from production wells decreases gradually with time as the well matures. 
Mature oil wells across the globe at present accounts for approximately 70% of oil and gas 
production (Ismail & Trjangganung, 2014). Oil production from depleted reservoirs with low energy 
requires artificial assistance to lift oil from the bottom to the surface. The Sucker rod pump, electric 
submersible pump, and gas lift are the most common artificial lift methods used in lowering the 
bottom hole pressure and providing the lift energy to raise the fluids to the surface (Abdalsadig et 
al., 2016). 

The introduction of gas lift to a non-producing or low producing well is a standard method of 
artificial lift. Figure 1 is a depiction of the gas lift well schematics (Rashid et al., 2012). 

The gas lift method involves the injection of compressed gas at extremely high pressure in the 
annulus, and this softens the fluid column by minimizing their pressure losses and density. The 
existence of gas inside the production tubing at the deepest point reduces the flow pressure of 
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the bottom-hole to allow fluid to flow from the reservoir to the surface (Abdalsadig et al., 2016; 
Sylvester, 2015).  

The gas lift has an adverse effect due to increasing friction losses and, for high injection flow 
rates, the frictional pressure drops increase tending to be higher than the hydrostatic reduction. 
Therefore, increasing the gas lift injection rate from a point named technical optimum, which 
maximize the oil flow rate, implies the reduction of production. 

The artificial lift systems are regularly used in the dewatering of gas wells if there is a need to 
sustain production (Sylvester, 2015). Several parameters are involved in a successful gas lift 
operation. These parameters, when fully specified, will enhance the production and maximize the 
operations' net present value (NPV). The most critical parameter in a gas lift operation is the 
optimum injection rate. Finding the optimum rate is essential because injecting an extra amount 
of gas not only does not improve production but can decrease it through increased slippage 
between liquid and gas (Yakoot et al., 2014). 

 

Figure 1. Gas Lift Well Schematic (Rashid et al., 2012) 

2. Literature Review 

Oil production increases typically as gas injection increases. However, too much gas 
injection will cause undersupply, where the gas phase moves faster than liquid (Saepudin 
et al., 2007; Sukarno et al., 2009). This condition will ultimately lead to a reduction in oil 
production. They are identifying optimal gas injection that maximizing oil production is the 
main interest in gas lift optimization problem. 

Some other foreseeable challenges of Gas lift include the worsening of the surface 
equipment and the sub-surface well completion condition in a mature field, such as deteriorating 
well integrity with leaks and holes, incorrect production metering, instability of gas compressor 
availability and efficiency. All those, as mentioned earlier, have resulted in the ineffective gas lift 
distribution and injection downhole (Ismail & Trjangganung, 2014). In other to determine the 
optimal gas lift rate, the usual practice by several operators is to allocate the lift gas to a well 
according to a gas-lift performance curve(Sylvester, 2015)  

The other problems hindering effective gas lifting includes solid/sand handling ability, 
corrosion/scale handling ability, the stability, number of wells, flowing pressure and 
temperature limitation, well depth, production rate, flexibility,  high Gas-Oil Ratio, electrical 
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power, space, economics, etc. (Sylvester, 2015). These factors should be considered before 
the installation of any of the artificial lift techniques.  

The instability phenomenon is one of the critical problems associated with gas allocation 
optimization. These instabilities affect production drastically and destroy downhole and surface 
facilities (Mahdiani & Khamehchi, 2015). Therefore, this study presents an overview of the 
different optimization methods for production optimization on the gas lift system.  

3. Methodology 

This paper presents a review of the Gas lift optimization techniques employed in the Oil and 
Gas Production and the production challenges relating to the gas lift process. The method 

adopted in this review is presented in this section. 

3.1. Search strategy  

A systematic search was conducted to identify papers that focused on Gas lift optimizations. 
The literature for this study was collected mainly through database searches. The searches were 
conducted on four databases that included Google Scholar, Scopus, IEE Explore, and DOAJ. The 
criteria for selection and inclusion for the papers are that they must be written in the English 
Language must be published from 2007 to 2020. Again, only documents that answered any/or all 
the following questions were considered eligible. 

• Does it involve any Optimization Techniques? 

• Does it involve the use of either Artificial Intelligence or Machine Learning? 

• Does it attempt to solve any problem experienced by the industry operators in Gas lift 
process?  

Papers published before 2007 and not written in the English Language were excluded in 
this review. 

