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METHOD AND SYSTEM FOR STORAGE AND TRANSPORT OF LIQUEFIED 
PETROLEUM GASES 

1 

The invention concerns a method and system for storage and transport of liquefied pe­
troleum gases, normally known as LPG, on a tanker vessel, hereinafter referred to as 
LPG carriers, and particularly the transport of two cargoes on the same shipment. 

5 Further, the present method and system are equally applicable for the use on floating 
production storage and Offloading vessels for liquefied petroleum gases, LPG FPSO, 
and similarly the use on floating storage and offloading vessels for liquefied petroleum 
gases, LPG FSO. 

10 The term LPG carriers defined above shall hereinafter also include both LPG FPSO's 
and LPG FSO's. 

LPG is to be understood as a range of different grades or products of petroleum gases 
stored and transported as liquid. Of the various petroleum gases propane and butane are 

15 the principal examples in which propane typically includes any concentration of ethane 
from 0% up to 5% and butane can be any mixture of normal-butane and iso-butane. In 
addition LPG should as a minimum include: 

ammonia 
20 butadiene 

butane-propane mixture (any mixture) 
butylenes 
diethyl ether 
propylene 

25 vinyl chloride 

LPG's are transported in liquid form either at pressures greater than atmospheric or at 
temperatures below ambient, or a combination of both. This invention relates to: 

30 (1) LPG carriers transporting liquefied cargoes, LPG, at temperatures below ambi­
ent, known as fully refrigerated LPG carriers, and 

(2) LPG carriers transporting liquefied cargoes, LPG, at pressures greater than at­
mospheric and temperatures below ambient. The latter is known as semi-refrig-
rated/semi-pressurised. 

35 
LPG stored and transported at temperatures below ambient releases continuously a cer­
tain amount of vapour. The normal manner of maintaining the pressure in the cargo 
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tanks is to extract the released vapour, then being liquefied and returned back to the 
cargo tanks as condensate. 

Hereinafter, condensate is to be understood as liquefied vapour whereas vapour is meant 
5 to be the product of vapours consisting of vapours generated by heat input to the LPG 

and any vapour generated when the condensate is returned. 

A cargo type is any of the LPG grades or products mentioned above. As an example 
first cargo type and second cargo type could be propane and butane, respectively. 

10 
In this description, a reliquefaction unit is hereinafter meant to be a refrigeration unit 
which duty is to liquefy vapour and the prefix "re" points to liquefaction of vapour from 
liquefied gases. A cargo tank is one or more liquid tight containers intended to hold 
LPG. Standby operation is using, for instance, a unit ready to be used when needed. 

15 
Normally, one to two cargoes are carried per shipment. Amongst the different types of 
LPG cargoes, the products can typically be propane and butane. The latter are segre­
gated into dedicated cargo tanks and all cargo handling is handled in a manner without 
mixing liquid and vapour from the two cargoes. This includes segregated operations at 

20 least for the following cargo handling operations: 

• maintaining cargo tank pressures and temperatures for two segregated cargoes; 
• cooling down the cargos during voyage; and 
• cooling down the cargos under loading. 

25 
Typically, the previously known LPG carriers capable of handling two cargoes have 
three to four reliquefaction units installed to handle vapour from the two cargoes simul­
taneously. 

30 One size type of LPG carriers, the very large gas carriers, VLGC, have typically in­
stalled four identical reliquefaction units. Whilst a second size type LPG carrier, the 
medium size gas carrier, MSGC, have typically installed three identical reliquefaction 
units. In both cases, the reliquefaction units are fully independent of one another and are 
of the type being totally refrigerated. 

35 
A typical operational modus for a VLGC carrying two LPG cargoes, such as e.g. pro­
pane and butane, has two reliquefaction units handling propane vapour, one reliquefac­
tion unit handling butane vapour, and one reliquefaction unit is in standby. For an 
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MSGC carrying propane and butane, for instance, one reliquefaction unit is typically 
handling propane vapour, one reliquefaction unit butane vapour, and one reliquefaction 
in standby, respectively. 

