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(57) Abstract: A method and device for the sea transport of liquefied gas, in particular carbon dioxide, the method comprising: -
placing at least one cargo pressure tank (1) in a vessel (2); - filling liquefied gas, having ambient temperature, into the cargo pressure
tank (1); - pumping, when unloading, liquid gas from the cargo pressure tank (1) into a receiving facility; - evaporating and conveying
liquid gas into the cargo pressure tank (1) to fill the volume after the exiting liquid gas.
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METHOD AND DEVICE FOR TRANSPORT OF GAS

This invention relates to a method of transporting gas. More
particularly, it relates to a method for the sea transport of
liquefied gas, in particular carbon dioxide, comprising:
placing at least one cargo pressure tank in a vessel; filling
liquefied gas, having approximately ambient temperature, -into
the cargo pressure tank; pumping, when unloading, liquid gas
from the cargo pressure tank to a receiving facility; evapo-
rating and conveying liquid gas into the cargo pressure tank
to £ill the volume after the exiting liquid. The invention

also comprises a device for practising the invention.

The invention is particularly well suited for the sea trans-
port of liquid carbon dioxide and the invention is described,
in what follows, with reference to carbon dioxide. However,
the invention is well suited also for transporting other lig-
uefied gases, for example so-called LPG (Liguefied Petroleum

Gas) in pure phases or in mixtures.

Prior to the sea transport of carbon dioxide it is usual to
cool the carbon dioxide gas to near minus 56,6°C at a pres-
sure which must exceed 5,2 bars to avoid the formation of a

solid phase in the form of dry ice.

In a phase chart for carbon dioxide the state at minus 56,6°C
and 5,2 bars is shown as a triple point, at which carbon di-

oxide may stably be present as gas, liquid or dry ice. It is



10

15

20

25

30

WO 2008/097099 PCT/NO2008/000040

emphasized that the carbon dioxide is in liguid form to
achieve a favourable density, while at the same time the for-

mation of dry ice must be avoided.

Today only limited tonnage exists which is adapted for the
transport of liquefied carbon dioxide. The transport tanks of
so-called LPG tankers are normally designed to receive only a
limited overpressure, and are thus, without a relatively ex-
tensive modification, unsuitable for transporting ligquefied

carbon dioxide.

As mentioned, to enable its transport in liquid form at an
overpressure somewhat above 5 barg, the carbon dioxide needs
to be cooled towards minus 56°C. This cooling is relatively
expensive and environmentally guestionable because an exten-
sive cooling plant is required, while at the same time the

energy expenditure is substantial.

The invention has for its object to remedy or reduce at least

one of the drawbacks of the prior art.

The object is achieved in accordance with the invention
through the features which are specified in the description

below and in the claims that follow.

A method for the sea transport of liquefied gas, in particu-
lar carbon dioxide, in accordance with the invention is char-
acterized by the method comprising:

- placing at least one cargo pressure tank in a vessel;

- filling liquefied gas, having approximately ambient tem-
perature, into the cargo pressure tank;

- pumping, when unloading, liquid gas from the cargo pressure
tank to a receiving facility;

- evaporating and conveying liquid gas into the cargo pres-

sure tank to £ill the volume after the exiting liguid.
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The liquid gas is evaporated mainly at a constant pressure
and temperature, ag it is explained referring to a phase

chart in the specific part of the application.

During the loading and unloading of ligquid gas it is wvital
that the pressure within the cargo pressure tanks is main-
tained at a particular level. If the pressure should fall,

dry ice might form within the cargo pressure tanks.

It is expected that transport may take place at temperatures
between minus 20°C and plus 30°C, most commonly at tempera-
tures between 0 and 25°C. However, the method is applicable
at all temperatures above minus 57°C. The method and device
are best suited for application with below-critical pressures
and temperatures, but may also be used even if the carbon di-
oxide is in an above-critical state. An above-critical state
could occur for carbon dioxide only at temperatures above

31°C.

During loading into the cargo pressure tanks, the gas which
is in the cargo pressure tanks is normally conveyed back into
the associated loading facility, for example to replenish the
storage tanks, out of which the liquid carbon dioxide is

flowing.

When unloading, it is necessary to provide for the cargo
pressure tanks to be replenished with gas at the same rate as
that at which the ligquid gas is being pumped out of the cargo

pressure tanks.

According to the invention, a balancing line extending be-
tween the pressure side of an unloading pump and the pressure
tanks is provided with a heater to supply energy to the gas
and, thereby, convert the gas from liquid form into gaseous
form at a substantially constant pressure and temperature.

The balancing line forms a separate pipe bore relative to
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other loading and unloading lines.

Depending on the pipe line from the unloading pump to the re-
ceiving facility, the pressure from the unloading pump may be
somewhat higher than the pressure within the cargo pressure

tanks. In that case the pressure in the balancing line needs

to be reduced to the pressure of the cargo pressure tank.

By means of this relatively simple and energy-conserving
method and device carbon dioxide, for example, may be trans-
ported in vessels, as the replenishing with gas to maintain
full pressure in the cargo pressure tanks is provided in a

simple manner.

Since the transport takes place at ambient temperature it is
unnecessary to heat-insulate tanks and pipes. Hoses may be
used for the connection between the vessel and onshore facil-
ity, which simplifies, to a substantial degree, loading and

unloading relative to the prior art.

In what follows, there is described an example of a preferred
method and embodiment which is visualized in the accompanying

drawings, in which:

Figure 1 shows schematically a conveyance plant for carbon

dioxide according to the invention; and

Figure 2 shows schematically a pressure-enthalpy chart for

carbon dloxide.