4. Results and Discussion 

Optimization problems are real-world problems encountered in many fields of study, such as 
mathematics, engineering, science, business, and economics. In optimization problems, the 
target is to find the optimal or most efficient way of using limited resources to achieve the objective 
of the situation. It may be maximizing the production, minimizing the injected fluid, minimizing the 
total distance traveled, or reducing the total time to complete a project (Oloro & Ogbolu, 2013). 

The gas available for injection is usually minimal and should be assigned in optimal form for 
each well. In other to effectively allocate the available gas, an appropriate gas lift optimization 
method is required. The overriding question is: How do you share the injected gas to each well to 
yield maximum total oil production rate? In this section, the various methods of gas lift optimization 
available in the literature are thoroughly discussed. 

4.1. Genetic Algorithm in Gas Lift Optimization 

The Genetic algorithm (GA) is one of the most important meta-heuristic algorithms which 
was first introduced by Holland in 1975 (Bordbar et al., 2020; Kesavan et al., 2020). It is a type of 
evolutionary algorithm, which is commonly used in artificial intelligence (AI) and computing (López 
et al., 2019).  

The genetic algorithm (GA) is a stochastic population-based global search procedure in 
which an initial set of candidate seeds, often unevenly selected, is evolved over several 
generations using the primary operations of crossover, reproduction, and mutation. The most 
suitable candidate in the final gene pool is the solution to the optimization problem. The method 
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is robust, free from derivative, and can potentially find a global solution. Also, both the integer and 
continuous variables can be handled with ease.  

However, the GA method has the disadvantage of requiring a significant number of function 
evaluations, and this can be a computationally expensive exercise. Many variations and 
extensions exist which are used to speed up convergence, maintain population diversity and to 
avoid binary string encoding (Mahdiani & Khamehchi, 2015; Rashid et al., 2012; Tavakoli et al., 
2017). 

4.2. Least Square Method and Solver in Gas Lift Optimization 

The least-square (LS) method was employed to optimize the gas lift. In a study, the model 
was tested for reliability, and it was found to be reliable for prediction. Their study was limited to 
the development of a model using a 10-year production data (Oloro & Ogbolu, 2013).  

The least-square method provides an efficient and unified solution strategy for ensemble-
based multi-objective optimization problems. The LS method uses a priori characterization of 
desirable trade-offs that allows the technique to focus on a single Pareto optimal point 
(Christiansen et al., 2018). The essential advantage of the LS method is that it reduces the 
computational complexities compared to other multi-objective optimization techniques. 

4.3. Particle Swarm Optimization Algorithm in Gas Lift Optimization 

The particle swarm optimization (PSO) algorithm is a meta-heuristic computational method 
that imitates the social behavior of animal swarms. PSO optimizes a problem by improving the 
candidate solution iteratively. Kennedy and Eberhart first introduced the algorithm in 1995 (López 
et al., 2019). In the PSO algorithm, two main parameters are being updated in each iteration: the 
velocity term and position term. The particle's velocity and position are updated through the 
following equations, respectively: 

𝑣𝑖(𝑡 + 1) = 𝑤𝑣𝑖(𝑡) + 𝑐1𝑟1(𝑦𝑖(𝑡) − 𝑥𝑖(𝑡)) + 𝑐2𝑟2(�̂�(𝑡) − 𝑥𝑖(𝑡))                                                                    (1) 

𝑥𝑖(𝑡 + 1) = 𝑥𝑖(𝑡) + 𝑣𝑖(𝑡 + 1) 
𝑥𝑖(𝑡) ∈ 𝑈[𝑥𝑚𝑖𝑛, 𝑥𝑚𝑎𝑥]                           (2)  

Where 𝑣𝑖(𝑡) and 𝑥𝑖(𝑡) denotes the velocity and position of particles at time 𝑡.  𝑦 and 
parameters represent the personal best solution of the particle and global best solution, 
respectively. 𝑟1 and 𝑟2 are the random vectors with uniform distribution in the [0, 1] interval. 𝑤, 𝑐1, 
and 𝑐2 are the inertia coefficient, personal learning coefficient, and collective learning coefficient, 
respectively. 
𝑦𝑖(𝑡 + 1) = 𝑦𝑖(𝑡)   𝑓𝑜𝑟  𝑓𝑥𝑖(𝑡 + 1)) ≥ 𝑓𝑦𝑖(𝑡)  
𝑦𝑖(𝑡 + 1) = 𝑥𝑖(𝑡 + 1)   𝑓𝑜𝑟  𝑓𝑥𝑖(𝑡 + 1)) ≤ 𝑓𝑦𝑖(𝑡)  
�̂�(𝑡) = 𝑦𝑜, 𝑦1, … . 𝑦𝑧 = min 𝑓𝑦𝑜(𝑡) , 𝑓𝑦𝑖(𝑡)), … . 𝑓𝑦𝑧(𝑡))                                  (3) 

