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Abstract

Nowadays, we are in great lack of the technology theory for the storage and transportation of gas
hydrate. Under this condition, after checking out related theory of these, we established the tech-
nology roadmap of the storage and transportation of gas hydrate by LNG technology. Study has
shown that the technology of LNG is more saving than that of pipeline. Then we came out with the
new idea of storage and transportation of hydrate by LNG technology.
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1. Introduction

Combustible ice (natural gas hydrate) with huge reserves and more pure produced gas is a new type of clean and
efficient energy. After being successful exploited, the storage and transportation of combustible ice become the
most important part of industry and the vital important foundation to achieve natural gas utilization.

Currently, the technology of LNG which has become relatively mature is one of the main methods of natural
gas transportation. In some conditions, long-distance transportation is more economical and convenient than that
of pipeline, for the LNG volumes only 1/600 that of gas. After being liquefied in LNG liquefaction station, LNG
can be transported to the destination by cryogenic tank tankers and tank trucks. Then we can store LNG in LNG
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storage tanks. After being vaporized and measured pressure, LNG can be transported into the city pipe network.

Though combustible ice has huge reserves, its distribution is uneven. Considering this, we come out with the
idea about utilizing LNG technology to store and transport combustible ice produced gas to reduce the invest-
ment of storage and transportation.

2. Composition Characteristics of Produced Gas

The data in Table 1 is the range of gas molecules and isotopic composition of Gas Hydrate in the following
areas: Oregon coast [1], Vancouver island, Costa rice inshore coastal Sakhalin island, South Korea, the east
China sea, Japan near shore, offshore, the Norwegian sea, gulf of Cadiz, Gabon, the gulf of Mexico shoreline,
south Carolina, near shore, black sea, the sea of Marmara, the eastern Mediterranean, Alaska and Canada
McKenzie and China Qinghai [2], etc.

From Table 1 it is not difficult to find that, gas molecules of Gas Hydrate existing in the nature mainly in-
clude Cy, Cy, Cz, I-Cy4, n-Cy4, I-Cs, n-Cs, neo-Cs, cycl-Cs, n-Cg and its isomer hydrocarbon gas molecules, and the
conventional gas such as CO, and H,S molecular, then even some complex hydrate contains Cg+ or C; - Cqg
heavy hydrocarbon molecules. In a word, all the characteristics of gas molecules can be roughly divided into
two categories: one type of gas is composed mainly of methane (C; > 99.9%), containing a small amount of C,
and Cj; range of another type of gas is wide, containing C, - C¢+ paraffin, CO, and H,S, etc.

3. Pretreatment Process

The process of natural gas processing is necessary when it is separated from the oil and gas field separator. Then
natural gas is allowed to enter distribution pipe after processing. So this is a very significant component of natu-
ral gas industry. The pretreatment process of Gas Hydrate produced gas can consult the existing gas treatment
process, as shown in Figure 1.

It should be emphasized that not all of the gas experiences the process in Figure 1. For example, if the acid
component content in the produced gas is very small, which is already in line with the quality index of the natu-
ral gas commaodity, it is not necessary to remove the acid gas. If ethane and heavier hydrocarbons in produced
gas components are very few, the produced gas can be directly turned into liquefied natural gas (LNG) after pre-
treatment, etc. According to composition of Gas Hydrate, pretreatment process is mainly divided into acid
process and dehydration process [3].

Table 1. The content range of gas hydrate, gas molecules and the iso-
topic composition.

The Gas Composition Composition Range of Molecular
Cy 46.01% - 99.999% (n = 230)
C, 0.00% - 15.37% (n = 230)
Cs 0.00% - 21.05% (n = 230)
n-C, 0.00% - 9.50% (n = 221)
i-Cy 0.00% - 5.66% (n = 207)
n-Cs 0.00% - 0.90% (n = 110)

0.00% - 1.49% (n = 112)

-Cs 36.01% (n = 1)
neo-Cs 0.00% - 0.20% (n = 24)
cycl-Cs 0.00% - 0.024% (n = 13)

n-Cs 0.00% - 0.22% (n = 18)

Cs*or Cr- Co 0.00% - 1.85% (n = 18)

co, 0.00% - 27.63% (n = 105)

H,S 0.00% - 2.20% (n = 90)

n: Statistic number of the sample.
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Figure 1. Schematic diagram of natural gas process.

