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Description 

The  invention  relates  to  a  process  for  the  utilization 
of  boil-off  (decoction)  from  liquefied  petroleum  gas  as 
fuel  gas  in  combination  with  gas  produced  by  evapora- 
tion  of  the  liquefied  petroleum  gas,  where  the  boil-off 
and  evaporated  gas  are  brought  together  and  com- 
pressed. 

The  invention  also  relates  to  a  system  for  carrying 
out  the  method,  wherein  boil-off  and  evaporated  gas  are 
brought  together  and  compressed,  comprising  a  stor- 
age  tank  for  liquefied  petroleum  gas,  an  outlet  line  for 
decoction  from  the  storage  tank,  an  outlet  line  for  lique- 
fied  gas  from  the  storage  tank,  an  evaporator  in  the  out- 
let  line  for  liquefied  gas,  a  flowline  (header)  connected 
to  the  two  outlet  lines,  a  compressor  connected  to  the 
flowline,  and  a  pressure  pipe  from  the  compressor. 

As  the  technical  background  for  the  invention,  the 
point  of  departure  is  the  situation  currently  found  aboard 
LNG  ships,  i.e.,  ships  designed  to  carry  liquefied  natural 
gas.  Ships  carrying  liquefied  natural  gas  (LNG  ships)  at 
atmospheric  pressure  normally  are  not  equipped  with 
recondensation  systems.  Therefore,  the  gas  which  boils 
off  as  a  result  of  leakage  of  heat  into  the  tanks,  here 
defined  as  decoction  (boil-off),  is  used  as  fuel  gas  in  the 
ship's  steam  boiler.  The  temperature  of  the  cargo  at  at- 
mospheric  pressure  will  be  about  minus  1  60°C  for  most 
LNG  mixtures,  while  the  gas  temperature  and  pressure 
requirements  at  the  inlet  to  the  boiler  burners  are,  re- 
spectively,  plus  30°C  and  minimum  0.5  bar  g.  When  un- 
der  certain  operating  conditions  the  boil-off  is  not  suffi- 
cient  to  meet  the  total  requirement  for  the  boiler,  the  gas 
amount  may  be  increased  by  evaporating  LNG,  here  de- 
fined  as  gas  produced  by  the  evaporation  of  the  liquefied 
gas,  which  is  taken  directly  from  the  tanks. 

In  a  common  arrangement  today  for  the  utilization 
of  boil-off  and  gas  produced  by  evaporation  of  the  liq- 
uefied  petroleum  gas,  a  compressor  maintains  the  de- 
sired  tank  pressure  by  evacuating  boil-off.  The  boil-off 
will  receive  some  heat  in  the  tank  dome  and  the  pipe 
system,  causing  the  temperature  at  the  inlet  to  a  sepa- 
rator  placed  in  front  of  the  compressor  to  be  increased 
from  minus  1  60°C  to  about  minus  1  20°C. 

The  pressure  increase  in  the  compressor  causes  a 
temperature  rise  of  about  30°C.  To  enable  the  supplying 
of  the  gas  to  the  machine  room  with  a  temperature  of 
about  plus  30°C,  a  heat  exchanger  (heater)  is  installed 
after  the  compressor  for  further  heating  of  the  gas. 

If  it  is  necessary  to  increase  the  amount  of  gas  sup- 
plied  to  the  boilers,  a  pump  suitable  for  this  purpose  is 
started  in  one  of  the  tanks,  and  LNG  at  minus  160°C  is 
sent  on  to  an  evaporator.  Here  the  gas  is  evaporated 
and  overheated  to  about  minus  60°C,  prior  to  entering 
said  separator  and  mixing  with  the  boil-off.  The  separa- 
tor  is  considered  necessary  because  LNG  taken  from 
the  bottom  of  the  tanks  contains  small  amounts  of  heav- 
ier  hydrocarbons  which  have  a  droplet  form  after  the 
evaporation,  or  conceivably  can  condense  in  the  inlet  to 

the  compressor  and  damage  it.  When  boil-off  is  used 
alone,  the  separator  per  se  is  not  necessary,  nor  is  it 
necessary  if  the  temperature  is  sufficiently  high  in  front 
of  the  compressor,  eliminating  the  danger  of  precipita- 