The PSO algorithm is as follows: 
➢ For each particle 𝑖 ∈ 1, … 𝑠, initialise the th position 𝑥𝑖 and velocity 𝑣𝑖 randomly. 
➢ Set 𝑦𝑖 = 𝑥𝑖 

➢ Evaluate the fitness function, 𝑓(𝑥𝑖) for each value of  𝑖 
➢ Update 𝑦𝑖 and �̂�𝑖 for each value of  𝑖  (From Equation (3)) 

➢ For each dimension 𝑗 ∈ 1….𝑁𝑑; update the velocity from 
𝑣𝑖𝑗(𝑡 + 1) = 𝑤𝑣𝑖𝑗(𝑡) + 𝑐𝑖 𝑟1𝑗𝑦𝑖𝑗(𝑡) − 𝑥𝑖𝑗(𝑡) + 𝑐2 𝑟2𝑗�̂�𝑗(𝑡) − 𝑥𝑖𝑗(𝑡)                       (4) 

➢ Stop the algorithm when the convergence criteria are achieved, otherwise go to step 3. 
 
The particle swarm optimization algorithm has major drawbacks and demerits. The PSO is 

faster compared to similar evolutionary algorithms. However, its convergence rate does not 
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enhance with a higher number of iterations. The main reason is that in the PSO algorithm, 
particles converge to the point with the personal best and global best solution. To resolve this 
drawback, the inertia weight w is used to modify the algorithm. There is also another major 
drawback reported in the PSO algorithm, in which the quality of solutions is very much dependent 
on the weighting coefficients and algorithm parameters.  

In a reported study, the PSO algorithm was employed to assign an optimum gas injection 
rate to five oil wells in Iran. A new gas lift performance curve-fit that can minimize the time and 
volume of the computation was recommended. The algorithm was applied to the five wells in an 
Iranian oil field (Hamedi et al., 2011). 

4.4. Continuous Ant Colony Optimization Algorithm in Gas Lift Optimization 

The Ant Colony Optimization (ACO) is a new approach to solving discrete and continuous 
optimization problems which are cost-effective and very fast (Kadkhodaie-Ilkhchi, 2015). The Ant 
Colony Optimization (ACO) is a pattern for designing metaheuristic algorithms based on real ants’ 
behavior. These ants deposit pheromones on the ground to mark some favorable pathway that 
should be followed by other members of the colony (Vijayalakshmi et al., 2015). The ACO exploits 
a similar mechanism for solving optimization problems.  

The Ant Colony Optimization (ACO) is a pattern for designing metaheuristic algorithms 
based on real ants’ behavior. These ants deposit pheromones on the ground to mark some 
favourable pathway that should be followed by other members of the colony (Duran Toksarı, 2007; 
Kadkhodaie-Ilkhchi, 2015; Vijayalakshmi et al., 2015; Zerafat et al., 2009). The ACO exploits a 
similar mechanism for solving optimization problems. 

A continuous ant colony optimization algorithm was utilized to allocate the optimum amount 
of gas to a group of wells for three fields with a different number of wells. The continuous ant 
colony optimization algorithm shows better gas allocation to the wells in comparison with the 
previous works with other optimization methods (Ghaedi et al., 2014; Namdar, 2019). 

4.5. Gas Lift Optimization by Real-Time Optimization method 

Real-time optimization (RTO) methods use measurements to offset the effect of uncertainty 
and drive the plant to optimality. Explicit RTO schemes solve a static optimization problem 
iteratively, with each iteration requiring the transient operation of the plant to steady-state. 
However, the implicit RTO methods use transient measurements to bring the plant to steady-state 
optimality in a single iteration, provided the set of active constraints is known (François & Bonvin, 
2014).  

A study on Gas-lift Optimization by Controlling Marginal Gas-Oil Ratio using Transient 
Measurements was performed. In their study, a novel method was proposed to estimate the 
marginal GOR online using a dynamic model and transient measurements, without the need for 
additional perturbation. The proposed method is based on linearizing the dynamic model around 
the current operating point to estimate the marginal GOR, which is then controlled using simple 
feedback controllers to achieve optimal operation. In case of disturbances, the proposed method 
can adjust fast to the new optimal point, without the need to solve computationally expensive 
optimization problems. By using transient measurements, it does not need to wait for the process 
to reach a steady-state to update the model. The proposed method was tested in simulations and 
was shown to provide similar performance as an economic MPC (Krishnamoorthy et al., 2018). 
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4.6. Novel Grey Model (GM) for Gas Lift Optimization 