After being pretreated the combustible ice produced gas can be stored and transported by LNG technology.

4. LNG Technology Outline
4.1. Basic Properties

The main component of liquefied natural gas (referred to as LNG) is methane. And the critical temperature is
190.58 K, so it can’t be liquefied in room temperature. After being operated by the “three off” (dehydration, hy-
drocarbons, acid gas removal) and being cooled (in —162°C), the natural gas can be transformed into LNG. LNG
usually is stored in low temperature LNG storage tank under —161.5°C in about 0.1 MPa. Then we can utilize
LNG ships, tankers or pipelines to transport, and vaporize it when we need to use.

4.2. LNG Transport Methods

After liquefaction, the volume is only 1/600 of the original. Thus, long-distance transportation is much more
economical and convenient than that of pipeline in some conditions. Nowadays, the technology of LNG is in
high maturity, including [4]:

1) Maritime vessels transportation: used in international trade, 12 - 16 x 10* m? per time.

2) Motor transportation: used in land transportation about 200 - 1000 km, 27 - 40 m* per time.

3) Train transportation: used in land transportation with long distance (1000 - 4000 km) by tank containers,
40 - 80 m? per time.

4.3. LNG’s Advantage

1) It’s propitious to transport in long distance economically.

2) High storage efficiency covers an area of less saving investment.

3) It’s convenient to regulate the gas load.

4) 1t can be used as quality vehicle fuel.

5) It’s propitious to protect the environment. Because the combustion emission of natural gas contains much
less SO,, NOy, and greenhouse gases, so the environment pollution of natural gas is much less than that of coal
and petroleum (shown in the following Table 2).

6) It’s propitious for market discipline and orderly competition.

4.4. Liquefaction Process

LNG liquefaction processes have different types. With cooling methods it can be divided into the following
three ways: cascade liquefaction process; mixed refrigerant liquefaction process; liquefaction process with ex-
pander. It should be noted that such division isn’t critical and it is commonly used in certain part in composite of
different combination including various liquefaction processes.

Table 2. The variety of carbon emissions of different fossil fuel in the same amount of heat.

NG LNG Gasoline  Kerosene Diesel Crude Heavy  Bituminous coal Anthracite

0.61 0.71 0.80 0.82 0.84 0.84 0.88 1.09 114
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1) Cascade liquefaction processes

Advantages: It needs low energy consumption; refrigerant is the pure substance with no matching problem.
The technology is mature with stable operation.

Disadvantages: multi-unit in complex process; more ancillary equipment and, needing specialized in the pro-
duction and a variety of steerages devices refrigerants; pipeline and control system in great complexity with in-
convenience maintenance [4].

2) Mixed refrigerant liquefaction process

Advantages: less unit equipment, more simple the process, lower investment, low investment costs than the
classic cascade liquefaction process about 15% to 20%; easy to manage. Mixed refrigerant components can be
extracted from natural gas and supplement partially or completely.

Disadvantages: higher energy consumption (higher than cascade liquefaction process about 10% to 20%;
more difficult reasonable proportion mixed refrigerant; flow calculation of the components required to provide
reliable data and the physical parameters of the balance [4].

3) Liquefaction process with expander

Advantages: more simple process, more flexible adjustment, more reliable work, much easier to start, much
easier to operate and more easier to maintain; When we use natural gas as the working fluid, the specialized
production, transportation, storage refrigerant costs can be saved.

Disadvantages: The air must be full depth dry before convey to the device. Reflux pressure is low. The de-
mand of heat transfer area is larger. The equipment must be put into large metal. It’s limited by the user number
of low pressure. In the condition of low liquefaction rate, after increasing the number of recycle compressor, the
power consumption is substantially increased.