5 For reference and illustration, figures 1 and 2 shows a typical reliquefaction unit and 
typical arrangement for a VLGC carrying two cargoes, respectively, of which a first 
cargo type typically could be propane and the second cargo type butane. 

As illustrated in figure 2 vapour that evaporates in at least one cargo tank from a first 
10 cargo type flows via a line 1 and distributes to separate lines 2, 3 before flowing to two 

separate reliquefaction units, in which the vapour is condensed and returned back to 
cargo tank 100 via a line 6. Vapour that evaporates in at least one further cargo tank 
from a second cargo type flows via the line 7 to yet another reliquefaction unit, in which 
the vapour is condensed and returned back to the cargo tank via the line 8. 

15 
Each reliquefaction unit comprises typically minimum one compressor 1.100, 1.200, see 
figure 1, taking suction from the vapour line connected to the cargo tank, compressing 
the vapour, condensing it against a cold medium 1.300, such as e.g. sea water, or a re­
frigerant provided by a secondary system. The vapour flow from the cargo tank is con-

20 trolled by the operation of the compressor. One reliquefaction unit is typically in 
standby operation. 

Example 
A typical VLGC with four liquid tight containers A to D is designed for carrying a 

25 number of different cargoes of which the coldest cargo to be considered is propane. The 
calculated heat leakage into the cargo arrangement totals to e.g. 427 kW and, then, the 
heat leakage into each cargo tank arrangement is: 

Liquid tight container A : 96 kW 
30 Liquid tight container B : 112 kW 

Liquid tight container C : 112 kW 
Liquid tight container D : 107 kW 

Cargo tank arrangement is to be understood as the cargo tank and all associated piping 
35 and equipment external to the liquid tight containers. 
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Total installed refrigerant capacity shall thus not be less than 427kW plus sufficient re­
dundancy to meet the requirements set forth by international classification societies and 
the International Code for the Construction and Equipment of Ships Carrying Liquefied 
Gases in Bulk, the IGC Code. Based on operational issues the ship owners have typi-

5 cally additional requirements for further increased refrigerant capacity. 

As a consequence a VLGC is typically equipped with four reliquefaction units, each 
unit normally with a reliquefaction capacity above 220 kW. Typically, each unit is ca­
pable of handling 2230 kg propane vapour per hour. Total evaporation from a VLGC 

10 carrying only propane typically amount to 3890 kg/hr. Capacities are naturally a func­
tion of ambient temperatures and type of cargo and change accordingly. 

For the same VLGC carrying iso-butane the total heat leakage is 240 kW and each 
reliquefaction unit has a reliquefaction capacity of typically 340 kW. Total evaporation 

15 from a VLGC carrying only iso-butane typically amount to 1350 kg/hr. 

When the VLGC carries both of the above cargoes a segregated operation applies. As­
suming iso-butane loaded in liquid tight container A & B and propane loaded in liquid 
tight container C & D, the vapour flow of propane and iso-butane is approximately 1895 

20 kg/hr and 690 kg/hr, respectively. For such a scenario, two reliquefaction units are in 
operation, one for propane and one for iso-butane. If the LPG carrier has propane in 
three cargo tanks, three reliquefaction units are in operation, two for propane and one 
for iso-butane. 

25 Due to excessive capacity for each of the reliquefaction units in operation, operation of 
these units are normally intermittent, e.g. 12 hours operation 12 hours standby. 

Thus, the main object of the present invention is to propose a simplified solution mini­
mizing the number of reliquefaction units needed to take properly care of all vapours of 

30 the different cargo types. 

This is according to one aspect the invention achieved by a method for storage and 
transport of LPG on LPG carriers, in particular two cargoes of different LPG types on 
same shipment, having reliquefaction units in which vaporized gases are condensed and 

35 then returned into at least one cargo tank for the respective LPG cargo type, comprising: 
using the reliquefaction units, at a minimum one running, so as to condense va­

pour from the first cargo type; 
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passing the condensed vapour through a heat exchanger; 
simultaneously flowing vapour from the second cargo type through the heat ex­

changer so as to condense the vapour by means of heat exchanging with the condensed 
vapour; and 

5 returning the condensed vapours leaving the heat exchanger back into the re­
spective cargo types. 