The Grey model, abbreviated as GM, has been successfully applied in many disciplines 
(Hsu & Chen, 2003; Kumar et al., 2018; Ma & Wu, 2010; Truong & Ahn, 2012). Grey Model cannot 
be applied to many real situations and systems. Hence, some scholars have proposed some 
improvements to GM. The Time-Delayed Polynomial Grey Model (TDPGM) is one of such models 
proposed by some scholars. The TDPGM is one of the models with good predictive applicability. 
The Time-Delayed Polynomial Fractional Grey Model (TDPFOGM) was proposed based on the 
TDPGM model (Chen et al., 2019).  The Time-Delayed Polynomial Fractional Grey Model 
(TDPFOGM) is mathematically represented as: 

𝑥
(

𝑝

𝑞
)
(𝑘) − 𝑥
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The discrete response function can be obtained as 

𝑥
(

𝑝

𝑞
)
(𝑘) = 𝑥(0)(1)𝑒−𝜆1(𝑘−1) + ∑

1

2
𝑘
𝑡=2 [𝑒−𝜆1(𝑘−𝑡)𝑓(𝑡)] + 𝑒−𝜆1(𝑘−𝑡)𝑓(𝑡 − 1)          (7) 

Where 

𝑓(𝑡) = 𝜆2 ∑ 𝜏2𝑡
𝜏=1 + 𝜆3 ∑ 𝜏𝑡

𝜏=1 + 𝜆4               (8) 
 
The details of the TDPFOGM can be found in (Chen et al., 2018). The predicted values of the 
original series can be obtained using the fractional-order inverse accumulative generation 
operation as follows: 

𝑥(0) = 𝑥
(

𝑝

𝑞
)(

𝑝

𝑞
)
(𝑘) = {𝑥

(
𝑝

𝑞
)(

𝑝

𝑞
)
(1), 𝑥

(
𝑝

𝑞
)(

𝑝

𝑞
)
(2), … , 𝑥

(
𝑝

𝑞
)(

𝑝

𝑞
)
(𝑛)}            (9) 

 
4.7. Quasi-Newton Non-Linear Optimization Technique for Gas Lift Optimization 

The quasi-Newton non-linear optimization technique incorporated with the gradient 
projection method was used for gas lift optimization (Namdar, 2019). This method is capable of 
accommodating restrictions to gas injection rates. The only requirement for fast convergence is 
that a reasonable estimate of the gas injection rates must be supplied as an initial point to the 
optimization method.  

4.8. Newton Reduction Method Approach for Gas Lift Optimization  

The Newton reduction method, which is based on an upper convex profile requirement, 
reduces a high dimensional problem into one of the single variables. This method is designed for 
the treatment of the gas lift optimization problem, and it is applied by enforcing the notion of good 
separability and the availability of upper convex lift profiles for each well (Rashid, 2010). Because 
of interdependent wells, the procedure is performed iteratively until convergence on wellhead 
pressures. 

4.9. Non-Linear Programming Approach to Gas Lift Optimization 

Gas lift allocation can be modeled using a non-linear programming approach. This can be 
achieved by adjusting the optimum gas injection rates and compressor pressure to maximize the 
oil production rate or other objective functions (Khishvand & Khamehchi, 2012). The non-linear 
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programming approach was deployed for gas lift optimization (Codas et al., 2016; Namdar, 2019; 
Namdar & Shahmohammadi, 2019; Sharma et al., 2012). 

4.10. Feedback Control Structures in The Gas Lift 

Production increases can be achieved in gas lift wells by stabilizing the casing-heading 
(Hansen, 2012). Optimal operation in the Oil and gas wells can be achieved using simple 

feedback control structures (Krishnamoorthy et al., 2019). Feedback control structures can also 

reduce operational problems when implemented in the gas lift wells. The use of feedback control 
has the advantage over the traditional methods in limiting the production losses associated with 
feedback control stabilization. 

5. Conclusion 

Artificial gas injection into aging wells enhances reservoir pressures and boosts production 
rates. The gas lift process involves injecting gas through the tubing-casing annulus. The injected 
gas aerates the fluid to reduce its density; the pressure is then able to lift the oil column and forces 
the liquid out of the wellbore. The amount of gas to be injected to maximize oil production varies 
based on well geometries and conditions. Gas lift optimizations can be achieved using Machine 
Learning and Artificial intelligence techniques. Most of the algorithms used in the optimization 
strategies in this review are metaheuristic algorithms. A right lift optimization can reduce the 
operating cost, increase the net present value (NPV), and maximize the recovery from the asset.  
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