4.5. Gasification Process

The technology of LNG vaporization station is broadly divided into two types: One is boil-off gas (BOG)
re-liquefaction process; another is BOG direct compression process. There is no essential difference between the
two processes. There is just a little difference in the boil-off gas treatment process. The figure below shows the
process of LNG gasification station by BOG re-liquefaction. LNG can be transported downstream after be gasi-
fied in gasification station. It is showed in the Figure 2.

5. Simulation of HYSYS Liquefaction Process

To increase the feasibility of the process, we use HYSYS to build simulation model. After entering the gas
composition, temperature and pressure conditions known and the initial process parameters, we need to deter-
mine the parameters of the process and equipment required to comply with the restrictions. The computational
model of HYSYS is shown in Figure 3.

5.1. Basic Parameters

1) Raw material gas flow rate 1944 kmol/h.

2) Gas Temperature: 35°C.

3) Gas pressure: 5500 kPa.

Natural gas composition and mixed refrigerant composition are showed in Table 3 and Table 4.

5.2. The Influence on Yield and Total Energy Consumption from LNG Storage Pressure

This process is stored under pressure at a temperature of 600 - 700 kPa when the total energy consumption is not
Return gas ‘_‘ BOG compressor

LNG pump

Unloading

Power generation and
industrial and civil gas

LNG ship

LNG storage tank

Figure 2. LNG station process.
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high while natural gas liquefaction rate has reached more than 80%. So it can be used as a reference design LNG
storage pressure range. The simulation results as shown the Figure 4.

5.3. Impact on the Energy Consumption of Mixed Refrigerant Composition

Table 5 shows that if we can make butane and nitrogen maintained in a substantially constant composition re-
duce the methane content in the refrigerant and increase ethane, propane component, the amount of circulation
of refrigerant required can be significantly reduced. Then the total energy consumption can also be reduced, and
the yield LNG rate is only slightly reduced, remained above 85%. By screening, the sixth computing mixed re-
frigerant flow is the best choice.
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Figure 3. Closed mixed refrigerant flow simulation.
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Figure 4. LNG storage pressure effects on yield and total energy consumption.
Table 3. Raw natural gas composition.
Constituent CH4 C,He C3H3 i-C4H10 n-C4H10 N, COz Sum
Ingredient % (mol) 80.0 10.20 31 1.20 0.62 0.58 43 100.00
Table 4. Mixed refrigerant composition.
Constituent CH, C,Hg CsHg i-C4H10 n-C4Hyo N, Sum
Ingredient % (mol) 29.4 33.4 26.7 4.6 3.4 25 100.00
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Table 5. The influence of composition of mixed refrigerant for energy consumption.

Mixed refrigerant composition (%, mol)
Refrigerant circulation amount (kmol/h) Total energy (10e+07 kd/h)
CH4 Csz C3H8 i-C4H10 n-C4H10 NZ

1 70 10 10 3.60 3.40 3.00 78,650 78.6
2 60 15 15 4.60 3.40 2.00 25,470 54.4
3 50 15 25 4.60 3.40 2.00 17,560 30.7
4" 40 25 25 4.60 3.40 2.00 10,420 2715
5t 30 38 22 4.60 3.40 2.00 7850 24.2
6" 33 35 22 4.60 3.40 2.00 6290 17.3

After simulated calculation liquefaction process systematically, we obtain the process parameters of each
node in the whole process, quantitative analysis of the impact of important process parameters on process per-
formance, accordingly reduce energy consumption and increase the feasibility of the process.

6. Conclusions

1) The technology of LNG which is one of the main transportation methods of natural gas has become rela-
tively mature. In some conditions, long-distance transportation is much more economical and convenient than
that of pipeline, for the LNG volumes only 1/600 that of gas-phase.

2) The investment of LNG facilities needs more cost, and the operation condition is special. The operating
pressure varies from high pressure to low pressure (atmospheric pressure), and the operating temperature varies
from ambient temperature to —162°C or from —162°C to ambient temperature, which requires production
equipment and materials, must be adapted to such operating conditions and facilities must be in strict demand-
ing.

3) With cooling methods it can be divided into the following three ways: cascade liquefaction process; mixed
refrigerant liquefaction process; liquefaction process with expander. Combustible ice produced gas can be stored
and transported by one or more LNG complex processes.
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