Moreover, the invention relates to a system for storage and transport of LPG on LPG 
carriers, in particular two cargoes of different LPG types on same shipment, having 

10 reliquefaction units in which vaporized gases are condensed and then returned into at 
least one cargo tank for the respective LPG cargo type, wherein: 

the reliquefaction units, at a minimum one running, is used to condense vapour 
from the first cargo type; 

the condensed vapour is passed through a heat exchanger; 
15 vapour from the second cargo type is simultaneously flowed through the heat 

exchanger to condense the vapour by means of heat exchanging with the condensed va­
pour; and 

the condensed vapours leaving the heat exchanger is returned back into the re­
spective cargo types. 

20 
Some of the benefits by the proposed method and system are that the number of running 
reliquefaction is reduced to a minimum of one unit and that condensed vapour leaving 
the running reliquefaction unit can be used as a refrigerant in the heat exchanger. 

25 To meet the pressure in the respective cargo tank for the first cargo type, the condensed 
vapour from the reliquefaction unit can be throttled upstream or downstream of the heat 
exchanger. The throttling can alternatively be performed in two stages. 

The heat exchanger can be installed on a high point location on the LPG carrier so as to 
30 allow the condensed vapours to freely flow back into the cargo tanks. However, if free 

flow back to a respective cargo tank for the second cargo type is impeded, the con­
densed vapour to be returned into the second cargo type could be pumped. 

To provide an elevated condensation pressure and, thus, allow for a more flexible loca-
35 tion of the heat exchanger, vapour of the second cargo type can be compressed upstream 

of the heat exchanger. 
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The condensed vapour of the first cargo type can be returned from the heat exchanger 
through a separator so as to separate vapour and liquid phase, and liquid returned back 
into the first cargo type. To provide for a higher inlet pressure at the running reliquefac­
tion unit, separated vapour can be passed through an ejector. 

5 
To minimise running time on machinery, a reciprocating compressor in the reliquefac­
tion units is operated by means of an electric motor and, when allowable, speeding up 
the motor above normal so as to use the power potential thereof. 

10 The present invention is discussed below with reference to preferred embodiments pre­
sented in the accompanying drawings, in which: 

Figure 1 and 2 schematically show a typical prior art reliquefaction unit and typical ar­
rangement for a VLGC carrying two cargoes, respectively; 

15 
Figure 3 schematically shows an embodiment having two reliquefaction units, of which 
one is running and the other is in standby; 

Figure 4 schematically shows another embodiment corresponding to figure 3, except 
20 that a throttle is arranged downstream of a heat exchanger: 

Figure 5 schematically shows an out cut of the embodiments in figure 3 and 4, respec­
tively, and including a pump downstream of the heat exchanger; 

25 Figure 6 schematically shows an out cut of the embodiments in figure 3 and 4, respec­
tively, and including a compressor upstream of the heat exchanger; 

Figure 7 schematically shows an embodiment similar to figure 3 but including a separa­
tor downstream of the heat exchanger; and 

30 
Figure 8 schematically shows an embodiment in which running time by intermittently 
operating the reliquefaction unit based on pressure increase in the cargo tanks. 

As mentioned above and illustrated in figure 3, for instance, the invention relates to a 
35 method and system for transporting and storing liquefied petroleum gases, in particu­

larly two grades of products, on the same shipment. This allows for a reduced number 
of installed reliquefaction units compared to "Prior Art" all down to a minimum of two 
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units including one running unit and is still providing the required redundancy set forth 
by international classification societies and the IGC Code. Ship owners additional re­
quirements on refrigeration duty is also covered. During normal operations one out of 
the two units is in standby operations. 

