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Preface  

This  r epor t  i s  m y  thes i s  fo r  the  deg ree  o f  Nord ic  M as te r  o f  Sc ience  in  
M ar i t im e  M anagem en t  a t  Cha lm ers  Un ive r s i ty  o f  Techno logy  in  Go thenburg ,  
Sweden .  I t  i s  abou t  the  t r a in ing  o f  o f f i ce r s  and  c rew  on  LN G-fue l l ed  vesse l s .  
Th i s  sub jec t  was  chosen  in  M ay  2013 .  I t  was  then  one  and  a  ha l f  yea r  fo r  the  
new  s t r ingen t  M ARPOL requ i rem en ts  on  SOx  and  NOx to  en te r  in to  fo rce  in  
Janua ry  2015 .  Recen t  f eas ib i l i ty  s tud ie s  and  coopera t ing  p ro jec t s  in  the  
m ar i t im e  indus t ry  ind ica ted  tha t  LNG m aybe  ex tens ive ly  adop ted  a s  fue l .  
Consequen t ly ,  a long  w i th  the  new  IG F  Code ,  the  m ar i t im e  indus t ry  was  
deve lop ing  a t  tha t  t im e  equ ipm en t  s t anda rds  fo r  the  bunker ing  o f  LNG.  In  
add i t ion ,  a  num ber  o f  r i sk  ana lys i s  a s soc ia ted  w i th  LNG-fue l l ed  vesse l s  
where  f lou r i sh ing  a  b i t  eve rywhere .  However ,  w i th  the  excep t ion  o f  D N V  
s tanda rd  No .  3 .325 ,  o f  Apr i l  2013 ,  and  the  m inu tes  o f  m ee t ings  a t  IM O,  I  
cou ld  no t  f ind  a t  tha t  t im e  any  pub l i c  docum en t  tha t  open ly  d i scussed  wha t  
t r a in ing  wou ld  be  needed  by  the  o f f i ce r s  and  c rew  o f  LNG -fue l l ed  vesse l s  
f rom  January  2015 .  Cons ide r ing  tha t  the  new  M ARPOL ru le s  en te r  in to  fo rce  
in  ju s t  ove r  a  yea r ,  the  t im e  i s  r ipe  to  d i scuss  and  p repa re  such  t r a in ing .  
The re fo re  I  chose  th i s  sub jec t  fo r  m y  s tudy ,  a sp i r ing  to  f i l l  th i s  poss ib le  gap .  
Th i s  thes i s  was  conc luded  in  Decem ber  2013 ,  in  t im e  to  p rov ide  som e  
suppor t  to  the  sh ipowner  who  i s  cons ide r ing  chang ing  to  LNG as  fue l  soon .   

I  wou ld  l ike  to  thank  those  w ho  have  been  he lp fu l  du r ing  the  course  o f  m y  
re sea rch  fo r  the i r  gu idance ,  in  pa r t i cu la r  m y  supe rv i so r  M on ica  Lundh ,  and  
to  those  w ho  pee r - rev iewed  th i s  r epor t  and  he lped  im prove  i t s  qua l i ty .  
Spec ia l  thanks  a l so  to  the  even t s  com pany  M erca to rm ed ia  fo r  sponso r ing  m y  
pa r t i c ipa t ion  in  the  4 t h  Gas - fue l l ed  Sh ips  Confe rence  onboard  the  V ik ing  
Grace  on  11  &  12  Sep tem ber  2013 .  F ina l ly ,  a  spec ia l  thanks  to  the  th ree  
com pan ies  tha t  accep ted  to  pa r t i c ipa te  in  th i s  r e sea rch .   

I  hope  you  w i l l  en joy  the  case  s tudy  and  f ind  the  r e su l t s  w or thw hi le !  

Go thenburg ,  the  13 t h  o f  Decem ber  2013  
Ana  Pau la  Rodr igues  
anaprodr igues@ hotm ai l . com   
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Abstract  

M ost  o f  the  wor ld ’ s  f l ee t  has  been  runn ing  on  heavy  fue l  o i l s  bu t  a  sh i f t  o f  
pa rad igm  seem s  to  be  on  the  way  as  we  m ove  tow ards  a  gene ra l i zed  use  o f  
LNG as  m ar ine  fue l .  Consequen t ly ,  the  need  o f  p repa r ing  the  o f f i ce r s  and  
c rew  fo r  hand l ing  LNG becom es  ev iden t ,  and  ra the r  u rgen t .  Cur ren t ly ,  on ly  
Norway  has  expe r ience  on  ope ra t ing  LNG-fue l l ed  vesse l s  o the r  than  LNG-
ca r r i e r s .  Th i s  r epo r t  s tud ied  the  Norweg ian  expe r ience ,  w i th  two  pu rposes :  
a )  To  desc r ibe  wha t  t r a in ing  was  needed  fo r  o f f i ce r s  and  c rew  o f  LNG -
fue l led  vesse ls ,  and  how i t  was  deve loped  in  Norway for  meet ing  those  needs .  
b )  To  f ind  ou t  i f  the re  a re  any  l e s sons  to  be  l ea rned  f rom  tha t  expe r ience .  

The  m e thodo logy  fo l lowed  i s  tha t  o f  a  case  s tudy  based  on  l i t e ra tu re  s tudy ,  a  
ques t ionna i re  based  on  the  T ra in ing  Need  Ana lys i s  m ode l ,  and  in te rv iews  to  
tw o  N orw eg ian  sh ipow ners  and  a  course  supp l i e r .  Con ten t  ana lys i s  o f  the  
da ta  was  used  to  f ind  pa t t e rns  in  the  in fo rm a t ion  and  to  syn the t i ze  r e su l t s ,  
and  to  r e la te  f ind ings  to  the  theo re t i ca l  f r am ew ork  o f  the  sub jec t .  

M a in  conc lus ions :   

•  Tra in ing  needs  iden t i f i ed  inc luded  the  knowledge  o f  c r i t i ca l  p rope r t i e s  
o f  LNG,  o f  the  c r i t i ca l  m om ents  fo r  bunker ing  LNG,  knowledge  o f  the  
LNG fue l  sys tem,  i t s  a s soc ia ted  sys tem s  and  im pac t  on  vesse l  
ope ra t ion  (m aneuver ing  o f  the  vesse l ,  m a in tenance  and  em ergenc ie s ) ;   

•  How t ra in ing  was  deve loped :  t r a in ing  needs  were  r ecogn ized  ea r ly  on  
and  t r a in ing  p lans  were  deve loped  ea r ly ,  in  co l l abora t ion  be tween  sh ip  
owners ,  equ ipm en t  supp l i e r s  and  o the r  expe r t s  in  LNG and  gas  fue l  
sys tem s ,  courses  were  d i f f e ren t i a t ed  by  c rew  du t i e s  onboard  ( two  
l eve l s / th ree  ca tegor ie s ) ,  in te rna l / ex te rna l  cou rses .  M oreove r ,  t r a in ing  
has  been  sh ip  spec i f i c .  

•  Lessons  l ea rned :  the  absence  o f  r epor ted  gas - re la ted  acc iden t s  sugges t  
tha t  t r a in ing  so lu t ions  deve loped  by  Norway  a re  success fu l ,  a t  l ea s t  
fo r  a  r e la t ive ly  sm a l l  f l ee t .  The re  a re  ind ica t ions  tha t  t h e  m o d e l  w i t h  
t w o  l e v e l s / t h r e e  c a t e g o r i e s  f o r  d i f f e r e n t i a t e d  t r a i n i n g  m a y  b e  u s e d  
i n  t h e  f u t u r e  i n t e r n a t i o n a l l y .  T h e  r e q u i r e m e n t  o f  s h i p  s p e c i f i c  
t r a i n i n g  c o u l d  h a v e  n e g a t i v e  i m p a c t  i f  g a s - f u e l l e d  f l e e t  e x p a n d s  
r a p i d l y  t h o u g h .  

Keywords :  case  s tudy  na tu ra l  gas  LNG fue l l ed  vesse l s  t r a in ing  Norway     
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 L i s t  o f  abbrev ia t ions  

   

BLG  IMO’s Sub-Committee on Bulk Liquids and Gases 

BOG  Boil-off gas 

ECA  Emission Control Areas 

HFO  Heavy fuel oil 

IGC Code  IMO’s International Code for the Construction and Equipment of Ships 
Carrying Liquefied Gases in Bulk 

   

IGF Code  IMO’s International Code of Safety for ships using Gases or other low 
flashpoint Fuels 

   

IMO  International Maritime Organization 

ISO  International Organization for the Standardization 

LNG - Liquefied natural gas 

LNG-carrier  A tank ship designed to transport liquefied natural gas (LNG). These vessels 
may use natural gas as fuel. 

   

LNG-fuelled vessel  A vessel that uses natural gas as fuel, other than an LNG-carrier. 

   

MARPOL 
Convention 

 IMO’s International Convention for the Prevention of Pollution from Ships 
(1973/78) 

   

MGO  Marine Gas Oil 

MSC  Maritime Safety Committee (IMO) 

Natural gas  A hydrocarbon gas mixture consisting mainly of methane.  

NOx  Nitrogen oxide 

PSV  Platform Supply Vessel 

SIGTTO  The Society of International Gas Tanker and Terminal Operators 

SOLAS  IMO Convention for the Safety of Life at Sea 

SOx  Sulphur oxide 

STCW Convention  International Convention on Standards of Training, Certification and 
Watchkeeping for Seafarers including Manila amendments 

   

STW  IMO’s Subcommittee on Standards of Training & Watchkeeping 
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PART I  –  I N T R O D U C T I O N  

1 .  Background   

M o s t  o f  t h e  w o r l d ’ s  f l e e t  r u n s  o n  heavy  f ue l  o i l  (H F O ) .  Un t i l  
r e cen t  t imes ,  t he  r egu l a r  u se  o f  l i que f i ed  na tu r a l  ga s  ( LNG )  a s  f ue l  
i n  sh ipp ing  w a s  c o n f i n e d  t o  L N G  c a r r i e r s  ( b o i l - o f f  ga s ,  BOG ) ,  
unde r  t he  s cope  o f  The  In t e rna t i ona l  Code  f o r  t he  Cons t ruc t i on  and  
Equ ipmen t  o f  Sh ip s  Ca r ry ing  L ique f i ed  Gase s  i n  Bu l k  ( IGC Code ) .  
M A R P O L’s  annex  V I  i n t r o d u c e d  E m i s s i o n  C o n t r o l  A r e a s  (ECAs)  
and  a  g loba l  c ap  l im i t i ng  pe rmi t t ed  s u l p h u r  o x i d e s  (S O x) /n i t r ogen  
ox ide s  (N O x)  l eve l s  f r om 2015 .  Th i s  p romp ted  a  number  o f  
p ro j ec t s  f o r  sw i t ch ing  t o  o the r  f ue l s  i n  sh ipp ing ,  i n  pa r t i cu l a r  t o  
LNG.  The  number  o f  LNG f ue l l ed  ve s se l s  i s  expec t ed  t o  i nc r ea se  
s u b s t a n t i a l l y  i n  t h e  c o m i n g  y e a r s .   

Consequen t l y ,  s t anda rds  and  ope ra t i ona l  r equ i r emen t s  f o r  t he s e  
ve s se l s  need  t o  be  deve loped  and  r eady  f o r  imp lemen ta t i on  by  t he  
end  o f  2014 .  The  i n t e rna t i ona l  s h i p p i n g  c o m m u n i t y  i s  cu r r en t l y  
add re s s ing  t e chn i ca l ,  ope ra t i ona l ,  bunke r ing  and  mann ing  
cha l l enges  t ha t  r e su l t  f r om th i s  change .  I n t e rna t i ona l  s t anda rds  and  
be s t  p r ac t i c e s  a r e  unde r  deve lopmen t  by  t he  In t e rna t i ona l  
O r g a n i z a t i o n  f o r  t h e  S t a n da rd i za t i on  ( ISO )  and  The  Soc i e ty  o f  
I n t e rna t i ona l  Gas  Tanke r  and  Te rmina l  Ope ra to r s  ( S I G T T O) .  
I n t e rna t i ona l  manda to ry  r equ i r emen t s  and  s t anda rds  f o r  LNG -
f ue l l ed  ve s s e l s  do  no t  ex i s t  a t  t he  momen t .  Non- manda to ry  In t e r im  
G u i d e l i n e s  R e s o l u t i o n  M S C . 2 8 5  ( 8 6 )  a r e  t empora r i l y  i n  p l ace  w h i l e  
IMO ’s  S u b - Commi t t e e  on  Bu lk  L iqu id s  and  Gase s  (BLG)  deve lop  
t he  In t e rna t i ona l  Code  o f  Sa f e ty  f o r  s h ip s  u s ing  G a s e s  o r  o t h e r  l o w  
f l a s hpo in t  F ue l s  ( IGF  Code ) ,  and  IMO’s  S u b c o m m i t t e e  o n  
S t a n d a r d s  o f  T r a i n i n g  &  W a t c h k e e p i n g  ( S T W)  deve lop  t r a i n ing  
r equ i r emen t s  f o r  s ea  pe r sonne l  on  LNG- f ue l l ed  ve s s e l s .  Th i s  
r e s ea r ch  con t r i bu t e s  t o  t he  cu r r en t  d i s cus s ion  i n  t he  i n t e rna t i ona l  
a r ena ,  w i t h  i n f o r m a t i o n  t h a t  m a y  h e l p  b r i dge  t he  cu r r en t  gap  i n  t he  
t r a i n ing  f o r  o f f i c e r s  and  c r ew  in  LNG - f ue l l ed  ve s s e l s .  

Wi th  t h i s  gap  i n  m ind ,  N o r w a y  m a k e s  a n  i n t e r e s t i n g  c a s e  s t u d y  
because  o f  i t s  p i o n e e r  e x p e r i e n c e  on  t he  u se  o f  LNG as  f ue l  i n  
ve s se l s  o the r  t han  LNG ca r r i e r s .  The  f i r s t  LNG f ue l l ed  pa s senge r  
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f e r ry  i n  t he  w or ld  i s  N orw eg ian  ( M V  G l u t r a ,  i n  2000 ) ;  The  De t  
N o r s k e  V e r i t a s  (D N V )  w a s  t h e  f i r s t  c l a s s i f i c a t i o n  s o c i e t y  
c l a s s i f y ing  an  LNG f ue l l ed  ve s se l  ( M V  G l u t r a ,  i n  2 0 0 0 )  a n d  h a s  
a ccumula t ed  an  expe r i ence  o f  13  yea r s  hav ing  c l a s sed  more  t han  30  
LNG f ue l l ed  ve s se l s ;  F ina l l y ,  mos t  o f  t he  35  LNG f ue l l ed  ve s s e l s  
cu r r en t l y  ope ra t i ng  i n  t he  wor ld  a r e  Norweg ian .  Les sons  l e a rned  
f rom the  N orw eg ian  expe r i ence  can  be  u s e f u l  i n  t h i s  momen t  f o r  
t he  r e s t  o f  t he  wor ld ,  a s  more  ve s se l s  a r e  expec t ed  t o  be  run  on  
LNG and  adequa t e  t r a i n ing  f o r  t he i r  o f f i c e r s  and  c r ew  i s  needed .  

2 .  Purpose  and  re search  ques t i ons  

Thi s  r epo r t  a ims  a t  s t udy ing  how Norway  deve loped  t he  t r a i n ing  o f  
o f f i c e r s  and  c r ew  o f  i t s  LNG f ue l l ed  ve s se l s :  w h a t  t r a i n ing  was  
needed  and  how  t r a in ing  was  deve loped  t o  mee t  t hose  needs ,  be s t  
p r ac t i c e s  and  s t anda rds  deve loped  a long  t he  way  by  t he  Norweg ian  
mar i t ime  i ndus t ry ,  m i l e s tones  du r ing  t h i s  p roce s s ,  and  t r a i n ing  
r egu l a t i ons  imp lemen ted  on  a  na t i ona l  l eve l .   