5  tion  of  liquid  drops. 
It  should  be  possible  for  the  system  to  be  run  either 

with  boil-off  alone  or  with  evaporation  of  LNG.  The 
amounts  will  vary  from  0  to  100%  for  both  sources.  If, 
for  example,  maximum  gas  consumption  for  the  boilers 

10  is  5000  kg/hour  and  the  boil-off  amount  is  4000  kg/hour, 
then  1  000  kg/hour  must  be  supplied  via  the  evaporator. 
If  the  boil-off  amount  is  2000  kg/hour,  then  3000  kg/hour 
must  be  supplied  via  the  evaporator,  etc.  Thus,  the  suc- 
tion  temperature  for  the  compressor  could  vary  between 

is  the  extremes  of  minus  60°C  and  minus  120°C. 
An  existing  system  of  this  type  involves  an  arrange- 

ment  requiring  four  main  components,  namely:  an  evap- 
orator,  separator,  compressor  and  heater.  The  operating 
temperatures  are  such  that  these  components  must  be 

20  classified  as  cryogenic  equipment,  with  special  require- 
ments  with  regard  to  materials  and  construction.  This 
also  applies  to  the  pipework  and  instrumentation. 

The  purpose  of  the  present  invention  is  to  simplify 
the  process  and  the  system. 

25  According  to  the  invention,  therefore,  we  propose  a 
process  as  described  in  the  introduction  above,  charac- 
terized  in  that  the  boil-off  and  liquefied  gas  prior  to  the 
compression  are  overheated  and  evaporated,  respec- 
tively,  in  their  separate  sections  in  a  combined  heat  ex- 

30  changer  and  are  brought  together  in  a  common  mixing 
chamber. 

With  regard  to  the  new  system,  it  is  proposed  ac- 
cording  to  the  invention  that  the  aforementioned  system 
be  designed  such  that  the  evaporator  is  constructed  as 

35  a  combined  heat  exchanger  having  two  separate 
throughflow  tube  bundles  disposed  in  a  common  sur- 
rounding  shell,  one  said  bundle  being  connected  to  the 
outlet  line  for  liquefied  gas  for  the  evaporation  thereof, 
and  the  other  tube  bundle  being  connected  to  the  outlet 

40  line  for  boil-off  for  the  overheating  thereof,  which  tubes 
flow  into  a  common  mixing  chamber  which  is  connected 
to  the  flowline. 

By  means  of  the  invention,  the  process  and  the  sys- 
tem  are  radically  simplified.  Because  the  suction  tem- 

45  perature  of  the  compressor  is  raised  substantially,  the 
separator  may  be  omitted,  and  the  compressor  need  not 
be  cryogenic,  with  the  special  requirements  for  materi- 
als,  construction  and  design  associated  therewith.  Insu- 
lation  of  the  pipelines  may  be  omitted,  and  ice  formation 

so  on  the  valves  and  expansion  members  is  avoided.  This 
simplification  results  in  reduction  of  the  amount  of  re- 
quired  space  and  a  less  complicated  pipework  system. 
The  combined  heat  exchanger  can  be  supplied  at  a 
price  which  is  not  substantially  higher  than  that  of  each 

55  of  the  heat  exchangers  (evaporator  and  heater  )  in  use 
today.  The  overall  capital  costs  and  operating  expenses 
(including  maintenance)  over  the  lifetime  of  the  ship  will 
be  reduced  substantially. 

2 
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Thermal  engineering  calculations  indicate  that  it  is 
possible  to  construct  the  combined  heat  exchanger  with 
dimensions  covering  all  conditions  from  0-1  00%  boil-off 
and  from  0-100%  evaporation.  Furthermore,  the  appa- 
ratus  may  be  regulated  such  that  the  gas  exiting  the  heat 
exchanger  maintains  a  temperature  of  plus  10°C,  so 
that  further  heating  of  20-30°C  in  the  compressor  will 
ensure  that  the  gas  supplied  to  the  boilers  has  the  cor- 
rect  temperature  (and  pressure). 