5 
Although the reduced number has a minimum of two reliquefaction units, other options 
is possible For instance, one reliquefaction unit with redundant rotating machinery 
could be used. Other configurations are also applicable, e.g. having three units. 

10 Note that the type of reliquefaction unit is not crucial when utilizing the invention. 
However, for convenience it is assumed same type of reliquefaction unit corresponding 
to the prior art but with typically twice the capacity. 

Vapour that evaporates from the first cargo type contained in one or more cargo tanks 
15 100 flows via a line 1 to the reliquefaction unit 300 to be condensed and, thereafter, re­

turned via a line 5. Condensate flows from the reliquefaction unit 300 via a throttle 
valve 600, in which the pressure is reduced to meet the pressure in the cargo tank(s) 
100. After throttling, the condensate or, depending on the process conditions of the 
reliquefaction plant, the mixed phase fluid enters a heat exchanger 500, in which the 

20 condensate is used as the heat sink. At exit of the heat exchanger 500, the condensate 
leaves in the form of a mixed phase fluid and flows back to the cargo tank(s) 100. The 
heat exchanger 500 is preferably a free flow condenser. 

Although, only one heat exchanger is shown in the drawings, it should be understood 
25 that more heat exchanger 500 could be installed. In such an instance the condensed va­

pour from the reliquefaction unit 300 is divided in an appropriate manner and passed 
through the respective heat exchangers. 

Vapour that evaporates from the second cargo type contained in at least one cargo tank 
30 200 flows via a line 6 to the heat exchanger 500 and the vapour is condensed and re­

turned back to the cargo tank(s) 200 via a line 7. The vapour flow is by means of natu­
ral circulation. No compressors or other mechanical means are needed, such as e.g. an 
ejector, to propel the vapour from cargo tank 200 into heat exchanger 500 to be con­
densed and returned. 

35 
The refrigerant duty required to condense all vapour associated with the second cargo 
type is taken from the available spare refrigerant capacity of the reliquefaction unit han­
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dling all vapour associated with the first cargo type. Condensate from the refrigeration 
unit 300 is thus used as a refrigerant in the heat exchanger 500 to condense the vapour 
from the second cargo type. 

5 The heat exchanger 500 is preferably installed on a high point location on the LPG car­
rier allowing the condensed vapour to freely flow back to the cargo tanks 100, 200. A 
high point location can be on top of the cargo compressor room, on the pipe rack run­
ning along the LPG carrier, on a high point on any existing deck module or on a dedi­
cated high point structure. 

10 
Handling of all associated vapour from the first cargo type is in principle identical to the 
"Prior Art" but differs with respect to the increased vapour flow rate caused by the fact 
that the condensate returned to the tank(s) 100 is first used to condense all associated 
vapour from the second cargo type before returned to the cargo tank(s) 100. The net 

15 condensate returned to the first cargo type in the cargo tank(s) 100 corresponds to the 
net evaporated cargo vapour being evaporation caused by heat added to the cargo 
tank(s) 100. 

The function according to the invention is based on the fact that each reliquefaction unit 
20 is designed for handling a ship being fully loaded with its coldest design cargo, typically 

propane and when some of this cargo capacity is taken up by a warmer cargo, e.g. bu­
tane, it is available an excessive refrigeration capacity that can be used to condense the 
warmer part cargo. 

25 The excessive refrigeration capacity is utilised by transferring heat added to the warmer 
cargo side into the colder cargo side and, thus, circulating a higher cold vapour flow 
than if two segregated arrangements are in operation. 

The present example illustrates the operations for a LPG carrier loaded with two grades 
30 on board a VLGC. Iso-butane is loaded in two cargo tanks, tank A & B, and propane is 

loaded in two other cargo tanks, tank C & D. 

Approximately 690 kg/hr of iso-butane flows naturally towards heat exchanger 500 and 
typically enters the heat exchanger at a temperature of -3°C. The total refrigerant duty 

35 required to cool and condense this flow of iso-butane is about 71kW. The total refriger­
ant duty required to cool and condense the propane flow is about 219 kW. One relique­
faction unit has a total refrigeration capacity of 427 kW. 
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Other sizes of reliquefaction units occur for other sizes of LPG carriers. 