A s  t he  u se  o f  LNG as  f ue l  i s  expec t ed  t o  ex t end  t o  o the r  coun t r i e s ,  
i t  w ou ld  be  i n t e r e s t i ng  t o  s ee  i f  t he r e  a r e  any  l e s sons  t o  be  l e a rned  
f rom the  Norweg ian  expe r i ence ,  f o r  even tua l l y  t ak ing  t ha t  i n to  
accoun t  i n  f u tu r e  dec i s i ons .  Hence ,  t he  pu rpose  o f  t h i s  r e s ea r ch  i s  
two - f o ld :   

a )  T o  de sc r i be  w h a t  t r a i n ing  was  needed  f o r  o f f i c e r s  and  c r ew  o f  
LN G - f ue l l ed  ve s s e l s ,  and  how  t r a in ing  was  deve loped  i n  Norway  
t o  mee t  t hose  needs .  

b )  To  f i nd  ou t  i f  t he r e  a r e  any  l e s sons  t o  be  l e a rned  f rom tha t  
expe r i ence .  

The  pu rpose  o f  t h i s  s t udy  i s  t o  p rov ide  a  con t r i bu t i on  t o  cu r r en t  
r e s ea r ch  and  d i s cus s ions  on  t he  deve lopmen t  o f  LNG as  ma r ine  
f ue l .  
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3 .  Scope  o f  the  s tudy  and  l imi ta t i ons  

Thi s  r e s ea r ch  f ocus ed  on  onboa rd  t r a i n ing  needs  o f  s e a - go ing  LNG -
f ue l l ed  ve s s e l s  on ly .  LNG - f ue l l ed  ve s s e l s  i n  i n l and  s h ipp ing  w e re  
no t  cons ide r ed  i n  t h i s  r epo r t ,  no r  whe re  LNG - ca r r i e r s .  LNG i s  no t  
t he  on ly  a l t e rna t i ve  f ue l  f o r  HFO in  t he  marke t  bu t  t h i s  r e s ea r ch  
f ocus e s  on ly  on  t he  LNG a l t e rna t i ve  because  i t  i s  expec t ed  t o  be  
t he  one  mos t  w ide ly  u sed  i n  t he  f u tu r e  and  whe re  t he  number  o f  
t r a i ned  s ea - pe r sonne l  needed  i n  t he  nea r  f u tu r e  i s  l i ke ly  t o  be  
l a rge r .  The  t r a i n ing  on  LNG as  f ue l  f o r  o f f i c e - pe r sonne l  o f  
s h i p p i n g  c o m p a n i e s  s e e m s  t o  b e  n e e d e d  a s  we l l ,  bu t  t h i s  w a s  
ou t s i de  t he  s cope  o f  t h i s  s t udy .  

I n  geog raph i c  t e rms ,  t h i s  r e s ea r ch  i s  l im i t ed  t o  Norway ,  whe re  
LNG has  been  u sed  a s  ma r ine  f ue l  i n  t he  pa s t  13  yea r s .  F o r  t h e  
i n t e rna t i ona l  con t ex t  s e c t i o n ,  t h i s  s t udy  f ocused  on  t he  sho r t  s ea  
s h i p p ing  i n  t he  Nor th  and  Ba l t i c  Sea s .  

I n  t empora l  t e rms ,  t he  t ime  span  cove red  by  t h i s  r e s ea r ch  i s  l im i t ed  
t o  t he  i n t e rva l  2000 –2013  app rox ima te ly ,  r e f l e c t i ng  t he  t ime- s p a n  
i n  wh ich  LNG - f ue l l ed  ve s s e l s  have  been  ope ra t i ng  i n  N o r w a y .  

4 .  Methodo logy  

The  me thodo logy  f o l l owed  i s  t ha t  o f  a  c a se  s t udy  w i t h  q u a l i t a t i v e  
me thods ,  f i t t i ng  t he  exp lo r a t i ve  na tu r e  o f  t he  r e sea r ch  ques t i ons .  
D a t a  c o l l e c t i o n  i s  ba s e d  o n  l i t e r a tu r e  s t udy ,  a  ques t i onna i r e  
g rounded  on  t he  T ra in ing  Need  Ana ly s i s  (TNA)  mode l ,  and  
i n t e rv i ews  t o  t h r ee  r e l evan t  s t akeho lde r s  i n  Norway .  D a t a  a n a l y s i s  
cons i s t s  o f  con t ex t  ana ly s i s  t o  f i nd  pa t t e rn s  i n  t he  da t a  and  
compar e  f i nd ings  t o  t he  t heo re t i c a l  f r amework  o f  t he  sub j ec t .   
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PART I I  –  THEORY  

1 .  The  route  tow ards  LNG as  fue l  

T h e  d r i v i n g  f o r c e s  

M o s t  o f  t h e  w o r l d ’ s  f l e e t  r u n s  o n  heavy  f ue l  o i l  (H F O )  (Svens son ,  
2011 ,  p . 1 ) .  Bu t  a  sh i f t  o f  pa r ad igm i s  now on  t he  way .  F o rce s  
a c t i ng  i n  t he  nea r  f u tu r e  a r e  d r i v ing  up  t h i s  change ,  w i th  pa r t i cu l a r  
impac t  o n  s h i p p i n g  i n  Emis s ion  Con t ro l  Area s  (ECAs) (DNV,  2012 ) :   

•  Limi t a t i on  o f  t he  s u l p h u r  o x i d e  c o n t e n t  p e r m i t t e d  i n  m a r i n e  
f ue l s  f r om 2015 ,  and  

•  Res t r i c t i ons  i n  t he  emi s s ion  o f  n i t r ogen  ox ide s  i n  sh ipp ing  
f rom 2016 .  

•  The  d i f f e r ence  i n  p r i c e  be tween  LNG and  HFO (German i sche r  
L loyd ,  2012 ) .  

En v i ronmen ta l  conce rns  abou t  a i r  po l l u t i on ,  documen ted  ev idence  
o f  i t s  impac t s  on  t he  human  hea l t h ,  and  t he  e f f ec t s  o f  a c id i f i c a t i on  
l ed  t o  new  in t e rna t i ona l  r egu l a t i ons  t o  t a ck l e  t he  p rob l em 
(Svens son ,  2011 ,  pp .15 - 22 ) .  They  a im ,  on  t he  one  hand ,  a t  r educ ing  
a i r  po l l u t i on  caused  by  sh ip s  and ,  on  t he  o the r  hand ,  a t  i nc r ea s ing  
t he  e f f i c i en t  u se  o f  f ue l  i n  s h i p p i n g .  I M O  i n t r o d u c e d ,  o n  a  
p rog re s s ive  ba s i s ,  l im i t a t i ons  on  s u l p h u r  o x i d es  ( S O x)  and  n i t r ogen  
ox ide s  (N O x)  emi s s ions  f rom sh ipp ing ,  and  t he  de s igna t i on  o f  
Emis s ion  Con t ro l  Area s  (ECA) .  F i g .1  p lo t s  m i l e s tones  i n  a i r  
emi s s ion  r egu l a t i ons  f o r  s h i p p i n g :  
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  3.5%	
  Global	
  Sulphur	
  limit	
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  (or	
  2025)	
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  Global	
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Figure 1. Milestones in air emission regulations for shipping 2010-2020 (adapted from DNVb, 2010, and IMO, 2013b, and IMO, 2013c). 
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These  manda to ry  r equ i r emen t s  a r e  t he  ob j ec t  o f  Marpo l ’ s  A n n e x  V I  
on  t he  P reven t i on  o f  A i r  P o l l u t i o n  f r o m  Sh ip s ,  wh ich  en t e r ed  i n to  
f o r ce  i n  2005  ( IM O ,  2013c ) .  I n  add i t i on ,  IMO in t roduced  
r equ i r emen t s  t o  r educe  g r eenhouse  ga se s  (GHG,  i n  pa r t i cu l a r  CO2  
r e l ea sed  by  sh ipp ing )  and  t o  improve  f ue l  e f f i c i ency ,  t h rough  an  
Ene rgy  E f f i c i ency  Des ign  Index  (EEDI )  and  a  S h i p  E n e r g y  
E f f i c i ency  Managemen t  P l an  (SEEMP)  ( IMO,  2013a ) .  

By  2015  t he r e  w i l l  be  t h r ee  de s igna t ed  ECA s :  Ba l t i c  S e a ,  N o r t h  
S e a  a n d  E n g l i s h  C h a n n e l  ( i nc lud ing  Eng l i sh  Channe l ’ s  coa s t  o f  
F r a n c e ) ,  Nor th  Amer i ca  and  US  Ca r ibbean .  I n  t he se  a r ea s  t he r e  w i l l  
be  t hen  s t r i c t  r e s t r i c t i o n s  f o r  s h i p p i n g  i n  r e g a r d s  o f  S O x  a n d  N O x  
pe rmi t t ed .  By  t hen ,  sh ip s  s a i l i ng  i n  t he se  a r ea s  have  t o  comp ly  
w i t h  t h e s e  r e s t r i c t i ons ,  w h i c h  i m p l i e s  hav ing  t o  sw i t ch  t o  o the r  
f ue l s  o r  i n s t a l l i ng  exhaus t  aba t emen t  equ ipmen t  onboa rd ;  The  
s h i p p i n g  i n d u s t r y ,  ma r ine  eng ine s ’  i ndus t ry ,  t e chno logy  R&D and  
s u p p l i e r s  o f  a l t e r n a t i v e  f u e l s  a re  w o r k i n g  i n t e n se ly  on  t h i s  i s sue  
now,  and  s emina r s  and  con f e r ences  on  t h i s  sub j ec t  have  mu l t i p l i ed  
i n  r e cen t  yea r s .  

Mov ing  t owards  LNG as  a  mar ine  f ue l  

S u l p h u r  ox ide s  a r e  p r e sen t  i n  conven t i ona l  f u e l s ,  such  a s  HFO.  To  
r educe  emi s s ions  o f  SOx  in to  t he  a tmosphe re ,  s c rubbe r s  a r e  
i n s t a l l ed  onboa rd  s h i p s  u s i n g  r e s i d u a l  o i l s  f o r  c ap tu r ing  S O x  i n  t he  
exhaus t  ga se s .  A l t e rna t i ve ly ,  o the r  f o s s i l  f ue l s  w i th  l e s s  o r  no  SOx  
a t  a l l  c an  be  u sed  (mar ine  ga s  o i l ,  ma r ine  d i e se l  o i l ,  o r  na tu r a l  
ga s ) .  N i t r o g e n  o x i d e s  a r e  f o r m e d  d u r i n g  c o m b u s t i o n .  T o  r e d u c e  t h e  
emi s s ion  o f  NOx  in to  t he  a tmosphe re ,  Se l ec t i ve  Ca t a ly t i c  
Reduc t i on  (SCR)  sy s t ems  a r e  i n s t a l l ed  onboa rd  ve s se l s  u s ing  f ue l  
o i l s  f o r  c ap tu r ing  N O x  in  t he i r  exhaus t  ga se s .  A l t e rna t i ve ly ,  a  
f o s s i l  f ue l  t ha t  gene ra t e s  a  neg l i g ib l e  amoun t  o f  N O x  c a n  b e  u s e d  
(na tu r a l  ga s ) .  

A l o n g  w i t h  t he  r enewab le  f ue l  me thano l ,  t he  mos t  o f t en  d i s cus sed  
a l t e rna t i ve s  a t  t he  momen t  a r e  f o s s i l  f ue l s :  

•  Combined  u se  o f  HFO,  s c rubbe r s  and  SCR;  

•  M a r i n e  d i s t i l l a t e s ,  s u c h  a s  m a r i n e  g a s  o i l  M G O ;  

•  Lique f i ed  N a t u r a l  g a s  (LNG) .  
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O n e  s o l u t i o n  d o e s  n o t  n e c e s s a r i l y  h a v e  t o  f i t  a l l  c a s e s .  F o r  
example ,  i t  i s  pos s ib l e  t ha t  me thano l  cou ld  be  t he  mos t  su i t ab l e  
s o l u t i o n  f o r  a  pa r t i cu l a r  company  i n  t he  nea r  f u tu r e  once  t he  cos t s  
and  ava i l ab i l i t y  o f  me thano l  nea r  t o  r egu l a r  s a i l i ng  rou t e s  a r e  
ana ly sed .  The  “ Me thano l :  ma r ine  f ue l  o f  t he  f u tu r e”  p ro j ec t  ( 2013 -
2015 ) ,  bene f i t i ng  among  o the r s  S t ena  and  t he  po r t  o f  Go thenbu rg  
(Eu ropean  Commis s ion ,  2013 ) ,  i s  work ing  on  t h i s  op t i on .  H o w e v e r ,  
unde r  t he  p r e sen t  c l ima t e  o f  unce r t a in ty ,  na tu r a l  ga s  ha s  been  
h igh l i gh t ed  by  d i f f e r en t  sou rce s  a s  t he  mar i t ime  f ue l  o f  t he  f u tu r e .  
Th i s  i n  sp i t e  o f  i n i t i a l  he s i t a t i on  abou t  t he  b unke r ing  i n f r a s t ruc tu r e  
and  d i s t r i bu t i on  ne twork  needed  i n  Eu rope  f o r  t h i s  so lu t i on ,  
unce r t a in ty  abou t  t he  deve lopmen t  o f  ga s /LNG  p r i ce s ,  and  t he  
added  cos t s  t h i s  op t i on  r ep re sen t s  t o  sh ipp ing  compan ie s  i n  
r e t r o f i t t i ngs  and  newbu i ld ings .  

 

 

S h ips  u s ing  na tu r a l  ga s  a s  f ue l  r educe  t he  emi s s ion  o f  CO2  by  
15% - 20% (DNV,  2010 )  compa red  w i th  u s ing  o the r  f o s s i l  f ue l s .  
M o s t  i m p o r t a n t l y ,  s u c h  s h i p s  a r e  i nhe ren t l y  compl i an t  bo th  w i th  
2015 ’ s  S O x  r e s t r i c t i ons  i n  ECAs  and  2016 ’ s  T i e r  I I I  NOx  
r equ i r emen t s .  I n  a  l onge r  pe r spec t i ve ,  na tu r a l  ga s  w i l l  i nhe r en t l y  
a l so  comply  w i th  t he  g loba l  su lphu r  l im i t s  s e t  f o r  2020  (DNV,  
2012 ) .  I n  f a c t ,  r e cen t  r e s ea r ch  compar ing  d i f f e r en t  so lu t i ons  w i th  
t h r ee  f o s s i l  f ue l s  conc luded  t ha t  na tu r a l  ga s  gave  t he  be s t  ove ra l l  

J o h n  H a t l e y ,  W a r t s i l a  N o r t h  A m e r i c a s :  “ I t  w i l l  i n c r e a s e  
s u b s t a n t i a l l y  ( … )  n a t u r a l  g a s  w i l l  d e f i n i t e l y  b e c o m e  a  
s i g n i f i c a n t  f u e l  g i v e n  t h e  b e n e f i t s  o f  c l e a n ,  a b u n d a n t ,  
a f f o r d a b l e ,  a n d  A m e r i c a n . ”  

H e n r i k  M a d s e n ,  C E O  D N V :  “ I  a m  c o n v i n c e d  t h a t  g a s  w i l l  
b e c o m e  t h e  d o m i n a n t  f u e l  f o r  m e r c h a n t  s h i p s .  B y  2 0 2 0 ,  t h e  
m a j o r i t y  o f  o w n e r s  w i l l  o r d e r  s h i p s  t h a t  c a n  o p e r a t e  o n  
l i q u e f i e d  n a t u r a l  g a s . ”  

M o g e n  S c h r œ d e r  B e c h ,  D a n i s h  M a r i t i m e  A u t h o r i t y :  “ I  f i n d  L N G  
t o  b e  a n  o b v i o u s  s o l u t i o n  t o  c o m p l y  w i t h  t h e  i m p l i c a t i o n s  o f  t h e  
N o r t h  E u r o p e a n  w a t e r s  b e c o m i n g  a n  E m i s s i o n  C o n t r o l  A r e a  

( E C A )  i n  2 0 1 5 ” .  

Figure 2. Natural gas: the marine fuel of the future? (Source: DNV, 2010) 
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env i ro nmen ta l  pe r f o rmance  ( N i k o p o u l o u ,  C u l l i n a n e ,  J e n s e n ,  2 0 1 3 ,  
pp .147 - 148 ) .  F o r  ve s se l s  ope ra t i ng  exc lu s ive ly  o r  ma in ly  i n s ide  
ECA a rea  t h i s  i s  a  pa r t i cu l a r  advan t age .  H o w e v e r ,  s h i p s  t h a t  u s e  
na tu r a l  ga s  a s  f ue l  a r e  more  expens ive  t o  bu i l d .  D N V  e s t i m a t ions  
po in t  t o  a  20 - 25%  added  cos t  compa red  w i th  sh ip s  u s ing  
conven t i ona l  eng ine s ,  bu t  t h i s  co s t  shou ld  dec l i ne  a s  more  ga s -
f ue l l ed  s h ip s  a r e  bu i l t  and  become  s t anda rd i zed  (N ikopou lou ,  2008 ,  
p . 17 ,  N ikopou lou ,  Cu l l i nane ,  J ensen ,  2013 ,  pp .147 - 148 ) .  
Re t ro f i t t i ng  i s  ano the r  op t i on .   

