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Abstract— Gas hydrates are snow-like materials made of 

water molecules trapping gas molecules under high-pressure 

and low-temperature conditions such as that at chokes and 

valves installed on natural gas wellheads and pipelines. 

Electricity was found generated from flowing methane-, 

ethane-, propane-, and CO2-hydrates along PVC tubes in 

laboratories. The rate of building electric charges and the 

level of the built voltage were found to depend on pressure 

drop/volume expansion when the hydrate was released to 

the PVC tube. Sparks/light were emitted when the static 

voltage reached a level of about 300 mV in the system 

investigated. An explanation of the observed sparks/light is 

the generation of static electricity when gas-hydrate passed 

through the PVC tube at a high velocity (flow 

electrification), or triboelectricity. The charge level is higher 

for poorly conductive gas-hydrate flowing through the PVC 

tube. In addition, the large amounts of gas bubbles flowing 

through the tube should amplify the static electricity. 

However, in this investigation, it was noticed that no 

spark/light was observed and no voltage pulse was detected 

during the active flow of hydrates. Instead, sparks/light were 

observed and voltage pulses were detected after the choking 

valve was switched on. The positive voltage probe was 

connected to the choking valve and the negative voltage 

probe was connected to the PVC tube. The voltage meter 

measured positive pulses of voltage difference between the 

two probes when the choking valve was off. This indicates 

current flow from the choking valve to the PVC tube, or 

electron charge flow from the PVC tube to the choking 

valve. Our hypothesis to explain these phenomena is that the 

flowing hydrates captured electrons from the low-

conductive PVC tube and transported them in the flow 

stream, resulting in a “positive charged” PVC tube in the 

entry portion. When the flow was terminated by valve 

closing, the electrons in the down-stream of the PVC tube 

flew back to the entry portion to minimize the charge 

unbalance, causing sparks/light and current flow from the 

choking valve to the PVC tube. This hypothesis needs to be 

proven in future investigations. Further studies are 

recommended in this area and more investigations are 

required for flowing methane-, ethane-, propane-hydrates. 

Potential applications of the hydrate-triboelectricity include 

harvesting electricity in the downstream of surface chokes 

installed on the natural gas wellheads where there exist 

flowing gas hydrates.  
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I. INTRODUCTION 

      Gas hydrates are snow-like materials made of water 

molecules trapping gas molecules under high-pressure and 

low-temperature conditions. Hydrate-forming gases include 

methane, ethane, propane, iso-butane, carbon dioxide, and 

their mixtures (natural gas). Gas hydrate trapping methane 

molecules has a composition formula of (CH4)4(H2O)23, 

corresponding to about 13.4% gas by mass. One volume of 

methane-hydrate contains about 160 volumes of methane 

under standard condition (Sloan, 2003).  

     U.S. Geological Survey reported that natural gas hydrates 

hold twice as much carbon as Earth’s other fossil fuels 

combined (USGS, 2009). The amount of gas hydrates 

accounts for at least 10 times the supply of conventional 

natural gas deposits. If the natural gas stored in the gas 

hydrates can be safely, efficiently, and economically 

released, it can displace coal and oil as the major sources of 

the world’s energy supply (Ruppel, 2014). 

     Many researchers investigated the kinetics of gas 

hydrates last century (Kim et al. 1987). A great number of 

hydrate-related publications were made in the past decade. 

Sloan et al. (2007) collate this vast amount of information 

into the book Clathrate Hydrates of Natural Gases. Recent 

research work has a tendency to shift to efficient recovery of 

natural gas from gas hydrates deposits. Four methods have 

been proposed/tested for gas production from nature gas 

hydrate deposit: 1) depressurization (Ahmadi et al., 2007; Li 

et al., 2010; Janicki et al., 2017) – this method decreases the 

gas hydrate reservoir pressure below the hydrate 

dissociation pressure; 2) thermal stimulation (Kawamura et 

al., 2007; Li et al., 2006; Li et al., 2008; Zhao et al., 2012) – 

this approach uses external heat to the gas hydrate reservoir 

temperature above hydrate dissociation temperature with hot 

water/brine/steam; 3) thermodynamic inhibitor injection 

(Kawamura et al., 2005; Najibi et al., 2009; Li et al., 2011) – 

this technique uses chemicals, such as salts and alcohols, to 

change the hydrate pressure-temperature equilibrium 

conditions; 4) a combination of these methods (Moridis et 

al., 2009). Max and Johnson (2016) reviewed the current 

practices in the exploration and production of oceanic 

natural gas hydrate.  