As depicted in figure 4, the throttle valve 600 is alternatively located downstream of 
5 heat exchanger 500. 

When needed, the heat exchanger 500 can alternatively be located at a lower elevation 
than the piping running back to the cargo tanks 100, 200 but, then, a circulation pump 
700 must be installed, see figure 5 not showing the correct location of the heat ex-

10 changer relatively to the piping. 

Alternatively, a small blower or compressor 800 can be installed upstream of heat ex­
changer 500 providing a slightly elevated condensation pressure and thus also allowing 
for a more flexible location of heat exchanger 500, see figure 6. 

15 
As shown in figure 7 the mixed phase fluid leaving the heat exchanger 500 via the line 5 
enters a separator 900, in which the vapour and liquid phases are separated. Liquid 
leaves via a line 8 and is introduced back into the first cargo type in the cargo tank(s) 
100. Vapour leaves via a line 9 and is mixed with vapour flowing in line the 1. By this 

20 arrangement, the required vapour handling capacity of each liquid tight container and 
associated piping is reduced. 

To minimise running time on machinery the reliquefaction units are operated intermit­
tently. This is done by allowing the pressure in the cargo tanks to increase to a high 

25 level, then start the reliquefaction units and reduce the pressure in the cargo tanks. Ac­
tual running time is governed by several factors as e.g. ambient temperatures, amount of 
volatile components in the cargo and sea conditions. Volatile components in the LPG 
are typically ethane and normally varie between 0 and 5 mol%. Higher concentrations 
of ethane may occasionally occur. 

30 
The compressor 1.100 and 1.200 shown in figure 1 is commonly two compression 
stages of one large reciprocating compressor 2.000, see figure 8. More than two com­
pression stages are also common, not shown. An electric motor 1.900 drives the com­
pressor. 
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A reciprocating compressor is a positive displacement compressor where for a given 
compressor its volumetric capacity is given by its design and thus operates at its maxi­
mum volumetric capacity at any given time. Since not only running time but also the 
compression work is governed by conditions as ambient temperatures and amount of 

5 volatile components in the gas to be compressed the electric motor 1.900 does not nec­
essarily run on its maximum continuous rating. 

To utilise the power potential of the electric motor it is proposed to speed up the motor 
rpm above normal rpm when conditions described above allows for it, this will be done 

10 by increasing the frequency of the power supply 1.950 to frequencies above normal. 
The volumetric capacity of a displacement compressor increases proportionally with 
speed and hence the refrigerant capacity also increases and thus running time reduces. 
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Patent claims 

1. 
A method for storage and transport of LPG on LPG carriers, in particular two cargoes of 

5 different LPG types on same shipment, having reliquefaction units (300, 400) in which 
vaporized gases are condensed and then returned into at least one cargo tank (100) for 
the respective LPG cargo type, characterized in that the 
method is comprising: 

using the reliquefaction units (300, 400), at a minimum one running, so as to 
10 condense vapour from the first cargo type; 

passing the condensed vapour through a heat exchanger (500); 
simultaneously flowing vapour from the second cargo type through the heat ex­

changer (500) so as to condense the vapour by means of heat exchanging with the con­
densed vapour; and 

15 returning the condensed vapours leaving the heat exchanger back into the re­
spective cargo types. 

2. 
A method according to claim 1, characterized in that the 

20 method is further comprising: 
throttling the condensed vapour from the reliquefaction units (300, 400) up­

stream or downstream of the heat exchanger (500) as to meet the pressure requirements. 

3. 
25 A method according to claim 1, characterized in that the 

method is further comprising: 
throttling the condensed vapour in two stages as to meet the pressure require­

ments. 

30 4. 
A method according to any of the preceding claims, character­
ized in that the method is further comprising: 

installing the heat exchanger (500) on a high point location on the LPG carrier 
so as to allow the condensed vapours to freely flow back into the cargo tanks (100, 

35 200). 