I n  wha t  conce rns  p r i c e s  f o r  LNG ,  t he se  can  show r eg iona l  
va r i a t i ons  (N i k o p o u l o u ,  2 0 0 8 ,  p . 1 6 ,  Ge rman i sche r  L loyd ,  2012 ) .  
N a t u r a l  g a s  p r o d u c t i o n  a n d  l i q u e f a c t i o n ,  a n d  t h e  d i s t r i b u t i o n  a n d  
s t o r a g e  o f  l i que f i ed  na tu r a l  ga s  (LNG)  a r e  c ap i t a l - i n t ens ive  
ac t i v i t i e s .  The  na tu r a l  ga s  i ndus t ry  i s  t he r e f o r e  cha rac t e r i z ed  by  
l ong - t ime  con t r ac t s .  Th i s  l ocks  ga s  p r i c e s  f o r  l onge r  pe r i ods  o f  
t ime .  On  t he  one  hand  t h i s  makes  i t  e a s i e r  t o  p l an  cos t s  ahead  
(N ikopou lou ,  2008 ,  p . 16 )  bu t  on  t he  o the r  hand  i t  a l s o  makes  i t  
more  d i f f i cu l t  t o  nego t i a t e  ga s  p r i c e s  (S top f o rd ,  2009 ,  p . 487 ) .  
H o w e v e r ,  w i t h  t h e  i n d e x a t i o n  o f  g a s  p r i c e s  t o  o i l  and  t he  
pos s ib i l i t y  f o r  hedg ing  ga s  p r i c e s ,  t he r e  i s  more  f l ex ib i l i t y  on  ga s  
p r i c i ng  t oday ,  a s  de f ended  by  S top f o rd  (2009 ,  p . 487 ) .  Th i s  app l i e s  
a l so  t o  LNG,  a s  LNG p r i ce s  f o l l ow  na tu r a l  ga s  p r i c e s  (DNV,  2012 ,  
p . 25 ,  DMA,  2012 ,  p . 16 ) .  A s  a  r e su l t ,  d i f f e r en t  s cena r io s  f o r  LNG 
p r i ce s  c an  be  expec t ed  f o r  t he  f u tu r e .  S e v e r a l  s o u r c e s  i nd i ca t e  t ha t  
LNG wi l l  be  cheape r  t han  MGO ,  and  t he  s ame  p r i c e  a s  HFO 
(Ge rman i sche r  L loyd ,  2012 ) .  

The  supp ly  cha in  o f  LNG  as  mar ine  f ue l  i n  Eu rope ’ s  ECAs  i s  s t i l l  
unde r  deve lopmen t .  U n t i l  r e c e n t l y ,  t h e r e  w e r e  no  LNG - f ue l  s u p p l y  
i n f r a s t ruc tu r e  w as  ava i l ab l e  f o r  s h ipp ing ,  excep t  i n  Norway  
(Ge rman i sche r  L loyd ,  2013 ) .  A  p o s s i b l e  mode l  w i l l  cons i s t  o f  a  
ne twork  o f  LNG bunke r  ve s se l s  and  i n t e rmed ia t e  t e rmina l s ,  f e ede r  
LNG ves se l s  and  l a rge - s c a l e  L N G  t e r m i n a l s .  The  f i gu re  be low  
i l l u s t r a t e s  a  pos s ib l e  s t r uc tu r e  f o r  t he  d i s t r i bu t i on  o f  LNG  to  
s h i p p i n g :   
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LNG ca r r i e r s  de l i ve r  l a rge  LNG ca rgoes  t o  ex i s t i ng  l a rge - s c a l e  
LNG t e rmina l s .  LNG  i s  t hen  d i s t r i bu t ed  t o  r eg iona l  sma l l - s c a l e  
t e rmina l s  by  t anke r  f e ede r s  o r  d i r ec t l y  t o  LN G - f ue l l ed  ve s s e l s  by  
LNG bunke r  ve s se l s .  No te  t ha t  IMO’s  IGC Code  app l i e s  t o  LNG 
ca r r i e r s  a s  we l l  a s  t o  LNG bunke r / f eede r  ve s se l s ,  whe rea s  t he  
f u tu r e  IG F  Code  w i l l  app ly  t o  r ece iv ing  ve s s e l s  i . e .  LN G - f ue l l ed  
ve s se l s .  

The  s u p p l y  a n d  demand  o f  ma r ine  LNG f ue l  ha s  been  me t  by  t he  
i ndus t ry  w i th  unce r t a in ty  and  he s i t a t i on .  S h i p p i n g  i s  g o i n g  t h r o u g h  
a  t r ough ,  i n  pa r a l l e l  w i th  t he  p ro longed  r ece s s ion  i n  Eu rope  s i nce  
2008 ,  ev idenced  by  a  number  o f  a r t i c l e s  i n  t he  sh ipp ing  spec i a l i s t  
p r e s s .  The  s t r i ngen t  SOx  and  NOx  r e s t r i c t i on s  a d d  t o  t h e  b u l k  o f  
unce r t a in t i e s  expe r i enced  by  s h i p o w n e r s  a t  t he  momen t .  
S h i p o w n e r s  a r e  f a c i n g  t h e  d e c i s i o n  w h e t h e r  t o  i n v e s t  i n  eng ine s  
t ha t  r un  on  na tu r a l  ga s  o r  i n  aba t emen t  equ ipmen t ,  o r  i n  bo th  (Dua l  
F u e l  e n g i n es ) .  E i t he r  way ,  t he  p ro spec t  o f  add i t i ona l  co s t s  l u rk ing  
i n  t he  nea r - ho r i zon  i n  t imes  o f  s u c h  f i nanc i a l  s t r u g g l i n g  does  no t  
improve  t he  s en t imen t .  On  t he  o the r  hand ,  LNG f ue l  i n f r a s t ruc tu r e  

Figure 3.  LNG distribution channels (Source: CNSS, 2013). 



 
 

10 

and  d i s t r i bu t i on  ne twork  need  t o  be  c r ea t ed  i n  Eu rope  i n  o rde r  t o  
en su re  e f f i c i en t  supp ly  o f  LNG to  ga s - f ue l l ed  ve s s e l s  ope ra t i ng  i n  
t he  nea r  f u tu r e  i n  t he  ECAs .  Howeve r ,  i t  i s  a  cons ide r ab l e  f i nanc i a l  
r i sk  t o  i nves t  i n  t he  supp ly  cha in  w i t h o u t  hav ing  a s su red  f i r s t  t ha t  
t he r e  w i l l  be  a  demand  f o r  LNG as  mar ine  f ue l .  A  c l ea r  s i gn  f rom 
s h i p p i n g  c o m p a n i e s  on  t he  ad op t i on  o f  LNG  as  f ue l  i s  needed  f i r s t .  
These  i n i t i a l  he s i t a t i ons  abou t  t he  LNG as  mar ine  f ue l  i n  s h ipp ing  
i n  Eu rope  a r e  now d i s s i pa t i ng .  The  Eu ropean  Commis s ion  (EMSA ,  
2013 )  i s  c l e a r l y  encou rag ing  t he  u se  and  d i s t r i bu t i on  o f  LNG as  
mar ine  f ue l ,  t h rough  f i nanc i a l  i ncen t i ve s  t o  t he  mar i t ime  i ndus t ry  
and  R&D.  T he  number  o f  p ro j ec t s  and  s t ud i e s  i n  t he  Nor th  and  
Ba l t i c  Sea s  have  mu l t i p l i ed  i n  r e cen t  yea r s :  

•  The  “ Make  a  D i f f e r ence”  p ro j e c t  ( 2012 - 2014 ) ,  l ed  by  SSPA 
S w e d e n ,  bene f i t i ng  S i r i u s  Rede r i  and  V ik ing  L ine ,  among  
o the r s .  

•  The  “ LNG in  Ba l t i c  Sea  Po r t s ”  p ro j ec t  ( 2012 - 2014 ) :  t he  
deve lopmen t  o f  an  ha rmon ized  LNG bunke r ing  i n f r a s t ruc tu r e  
i n  t he  Ba l t i c  Sea  a r ea ,  bene f i t i ng  among  o the r s  t he  po r t s  o f  
S t o c k h o l m  a n d  H e l s i n g b o r g .  

•  The  “ N o r th  Eu r o pean  LNG In f r a s t ruc tu r e ”  p ro j ec t  ( 2010 -
2013 )  l ed  by  t he  Dan i sh  Mar i t ime  Au tho r i t y  (DMA) ,  
bene f i t i ng  F jo rd l i ne s ’  new  LNG - f ue l l ed  ve s s e l s ,  among  
o the r s .  Th i s  s t udy  i nc ludes  r ecommenda t i ons  on  t r a i n ing .   

•  The  p ro j ec t  f o r  conve r t i ng  F j a l i r  i n to  t he  wor ld ’ s  f i r s t  LNG -
bunke r  ve s se l  (S e a g a s )  ( 2012 - 2013 ) ,  bene f i t ed  by  AGA.  

•  The  “ C lean  Nor th  Se a  Sh ipp ing”  p ro j ec t  ( 2007 - 2013 ) :  t he  
deve lopmen t  o f  s t r a t eg i e s  and  gu ide l i ne s  f o r  c l e an  sh ipp ing ,  
bene f i t i ng  among  o the r s  t he  Po r t s  o f  G o t h e n b u r g  a n d  Be rgen ,  
G a s n o r  a n d  t he  S w e d i s h  M a r i n e  T e c h n o l o g y  F o r u m  ( C N S S ,  
2013 ) .  

•  The  “ LNG Bunke r ing  In f r a s t ruc tu r e  So lu t i on  and  P i l o t  
a c t i ons  f o r  sh ip s  ope ra t i ng  on  t he  Moto rway  o f  t he  Ba l t i c  
S e a ”  p r o j e c t  ( 2 0 1 3- 2015 ) ,  bene f i t i ng  t he  po r t  o f  B ro f jo rden  
and  s eve ra l  s h ipp ing  compan ie s ,  among  o the r s  (Eu ropean  
Commis s ion ,  2013 ) .  

 

The  u se  o f  LNG as  f ue l  ha s  been  un t i l  r e cen t l y  l im i t ed  t o  
N o r w e g i a n  v e s s e l s ,  o p e r a t i n g  o n  t h e  N o r w e g i a n  c o a s t ,  n e a r  t h e i r  
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s u p p l y  s o u r c e s  o f  L N G .  H o w e v e r ,  new  deve lopmen t s  i n  LNG - f ue l  
i n f r a s t r u c t u r e  i nc lude  t he  t e rmina l s  i n  F r e d r i k s t a d ,  Lysek i l ,  
G o t h e n b u r g  a n d  G ä v l e  ( S k a n g a s s ,  2 0 1 3 ) ,  an  LNG - bunke r  ve s se l  
S e a g a s .  M ore  ve s se l s  have  r ecen t l y  adop t ed  LNG as  f ue l ,  e . g .  B i t  
V i k i n g ,  V i k i n g  G r a c e ,  F j o r d l i n e  f e r r i e s .  Based  on  t he  i n f o rma t ion  
o f  above  p ro j ec t s  i t  i s  c l e a r  t ha t  we  a r e  mov ing  t oward  a  
gene ra l i z ed  u se  o f  LNG as  f ue l  i n  sh ipp ing  and  a  mu l t i p l i c a t i on  o f  
s o u r c e s  o f  L N G  m a r i n e  f u e l  i n  N o r t h e r n  Eu rope .   

2 .  LNG as  mar ine  fue l  

2 . 1 .  Opera t iona l  a spec t s  

The  ma in  o pe ra t i ona l  cha l l enges  o f  LNG mar ine  f ue l  i s  i t s  
hand l i ng ,  bunke r ing  ope ra t i on ,  and  s t o r age  onboa rd  (DNV,  2012 ) .   

H a n d l i n g  L N G 

The  s a f e  hand l i ng  LNG requ i r e s  knowledge  abou t  i t s  p rope r t i e s  and  
behav iou r .  Based  on  McGui r e  and  Whi t e  ( 2000 ) ,  a  b r i e f  de sc r i p t i on  
f o l l ow s .  LNG i s  me thane  ga s  t ha t  ha s  been  coo l ed  down  to  - 162C  
s o  t h a t  i t  c ondense s  i n to  a  l i qu id  s t a t e  (LNG)  a t  no rma l  
a tmosphe r i c  p r e s su re .  The  pu rpose  w i t h  l i q u e f a c t i o n  i s  t o  r educe  
t he  vo lume  i t  wou ld  o the rw i se  occupy  had  i t  b een  i n  ga s  f o rm  
(na tu r a l  ga s ) .  M e t h a n e  c a n  t h e n  b e  s h i p p e d  a s  LNG ,  i n s t ead  o f  
be ing  t r an spo r t ed  a s  ga s  by  p ipe l i ne s ,  and  s t o r ed  i n  i n su l a t ed  t anks  
–  ca rgo  t anks  on  LNG ca r r i e r s ,  s t o r a g e  t a n k s  i n  t e rmina l s ,  c a rgo  
t anks  i n  LNG bunke r  ve s se l s  o r  s t o r a g e  LN G - f ue l  t anks  i n  ga s -
f ue l l ed  ve s s e l s .  LNG requ i r e s  spec i a l  ma t e r i a l s  ( c ryogen i c  
ma te r i a l s )  t ha t  c an  w i th s t and  such  l ow  t empe ra tu r e s  when  i n  
con t ac t  w i th  i t  e . g .  t anks ,  p ip ing ,  va lve s ,  e t c .  I f  LNG comes  i n  
con t ac t  w i th  a  su r f ace  t ha t  i s  no t  ab l e  t o  w i th s t and  such  l ow  
t empe ra tu r e s ,  such  a s  t he  sh ip ’ s  deck  and  hu l l ,  t h i s  w i l l  c a u s e  t h e  
ma te r i a l  t o  c r ack  (b r i t t l e  f r a c tu r e ) .  LNG shou ld  neve r  come  in  
con t ac t  w i th  a  pe r son ,  a s  i t  wou ld  cause  f ro s tb i t e .  Mi t i ga t i on  
measu re s  i n  p l ace  f o r  t he  even t  o f  a  l e ak  i nc lude  emergency  shu t  
down ,  wa t e r  t r ay s  and  wa t e r  cu r t a i n s  on  sh ip ’ s  s i de .  LNG’s  
f l a s hpo in t  i s  - 175C .  Th i s  means  t ha t  a t  - 175C  LNG  g ive s  o f f  
enough  ga s  vapou r  w h i c h  c a n  i g n i t e  i f  o x y g e n  i s  p r e s e n t  i n  t h e  
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r i gh t  p ropo r t i on  ( t he  f l ammab le  r ange )  an d  t he r e  i s  an  i gn i t i on  
s o u r c e .  Gas  vapou r s  a l so  cause s  a sphyx i a t i on .  The re f o r e  ga s -
de t ec t i ng  sy s t ems ,  bo th  po r t ab l e  and  f i xed ,  a r e  needed  t o  de t ec t  
any  unsa f e  a tmosphe re .  P r e s s u r e  a n d  t e m p e r a t u r e  a r e  impor t an t  
pa r ame te r s  w h e n  h a n d l i n g  L N G .  I t  i s  impor t an t  t o  know tha t  even  a  
s l i g h t  i n c r e a s e  i n  t h e  t e m p era tu r e  o f  LNG gene ra t e s  vapou r  ga se s ,  
w h i c h ,  i n  t u r n ,  i nc r ea se  t he  p r e s su re  i n  p ipe s  and  t anks .  Wi th  t he  
r i gh t  knowledge  and  t e chn iques ,  t h i s  p r e s su re  i s  con t ro l l ed  and  
managed  p rope r ly .  LNG  vapou r s ,  i . e .  n a tu r a l  ga s ,  a r e  f l ammab le  
w i t h i n  t h e  r ange  5 - 14% mix tu r e  w i th  oxygen .  Th i s  knowledge  i s  
impor t an t ,  so  t ha t  s a f e g u a r d s  can  be  imp lemen ted  i n  o rde r  t o  
p r even t  ga s  vapou r s  t o  m ix  w i t h  o x y g e n  e . g .  i n e r t i n g  w i t h  n i t r o g e n  
o r  p r even t i ng  i gn i t i on  sou rce s  i n  a r ea s  whe re  ga s  vapou r s  a r e  
l i ke ly  e . g .  i n  t he  bunke r ing  s t a t i o n s .  The  bo i l i ng  po in t  o f  l i que f i ed  
me thane  i s  - 161 .5C ,  s l i gh t l y  h ighe r  f o r  LNG f ue l ,  s i nce  i t  i s  no t  
pu re  me thane .  The re f o r e ,  l e aks  o f  LNG f ue l  w i l l  f i r s t  s i nk  and  
f o rm  a  poo l  o f  bo i l i ng  LNG .  A s  i t s  t empe ra tu r e  i nc r ea se s  f u r t he r ,  
i t s  dens i t y  dec r ea se s  and  soon  t he  bo i l i ng  poo l  t u rn s  i n to  a  vapou r  
c loud  and  s t a r t s  r i s i ng ,  a s  na tu r a l  ga s  becomes  l i gh t e r  t han  a i r .  
K n o w i n g  t h e  p r o p e r t i e s  o f  L N G he lp s  unde r s t and  t he  behav iou r  o f  
an  LNG f i r e .  The  f i gu re  be low  s h o w s  t yp i ca l  cha r ac t e r i s t i c s  o f  a  
LNG f i r e ,  t augh t  a t  LNG f i r e  t r a i n ings  (L inde ,  2012 ) .  