     Both Japan and China announced mining of marine gas 

hydrates to extract natural gas (Li et al., 2011; Hiroko, 2013; 

Macfarlane, 2017). As the technologies for producing 

natural gas from gas hydrate reservoirs are becoming mature, 

the flow behavior of gas hydrates has recently attracted 

significant research interest in multi-phase flow mechanics 
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(Li et al., 2017; Guo et al., 2018). It is highly desirable to 

know the electric behavior of gas hydrates for safe 

harvesting natural gas from gas hydrate deposits.  

     A state-of-art experimental setup was developed for the 

rapid formation of gas hydrates in this study. Electricity 

generation from flowing methane-, ethane-, propane-, and 

CO2-hydrates was experimentally studied using the setup. 

Electricity was observed for hydrate flow in PVC tubes. 

Because CO2 is an inflammable gas, more lab tests were 

performed on this gas than on other gases for safety 

considerations. Distribution of electric potential along a 

transparent tube through which gas hydrates flowed was 

measured. Electric sparks and light were observed and 

recorded. It was found that the magnitude of the intensity of 

the sparks/light depends on several factors including 

pressure and temperature.  

II. EXPERIMENTAL SETUP AND PROCEDURE  

     The experimental setup for testing the electric behavior 

of flowing gas hydrates is depicted in Figure 1. The gas 

bottle and water pump feed hydrate-forming gas and water 

to the system. The hydrate-forming cell cooled by the water 

bath provides a high-pressure and low-temperature 

condition for hydrate formation. The thermal control unit 

makes the water bath temperature adjustable. The operating 

valve creates a pressure reduction and thus local cooling of 

gas by the Joule-Thomson effect. The clear PVC tube (EZ-

FLO 0.170-in ID PVC Clear Vinyl Tubing) offers an in-situ 

condition for observing electric spark/light generated by the 

gas hydrate flowing through it. The camera video-records 

the spark/light in the PVC tube. The Voltage meter 

measures and records electric potential along the PVC tube. 

All measurements are saved in the data acquisition computer. 

A close look at the PVC tube is shown in Figure 2. 
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Figure 1: Experimental setup for testing the electric 

behavior of flowing gas hydrates 
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Figure 2: Clear PVC tube installed in the downstream of 

the operating valve. 

 

     The experimental procedure is outlined as follows: 

1. Prepare water in the water tank and water bath. 

2. Turn on the thermal control unit to cool the water 

bath to a desired hydrate forming temperature level. 

3. With the operating valve open, pump water into the 

hydrate-forming cell up to 60% of its volume. 

4. With the operating valve closed, adjust the pressure 

regulator to feed gas into the hydrate-forming cell up 

to the desired hydrate forming pressure level. 

5. Turn off the pressure regulator and observe 

pressure decline in the hydrate-forming cell. The 

pressure decline indicates the formation of gas hydrate 

clathrates in the cell (the time required to form hydrate 

is long for the first time, depending on pressure, 

temperature, water purity, and agitation). 

6. Adjust pressure regulator to feed gas into the 

hydrate-forming cell up to desired hydrate forming 

pressure level. 

7. Switch on and off the operating valve quickly and 

observe sparks/light in the PVC tube and transmits 

voltage data and video into the data acquisition 

computer. 

III. EXPERIMENTAL RESULT 

     Carbon dioxide forms hydrate at pressures above 18 bars 

at temperature 275K in distilled water. Three experiments 

were conducted under different pressures with distilled 

water. The upstream pressure (above the operating valve) 

varied from 35 bar to 140 bar. The downstream (in the PVC 

tube) fluctuated between 4 bars and 14 bars. Measured 

temperatures in the PVC tube were between 200 K and 283 

K. During one experiment, the upstream pressure dropped 

from 105 bars to 70 bars within 3 minutes, the downstream 

pressure fluctuated between 7 bars and 10 bars, the 
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measured downstream temperature was 268 K, and the flow 

velocity in the transparent tube was estimated to be about 40 

m /s.  

The first experiment was conducted with a hydrate-forming 

cell condition of 70 bar and 275K. Two sparks are shown in 

Figures 3 and 4. Voltage signals measured at 6.35 cm from 

the tube entry are presented in Figure 5. Sparks were 

observed after the static voltage built to greater than about 

300 mV.  

The second experiment was carried out with a hydrate-

forming cell condition of 105 bar and 285K. Two 

sparks/light signals are shown in Figures 6 and 7. Voltage 

signals measured at 6.35 cm from the tube entry are 

presented in Figure 8. Sparks/light were observed after the 

static voltage built to greater than about 300 mV. 