The  invention  will  now  be  explained  in  more  detail, 
with  reference  to  the  drawings,  where: 

Fig.  1  is  a  purely  schematic  view  of  a  known  system, 
Fig.  2  shows  a  system  according  to  the  invention, 
and 
Fig.  3  shows  the  new  combined  heat  exchanger 
with  associated  control  system. 

In  Figure  1  ,  numeral  1  designates  a  storage  tankfor 
liquefied  petroleum  gas,  for  example  a  tank  for  LNG 
aboard  an  LNG  ship.  As  a  result  of  heat  penetration  from 
the  surroundings,  so-called  boil-off  (decoction)  will  oc- 
cur.  This  boil-off  collects  in  the  dome  2  of  the  storage 
tank  and  may  be  removed  through  an  outlet  line  3.  This 
outlet  line  3  runs  to  a  separator  4,  from  which  runs  a  line 
5  to  a  compressor  6.  In  compressor  6  the  boil-off  is  com- 
pressed,  with  an  attendant  increasing  of  the  tempera- 
ture.  Furthertemperature  increases  take  place  in  aheat- 
er  7,  from  which  runs  a  line  8  carrying  fuel  gas. 

Tank  1  contains  liquefied  natural  gas  having  a  tem- 
perature  of  around  minus  1  60°.  The  boil-off,  which  is  re- 
moved  through  line  3,  will  as  a  result  of  the  supply  of 
heat  in  dome  2  and  in  line  3  have  a  temperature  of 
around  minus  120°C  at  separator  4.  In  compressor  6 
the  temperature  increases  to  about  minus  90°C,  and  in 
heater  7  the  temperature  is  increased  to  plus  40°C. 

The  system  is  designed  in  such  a  way  that  if  the 
decoction  is  insufficient,  i.e.,  if  greater  amounts  of  fuel 
gas  are  needed  than  the  boil-off  can  supply,  then  lique- 
fied  natural  gas  is  extracted  by  means  of  a  pump  9.  From 
this  submerged  pump  runs  outlet  line  10  for  liquefied 
gas,  on  to  an  evaporator  11  .  From  evaporator  11  runs  a 
line  1  2  to  separator  4.  When  the  evaporated  gas  arrives 
at  the  separator  it  will  have  a  temperature  of  about  minus 
60°C. 

The  separator  is  considered  necessary  because 
the  liquefied  gas  removed  from  the  bottom  of  tank  1  after 
the  evaporation  contains  small  amounts  of  liquid  drops. 
These  can  conceivably  condense  in  the  inlet  of  com- 
pressor  6  and  damage  it.  For  boil-off  alone  the  separator 
is  not  necessary,  nor  is  it  necessary  if  the  temperature 
is  sufficiently  high  prior  to  the  compressor  to  ensure  that 
there  is  no  danger  of  precipitation  of  liquid  drops. 

It  is  apparent  from  Figure  1  and  the  typical  temper- 
atures  indicated  therein  that  the  operating  conditions 
are  such  as  to  require  that  the  components  -  primarily 
the  evaporator  1  1  ,  separator  4,  compressor  6  and  heat- 
er  7  -  must  be  classified  as  cryogenic  equipment,  with 

special  requirements  as  regards  materials  and  con- 
struction.  This  applies  also  to  the  pipework  and  instru- 
mentation. 

A  schematic  view  of  the  system  according  to  the  in- 
5  vention  is  shown  in  Figure  2.  The  system  is  intended  to 

be  connected  to  a  storage  tank  1  with  a  dome  2  and 
submerged  pump  9  and  an  outlet  line  3  for  boil-off,  as 
well  as  an  outlet  line  10  for  liquefied  petroleum  gas,  as 
in  the  system  in  Figure  1  . 