Figure 4. Typical characteristics of LNG fires (Source: Linde, 2012). 
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K n o w i n g  t h e  p r o p e r t i e s  o f  L N G  i s  i m p o r t a n t  f o r  p r even t i on  o f  
a cc iden t s ,  f o r  pe r sona l  s a f e ty ,  f o r  LNG - f i r e - f i gh t i ng  compe tence  
and  emergency  r e sponse /mi t i ga t i on ,  bu t  ex t ends  a l so  t o  
unde r s t and ing  t he  sy s t ems  needed  f o r  t he  no rma l  ope ra t i on  o f  a  
LNG - f ue l l ed  ve s s e l ,  s uch  a s  bunke r ing  ope ra t i ons ,  s u c h  a s  ga s  
eng ine  sy s t em,  ga s  de t ec t i ng  sy s t ems ,  emergency  va lve s ,  
i n s t rumen ta t i on  and  o the r  ga s  r e l a t ed  equ ipmen t ,  adequa t e  pe r sona l  
p ro t ec t i ve  equ ipmen t ,  and  s a f e  p r ac t i c e s  onboa rd .   

The  f i gu re  be low  shows  a  s ec t i on  o f  an  eng ine  room in  a  LNG -
f ue l l ed  ve s s e l ,  w h e r e  a  Dua l  Fue l  (DF)  eng ine  s y s t e m  h a s  b e e n  
i n s t a l l ed .  A  Dua l  Fue l  eng ine  ope ra t e s  w i th  ga s  o r  ma r ine  d i e se l  
o i l ,  f o r  f l ex ib i l i t y .  Ano the r  op t i on  i s  a  ga s - on ly  eng ine .  

 

I n  a  LNG - f ue l l ed  eng ine  s y s t em,  LNG i s  t r an s f e r r ed  f rom 
p re s su r i z ed  LNG s t o r a g e  t a n k s  i n t o  t he  ga s  eng ine  i n  i n su l a t ed  
p ipe s  co lou red  ye l l ow .  Be f o re  en t e r i ng  t he  eng ine ,  LNG has  f i r s t  t o  

Figure 5. Wärtsila DF Engine (Source: www.wärtsila.com) 
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be  t u rned  i n to  ga s ,  u s ing  vapo r i ze r s /hea t  exchange r s ,  a n d  h a v e  a  
g iven  p r e s su re  t oward  t he  eng ine  ( t h i s  i s  r egu l a t ed  by  a  ga s  va lve  
un i t ,  GVU) .  Bes ide s  o f  t he  g a s  eng ine ,  LNG s to r age  t anks ,  
i n su l a t ed  p ip ing ,  and  ga s  va lve  un i t s ,  o the r  f e a tu r e s  t ha t  d i f f e r  a  
ga s  eng ine  sy s t em f rom a  conven t i ona l  eng ine  sy s t em inc lude  ga s  
de t ec t i ons  sy s t ems ,  spec i f i c  au toma t ion ,  and  bunke r  s t a t i ons  
s u i t a b l e  f o r  r e ce iv ing  LN G  ( Wär t s i l a ,  2013 ) .  

Bunker ing  opera t i on  

Bunk e r ing  o f  LNG- f ue l l ed  ve s s e l s  i s  c a r r i ed  ou t  i n  any  o f  t he  
f o l l ow ing  t h r ee  w ays  ( s ee  f i gu re s  be low ) :  

1 .  s h i p - t o - s h i p  (STS)  

2 .  t r uck - to - s h i p  ( T T S )  

3 .  t e rmina l - t o - s h i p  ( p ipe l i ne  o r  t ank )  (TPS)  

The  f i gu re  be low  i l l u s t r a t e s  t he se  me thods .  Example s  o f  
app l i c a t i on  o f  e ach  me thod  a r e  s h o w n  o n  f o l l o w i n g  p a g e .  

 

Figure 6. Three different bunkering methods (Source:  DMA, 2012). 
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M o s t  b u n ke r ing  o f  LNG- f ue l l ed  ve s s e l s  ha s  been  ca r r i ed  ou t  on ly  
i n  Norway ,  f o r  t he  pa s t  13  yea r s .  Howeve r ,  t h i s  s cena r io  i s  
chang ing ,  w i th  t he  r ecen t  i n t roduc t i on  o f  o the r  LNG- f ue l l ed  
ve s se l s  and  o the r  bunke r ing  me thods .  Bunke r ing  t he  LNG- f ue l l ed  
ve s se l  V ik ing  Grace ,  bu i l t  2013 ,  was  done  i n i t i a l l y  by  TTS .  The  
f i r s t  LNG supp ly  ve s se l  i n  t he  wor ld ,  t he  Seagas ,  s t a r t ed  
ope ra t i ons  i n  2013 ,  and  s i nce  t hen  V i k i n g  G r a c e  h a s  b e e n  b u n k e r e d  
by  STS  in s t ead ,  i n  S tockho lm  (Gas - F u e l l e d  S h i p s  C o n f e r e n c e ,  
2013 ) .  

 

Figure 9. Bunkering Bit Viking at Risavika Terminal (TPS) Source: (Skangass, 2011). 

Figure 7. AGA trucks bunkering Viking Grace: TTS (Source: HHP Insight, 2013). 

Figure 8.  Seagas bunkering Viking Grace: STS (Source: Zerovisiontool, 2013). 
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A  typ i ca l  bunke r ing  s equence  onboa rd  a  LNG- f ue l l ed  ve s s e l  
f o l l ow s  f ou r  d i s t i nc t  momen t s  (DNV,  2012a  and  2012b ) :   

1 .  G e n e r a l  

2 .  P r e - f i l l i ng  

3 .  F i l l i n g  

4 .  P o s t - f i l l i ng  

In  t he  f i r s t  s t ep ,  t he r e  i s  a  gene ra l  exchange  o f  i n f o rma t ion  and  
commun ica t i on  w i th  t he  pa r t i e s  i nvo lved  i n  t he  bunke r ing .  

I n  t he  p r e - f i l l i ng  s t e p ,  t he  bunke r ing  l i ne s  a r e  made  r eady  f o r  
LNG.  They  need  t o  be  coo l ed  down  and  canno t  con t a in  any  
mo i s tu r e  o r  oxygen .  The  l ow  t empe ra tu r e  o f  LNG wou ld  cause  
damage  when  i n  con t ac t  w i th  wa rmer  l i ne s  and  cause  p r e s su re  peak  
a s  LNG expan ds  t o  ga s  i n  t he  con t ac t .  A s  g a s  i s  f l ammab le  unde r  
c e r t a i n  oxygen  l eve l s ,  oxygen  mus t  be  r emoved  f rom the  l i ne s  t o  
r ende r  t hem sa f e .  Consequen t l y ,  i n  t h i s  s t ep  t he r e  i s  a  p r e - coo l i ng  
o f  sho re - s i d e  l i n e s  and  pump  ( i n  some  ca se s  p r e s su re  d i f f e r en t i a l  i s  
u sed  i n s t ead  o f  pumps ) ,  connec t i on  o f  bunke r  hose  t o  t he  sh ip  
(bunke r ing  s t a t i on ) ,  oxygen  and  wa t e r  a r e  r emoved  f rom the  s h ip ’ s  
l i ne s  ( i ne r t i ng ,  w i th  n i t r ogen ) ,  n i t r ogen  i s  t hen  pushed  ou t  f r om the  
l i ne  u s ing  na tu r a l  ga s  ( pu rg ing ) .  

I n  t he  f i l l i ng  s t e p ,  LNG i s  t r an s f e r r ed  f rom sho re - s i de  t o  ve s se l ,  
f o l l ow ing  i n  a  s equen t i a l  w a y  i n  o rde r  t o  con t ro l  t he  p r e s su re  i n  
t he  sh ip ’ s  t anks .  

Bunk e r ing  i s  f i na l i z ed  w i th  t he  pos t - f i l l i ng  s t e p  i n  w h i c h  v a l v e s  
a r e  c l o sed  and  wha t  i s  l e f t  o f  LNG in  t he  bunke r ing  l i ne  i s  f o r ced  
i n to  t he  sh ip ’ s  t ank ,  u s ing  t he  p r e s su re  i n  t he  l i ne s .  A t  t h i s  po in t ,  
t he  l i ne s  a r e  f u l l  o f  na tu r a l  ga s ,  wh ich  i s  r emoved  w i th  n i t r ogen  
( i ne r t i ng ) ,  f o r  s a f e ty  r ea sons .  T he  bunke r  hose  i s  d i s connec t ed  and  
t he  bunke r  ope ra t i on  i s  f i n i shed .  
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S torage  o f  LNG  onboard  

LNG p rope r t i e s  r equ i r e  c ryogen i c  con t a inmen t  sy s t ems  and  
equ ipmen t  a s soc i a t ed  w i th  t he  bunke r ing  and  eng ine  ope ra t i on .  
S t o r a g e  o n b o a r d  c o n s i s t s  o f  t anks  t ha t  c an  w i th s t and  t he  l ow  
t empe ra tu r e  o f  LNG .   

 

2 . 2 .  I n t e r n a t i o n a l  s t a n d a r d s  a n d  r e g u l a t i o n s  

T h i s  s e c t i o n  d e s c r i b e s  t h e  s t a t u s  o n  c u r r e n t  i n t e r n a t i o n a l  t r a i n i n g  
s t a n d a r d s  a n d  r e g u l a t i o n s  o n  t r a i n i n g  o f  c r e w  o n  L N G - f u e l l e d  v e s s e l s .  

T r a i n i n g :  t he  human  e l emen t  i n  r i s k  and  sa f e t y  m a n a g e m e n t  

A n a l y s i n g  t h e  p r o p e r t i e s  o f  L N G  a n d  t h e  o p e r a t i o n a l  a s p e c t s  
de sc r i bed  above ,  i t  c an  be  i n f e r r ed  t ha t :  

a .  Cr i t i c a l  f e a tu r e s  i n t roduced  onboa rd  ve s se l s  t ha t  adop t  LNG 
as  mar ine  f ue l  i nc lude  LNG p rope r t i e s ,  ga s  behav iou r  r e l a t ed  
t o  t empe ra tu r e  and  p r e s su re ,  s t o r a g e  t a n k s  a n d  p ip ing  and  
eng ine  sy s t ems ,  i ne r t i ng  t e chn iques ,  i n s t rumen ta t i on ,  ga s  
de t ec t i on  sy s t ems ,  f i r e - f i gh t i ng  s y s t ems  and  emergency  
s h u t d o w n  p r o c e d u r e s  a n d  s a f e t y  p r o c e d u r e s  s p e c i f i c  t o  L N G  
as  f ue l  onboa rd .   

Figure 10. Bit Viking. LNG fuel tanks on deck (Source: Germanischer Lloyd, 2013) 
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b .  Compe tence  and  t r a i n ing  a r e  c r i t i c a l  f o r  t he  s a f e  hand l i ng  o f  
LNG and  f o r  t he  s a f e  bunke r ing  ope ra t i ons  on  LNG - f ue l l ed  
ve s se l s .  

Compe tence  and  t r a i n ing  p l ay  an  impor t an t  r o l e  i n  r educ ing  r i sk s  
and  p r even t i on  o f  a cc iden t s .  A s  G e i r  B j ø r k e l i ,  V i c e - P r e s i d e n t  i n  
Ro l l s -Royce  Mar ine  ha s  pu t  i t  (Mid tS iden ,  2013 ) :  

 

U p  t o  8 0 %  o f  a c c i d e n t s  a t  s e a  a r e  c a u s e d  b y  h u m a n  e r r o r  
(He the r i ng ton ,  F l i n  and  Mea rns ,  2006 ,  and  T rucco  e t  a l ,  2008 ) .  
T ra in ing ,  b e ing  an  a spec t  o f  manag ing  t he  human  e l emen t ,  shou ld  
t hen  r educe  r i sk s  and  acc iden t s .  T rucco  e t  a l  s t u d y  ( 2 0 0 8 )  s u p p o r t s  
t h i s  connec t i on .  T ra in ing  pe r sonne l  t ha t  w i l l  have  du t i e s  onboa rd  
LNG - f ue l l ed  ve s s e l s ,  bu t  a l s o  a  r educ t i on  i n  r i sk  o f  a cc iden t s  a t  
s e a  c a u s e d  b y  h u m a n  e r r o r s  w h e n  h a n d l i n g  L N G .  L N G  i n  s h i p p i n g  
i s  no th ing  new .  La rge  ca rgoes  o f  LNG have  bee n  sh ipped  
w o r l d w i d e  s i n c e  t h e  6 0 ’ s ,  by  spec i a l i z ed  ve s se l s  ded i ca t ed  t o  t h i s  
s e g m e n t  –  LNG - ca r r i e r s .  Th i s  t r ade  ha s  a  go od  s a f e t y  r e c o r d  
(NMA,  2013 ) ,  l ow  in  acc iden t s ,  r e f l e c t i ng  t he  ha rd  work  o f  many  
yea r s  i n  t h i s  s egmen t  i n  ma in t a in ing  h igh  s t anda rds  o f  s a f e ty  
onboa rd .  The  i n t roduc t i on  o f  LNG as  a  new  mar ine  f ue l  i n  t he  
marke t  w i l l  bene f i t  f r om the  exce l l en t  s a f e ty  r e co rd  o f  LNG-
ca r r i e r s  bu t  sh ipowne r s ,  ope ra to r s  and  de s igne r s  o f  LNG - f ue l l ed  
ve s se l s  c a r ry  t h e  r e spons ib i l i t y  t o  p r e se rve  i t ,  t h rough  t r a in ing .   

Th i s  conce rn  was  vo i ced  by  S I G TTO on  IMO’s  BLG16  se s s ion  i n  
2011  ( IMO,  2011a ) .  S I G T T O  i s  a n  o r g a n i z a t i o n  t h a t  h a s  d eve loped  
a  s i gn i f i c an t  amoun t  o f  s t anda rds  spec i f i c  t o  LNG and  be s t  
p r ac t i c e s  i n  LNG sh ipp ing ,  and  works  i n  c l o se  r e l a t i onsh ip  w i th  i t s  
M e m b e r s  a n d  I M O .  S I G T T O ’ s  r e c e n t l y  c r e a t e d  b r a n c h  S o c i e t y  f o r  

“ L N G  e r  i k k j e  u f a r l e g ,  m e n  k u n n s k a p  e r  n ø k k e l e n  t i l  å  r e d u s e r a  r i s i k o e n .  
D e t t e  h a n d t e r a s t  g j e n n o m  e i t  v e l t r e n t  m a n n s k a p  o g  g o d e  p r o s e d y r a r ,  f o r t e l  
o s i n g e n  G e i r  B j ø r k e l i ,  s a l g s -  o g  m a r k n a d s d i r e k t ø r  i  R o l l s  R o y c e ) . ”  
Th a t  i s :  LN G i s  n o t  e n t i re l y s a f e ,  bu t  c o mpe te n c e  i s  th e  ke y to  re du c e  th e  
ri s ks .  Th i s  i s  a c h i e ve d by we l l - tra i n e d pe rs o n n e l  o n bo a rd a n d r i g h t  
pro c e du re s  ( a u t h o r ’ s  t r a n s l a t i o n ) .   
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G a s  a s  M a r i n e  F u e l  ( S G M F )  f o c u s e s  o n  t h e  L N G- f ue l l ed  ve s s e l  
s e g m e n t .   