The third experiment was performed with a hydrate-forming 

cell condition of 140 bar and 295K. Two sparks/light signals 

are shown in Figures 9 and 10. Voltage signals measured at 

6.35 cm from the tube entry are presented in Figure 11. 

Sparks/light were observed after the static voltage built to 

greater than about 300 mV. 

Short Spark

 

Figure 3: A short spark observed at the entry point of 

PVC tube with a hydrate-forming cell condition of 70 

bar and 275K. 

 

Long Spark

 

Figure 4: A long spark observed at the entry point of 

PVC tube with a hydrate-forming cell condition of 70 

bar and 275K. 
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Figure 5: Voltage signal measured at a point 6.35 cm 

from the tube entry with a hydrate-forming cell 

condition of 70 bar and 275K. 
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Figure 6: A short light beam observed near the entry 

point of PVC tube with a hydrate-forming cell condition 

of 105 bar and 285K. 
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Figure 7: A long light beam observed near the entry 

point of PVC tube with a hydrate-forming cell condition 

of 105 bar and 285K. 
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Figure 8: Voltage signal measured at a point 6.35 cm 

from the tube entry with a hydrate-forming cell 

condition of 105 bar and 285K. 
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Figure 9: A short light beam observed near the entry 

point of PVC tube with a hydrate-forming cell condition 

of 140 bar and 295K. 
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Figure 10: Bright light observed in the PVC tube with a 

hydrate-forming cell condition of 140 bar and 295K. 
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Figure 11: Voltage signal measured at a point 6.35 cm 

from the tube entry with a hydrate-forming cell 

condition of 140 bar and 295K. 
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IV. DISCUSSION 

An explanation of the observed sparks/light is the 
generation of static electricity when CO2-hydrate was passed 
through the PVC tube at a high velocity (flow 
electrification), or triboelectricity. The charge level is higher 
for poorly conductive gas-hydrate flowing through the PVC 
tube. In addition, the large amounts of CO2 bubbles flowing 
through the tube should amplify the static electricity. 
However, in this investigation, it was noticed that no 
spark/light was observed and no voltage pulse was detected 
during the active flow of hydrates.  Instead, sparks/light were 
observed and voltage pulses were detected after the operating 
valve was switched on. The positive voltage probe was 
connected to the operating valve and the negative voltage 
probe was connected to the PVC tube. The voltage meter 
measured positive pulses of voltage difference between the 
two probes when the operating valve was off. This indicates 
current flow from the operating valve to the PVC tube, or 
electron charge flow from the PVC tube to the operating 
valve. Our hypothesis to explain these phenomena is that the 
flowing hydrates captured electrons from the low-conductive 
PVC tube and transported them in the flow stream, resulting 
in a “positive charged” PVC tube in the entry portion. When 
the flow was terminated by valve closing, the electrons in the 
down-stream of the PVC tube flew back to the entry portion 
to minimize the charge unbalance, causing sparks/light and 
current flow from the operating valve to the PVC tube. This 
hypothesis needs to be proven in future investigations. 
Triboelectricity was also observed by the investigator in 
methane-, ethane-, and propane-hydrates flow in PVC tubes. 
Further studies are recommended. More investigations are 
required in this area. Potential applications of the hydrate-
triboelectricity include harvesting electricity in the 
downstream of surface chokes installed on the natural gas 
wellheads where there exist flowing gas hydrates. 

V. CONCLUSIONS 

1. Electricity can be generated when carbon dioxide (CO2) 

hydrate is passed through a PVC tube at high velocity. 

The rate of building electric charges and the level of 

built voltage depend on pressure drop/volume 

expansion when the hydrate is released to the PVC tube.  

2. Sparks/light were emitted when the static voltage 

reached a level of about 300 mV in the system 

investigated. The emission of sparks/light balanced 

electric charges through the flow of electrons in the 

direction that is opposite to the fluid flow, i.e., the 

electric current is in the direction of fluid flow.  

3. It is hypothesized that the electricity generated by the 

flowing gas hydrates is triboelectricity. The flow 

hydrates captures electrons from the low-conductive 

PVC tube and transports them in the flow stream, 

resulting in a “positive charged” PVC tube in the entry 

portion. When the fluid flow was terminated, the 

electrons in the down-stream of the PVC tube flew back 

to the entry portion, causing sparks/light, to minimize 

the charge unbalance.  

4. Future investigations are recommended to investigate 

methane-, ethane-, and propane-hydrates flow systems. 

Potential applications of the hydrate-triboelectricity 

include harvesting electricity in the downstream of 

surface chokes installed on the natural gas wellheads 

where there exist flowing gas hydrates. 
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