In the drawings the reference numeral 1 denotes a cargo pres-
sure tank placed in a vessel 2. A loading and unloading line
4 which is connected to a filling valve 6 and an unloading

pump 8 ends near the bottom portion 10 of the cargo pressure

tank 1.

The filling valve 6 and the discharge line 12 of the unload-
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ing pump 8 communicate with a first shut-off valve 14. A bal-
ancing line 16 connects the upper portion of the cargo pres-
sure tank 1 via a balancing valve 18 to the pressure side of

the unloading pump 8 via the discharge line 12.

The balancing line 16 is also connected to a second shut-off

valve 20.

In this preferred exemplary embodiment the balancing line 16

extends through a heater 22.

The first shut-off valve 14 communicates with an unloading or

loading facility, not shown.

In a pressure-enthalpy chart (PI chart) for carbon dioxide,
see figure 2, the enthalpy of the material is indicated along
the abscissa, whereas the pressure is indicated along the or-
dinate. If the carbon dioxide is in solid form, it is in a
state which falls within an area A in the chart. Correspond-
ingly, the carbon dioxide takes the form of a mixture of
solid form and liquid in an area B, a mixture of solid form
and gas in an area C, a mixture of liquid and gas in an area
D, liquid in an area E and gas in an area F. At a pressure
higher than 73,8 bars a critical state may arise, in which
gas and liquid cannot exist as separate phases. The corre-

spondingly critical temperature is near 31°C.

It is obvious that states falling within the areas A, B and C
in figure 2 must be avoided during transport and also loading
and unloading, because carbon dioxide in solid or partly

solid form would be difficult to unload.

According to the invention, the part of the area D, and also
the portions of the areas E and F nearest to the area D, fal-
ling within the constant temperature curves marked L and H,

constitute a working area for the carbon dioxide when the in-
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vention is being practised.

The temperature curve L represents the lowest ambient tem-
perature which may be expected, for example 0°C, whereas the
temperature curve H represents the highest ambient tempera-

ture which may be expected, for example 25°C.

The liquid in the cargo pressure tank 1 is essentially in a
state at the transition between the areas D and E and between
the constant temperature curves L and H, for example at the

point M1, see figure 2.

The gas F in the cargo pressure tank 1 is substantially in a
state at the transition between the areas D and F and between
the constant temperature curves L and H, for example at the
point M2, see figure 2. Thus, the gas and liguid within the
cargo pressure tank 1 assumes the same temperature and are

exposed to the same overpressure.

During filling of the cargo pressure tank 1 liquefied carbon
dioxide flows in from the loading facility, not shown, via
the first shut-off valve 14, discharge line 12, £filling valve
6, loading and unloading line 4 and into the cargo pressure

tank 1.

The carbon dioxide gas which is in the cargo pressure tank 1
flows via the balancing pipe 16 and the second shut-off wvalve

20 back into the loading facility, not shown.

During unloading, the unloading pump 8 pumps liguid carbon
dioxide from the cargo pressure tank 1 via the loading and
unloading line 4, the discharge line 12, the first shut-off

valve 20 and to the unloading facility, not shown.

A smaller portion of carbon dioxide, which is in the state M1

of figure 2, flows from the discharge pipe 12 via the balanc-
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ing valve 18, heater 22, balancing pipe 16 and to the cargo
pressure tank 1. In the heater 22 the carbon dioxide is sup-
plied with energy so that its state at a substantially con-
stant temperature and pressure is shifted from state M1l to
state M2 in the chart of figure 2. In state M2 the carbon di-
oxide is in the gaseous phase, thereby filling, per unit of
weight, a considerably larger volume than when being in the

liquid phase at M1.

The vessel 2 may be provided with a separate loading line,
not shown. Thus, the loading and unloading line 4 might be

just a loading line.
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Claims

A method for the sea transport of liquefied gas, in
particular carbon dioxide, characterized
in that the method comprises:

- placing at least one cargo pressure tank (1) in a
vessel (2); .

- filling liquefied gas, having ambient temperature,
into the cargo pressure tank (1);

- pumping, when unloading, liquid gas from the cargo
pressure tank (1) to a receiving facility;

- evaporating and conveying ligquid gas into the cargo
pressure tank (1) to £ill the volume after the exiting

liquid gas.

The method in accordance with claim 1, charac-
terized 1in that gas in the gaseous phase
which is in the cargo pressure tank (1) during loading

is conveyed back to a loading facility.

The method in accordance with claim 1, charac-
terized 4in that during the evaporation, lig-
uid gas is heated before it is conveyed to the cargo

pressure tankh(l).

The method in accordance with claim 3, charac-
terized 4in that the liquid gas is evaporated

substantially at a constant pressure and temperature.

A device for the transport of liquefied gas, in par-
ticular carbon dioxide, in at least a cargo pressure
tank (1) in a vessel (2), characterized
in that a balancing pipe (16) for supplying gaseous
fluid to the cargo pressure tank (1) is provided with
a heater (22) and is separate from other loading and

unloading lines.
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6. The device in accordance with claim 5, charac -
terized 1in that a loading and unloading line
(4) ends at the bottom portion of the cargo pressure

tank (1).

7. The device in accordance with c¢laim 6, charac -
terized 1in that the loading and unloading
line (4) is connected to an unloading pump (8) and

communicates with the balancing pipe (16).

8. The device in accordance with claim 1, charac -
terized in that the balancing pipe (16) ex-
tends between the cargo pressure tank (1) and the

pressure side of the unloading pump (8).
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