 

 

 

 

 

 

 

 

 

O n e  p o s s i b i l i t y  w h e n  d e v e l o p i n g  t r a i n i n g  o f  p e r s o n n e l  i n  L N G-
f ue l l ed  ve s s e l s  i s  t o  d r aw  f rom the  l ong  expe r i ence  o f  LN G - ca r r i e r  
ope ra t i ons .  I t  i s  a l so  pos s ib l e  t o  d r aw  f rom Norway’ s  expe r i ence  a s  
p ionee r s  i n  t r a i n ing  t he i r  pe r sonne l  onboa rd  LNG - f ue l l ed  f e r r i e s  
and  supp ly  ve s se l s  f o r  more  t han  t en  yea r s .  

 

 

 
“ T h e  L N G  a n d  L P G  s h i p p i n g  i n d u s t r i e s  h a v e  a n  e x c e l l e n t  s a f e t y  
r e c o r d ,  w h i c h  h a s  b e e n  a c h i e v e d  a n d  m a i n t a i n e d  b y  h i g h  s t a n d a r d s  o f  
t r a i n i n g  a n d  o p e r a t i o n a l  p r o c e d u r e s  a n d  t r i e d  a n d  t e s t e d  d e s i g n .  
U n f o r t u n a t e l y ,  t h i s  s a f e t y  r e c o r d  h a s  l e d  m a n y  p e o p l e  t o  t h i n k  t h a t  
t h e s e  p r o d u c t s  a r e  i n t r i n s i c a l l y  s a f e  a n d  c a n  b e  h a n d l e d  w i t h  
i m p u n i t y .  W h e n  a t t e n d i n g  m e e t i n g s  a n d  c o n f e r e n c e s  p e r t a i n i n g  t o  t h e  
u s e  o f  L N G  a s  s h i p ' s  f u e l  w e  a r e  c o n c e r n e d  a t  t h e  l a c k  o f  k n o w l e d g e  
o n  t h e  h a z a r d s  a n d  p r o p e r t i e s  o f  L N G ,  p a r t i c u l a r l y  t h o s e  p o s e d  b y  i t s  
v e r y  l o w  t e m p e r a t u r e  a n d  f l a s h p o i n t  a n d  t h a t  i t  r e q u i r e s  o n l y  1 / 8 0 t h  
o f  t h e  e n e r g y  t o  i g n i t e  i t  c o m p a r e d  w i t h  m a r i n e  d i s t i l l a t e  f u e l .  
T h e r e f o r e ,  i t  i s  e s s e n t i a l  t h a t  p o t e n t i a l  d e s i g n e r s ,  o w n e r s  a n d  
o p e r a t o r s  o f  L N G - f u e l l e d  s h i p s  a r e  e d u c a t e d  t o  t h i s  e f f e c t  a n d  
s u p p o r t e d  b y  a  r o b u s t  r e g u l a t o r y  f r a m e w o r k ,  w h i c h  w i l l  l i k e l y  r e q u i r e  
a  d e g r e e  o f  p r e s c r i p t i o n  u n t i l  a  g r e a t e r  d e p t h  o f  e x p e r i e n c e  i s  
a c h i e v e d  i n  t h e  d e s i g n  a n d  o p e r a t i o n  o f  t h e s e  v e s s e l s .  
( … )  
I t  i s  a p p a r e n t  f r o m  a t t e n d a n c e  a t  c o n f e r e n c e s  a n d  m e e t i n g s  t h a t  m a n y  
p e o p l e  w h o  a r e  c o n s i d e r i n g  t h e  u s e  o f  c r y o g e n i c  a n d  l o w  f l a s h - p o i n t  
f u e l s  h a v e  l i t t l e  o r  n o  k n o w l e d g e  o f  t h e i r  p r o p e r t i e s  a n d  h a z a r d s ,  a n d  
i t  i s  i m p e r a t i v e  t h a t  c r e w  m e m b e r s  r e s p o n s i b l e  f o r  h a n d l i n g  t h e s e  
f u e l s  a r e  s u i t a b l y  t r a i n e d  a n d  c e r t i f i c a t e d . ”  

( SI G TTO ,  a t  I MO ,  2 0 1 1 a )  



 
 

20 

T h e r e  a r e  n o  i n t e r n a t i o n a l  m a n d a t o r y  r e g u l a t i o n s  f o r  t ra in ing  
r e q u i r e m e n t s  o f  pe r sonne l  onboard  LNG - fue l l ed  ve s se l s  

IMO’s  In t e rna t i ona l  Sa f e t y  Managemen t  Code  ( ISM Code )  en f o r ce s  
t he  t r a i n ing  o f  pe r sonne l  a s  pa r t  o f  a  company’ s  
s a f e t y  m a n a g e m e n t  i s  en f o r ced  by ) .  I n  t h i s  con t ex t ,  
t h e  ISM Code  ( ( IMO,  2013 ,  Pa r t  A ,  s ec t i ons  1 .2 ,  6  
and  7 )  r equ i r e s  compan i e s  t o :   

1 .  I den t i f y  r i sk s ,   

2 .  Tra in  t he  pe r sonne l  f o r  emergenc i e s  and  
o the r  s a f e ty  managemen t  sk i l l s ,   

3 .  G ive  f ami l i a r i z a t i on  t o  pe r sonne l  w i th  new  a s s ignmen t s ,   

4 .  I den t i f y  t r a i n ing  needs ,  de f i ne  p rocedu re s  and  i n s t ruc t i ons  
( i nc l .  check l i s t s )  t o  en su re  s a f e  ope ra t i ons  and  t he  s a f e ty  o f  
t he  ve s se l ,   

5 .  Tra in  t he  pe r sonne l  onboa rd  f o r  emergency  ( emergency  
p r epa rednes s ) ,   

6 .  Record  acc iden t s  and  haza rdous  occu r r ences  and  u se  t ha t  
i n f o rma t ion  t o  improve  s a f e ty 1.    

IMO’ s  I n t e r n a t i o n a l  C o d e  o f  S a f e t y  f o r  S h i p s  u s i n g  G a s e s  o r  o t h e r  
l ow - f l a sh  po in t  Fue l s  ( IGF  Code )  ( IMO,  2013d )  w i l l  r e g u l a t e  
ve s se l s  u s ing  LNG as  ma r ine  f ue l .  When  s t udy ing  r egu l a t i ons  
conce rn ing  LNG in  sh ipp ing ,  i t  i s  impor t an t  t o  s t a r t  b y  
d i s t i ngu i sh ing  two  d i f f e r en t  pe r spec t i ve s :   

1 .  Regu la t i ons  t ha t  app ly  t o  t anke r s  c a r ry ing  LNG as  ca rgo ,  
s u c h  a s  L N G  c a r r i e r s ,  L N G  f e e d e r s / b a r g e s .  These  ve s se l s  a l so  
u se  ga s  a s  f ue l  bu t  t hey  do  no t  r e ce ive  LNG bunke r :  t he  ga s  
u sed  i n  t he i r  eng ine s  i s  t aken  f rom the  LNG ca rgo  t hey  ca r ry .  

2 .  Regu la t i ons  t ha t  app ly  t o  LNG - f ue l l ed  ve s s e l s ,  such  a s  
pa s senge r  f e r r i e s ,  s u p p l y  v e s s e l s ,  t a n k e r s .  T h e s e  v e s s e l s  

                                                
1 To improve safety and, subsequently, to improve their training plans (author’s note). 
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r ece ive  LNG bunke r  f r om,  e . g .  t r ucks ,  ba rge s  o r  by  a  t e rmina l  
p ipe l i ne .  

U n t i l  r e c e n t l y ,  t he  r egu l a r  u se  o f  na tu r a l  ga s  a s  f ue l  i n  sh ipp ing  
w a s  c o n f i n e d  t o  LNG ca r r i e r s ,  r egu l a t ed  by  IMO’s  In t e rna t i ona l  
Code  f o r  t he  Cons t ruc t i on  and  Equ ipmen t  o f  Sh ip s  Ca r ry ing  
L ique f i ed  Gase s  i n  Bu lk  ( IGC Code ) .  The  IGC  Code  cove r s  
r equ i r emen t s  on  t he  de s ign ,  cons t ruc t i on  and  equ ipmen t  
r equ i r emen t s  ( IMO,  2013 d ) .  H o w e v e r ,  t h e  I G C  C o d e  app l i e s  on ly  
t o  t anke r s  c a r ry ing  LNG  as  ca rgo  (po in t  1 ,  above ) .  The  IGC Code  
does  no t  app ly  t o  LNG - f ue l l ed  ve s se l s  ( po in t  2 ,  above ) .  The re  i s  a t  
t he  momen t  no  i n t e rna t i ona l  code  w i th  spec i f i c  r egu l a t i ons  f o r  
ve s se l s  t ha t  u se  LNG as  f ue l .  I n  f a c t ,  t he  u se  o f  f ue l s  w i th  
f l a s hpo in t  l ow er  t han  60 C  (wh ich  i s  t he  ca se  o f  na tu r a l  ga s )  i s  no t  
a l l owed  ( IMO,  2004 ,  SOLAS  I I - 2  p .163 ) .  Fo r  t h i s  r e a son ,  IMO’s  
S u b - Commi t t e e  on  Bu lk  L iqu id s  and  Gase s  (BLG)  ha s  been  w o r k i n g  
on  a  new  code :  t he  In t e rna t i ona l  Code  o f  Sa f e ty  f o r  Sh ip s  u s ing  
G a s e s  o r  o t h e r  l o w- f l a s h  po in t  F ue l s  ( IGF  Code )  ( IMO,  2013d ) .  
The  new  IGF  Code  w i l l  a p p l y  t o  LNG - f ue l l ed  ve s s e l s ,  and  i s  
expec t ed  t o  be  adop t ed  i n  2014 ,  j u s t  be f o r e  t he  new  SOx  
r equ i r emen t s  en t e r  i n to  f o r ce  i n  ECAs  i n  2015  and  t he  expec t ed  
expans ion  i n  t he  number s  o f  LNG- f ue l l ed  ve s s e l s .  

 

 

 

 

 

 

 

Figure 11.  
IMO's IGC Code for LNG-carriers  
(Source: www.imo.org). 

IMO 
 
 The IGF Code  

 
2014 

Figure 12. IMO's IGF Code for LNG-
fuelled vessels will be ready in 2014. 
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IMO’s  In t e rna t i ona l  Conven t i on  on  S tandards  o f  T ra in ing ,  
Cer t i f i ca t i on  and  Wa tchkeep ing  f o r  Sea fa re r s  i nc lud ing  Man i la  
amendmen t s  ( t he  ST CW Conven t i on )  ( IMO,  2011 ) :  t h i s  Conven t i on  
ha s  s p e c i f i c  r equ i r emen t s  f o r  s e a  pe r sonne l  work ing  w i th  LNG 
onboa rd ,  name ly  Regu l a t i on  V /1 - 2  ( IMO,  2011 ,  p .  44 )  and  S e c t i o n  
A - V / 1 . 2  ( I M O ,  2 0 1 1 ,  p . 1 9 8- 208 ) .  H o w e v e r ,  t he se  S T C W 
requ i r emen t s  app ly  on ly  t o  pe r sonne l  onboa rd  t anke r s  c a r ry ing  
LNG as  ca rgo ;  no  t r a i n ing  r equ i r emen t s  f o r  t hos e  work ing  onboa rd  
LNG - f ue l l ed  ve s s e l s  cou ld  be  f ound  i n  t h i s  conven t i on  e i t he r .  S u c h  
t r a i n ing  i s  s t i l l  un r egu l a t ed ,  a t  l e a s t  i n t e rna t i ona l l y .  The  IGF  Code  
o r / and  t he  STCW Conven t i on  w i l l  t he r e f o r e  i nc lude  new  t r a in ing  
r equ i r emen t s  f o r  pe r sonne l  on  LNG - f ue l l ed  ve s s e l s ,  w h ich  a r e  
be ing  deve loped  by  IMO’s  S u b - Commi t t e e  on  Bu lk  L iqu id s  and  
G a s e s  (BLG)  i n  co - ope ra t i on  w i th  IMO’s  S u b c o m m i t t e e  o n  
S t a n d a r d s  o f  T r a i n i n g  &  W a t c h k e e p i n g  (STW) ,  w i th  i npu t s  f r om 
the  mar i t ime  i ndus t ry  such  a s  t he  Norweg ian  Mar i t ime  A u t h o r i t y  
(NMA) ,  D a n i s h  M a r i t i m e  A u t h o r i t y ,  D e n  N o r ske  V e r i t a s  ( D N V ) ,  
The  Soc i e ty  o f  I n t e rna t i ona l  Gas  Tanke r  and  Te rmina l  Ope ra to r s  
( S I G T T O) ,  eng ine  manuf ac tu r e r s  and  o the r  r e l evan t  s t akeho lde r s  

IMO’s  In t e r im  Gu ide l i ne s  MSC. 285 (86 ) ,  adop t ed  i n  2009 :  a r e  no t  
manda to ry  bu t  p rov ide  a t  t he  momen t  t he  on ly  av a i l ab l e  gu idance ,  
i n  t he  absence  o f  any  i n t e rna t i on a l  manda to ry  r equ i r emen t s  f o r  
t r a i n ing  o f  pe r sonn e l  onboa rd  ga s - f ue l l ed  ve s s e l s .   

 

 

 

 

The  p roce s s  l e ad ing  t o  t he  deve lopmen t  o f  t he se  gu ide l i ne s  and  o f  
t he  IGF  Code  w a s  b a s e d  o n  t he  w o r k  c a r r i ed  ou t  by  t he  Norweg ian  
A u t h o r i t i e s  ( C N S S ,  2 0 1 3 ,  p . 5 1 )  a n d  a  p r o p o s a l  f r o m  N o r w a y  i n  
2004  t o  deve lop  a  ga s  code  (Ge rman i sche r  L loyd ,  2013b  and  N M A ,  
2013 ) .  Chap t e r  8  i s  ded i ca t ed  t o  t he  t r a i n ing  o f  pe r sonne l  onboa rd  

MSC 86/26/Add.1 
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ANNEX 11 
 

RESOLUTION MSC.285(86) 
(adopted on 1 June 2009) 

 
 

INTERIM GUIDELINES ON SAFETY FOR NATURAL GAS-FUELLED ENGINE 
INSTALLATIONS IN SHIPS 

 
 
THE MARITIME SAFETY COMMITTEE, 

 
RECALLING Article 28(b) of the Convention on the International Organization 

concerning the functions of the Committee, 
 
NOTING that the International Convention for the Safety of Life at Sea, 1974 currently 

does not have any provisions for use of gas as fuel on ships other than gas carriers, 
 
RECOGNIZING a need for the development of a code for gas-fuelled ships, 
 
ACKNOWLEDGING that, in the interim, there is an urgent need to provide guidance to 

the Administrations on the gas-fuelled engine installations in ships, 
 
HAVING CONSIDERED the Interim Guidelines prepared by the Sub-Committee on 

Bulk Liquids and Gases at its thirteenth session, 
 
1. ADOPTS the Interim Guidelines on safety for natural gas-fuelled engine installations in 
ships, the text of which is set out in the Annex to the present resolution; 
 
2. INVITES Governments to apply the Interim Guidelines to gas-fuelled ships other than 
those covered by the IGC Code; 
 
3. URGES Member Governments and the industry to submit information, observations, 
comments and recommendations based on the practical experience gained through the 
application of these Interim Guidelines and submit relevant safety analysis on gas-fuelled 
installations; 
 
4. AGREES to continue the work on the development of the International Code of Safety for 
Gas-fuelled Ships (IGF Code). 
 

IMO 
 
 

Interim Guidelines 
MSC.285(86) 

 Figure 13.  
IMO's Interim Guidelines On Safety for Natural Gas-Fuelled Engine 
Installations in Ships, Resolution MSC.285(86) adopted on 1 June 2009 
(Source: www.imo.org). 
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ga s - f ue l l ed  ve s s e l s .  A s  t he se  gu ide l i ne s  a r e  no t  manda to ry ,  and  
t he r e f o r e  each  F l a g  S t a t e  i s  f r e e  t o  dec ide  on  t he  t r a i n ing  on  t h e i r  
f l e e t  o f  LNG- f ue l l ed  ve s s e l s .  Thus ,  one  canno t  expec t  a  g r ea t  l eve l  
o f  ha rmon iza t i on  o f  t r a i n ing  s t anda rds .  F o r  t h e  m o m e n t  t h e  f l e e t  o f  
LNG - f ue l l ed  ve s s e l s  ha s  been  s o  f a r  con f ined  t o  Norway  bu t  i n  t he  
nea r  f u tu r e  a  s i gn i f i c an t  i nc r ea se  i s  expec t ed  i n  t he  number  o f  ga s -
f ue l l ed  ve s s e l s ,  and  w i th  i t  a  p ro l i f e r a t i on  o f  d i f f e r en t  t r a i n ing  
s t a n d a r d s .  I t  i s  h o p e d  t h a t  a  m o r e  h a r m o n i z e d  h i g h  q u a l i t y  i n  
s t a n d a r d s  w i l l  b e  p o s s i b l e  w h e n  t h e  I G F  Code  i s  i n  f o r ce .  