10  The  two  outlet  lines  3  and  1  0  are  led  to  a  combined 
heat  exchanger  1  3.  This  has  two  separate  tube  bundles 
1  4  and  1  5  in  the  same  shell,  namely  a  bundle  1  5  for  the 
evaporation  of  the  liquefied  gas  and  a  bundle  1  4  for  the 
overheating  of  boil-off.  Both  tube  bundles  flow  into  a 

is  common  mixing  chamber  16.  From  there  runs  a  line  17 
to  a  compressor  18.  From  compressor  18  runs  a  fuel 
gas  line  19. 

The  combined  heat  exchanger  may  be  regulated 
such  that  the  mixed  gas  in  line  17  will  have  a  tempera- 

20  ture  of  plus  10°C.  As  a  consequence  hereof,  the  fuel 
gas  supplied  by  compressor  1  8  will  have  a  temperature 
of  around  30°C.  The  compressor  in  Figure  2  may  be  of 
a  normal  type  since  the  suction  temperature,  as  men- 
tioned  above,  will  be  high  (plus  10°C  instead  of  minus 

25  1  20°C  as  in  Figure  1). 
Volume  control  is  effected  in  the  system  in  Figure  1 

by  means  of  a  control  valve  at  the  inlet  of  evaporator  11 
and  by  regulation  of  the  suction  volume  of  compressor  6. 

In  Figure  2  one  can  employ  a  volume  control  of  the 
30  compressor  as  in  Figure  1  .  Regulation  of  the  combined 

heat  exchanger  1  3  in  Figure  2  can  be  carried  out  as  ex- 
emplified  in  Figure  3. 

In  Figure  3  we  again  see  the  combined  heat  ex- 
changer  13  with  the  two  separate  tube  bundles  14  and 

35  1  5,  and  the  two  outlet  lines  3  and  1  0.  In  addition,  we  find 
flowline  17,  which  runs  to  the  compressor,  not  shown  in 
Figure  3. 

A  line  20  branches  off  from  line  10  to  the  mixing 
chamber  16  of  the  combined  heat  exchanger. 

40  Quadrangle  21  represents  a  temperature  control. 
Quadrangle  22  represents  a  flow  control.  The  flow  con- 
trol  directs  a  control  valve  23  in  the  boil-off  line  3  as  well 
as  a  control  valve  24  in  line  10.  Both  of  these  control 
loops  will  in  practice  be  integrated  in  a  common  data 

45  processor  which  also  handles  the  other  control  functions 
in  the  system. 

Temperature  control  out  from  the  combined  heat  ex- 
changer  is  carried  out  here  by  means  of  injection  of  liq- 
uefied  petroleum  gas  through  line  20  in  mixing  chamber 

so  16  when  the  heat  exchanger  is  working  with  both  over- 
heating  of  boil-off  and  the  evaporation  of  liquefied  gas. 
In  heating  of  boil-off  only,  the  temperature  is  controlled 
by  means  of  pressure  adjustment  of  the  supply  of  va- 
pour  through  line  25.  Condensate  is  eliminated  through 

55  line  26. 
The  invention  is  not  limited  to  LNG  as  gas.  Other 

liquefied  gases,  the  boil-off  of  which  is  suitable  for  fuel/ 
power  fuel  gas,  could  of  course  derive  benefit  from  the 

3 
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invention. 

Claims 
5 

1.  A  process  for  the  utilization  of  decoction  (boil-off) 
from  liquefied  petroleum  gas  as  fuel  gas  in  combi- 
nation  with  gas  produced  by  evaporation  of  the  liq- 
uefied  gas,  where  boil-off  and  evaporated  gas  are 
brought  together  and  compressed,  10 
characterized  in  that  the  boil-off  and  the  liquefied 
gas  prior  to  the  compression  are  overheated  and 
evaporated,  respectively,  in  their  separate  sections 
of  a  combined  heat  exchanger  and  are  brought  to- 
gether  in  a  common  mixing  chamber.  15 

2.  A  system  for  carrying  out  the  process  according  to 
claim  1,  where  boil-off  and  evaporated  gas  are 
brought  together  and  compressed,  comprising 