WO 2011/002299 PCT/N02010/000166 

12 

5. 
A method according to any of the preceding claims 1 to 3, charac­
terized in that the method is further comprising: 

if free flow back to at least one cargo tank (200) for the second cargo type is im-
5 peded, pumping the condensed vapour to be returned into the second cargo type. 

6. 
A method according to any of the preceding claims, character­
ized in that the method is further comprising: 

10 compressing vapour of the second cargo type upstream of the heat exchanger 
(500) so as to provide an elevated condensation pressure and, thus, allow for a more 
flexible location of the heat exchanger (500). 

7. 
15 A method according to any of the preceding claims, character­

ized in that the method is further comprising: 
passing the condensed vapour of the first cargo type returned from the heat ex­

changer (500) through a separator as to separate vapour and liquid phase; and 
returning liquid back into the first cargo type. 

20 
8. 
A method according to any of the preceding claims, character­
ized in that the method is further comprising: 

operating a reciprocating compressor (2.000) in the reliquefaction units (300, 
25 400) by means of an electric motor (1.900) and, when allowable, speeding up the motor 

above normal so as to use the power potensial thereof. 

9. 
A system for storage and transport of LPG on LPG carriers, in particular two cargoes of 

30 different LPG types on same shipment, having reliquefaction units (300,400) in which 
vaporized gases are condensed and then returned into at least one cargo tank (100) for 
the respective LPG cargo type, characterized in that: 

the reliquefaction units (300, 400), at a minimum one running, is used to con­
dense vapour from the first cargo type; 

35 the condensed vapour is passed through a heat exchanger (500); 
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vapour from the second cargo type is simultaneously flowed through the heat 
exchanger (500) to condense vapour by means of heat exchanging with the condensed 
vapour; and 

the condensed vapours leaving the heat exchanger is returned back into the re-
5 spective cargo types. 

10. 
A system according to claim 9, characterized in that one 
of the reliquefaction units (400) is arranged in stand by operation. 

10 
11. 
A system according to claim 9, characterized in that the 
heat exchanger is a free flow condenser (500). 

15 12. 
A system according to any of the preceding claims 9 to 11, charac­
terized in that the cargo types are held in cargo tanks, at least one 
separate tank (100, 200) for the respective cargo type. 

20 13. 
A system according to any of the preceding claims 9 to 12, charac­
terized in that the condensed vapour from the reliquefaction units 
(300, 400) is throttled using a throttle valve (600) arranged in flow lines upstream or 
downstream of the heat exchanger (500), respectively. 

25 
14. 
A system according to any of the preceding claims 9 to 12, charac­
terized in that the condensed vapour from the reliquefaction units 
(300, 400) is throttled in two stages. 

30 
15. 
A system according to any of the preceding claims 9 to 14, charac­
terized in that the heat exchanger (500) is installed on a high point 
location on the LPG carrier. 

35 
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16. 
A system according to any of the preceding claims 9 to 14, charac­
terized in that if free flow back to at the least one cargo tank (200) 

5 loaded with the second cargo type is impeded, the condensed vapour is pumped by 
means of a pump (700) situated in the piping (7). 

17. 
A system according to any of the preceding claims 9 to 15, c h a r a c -

10 terized in that vapour of the second cargo type is compressed by 
means of a compressor (800) arranged upstream of the heat exchanger (500). 

18. 
A system according to any of the preceding claims 9 to 17, c h a r a c -

15 terized in that the condensed vapour of the first cargo type returned 
from the heat exchanger (500) is passed through a separator, and separated liquid is re­
turned back into the at least one tank (100) for the first cargo type. 

19. 
20 A system according to any of the preceding claims 9 to 18, charac­

terized in that a reciprocating compressor (2.000) in the reliquefaction 
units (300, 400) is operated by means of an electric motor (1.900) and, when allowable, 
the motor is speeded up above normal. 