I n  pa r a l l e l  t o  t he  work  be ing  ca r r i ed  ou t  by  IMO and  i t s  Sub -
commi t t e e s  BLG and  STW ,  o the r  s t akeho lde r s  i n  t he  mar i t ime  
i ndus t ry  have  been  deve lop ing  gu ide l i ne s  and  r ecommenda t ions  
abou t  t r a i n ing  o f  pe r sonne l  on  ga s - f ue l l ed  ve s s e l s .  The  
c l a s s i f i c a t i on  soc i e ty  DNV i s  t h e  c l a s s i f i c a t i on  soc i e ty  o f  t he  
N o r w e g i a n  g a s - f ue l l ed  ve s s e l s .  Recogn i z ing  t he  need  f o r  
i n t e rna t i ona l  s t anda rds  i n  t r a i n ing  o f  t he  pe r sonne l  onboa rd  LNG -
f ue l l ed  ve s se l s ,  DNV pub l i shed  t h i s  yea r  t he i r  gu ide l i ne s  f o r  such  
t r a i n ing ,  i n  “ Compe tence  Re la t ed  t o  t he  On  Board  Use  o f  LNG as  
Fue l”  (DNV,  2013 ) .  
T h e  I n t e r n a t i o n a l  O r g a n i z a t i o n  f o r  S t a n d a r d i z a t i o n  ( I S O )  i s  
r e spons ib l e  f o r  i n t e r na t i ona l  s t anda rds  i n  i ndus t r i e s ,  deve loped  by  
i t s  Techn i ca l  Commi t t e e s  (TCs ) ,  composed  by  s e v e r a l  w o r k i n g  
g roups  o f  expe r t s  i n  va r i ed  f i e l d s  ( ISO  TC 67  WG 10 ,  2013 ,  pp .26 -
27 ) .  A f t e r  i n i t i a t i v e  f r o m  N o r w a y  i n  r e a c t i o n  t o  t h e  l a c k  o f  L N G  
bunke r ing  r egu l a t i ons  (Ge rman i sche r  L loyd ,  2013c ) ,  ISO  
e s t ab l i shed  t he  expe r t  g roup  I SO  Techn i ca l  Commi t t e e  67  Work ing  
G r o u p  1 0 ,  t o  deve lop  “ G u id e l i n e s  f o r  s y s t ems  an d  i n s t a l l a t i o n s  f o r  
s u p p l y  o f  L N G  a s  f u e l  t o  s h i p s ” .  T h i s  d o c u m e nt  f ocuse s  on  LNG 
bunke r ing  ope ra t i ons  and  t he  i n t e r f ace  t e rmina l - t o - s h i p  a n d  s h i p -
t o - s h i p ,  bu t  i t  i s  expec t ed  t o  i nc lude  a l so  r ecommenda t i ons  on  
t r a i n ing  r equ i r emen t s  f o r  c r ew  on  LNG - f ue l l ed  ve s s e l s  
(Ge rman i sche r  L loyd ,  2013c ) .  Se t  t o  be  comple t e  by  2014 ,  t he se  
G u i d e l i n e s  m a y  s t i l l  b e  o n  t i m e  t o  c o n t r i b u t e  t o  f u r t h e r  
deve lopmen t  o f  t he  IG F  Code  and  S TCW Conven t ion ,  a t  IM O .  
 
T h e  E u r o p e a n  M a r i t i m e  S a f e t y  A g e n c y ’ s  ( E M S A )  s t u d y  o n  
S tandards  and  Ru l e s  f o r  bunker ing  o f  g as - f ue l l ed  Sh ip s  
(Ge rman i sche r  L loyd ,  2013c ) :  Th i s  r epo r t  was  pub l i shed  i n  
F e b r u a r y  2013  and  h igh l i gh t ed  gaps  i n  r egu l a t i ons  a s soc i a t ed  w i th  
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LNG - f ue l l ed  ve s s e l s .  I den t i f i ed  gaps  i nc luded  t r a in ing  
r equ i r emen t s  o f  pe r sonne l  onboa rd  LNG- f ue l l ed  ( s eago ing )ves s e l s :   

-  The re  a r e  a t  t he  momen t  no  r egu l a t i ons  f o r  such  t r a i n ing .   
-  The  IGF  Code  i s  s t i l l  unde r  deve lopmen t  a t  IMO,  w i th  i npu t s  
 f r om bo th  t he  BLG and  t he  S T W  S u b- Commi t t e e s .  

Th i s  r epo r t  makes  a l so  r e f e r ence  t o  S IGTTO’s  LNG Sh ip  Fue l  
A d v i s o r y  G r o u p  w o r k i n g  g r o u p  f o r  d e v e l o p i n g  o w n  p r o p o s a l  o f  
t r a i n ing  r equ i r emen t s .  
 
F i n a l l y ,  t he  Recommenda t ions  f rom  the  Nor th  European  LNG  
In f ra s t ruc tu re  p ro j ec t  (DMA,  2012 ) :  Th i s  p ro j ec t  f ocused  on  
s t u d y i n g  w h a t  i n f r a s t r u c t u r e  i s  n e e d e d  f o r  t h e  s t o r a g e  a n d  
d i s t r i bu t i on  o f  LNG as  ma r ine  f ue l .  The  r epo r t  was  pub l i shed  i n  
M a y  2 0 1 2  a n d  i t  i n c l u d e d  2 2  r e c o m m e n d a t i o n s ,  o f  w h i c h ,  o n e  i s  
abou t  t r a i n ing  o f  s ea  pe r sonne l  onboa rd  LNG- f ue l l ed  ve s s e l s .  The  
r epo r t  h igh l i gh t ed  t he  s a f e ty  r e co rd  o f  LNG hand l i ng ,  and  
exp re s sed  conce rn  abou t  t he  l a ck  o f  spec i f i c  t r a i n ing  f o r  c r ews  on  
LNG - f ue l l ed  ve s s e l s  and  t he  need  t o  ens u re  s u f f i c i en t  l eve l s  o f  
t r a i ned  pe r s onne l .  Consequen t l y ,  r e commenda t i on  15b  s t a t e s  t ha t  
t r a i n ing  f o r  LNG - f ue l l ed  ve s s e l s  needs  t o  be  deve loped  a s  s oon  a s  
pos s ib l e  i n  o rde r  t o  mee t  t he  r equ i r emen t s  expec t ed  w i th  t he  
i n t roduc t i on  o f  LNG as  mar ine  f ue l .  I t  a l so  po in t s  ou t  t he  need  t o  
a s se s s  i f  adequa t e ly  t r a i ned  pe r sonne l  w i l l  be  i n  su f f i c i en t  number s  
a t  t he  t ime  t hey  w i l l  be  needed .  IMO,  and  t r a i n ing  i n s t i t u t i ons  we re  
encou raged  t o  a s s i s t  i n  ove rcoming  t he se  i s sue s .   
A c c o r d i n g l y ,  I M O ’ s  S u b c o m m i t t e e  S T W  w a s  i n f o r m e d  b y  D e n m a r k  
o f  r e commenda t i on  15b ,  a t  t he  STW’s  44 th  Ses s ion  i n  22  Feb rua ry  
2012  ( IMO,  2012 ) .   

3 .  The  exper i ence  o f  Norw ay  

N o r w a y  s t a r t e d  u s i n g  L N G  a s  f u e l  i n  s h i p s  o t h e r  t h a n  L N G- ca r r i e r s  
i n  t h e  yea r  2000 ,  a ccumula t i ng  an  expe r i ence  o f  more  t han  13  
yea r s .  The  f i r s t  LNG- f ue l l ed  ve s s e l  w as  a  pa s senge r  ve s se l  c a l l ed  
G l u t r a  ( 2 0 0 0 ) .  S o o n  a f t e r ,  i n  2 0 0 3 ,  t h e  f i r s t  L N G- f ue l l ed  ca rgo  
ve s se l s  f o l l ow ed  he r  examp le .  Ten  yea r s  l a t e r ,  i n  2013 ,  t he  
N o r w e g i a n  f l e e t  o f  L N G- f ue l l ed  ve s s e l s  had  i nc r ea s ed  t o  32  
ve s se l s ,  t he  ma jo r i t y  be ing  pa s senge r  ve s se l s  ( s ee  t ab l e  be low) .   
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         Table 1. Norwegian fleet of LNG-fuelled vessels (based on NMA, 2013) 
 

Y e a r  N a m e  T y p e  
2 0 0 0  G l u t r a  F e r r y  
2 0 0 3  S t r i l  P i o n e e r  

V i k i n g  E n e r g y  
P S V  

2 0 0 6  B e r g e n s f j o r d  F e r r y  
2 0 0 7  F a n a f j o r d  

M a s t r a f j o r d  
R a u n e f j o r d  
S t a v a n g e r f j o r d  

F e r r y  

2 0 0 8  V i k i n g  Q u e e n  P S V  
2 0 0 9  V i k i n g  L a d y  

T i d e d r o n n i n g e n  
T i d e k o n g e n  
T i d e p r i n s  
B a r e n t s h a v  
M o l d e f j o r d  

P S V  
F e r r y  
F e r r y  
F e r r y  
C a r g o  
F e r r y  

2 0 1 0  B e r g e n  
F a n n e f j o r d  
R o m s d a l s f j o r d  
K o r s f j o r d  
S e l b j o r n s f j o r d  
S o r t l a n d  

C a r g o  
F e r r y  
F e r r y  
F e r r y  
F e r r y  
C a r g o  

2 0 1 1  S c a n d i g a m m a  
B o k n a f j o r d  
T r e s f j o r d  

P S V  
F e r r y  
F e r r y  

2 0 1 2  V i k i n g  P r i n c e  
O l y m p i c  E n e r g y  
H ø y d a l  
N o r m a n  A r c t i c  
L a n d e g o d e  
V æ r ø y  
B a r ø y  

P S V  
P S V  
C a r g o  
P S V  
F e r r y  
F e r r y  
F e r r y  

2 0 1 3  L ø d i n g e n  F e r r y  
 

The  ava i l ab i l i t y  o f  na tu r a l  ga s  i n  Norway  and  t he  l a t e s t  s t r a t e g i e s  
adop t ed  by  Norweg ian  gove rnmen t s  may  exp l a in  t he  l e ad ing  
pos i t i on  o f  Norway  and  t h i s  expans ion  o f  t he  f l e e t .   

A c c o r d i n g  t o  J e v n e ,  D a h l e  a n d  S æ t e r  ( 2 0 0 3 ) ,  N o r w a y  h a s  b e e n  a  
t r ad i t i ona l  u se r  o f  hyd ropower  bu t  t he  u se  o f  na tu r a l  ga s  i n  t he  
i ndus t ry  and  t r an spo r t  s ec to r s  i nc r ea sed  i n  t he  n ine t i e s ,  a l be i t  
g r adua l l y .  Na tu r a l  ga s  was  t r an spo r t ed  by  p ipe l i ne  f rom the  Nor th  
and  Ba ren t s  Sea s  t o  r e ce iv ing  t e rmina l s  on  t he  Norweg ian  Coas t .  
Tak ing  i n to  accoun t  Norway’ s  t opog raphy ,  i t  c an  be  i n f e r r ed  t ha t  i t  
f avo r s  f u r t he r  d i s t r i bu t i on  o f  na tu r a l  ga s  by  s ea  and  road  ( t r ucks ) ,  
i n s t ead  o f  by  p ipe l i ne ,  f r om sma l l - s c a l e  L N G  c o a s t a l  t e r m i n a l s .  I t  
c an  a l so  be  i n f e r r ed  t ha t  t h i s  c r ea t ed  ea r l y  on  t he  cond i t i ons  f o r  
ga s - f ue l l ed  ve s s e l s .  S u p p l y  o f  L N G  m a r i n e  f u e l  i s  d o n e  t o d a y  f r o m  
K o l l s ne s  and  Ka rmøy .   
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M o r e  r e c e n t l y ,  t h e  u s e  o f  n a t u r a l  g a s  i n  s h i p p i n g ,  R & D  i n  t h i s  a r e a  
and  t he  deve lopmen t  o f  t he  nece s sa ry  LNG - in f r a s t ruc tu r e  i n  
N o r w a y  h a s  b e e n  c l e a r l y  e n c o u r a g e d  w i th  Norway’ s  ma r i t ime  
s t r a t e g y  ( N o r w e g i a n  M i n i s t r y  o f  T r a d e  a n d  I n d u s t r y ,  2 0 0 7 ) .  T h e  
f i nanc i a l  s uppo r t  made  ava i l ab l e  t o  t he  mar i t ime  i ndus t ry  t h rough  
t he  “ N æ r i n g s l i v e t s  N O x- f ond ”  f u r t he r  s t imu la t ed  s h ipow ne r s  t o  u s e  
LNG as  f ue l ,  a s  s t a t ed  by  t he  Min i s t e r  o f  T rade  and  Indus t ry  o f  
N o r w a y ,  i n  a n  i n t e r v i e w  q u o t e d  i n  D N V ,  2 0 1 0 .  4 1  s h i p s  h a v e  b e e n  
s o  f a r  g r a n t e d  s u p p o r t  f o r  t h i s  p u r p o s e  ( H ø i b y e ,  2 0 1 2 ) .  I n  t h e  c a s e  
o f  t he  Norweg ian  LNG- f ue l l ed  f e r r i e s ,  t he  M in i s t e r  o f  T rade  and  
Indus t ry  added  t ha t  spec i f i c  t ende r  r equ i r emen t s  i nc luded  t ha t  t hey  
had  t o  u se  na tu r a l  ga s  (DNV,  2010 ) .  

Wi th  acce s s  t o  LNG and  i ncen t i ve s  t o  change  f ue l  o r  bu i l d  new  
LNG - f ue l l ed  ve s s e l s ,  t he  N orw eg ian  f l e e t  u s ing  mar ine  LN G  f ue l  
expanded  f rom one  ve s se l  i n  2000  t o  32  ve s se l s  13  yea r s  l a t e r .  
Bunke r ing  ope ra t i ons  u sua l l y  have  ded i ca t ed  bunke r ing  
a r r angemen t s .  Ves se l s  a r e  bunke red  e i t he r  by  t r uck  t o  sh ip  (TTS)  
o r  f r om a  s t o r age  t ank  a sho re  t o  sh ip  (TPS) ,  mos t  o f t en  by  t r uck ,  
f r om a  ded i ca t ed  s t a t i on  a long  t he  N orw eg ian  coas t :   
T j e ldbe rgodden  (G lu t r a ,  s i nce  2000 )  and  Ågo tnes  (PSVs)  ( J evne ,  
D a h l e  a n d  S æ t e r ,  2 0 0 3 ) ,  b u t  a l s o  a t  H a l h j e m ,  R i s a v i k a ,  F r e d r i k s t a d ,  
Lød ingen ,  Moskenes  and  Bodø  (NMA,  2013 ) .  I t  i s  no t  a l l owed  t o  
c a r ry  LNG - bunke r ing  o f  f e r r i e s  w i th  pa s senge r s  onboa rd  (NMA,  
2013 ) .  