20 
a  storage  tank  (1)  for  liquefied  petroleum  gas, 
an  outlet  line  (3)  for  boil-off  from  the  storage 
tank, 
an  outlet  line  (10)  for  liquefied  petroleum  gas 
from  the  storage  tank  (1  ),  25 
an  evaporator  (13)  in  the  outlet  line  (10)  for  liq- 
uefied  gas, 
a  flowline  (17)  connected  to  the  two  outlet  lines 
(3,  10), 
a  compressor  (18)  connected  to  the  flowline,  30 
and 
a  pressure  line  (19)  from  the  compressor, 

characterized  in  that  the  evaporator  (13)  is  de- 
signed  as  a  combined  heat  exchanger  (13)  having  35 
two  separate  throughflow  tube  bundles  (14,15)  in  a 
common  surrounding  shell,  one  said  bundle  (15) 
being  connected  to  the  outlet  line  (10)  for  liquefied 
petroleum  gas  for  the  evaporation  thereof,  and  the 
other  bundle  (14)  being  connected  to  the  outlet  line  40 
(3)  for  boil-off  for  the  overheating  thereof,  which 
tube  bundles  (14,  15)  flow  into  a  common  mixing 
chamber  (16)  connected  to  the  flowline  (17). 

3.  A  system  according  to  claim  2,  characterized  in  45 
that  from  the  outlet  line  (10)  for  liquefied  petroleum 
gas  from  the  storage  tank  (1)  there  is  provided  a 
valve  regulated  line  (20)  to  the  common  mixing 
chamber  (16). 

50 

Patentanspriiche 

1.  Verfahren  zur  Verwendung  von  Dekoktion  (Abge- 
kochtem)  aus  verflussigtem  Petroleumgas  zusam-  55 
men  mit  Gas,  das  durch  Verdampfen  des  verflus- 
sigten  Gases  hergestellt  wurde  als  Brennstoffgas, 
wobei  abgekochtes  und  verdampftes  Gas  zusam- 

mengebracht  und  verdichtet  werden, 
dadurch  gekennzeichnet,  dal3  das  abgekochte 
und  das  verflussigte  Gas  in  ihren  getrennten  Berei- 
chen  eines  Kombinationswarmetauschers  vor  der 
Verdichtung  uberhitzt  bzw.  verdampft  und  in  einer 
gemeinsamen  Mischkammer  zusammengebracht 
werden. 

2.  System  zur  Durchfuhrung  des  Verfahrens  nach  An- 
spruch  1, 

wobei  abgekochtes  und  verdampftes  Gas  zu- 
sammengebracht  und  verdichtet  werden,  um- 
fassend 
einen  Lagertank  (1)  fur  verflussigtes  Petrole- 
umgas, 
eine  AuslaBleitung  (3)  fur  Abgekochtes  aus 
dem  Lagertank, 
eine  AuslaBleitung  (1  0)  fur  verflussigtes  Petro- 
leumgas  aus  dem  Lagertank  (1), 
einen  Verdampfer  (13)  in  der  AuslaBleitung 
(10)  fur  verflussigtes  Gas, 
eine  mit  den  zwei  AuslaBleitungen  (3,  10)  ver- 
bundene  Stromungsleitung  (17), 
einen  mit  der  Stromungsleitung  verbundenen 
Kompressor  (18),  und 
eine  Druckleitung  (19)  aus  dem  Kompressor, 

dadurch  gekennzeichnet,  dal3  der  Verdampfer 
(13)  als  ein  Kombinationswarmetauscher  (13)  aus- 
gebildet  ist,  der  zwei  getrennte  DurchfluBrohren- 
bundel  (14,  15)  in  einer  gemeinsamen,  umgeben- 
den  Hulle  aufweist,  wobei  ein  Bundel  (15)  mit  der 
AuslaBleitung  (10)  fur  verflussigtes  Petroleumgas 
zu  dessen  Verdampfung  verbunden  ist  und  das  an- 
dere  Bundel  (14)  mit  der  AuslaBleitung  (3)  fur  Ab- 
gekochtes  zu  dessen  Uberhitzung  verbunden  ist, 
wobei  die  Rohrenbundel  (14,  15)  in  eine  gemein- 
sam  Mischkammer  (16)  enden,  die  mit  der  Stro- 
mungsleitung  (17)  verbunden  ist. 

