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1. Introduction

Natural gas as a car fuel has advantages such as
being cheaper, less polluting, and more accessible
than gasoline fuel. The use of various gases
(hydrogen and natural gas) as alternative fuels for
cars has been considered by many researchers for
years. It is necessary to use these clean and cheap
fuels, design and build refueling stations. The fast
filling process is the main process that occurs in
the CNG refueling station. The basis of the fast-
filling process is that the CNG is first stored in the
storage tanks up to a pressure of 235 bar. It is then
transferred to the vehicle tank by communication
pipes and other station equipment (such as the
priority panel and dispenser). In the analysis of the
performance of a CNG refueling station, two goals
are presented: reducing the compressor
consumption and reducing the filling time.
Performance  analysis  requires  accurate
simulations that can be validated with
experimental results. A review of previous
research shows that there is no research that
expresses a complete simulation that is consistent
with the actual conditions of the site. Also, no
study on the modeling of priority panels in CNG
stations has been reported so far. Due to the lack
of modeling, the results of optimization related to
priority panels have not been reported so far. One
of the objectives of this study is to simulate the
performance of a CNG refueling station during
several consecutive refueling processes. For this
purpose, three different modeling conditions are
considered, including: Only gas tanks should be
emptied, only tanks should be filled by the
compressor, and finally the tank tanks should be
filled and emptied at the same time. These
conditions may occur for each of the three high,
medium, and low pressure tanks. Moreover, in this
study, for the first time, modeling priority panels
and the best algorithm of priority panel of CNG
refueling station were determined with the aim of
minimizing energy consumption.

2. Modeling

A CNG refueling station consists of a compressor
(usually three-stage), a priority panel, cascade
storage tanks, communication pipes, a dispenser,
and a vehicle tank. The fast filling process consists
of the last four items. Figure 1 shows a view of a
CNG refueling station with a cascade storage
system.
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Figure 1. A Schematic diagram of a CNG refueling station
with a cascade storage system

A view of the priority panel for a compressed
natural gas refueling station is shown in Figure 2.

Figure 2. A Schematic diagram of a priority panel for a
CNG refueling station

There is another algorithm in the dispenser
whose task is to manage the evacuation of the
station tanks and the filling of the vehicle tank.
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According to the algorithm, when the mass flow
rate to the vehicle tank reaches a certain value
(usually 0.02 kg/s), the vehicle tank is connected
from the lower pressure tank to the higher pressure
tank until the refueling process is completed. The
AGA8 standard was used to determine the
thermodynamic properties of natural gas in
different stages of modeling. Using this method,
the compressibility coefficient and density of
natural gas can be calculated.

3. Results

One of the main objectives of this study is to
simulate the performance of a CNG refueling
station during several consecutive refueling
processes. Determining the best priority panel
algorithm is considered the most important goal
and innovation of the present study. A summary of
the results related to determining the optimal
algorithm for filling storage tanks is presented in
Figure 3. As can be seen in the summary of results,
the lowest average value of specific energy
consumption is related to the PPM225 algorithm
and is equal to 0.2174 kWh/kg. According to this
algorithm, the minimum allowable pressure for a
high pressure tank is set to 220 bar. Moreover, the
maximum pressure of the medium pressure tank is
225 bar.
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Figure 3. Results for determining the optimal algorithm
for the priority panel

4. Conclusion

There are many researches concentrated on the
thermodynamic modeling of CNG refueling
station, but they have not addressed the optimal
algorithm of priority panel. Filling time
minimizing, filling mass maximizing, and average
specific energy consumption minimizing were
employed as the objective function for the
optimization problem. Finally, the optimal
algorithm of priority panel was determined as the
main goal of the present study. The conclusive
results of the optimization problem are presented.

Achieving more accurate modeling and modeling
the process of several consecutive refueling are the
most important results of the present study. The
optimal algorithm of priority panel is obtained for
PPM225 algorithm. An economic analysis was
performed to see the results more clearly. The
results of the economic analysis show that
65,700,000,000 Rials (43,800,000 kWh) can be
saved in one year.
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