I n  13  yea r s  o f  ope ra t i ons ,  no  acc iden t s  on  hand l i ng  o f  LNG as  f ue l  
i n  Norway  have  been  r epo r t ed  o r  r e co rded  (SSPA,  2010 ,  p .  35  and  
N M A ,  2 0 1 3 ) ,  w i t h  t h e  e x c e p t i o n  o f  t w o  s m a l l  l e a k s  d u r i n g  s h i p  
LNG - bunke r ing  ope ra t i ons  (NMA,  2013 ) .  Based  on  t he i r  
expe r i ence ,  t he  Norweg ian  Mar i t ime  Au tho r i t y  conc luded  r ecen t l y :  

 

“ T h e  s a f e t y  o f  t h e  L N G  f u e l l e d  s h i p s  i s  g o o d ,  b u t  n o t e s  t h a t  m o s t  L N G  
s h i p p i n g  o p e r a t i o n s  t o d a y  a r e  f o c u s e d  w i t h  d e d i c a t e d  b u n k e r i n g  
a r r a n g e m e n t .  A  g e n e r a l  i n c r e a s e  L N G  s h i p p i n g  a c t i v i t y  m a y  r e q u i r e  
f u r t h e r  d e v e l o p m e n t  o f  s a f e t y  c u l t u r e  a n d  s t a n d a r d  s o l u t i o n s  w h i c h  c a n  b e  
u t i l i z e d  b y  “ a n y ”  L N G  s h i p ”      
     ( N M A ,  2 0 1 3 ) .  
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N o r w a y ’ s  expe r i ence  i n  t h i s  a r ea  i s  b rough t  t o  IMO as  
r e commenda t i ons  a t  t he  mee t i ngs  f o r  deve lop ing  t he  f u tu r e  
r equ i r emen t s  f o r  t r a i n ing  i n  t he  IGF  Code  (Append ix  A ,  IMO 
2013e ) .  

Based  on  t he se  f ac t s ,  Norway’ s  know- how on  ope ra t i ng  and  
bunke r ing  LNG- f ue l l ed  ve s s e l s  i s  unden i ab l e  and  ha s  been  l a t e ly  
much  sough t  a f t e r  i n t e rna t i ona l l y ,  f r om o the r  s t akeho lde r s  t ha t  a r e  
cons ide r i ng  LNG as  mar ine  f ue l .  Th i s  i s  ev idenced  by  t he  r ecen t  
v i s i t  by  a  de l ega t i on  f rom the  New York  F i r e  Depa r tmen t  and  t he  
S t a t e n  I s l a n d  F e r r y  C o m p a n y  t o  t h e  H a l j e m  L N G- te rmina l  i n  
N o r w a y  ( B e r g e n  r e g i o n ) ,  a s  r e p o r t e d  b y  M i d t S i d e n  ( 2 0 1 3 ) .  T h e  
pu rpose  o f  t h i s  v i s i t  was  t o  eyewi tne s s  t ha t  i t  i s  pos s ib l e  t o  ope ra t e  
and  bunke r  LNG - f ue l l ed  ve s s e l s  s a f e ly ,  and  t o  d r aw  f rom the  
expe r i ence  o f  F j o rd1 ,  eng ine  manuf ac tu r e r  Ro l l s - Royce ,  Po r t  
A u t h o r i t i e s  a n d  t h e  F i r e  B r i g a d e  o n  b e s t  p r a c t i c e s  f o r  b u n k e r i n g  
and  s a f e  hand l i ng  o f  LNG as  mar ine  f ue l  (M id tS iden ,  2013 ) .  
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PART I I I  –  METHODOLOGY  

Thi s  s ec t i on  de sc r i be s  t he  de s ign  and  me thods  t ha t  gu ided  t h i s  
r e s ea r ch .  

1 .  W h y  a  cas e  s tu d y?   

D e f i n i t i o n  a n d  t e r m i n o l o g y  

A c c o r d i n g  t o  P a t t o n ,  “ c a s e  s t u d y  c a n  r e f e r  t o  t h e  p r o c e s s  o f  
ana ly s i s  o r  t he  p roduc t  o f  ana ly s i s ,  o r  bo th”  (2002 ,  p . 447 ) .  Th i s  
c a se  s t udy  i s  bo th .  As  a  p roce s s ,  i t  cove r s  me thods  t o  co l l e c t  da t a  
and  t o  ana lyze  i t  a f t e rwa rds .  As  a  p roduc t ,  i t  i s  t he  r e su l t  o f  t he  
ana ly s i s .  Case  s t ud i e s  c an  be  l aye r ed  o r  ne s t ed  (Pa t t on ,  p . 447 ) .  
Th i s  c a se  s t udy  i s  ne s t ed .  Wi th  ne s t ed  i t  i s  mean t  t ha t  i t  
i n co rpo ra t e s  s t ud i e s  o f  i nd iv idua l  ‘ sub - ca se s ’ ,  name ly  compan ie s  
and  o rgan i za t i ons  t ha t  a r e  d i r ec t l y  r e l evan t  f o r  t he  t r a i n in g  i n  
LNG - f ue l l ed  ve s s e l s  i n  N orw ay .  The  r ea s on  f o r  t h i s  s t r uc tu r e  i s  
t ha t  i t  f a c i l i t a t e s  go ing  i n - dep th  and  compar ing ,  t he  qua l i t y  o f  t he  
s t u d y  d e p e n d i n g  i n  t h e  q u a l i t y  o f  e a c h  ‘ s u b- ca se ’  (Pa t t on ,  2002 ,  
pp .447 - 452 ) .  The  f i nd ings  f o r  e ach  ‘ sub - ca se -  a r e  t he n  compared  
by  c ro s s - ca se  ana ly s i s  a cco rd ing  t o  t he  pu rpose  o f  t he  s t udy .  
A c c o r d i n g  t o  P a t t o n  “ “ l e s s o n s  l e a r n e d ”  a n d  “ b e s t  p r a c t i c e s ”  h a v e  
become  popu l a r  p r ac t i c e s  o f  c ro s s - ca se  ana ly s i s  (…)  i n  s t ud i e s  (…)  
t ha t  a im  to  bu i l d  knowledge  compara t i ve ly .  Ra the r  t han  (…)  
emp i r i c  gene ra l i z a t i ons ,  l e s sons  l e a rned  more  o f t en  t ake  t he  f o rm  
o f  pr inc ip l e s  o f  p rac t i c e  t h a t  mus t  be  adap t ed  t o  pa r t i cu l a r  s e t t i ngs  
i n  wh ich  t he  p r i nc ip l e  i s  t o  be  app l i ed”  (2002 ,  p . 564 ) .   

I s  ca se  s t udy  t he  adequa t e  approach?  Why?  Wha t  a re  t he  
advan tages  o r  d i sadvan tages?  

Case  s t udy  i s  an  adequa t e  app roach  f o r  t h i s  s t udy  because  t he  
s i t u a t i o n  o f  N o r w a y  i s  u n i q u e ,  t h e  s t u d y ’ s  p u r p o s e  b e n e f i t s  f r o m  
pu rpose f u l  s amp l ing ,  i t s  exp lo r a to ry  cha r ac t e r  bene f i t s  f r om a  
f l ex ib l e  de s ign  and  f rom in - dep th  da t a  r a the r  t han  sha l l ow  and  
b road  da t a .   

O n e  o f  t h e  c r i t i c i s m s  o f  s t u d y i n g  u n i q u e  c a s e s  i s  t h a t  i t s  r e s u l t s  a r e  
no t  gene ra l i z ab l e .  Howeve r ,  i t  was  a l r e ady  de f ended  i n  t he  t ex t  
above  how ca se  s t ud i e s ’  f i nd ings  may  i nc lude  p r i nc ip l e s  t ha t  a r e  
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d i s soc i a t ed  f rom con t ex t ,  and  t ha t  t he se  may  be  ana ly t i c a l l y  
gene ra l i z ed .  

2 .   Methodo logy  f ramew ork  and  de f in i t i ons  

A c c o r d i n g  t o  P a t t o n ,  qua l i t a t i ve  r e s ea r ch  i s  a  su i t ab l e  app roach  f o r  
exp lo r a to ry  s t u d i e s  ( 2002 ,  p .  55 )  and  s t ud i e s  t ha t  a im  f o r  i n - dep th  
knowledge  (2002 ,  p . 14 ) .  P a t t o n  d e s c r i b e s  1 2  d i f f e r e n t  t hemes  f o r  
s t r a t e g i c  f r a m e w o r ks  i n  qua l i t a t i ve  s t u d i e s  ( 2002 ,  pp .  39 -73 ) .  They  
g ive  an  ove ra l l  d i r e c t i on  and  cohes ion  t o  t he  va r i ous  e l emen t s  o f  
r e s ea r ch ,  s e r v i n g  a s  a  t h r ead  t h rough  t he  s t udy .  F r o m  t h e  t h e m e s  
p r e sen t ed  (Pa t t on ,  2002 ,  exh ib i t  2 . 1  i n  page  40 ) ,  pu rpose f u l  
s a m p l i n g ,  qua l i t a t i ve  da t a  and  con t en t  ana ly s i s ,  w e r e  t he  mos t  
s u i t a b l e  f o r  t h i s  c a se  s t udy  r ega rd ing  de s ign ,  da t a  co l l e c t i on  and  
ana ly s i s ,  r e spec t i ve l y .  

D e s i g n :  P u r p o s e f u l  s a m p l i n g  and  ana l y t i ca l  genera l i za t i on  

P urpose f u l  s amp l ing  i n  qua l i t y  r e s ea r ch  can  pe rhaps  be  be t t e r  
unde r s tood  when  pu t  i n  s t a r k  c o n t r a s t  t o  t he  we l l - known  
p robab i l i t y  s amp l ing  i n  quan t i t a t i ve  r e s ea r ch  (Pa t t on ,  2002 ,  p . 46 ) .  
I t  i s  impor t an t  t o  app rec i a t e  t he  d i f f e r ences  be tween  t he s e  t w o  
concep t s  because  t hey  l e ad  t o  two  ve ry  d i f f e r en t  w a y s  o f  
gene ra l i z i ng  t he  f i nd ings  o f  a  s t udy .  O n  t h e  l a t t e r ,  s a m p l e s  a r e  
u sua l l y  l a rge r  and  r ep re sen t a t i ve  o f  a  popu l a t i on  t o  wh ich  t he  
f i nd ings  may  be  s t a t i s t i c a l l y  gene ra l i z ed ,  whe rea s  on  t he  f o rmer ,  
s a m p l i n g  i s  i r r e l eva n t .  I n  f a c t ,  r e s ea r ch  can  be  concen t r a t ed  on  a  
s i n g l e  c a s e  (Pa t t on  2002 ,  p . 46 ) ,  s u c h  a s  i n  c a s e  s t u d i e s .  The  f ocus  
i s ,  i n s t ead ,  on  ga in ing  deep  knowledge  o f  t he  s i n g u l a r i t y  s t u d i e d  
(Pa t t on ,  2002 ,  p . 46 ) ,  and  i n  gene ra l i z i ng  f i nd ings  ana ly t i c a l l y  
i n s t ead  o f  s t a t i s t i c a l l y  (Y in ,  2009 ,  p . 38 ) .  A n a l y t i c a l  g e n e r a l i z a t i on  
i nvo lve s  compar ing  ca se  s t u d y  f i n d i n g s  a g a i n s t  a  p r e v i o u s l y  
deve loped  t heo ry  (Y in ,  2009 ,  pp .38 - 39 ) .   

P a t t on  (2002 ,  p . 40 )  de f ends  t ha t  p u rpose f u l  s amp l ing  i s  su i t ab l e  
f o r  c a s e  s t ud i e s .  Y i n  ( 2 0 0 9 ,  p . 3 9 )  d e f e n d s  t h a t  ana ly t i c a l  
gene ra l i z a t i on  can  and  shou ld  be  u sed  i n  c a se  s t u d i e s ,  even  t hose  
i nvo lv ing  a  s i ng l e - ca se .  Th i s  l i ne  o f  t hough t  gu ided  t he  work  p l an  
o f  t h i s  r e s ea r ch :  t he  chosen  ca se  s t udy  s u b j e c t  w a s  o f  s i g n i f i c a n t  
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i n t e r e s t ,  t h eo re t i c a l  f r amework  needed  t o  be  deve loped ,  and  
f i nd ings  had  t o  be  an a lyzed  aga in s t  t h i s  t heo ry .  

D a t a  a n a l y s i s :  Con t en t  ana l y s i s  

A c c o r d i n g  t o  P a t t o n ,  c o n t e n t  a n a l y s i s  o f  t h e  d a t a  c o l l e c t e d  s u i t s  
t he  exp lo r a to ry  cha rac t e r  o f  qua l i t a t i ve  s t ud i e s ,  and  o f  c a se  s t ud i e s  
i n  pa r t i cu l a r  (Pa t t on ,  2002 ,  p . 55 - 57 ) .  Wi th  con t en t  ana ly s i s  ( o r  
i nduc t i ve  ana ly s i s )  i t  i s  mean t  t o  ana lyze  da t a  co l l e c t ed  a iming  a t  
de t ec t i ng  impor t an t  pa t t e rn s  and  r e l a t i onsh ip s ,  and  end  up  w i th  a  
s y n t h e s i s  o f  t h e  f i n d i n g s  ( P a t t o n ,  2 0 0 2 ,  p p . 5 6- 57 ) .  Th i s  p roce s s  
f i t s  w e l l  i n  t he  exp lo r a t i ve  na tu r e  o f  t he  r e s ea r ch  ques t i ons .  
 
G u i d e d  b y  t h e s e  concep t s ,  da t a  was  g rouped  acco r d ing  t o  two  
d i f f e r en t  ana ly s i s  pu rpose s :   

1 .  D a t a  t h a t  h e l p e d  b u i l d  t he  t heo re t i c a l  f r amework  on  
t he  sub j ec t ,  and  de sc r i be  how i t  i s  t oday .  Th i s  da t a  
w a s  t h e  b a s e  f o r  t h e  c h a p t e r  o n  T h e o r y .  

2 .  I n f o rma t ion  t ha t  was  spec i f i c  t o  t he  Norweg ian  ca se ,  
f ocus ing  on  pa s t  even t s ,  and  p r e sen t ed  ques t i on  by  
ques t i on .  Th i s  da t a  was  t he  ba se  f o r  t he  chap t e r  
Resu l t s .  

 
The  ana ly s i s  was  ca r r i ed  ou t  i n  t he  chap t e r  D i scus s ion ,  whe re  a  
s u m m a r y  o f  f i n d i n g s  a b o u t  t h e  N o r w e g i a n  c a s e  w a s  c o m p i l e d  a n d  
i n t e rp r e t ed ,  and  pa t t e rn s / r e l a t i ons / t u rn ing  po in t s  i den t i f i ed  a f t e r  
c ro s s - ana lyz ing  t he  i n f o rma t ion .  Th i s  ana ly s i s  wou ld  l e ad  t o  t he  
answer  t o  t he  f i r s t  r e s ea r ch  ques t i on .  The  summary  o f  f i nd ings  was  
t hen  ana lyzed  aga in s t  t he  t heo re t i c a l  f r ame ,  l e ad ing  t o  t he  answer  
o f  t he  s econd  r e sea r ch  ques t i on ,  and  an  a t t emp t  t o  an  ana ly t i c a l  
gene ra l i z a t i on  o f  t he  f i nd ings .  