3.  System  nach  Anspruch  2, 
dadurch  gekennzeichnet,  dal3  eine  iiber  ein  Ventil 
gesteuerte  Leitung  (20)  von  der  AuslaBleitung  (10) 
fur  verflussigtes  Petroleumgas  aus  dem  Lagertank 
(1  )  zu  der  gemeinsamen  Mischkammer  (16)  vorge- 
sehen  ist. 

Revendications 

1.  Procede  pour  I'utilisation  d'une  decoction  (gaz  ex- 
trait  par  ebullition)  de  gaz  de  petrole  liquefie  en  tant 
que  gaz  combustible  en  combinaison  avec  du  gaz 
produit  par  evaporation  du  gaz  liquefie  dans  lequel 
les  gaz  chasses  par  ebullition  et  evapores  sont  me- 
langes  et  comprimes, 

caracterise  en  ce  que  le  gaz  chasse  par  ebul- 
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lition  et  le  gaz  liquefie,  avant  la  compression,  sont 
surchauffes  et  evapores,  respectivement,  dans 
leurs  sections  reparees  d'un  echangeur  thermique 
combine  et  ils  sont  introduits  ensemble  dans  une 
chambre  melangeuse  commune.  s 

2.  Systeme  pour  la  mise  en  oeuvre  du  procede  selon 
la  revendication  1  dans  lequel  le  gaz  chasse  par 
ebullition  et  le  gaz  evapore  sont  melanges  et  corn- 
primes,  comprenant  :  10 

un  reservoir  de  stockage  (1  )  pour  du  gaz  de  pe- 
trole  liquefie, 
une  conduite  d'evacuation  (3)  pour  le  gaz  chas- 
se  par  ebullition  du  reservoir  de  stockage,  15 
une  conduite  d'evacuation  (10)  pour  le  gaz  de 
petrole  liquefie  provenant  du  reservoir  de  stoc- 
kage  (1), 
un  evaporateur  (1  3)  dans  la  conduite  d'evacua- 
tion  (10)  pour  le  gaz  liquefie,  20 
une  conduite  d'ecoulement  (17)  connectee  aux 
deux  conduites  d'evacuation  (3,  10), 
un  compresseur  (18)  connecte  a  la  conduite 
d'ecoulement  et, 
une  conduite  sous  pression  (19)  provenant  du  25 
compresseur, 

caracterise  en  ce  que  I'evaporateur  (13)  est 
concu  sous  la  forme  d'un  echangeur  thermique 
combine  (1  3)  presentant  deux  faisceaux  de  tube  de  30 
circulation  de  flux  separes  (14,  15)  dans  une  enve- 
loppe  commune  les  entourant,  I'un  desdits  fais- 
ceaux  (15)  etant  connecte  a  la  conduite  d'evacua- 
tion  (10)  du  gaz  de  petrole  liquefie  en  vue  de  I'eva- 
poration  de  ce  dernier  et  I'autre  faisceau  (14)  etant  35 
connecte  a  la  conduite  d'evacuation  (3)  du  gaz 
chasse  par  ebullition  pour  le  surchauffage  de  ce 
dernier,  lesquels  faisceaux  de  tubes  (14,15)  debou- 
chent  dans  une  chambre  melangeuse  commune 
(16)  connectee  a  la  conduite  de  circulation  (17).  40 

3.  Systeme  selon  la  revendication  2  caracterise  en  ce 
que  Ton  prevoit  une  conduite  (20)  regulee  par  une 
vanne  menant  a  la  chambre  melangeuse  commune 
(16),  a  partir  de  la  conduite  d'evacuation  (10)  pour  45 
le  gaz  de  petrole  liquefie  provenant  du  reservoir  de 
stockage  (1). 
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