[image: ] 	GRICU 2022, Ischia, (Italy), July 3-6, 2022


GRICU 2022, Ischia, (Italy), July 3-6, 2022
Dynamic simulation and control of NGL recovery plant
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1.Introduction
In the last 20 years, technological improvements in the gas extraction techniques such as hydraulic fracturing and horizontal drilling, have brought to the so-called "shale gas revolution" [1], allowing the extraction from unconventional reservoirs. This scenario is reflected in the increased availability of natural gas [1,2], an attractive energy source as cleaner alternative to coal and oil. The heavier hydrocarbon fraction contained in Natural gas is known as natural gas liquids (NGL), a valuable product that can be sold separately and used as feedstock for various industrial processes. For this reason, it possesses significantly higher market value than as part of the raw gas [3]. The increased availability of natural gas makes the separation process for the NGL recovery economically profitable. Different separation technologies have been developed for NGL production, and among them a technology that allows reaching high recoveries is the cryogenic distillation [4]. This process uses a separation train, where the first column is given by a cryogenic distillation unit for the methane separation, while the other columns are responsible for separating the heavier hydrocarbon fractions. The most common disturbances entering the process are related to the feed flow rate conditions. The plant inlet flow rate is dictated by the gas demand, as a result, variations are present on a daily but also seasonal basis, while the composition may be subject to fluctuations due to the characteristics of the extraction basin. To meet the product specification of the NGL separation process, it is thus necessary to design a control system based on dynamic analysis of the plant capable of mitigating or eliminating, as far as possible, the effect of these disturbances on the plant. Given the control objective of maintaining the purity of the products, the most intuitive control loop is represented by the direct control of concentrations. Unfortunately, this type of composition controller has drawbacks related to the long delay times due to measurement times and additionally, the use of composition analyzers involves high costs of purchasing and maintaining the equipment. An alternative to the direct control of composition, widely used in industry, is the indirect control of composition employing temperature measurements [5], a more convenient control strategy that gives the possibility to control the process by using online measurements. However, considering the complexity of the process and the not biunivocal relation between compositions and temperatures in multicomponent columns, it may not be the best control strategy to ensure process specifications in the presence of disturbances. This work aims to show the improvements obtained by modifying the control strategy of the NGL recovery process, starting from conventional temperature controllers. For this purpose, different control strategies are investigated and compared under feed flowrate disturbances.
2. Plant simulation and Control structures
The NGL fractionation process takes place in a separation train in a direct sequence arrangement which comprises a deethanizer, depropanizer, debutanizer columns, and a demethanizer column arranged in a cryogenic unit given by a CRR scheme. The process is simulated using the Aspen HYSYS® process simulator and based on realistic operating conditions [6]. The feed to the plant is represented by a natural gas mixture with low content of liquids, while the disturbance applied is represented by 10% variations in the feed flowrate, realized by manipulating the plant line pressure. The process targets are represented by the maintenance of product impurity level in the top and bottom product of deethanizer, depropanizer and debutanizer. Given the high cost of composition analysers and the delays in composition controllers, indirect composition controllers based on temperature measurements are used along with reflux ratio controllers in the enriching section of the columns to mitigate the feed disturbances [7]. The effects on the functioning of the demethanizer downstream columns of a conventional control strategy, comprising only temperature controllers, are compared with a control scheme developed for improving the demethanizer transient operation [8]. The latter control scheme is given by a cascade control with boilup approximation plus a pressure compensator control in the separator upstream the demethanizer.
3. Results and discussion
The results obtained with the control strategies implemented in the separation plant are compared under the applied variations to the plant feed flowrate. The control performances are assessed by evaluating the production targets dynamic profiles for the different columns of the train, the corresponding ISE values are calculated and reported in Table 1.

Table 1. ISE values obtained under 10% variations in the plant feed flowrate for the proposed and the conventional control schemes.
	
	Deethanizer
	Depropanizer
	Debutanizer
	

	
	-10%
	+10%
	-10%
	+10%
	-10%
	+10%
	Flowrate variations

	CONV
	1.43E+02
	1.69E+02
	2.43E+00
	2.52E+00
	2.38E+00
	2.82E+00
	Tray temperature

	PROP
	5.75E+01
	5.01E+01
	1.60E+00
	1.70E+00
	1.72E+00
	1.76E+00
	

	CONV
	4.90E-05
	2.77E-05
	4.82E-07
	1.23E-07
	1.95E-06
	1.92E-06
	Bottom impurity level

	PROP
	9.48E-06
	1.42E-05
	2.96E-07
	3.55E-07
	2.07E-06
	2.02E-06
	

	CONV
	2.95E-03
	4.09E-04
	2.47E-05
	1.92E-06
	3.61E-06
	3.52E-06
	Top impurity level

	PROP
	2.81E-04
	4.07E-04
	8.41E-06
	9.16E-06
	5.10E-06
	4.93E-06
	



As shown by the ISE values, the implementation of the cascade arrangement with PCT control in the CRR process scheme improves the performance of the temperature controls for deethanizer, depropanizer and debutanizer under both flow rate variations considered. Regarding the target concentrations, the higher improvement is recorded for the deethanizer column. With the proposed control scheme, the ISE values of both top and bottom products are reduced, and the responses result linearized, with symmetrical dynamic profiles obtained for changes in the applied flow rate. In addition, lower variations in the load of the manipulated variable represented by the reboiler duty are obtained. In the depropanizer top and bottom impurity level, the proposed control scheme succeeds to mitigate the disturbances in the worst-case variation represented by the decreasing in the feed flowrate, and also in this case the obtained response shows linear behavior.
4. Conclusions
The use of indirect composition control showed to be a successful strategy for guaranteeing specifics in the whole train of NGL recovery plants, when PCT control in the separator upstream the demethanizer and boil-up ratio control are used in the CRR separation scheme. When compared to a conventional control strategy, the proposed approach led the best control performance, especially under the worst-case variation.
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