 D ata  co l l e c t i on :  qua l i t a t i v e  da ta  

Q u a l i t a t i v e  d a t a  c an  be  u sed  i n  c a se  s t ud i e s ,  t o  c ap tu r e  t he  much  
s o u g h t - a f t e r  i n - dep th  knowledge  o f  t he  sub j ec t  s t ud i ed  (Pa t t on ,  
2002 ,  p . 40 ) .  Th i s  s t u d y  c o l l e c t ed  da t a  f r om th r ee  sou rce s :   
 
  
P r i m a r y  d a t a  w a s  o b t a i n e d  f r o m  a  ques t i onna i r e  s en t  t o  s e l ec t ed  
pa r t i c i pan t s  f o l l owed  by  open - ended  i n t e rv i ews  t o  supp l emen t  
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i n f o rma t ion  f rom the  ques t i onna i r e s ,  and  s e c o n d a r y  da t a  was  
ob t a ined  f rom documen t s .   
D a t a  c o l l e c t i o n  s t a r t e d  w i t h  s e c o n d a r y  s o u r c e s ,  a t  a  v e r y  e a r l y  
s t a g e ,  e v e n  b e f o r e  r e s e a r c h  q u e s t i o n s  h a d  b e e n  f o r m u l a t e d .  The  
s e l e c t i o n  o f  d o c u men ta ry  sou rce s  was  ba sed  on  t he se  pa r ame te r s :  
i n f o rma t ion  had  t o  have  qua l i t y ;  pub l i c a t i on  shou ld  be  r ecen t ,  
i n f o rma t ion  s hou ld  be  r e l evan t  t o  t h i s  s t udy  and  acce s s ib l e .  
Re l i ab l e  s ou rce s  we re  s e l ec t ed ,  f r om e s t ab l i shed  g roups  w i t h  
p roven  expe r i ence  on  t h i s  pa r t i cu l a r  f i e l d  t o  cu r r en t  r e s ea r ch  and  
deve lopmen t  work ,  i ndus t ry  pub l i c a t i ons ,  con f e r ence  pape r  f r om a  
con f e r ence  t ha t  was  a t t ended ,  and  a r t i c l e s .  The  s ec t i on  abou t  LNG 
hand l i ng  ( chap t e r :  Theo ry )  was  ba sed  on  an  LNG cou r se  a t t ended  
by  t he  au tho r  a t  Cha lmer s  Un ive r s i t y  o f  Techno logy ,  Sweden ,  i n  
2009 .  The  pu rpose  was  t o  deve lop  a  t heo re t i c a l  f r amework  f rom in -
d e p t h  k n o w l e d g e  o f  t he  ga s - f ue l l ed  t e chno logy  and  ope ra t i ons ,  
unde r s t and  research  and  deve lopment  t h a t  i s  cu r r en t l y  made  i n  
t h i s  f i e l d ,  and  i den t i fy  i s sues  t h a t  needed  t o  be  add re s sed  
r ega rd ing  ga s - f ue l l ed  ve s se l s  and  a s soc i a t ed  t r a i n ing  
S p e c i a l i z e d  n e w s  s o u r c e s  w e r e  a l s o  u s e d ,  a l t hough  t o  a  much  l e s s e r  
ex t en t .  I t s  f unc t i on  w as  ma in ly  t o  i l l u s t r a t e  a  g iven  po in t .   
P r i m a r y  s o u r c e s  w e r e  u s e d  a t  a  l a t e r  s t a g e ,  and  t hey  cons i s t ed  o f  a  
ques t i onna i r e  w i th  a  s e t  o f  compa rab l e  s t anda rd  ques t i ons ,  and  
open - ended  i n t e rv i ews  by  phone  o r  ma i l .  A  t w o- day  con f e r ence  w a s  
a t t ended  more  o r  l e s s  ha l f  way  i n to  t h i s  work .  The  pu rpose  o f  
a t t end ing  t h i s  con f e r ence  was  t o  hea r  abou t  research  and  
d e v e l o pment  t h a t  i s  cu r r en t l y  be ing  made  i n  t h i s  f i e l d .  M o r e o v e r ,  
s i n c e  t h i s  c o n f e r e n c e  w a s  h e l d  o n  a  g a s - f ue l l ed  ve s s e l ,  t he  
o rgan i ze r s  had  a r r anged  f o r  t he  pa r t i c i pa n t s  t o  obse rve  a  gu ided  
bunke r ing  ope ra t i on  o f  t he  ve s se l  w i th  LNG,  a s  we l l  a s  gu ided  
v i s i t s  t o  t he  b r i dge  and  eng ine  room.  Th i s  he lped  t o  have  a  hands -
on  unde r s t and ing  o f  hand l i ng  t h i s  f ue l ,  t h e  r i sk s  a s soc i a t ed  w i th  i t ,  
and  t o  have  i n s igh t  o f  t r a i n ing  needs  f o r  o f f i c e r s  and  c r ew .  
 
Q u e s t i o n n a i r e  a n d  In t e rv i ews  we re  no t  done  un t i l  t h i s  s u b j e c t  w a s  
be t t e r  unde r s tood .  S o ,  t hey  came  a t  a  l a t e r  s t age .   
 
O r g a n i z a t i o n  o f  t h e  q u e s t i o n n a i r e s  a n d  i n t e r v i e w s  f o r  t h i s  s t u d y  

F o r  t h e  p u r p o s e  o f  c a p t u r i n g  i n - dep th  i n f o rma t ion  abou t  how the  
t r a i n ing  was  deve loped  i n  Norway ,  t h i s  s t udy  deve loped  a  
ques t i onna i r e  t ha t  w a s  be  s en t  t o  a  s e l ec t i on  o f  r e l evan t  
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s t a k e h o l d e r s  i n  N o r w a y ,  s u p p l e m e n t e d  b y  i n t e r v i e w s  t o  c l a r i f y  
s o m e  p o i n t s  o r / a n d  e x p l o r e  a  p a r t i c u l a r  d e t a i l .  T h r e e  r e s p o n d e n t s  
pa r t i c i pa t ed  i n  t he  ques t i onna i r e s  and  i n t e rv i ews .  

Se l ec t i on  o f  r e sponden t s   

The  s e l ec t i o n  o f  r e sponden t s  was  done  i n  two  s t ep s :  

1 .  S e l e c t i o n  o f  compan ie s :  t he  ma in  t a rge t  was  s h i p p i n g  
compan ie s  t ha t  ope ra t e /own  LNG - f ue l l ed  ve s s e l  s i nce  t he  
ea r l y  days  when  LNG as  mar ine  f ue l  was  i n t roduced  i n  
N o r w a y .  I n  o r d e r  t o  c a p t u r e  a d d i t i o n a l  p e r s p e c t i v e s  f r o m  t h e  
ob j ec t  s t ud i ed ,  i t  was  a t t emp ted  t o  i nc lude  a l so  o the r  
s t a k e h o l d e r s  t h a t ,  n o t  be ing  sh ipp ing  compan i e s ,  have  a l so  
pa r t i c i pa t ed  i n  t he  deve lopmen t  o f  t he  ga s  t r a i n ing ,  such  a s  
c l a s s i f i c a t i on  compan ie s ,  supp l i e r s  o r  admin i s t r a t i on .  Based  
on  t he se  c r i t e r i a ,  t h r ee  sh ipp ing  compan i e s  we re  con t ac t ed  
f o r  pos s ib l e  pa r t i c i pa t i on  i n  t h i s  s t u dy .  Of  t he se ,  two  we re  
ava i l ab l e  f o r  i n t e rv i ews  and  ques t i onna i r e .  A  t h i rd  company  -  
a  supp l i e r  o f  ga s  t r a i n ing  -  w a s  a l s o  a v a i l a b l e  f o r  t h e  
ques t i onna i r e  and  i n t e rv i ew .  The  Norweg ian  Mar i t ime  
A u t h o r i t y  pa r t i c i pa t ed  i n  p rov id ing  con t ac t s .  F i n a l l y ,  a  
c l a s s i f i c a t i on  s o c i e t y  w a s  a l s o  c o n t a c t e d  f o r  p o s s i b l e  
pa r t i c i pa t i on  i n  t he  ques t i onna i r e  and /o r  i n t e rv i ew  bu t  t he i r  
i nvo lvemen t  w a s  l i m i t e d  b a s e d  o n  t ha t  t he  r e sponden t  d id  no t  
have  knowledge  on  ea r l i e r  t r a i n ing  s chemes  o f  ga s  t r a i n ing  i n  
N o r w a y .  

2 .  Then ,  e ach  company  de s igna t ed  one  r e sponden t  w i th in  
t he i r  o rgan i za t i on  w i th  adequa t e  expe r i ence  t o  pa r t i c i pa t e  i n  
t he  ques t i onna i r e  and  i n t e rv i ew .  A  to t a l  o f  t h r ee  r e sponden t s  
pa r t i c i pa t ed  i n  t h i s  s t udy .  

Biography  o f  t he  t h ree  r e sponden t s  

Two r e sponden t s  a r e  a c t i ve  s en io r  ma r i t ime  p ro f e s s iona l s  w i th  
more  t han  t en  yea r s  expe r i ence  on  LNG - f ue l l ed  s h ip s  and  t he  
ga s  t r a i n ing  o f  c r ew ,  i nc lud ing  i nvo lvemen t  on  t he  bu i l d ing  
p roce s s  o f  an  LNG- f ue l l ed  ve s s e l  and  s a i l i ng  on  LN G - f ue l l ed  
ve s se l s .  The  t h i rd  r e sponden t  i s  an  i n s t ruc to r  o f  c r ew  t r a in ing  
on  LNG - f ue l l ed  ve s s e l s ,  w i th  14  yea r s  ope ra t i ona l  expe r i ence  i n  



 
 

34 

f i r e - f i gh t i ng  and  emergency  p r epa rednes s  and  a s  a  t r a i n ing  
i n s t ruc to r  a t  s a f e ty  cen t e r s ,  w i th  so l i d  compe tence  on  ga s  
t e chno logy  and  f i r e - t e chno logy ,  and  ha s  a l so  been  ac t i ve  i n  
consu l t ancy  s e rv i ce s  f o r  f i r e  and  ga s  t e chno log i e s  t o  va r i ed  
N o r w e g i a n  i n d u s t r i e s .  

Q u e s t i o n n a i r e s  a n d  I n t e r v i e w s  

The  ques t i onna i r e s  we re  p r epa red  and  s en t  by  e - ma i l  t oge the r  w i th  
a  f o rma l  i n t roduc t i on  o f  t h i s  s t udy  and  t he  documen t  “ In f o rmed  
consen t ”  adv i s i ng  t he  pa r t i c i pan t s  o f  t he  cond i t i ons  o f  
pa r t i c i pa t i on  i n  t h i s  s t udy  ( s ee  A p p e n d i x  F ) .  Fo l l ow- up  i n t e rv i ews  
w e r e  made  two  weeks  a f t e r  r e ce iv ing  t he  answered  ques t i onna i r e s ,  
f o r  c l a r i f y ing  s ome  o f  t he  ans w er s  o r  ge t  more  i n f o rma t ion .  The  
t h r ee  r e sponden t s  we re  ba sed  i n  d i f f e r en t  p l ace s  i n  Norway  and  so  
phys i ca l  i n t e rv i ews  we re  no t  p r ac t i c a l .  T he re f o r e ,  t hey  we re  made  
by  phone  and /o r  e - ma i l .  

Prepara t i on  o f  t he  ques t i onna i r e s  and  i n t e rv i ews  
 
I t  was  nece s sa ry  t o  i den t i f y  wha t  ma jo r  changes ,  r ega rd ing  t r a i n ing  
needs ,  t hose  work in g  onboa rd  when  LN G  was  i n t roduced  a s  a  new  
f ue l  r e a l l y  expe r i enced .  M os t  o f  t he  da t a  w as  co l l e c t ed  t h rough  
l i t e r a tu r e  s t udy .  Bu t  da t a  f r om compan ie s  abou t  ‘ r e a l ’  expe r i ences  
on  t r a i n ing  needs  on  LNG- f ue l l ed  ve s s e l s  w as  needed .  Th i s  
i n f o rma t ion  was  ob t a ined  t h rough  a  ques t i onna i r e ,  and  was  
ana lyz ed  by  con t en t  ana ly s i s  i . e .  i den t i f y  ma in  emerg ing  t he mes  
(Ba r t r am & Gibson ,  2000 )  t h rough  da t a  r educ t i on .  Th i s  s t r a t egy  
w o u l d  f a c i l i t a t e  t h e  i d e n t i f i c a t i o n  o f  t h e m e s  e m e r g i n g  m o r e  o f t e n  
f rom the  da t a  ob t a ined  t h rough  ques t i onna i r e s .  Q ues t i onna i r e  
w o u l d  a l s o  a l l o w  c a p t u r i n g  s o m e  o f  t h e  i n f o r m a t i o n  n e e d e d  f o r  t h i s  
s t u d y  i n  r e l a t i v e l y  s h o r t  t i m e ,  f r o m  r e s p o n d e n t s  t h a t  w e r e  
geog raph i ca l l y  d i s t an t  f r om the  r e sea r che r .  Subsequen t  i n t e rv i ews  
t o  t he  r e sponden t s  o f  t he  ques t i onna i r e s  wou ld  supp l emen t  t he  
i n f o rma t ion  ob t a ined  i n  t he  ques t i onna i r e s  o r  c l a r i f y  any  de t a i l .  
Re f l ec t i ons  f o r  t he  deve lopmen t  o f  t he  ques t i onna i r e  i nc luded  wha t  
ques t i ons  i t  s hou ld  con t a in ,  wha t  s t r uc tu r e  t o  f o l l ow ,  and  wha t  
consequences  s uch  cho i ce s  wou ld  have  i n  ana lyz ing  i t s  da t a .  The  
i dea  o f  c r ea t i ng  a  ques t i onna i r e  i n  an  unsys t ema t i c  way  was  no t  
appea l i ng .  The re f o r e ,  i n  o rde r  t o  i nc r ea se  t he  qua l i t y  o f  t he  da t a  
ob t a ined  t h rough  t he  ques t i onna i r e ,  i t  was  dec ided  t o  deve lop  t he  
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ques t i onna i r e  ba sed  on  an  ex i s t i ng  mod e l  t ha t  ha s  been  c r ea t ed  
s p e c i f i c a l l y  f o r  a n a l y z ing  t r a i n ing  needs  i n  o rgan i za t i ons ,  name ly  
t he  “ Tra in ing  needs  ana ly s i s  Too lk i t ”  (TNA)  (Ba r t r am & Gibson ,  
2000 ) .  Due  t o  l im i t a t i ons  o f  t h i s  s t udy ,  t he  mode l  cou ld  no t  be  
f u l l y  app l i ed  bu t  t he  ques t i onna i r e ’ s  deve lopmen t  and  s t r uc tu r e  
w e r e  a d a p t e d  f r o m  c o n c e p t s  i n  t h e  m o d e l .  T h i s  w a s  s u f f i c i en t  t o  
r e ach  t he  pu rpose  s e t  ou t  w i th  t he  ques t i onna i r e ,  wh ich  was  t o  
i den t i f y  t he  ma j o r  changes  expe r i enced  by  t hose  onboa rd  w i th  more  
r i go r  t h rough  a  ques t i onna i r e  deve loped  i n  a  more  sy s t ema t i c  way .  
 
The  ques t i onna i r e  was  deve loped  ba sed  on  t he  t r a i n ing  needs  
ana ly s i s  t oo lk i t  (TNA)  (Ba r t r am & Gibson ,  2000 )  and  on  t he  
f o l l ow ing  a s s umpt ions :   
 

1 .  The  i n t roduc t i on  o f  LNG as  mar ine  f ue l  t r i gge red  changes  
onboa rd  and  changes  t o  t a sk s  onboa rd .  
2 .  D e c k  o f f i c e r s ,  eng ine  o f f i c e r s  and  c r ew  a r e  t he  g roups  l i ke ly  
t o  be  a f f ec t ed  onboa rd  by  t he se  changes .   
3 .  A  t r a i n i n g  n e e d s  q u e s t i o n n a i r e  i s  a n  a d e q u a t e  i n s t r u m e n t  f o r  
i den t i f y ing  wha t  sk i l l s  a r e  needed  f o r  new  t a sks  and  who  needs  
t o  deve lop  t hem.  
4 .  D a t a  c o l l e c t e d  by  a  t r a i n ing  needs  ques t i onna i r e  f r om f ew  
r e sponden t s  i s  su i t ab l e  f o r  con t en t  ana ly s i s ,  i n  wh ich  r e sponse s  
a r e  r educed  t o  a  summary  o f  t op i c s  eme rg ing  more  o f t en  and  
t hen  ana lyz ed .  
5 .  Re cogn i ze  t ha t  no t  a l l  changes  gene ra t e  t r a i n ing  needs .  

 
The  r e su l t i ng  q ues t i onna i r e  had  t he  f o l l owing  s t r uc tu r e  and  
ques t i on  t op i c s :  
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A .  I d e n t i f y  t r a i n i n g  n e e d s :  
1 .  D o e s  t h e  i n t r o d u c t i o n  o f  L N G  a s  f ue l  imp l i e s  new  equ ipmen t ,  
s y s t e m s  o r  p r o c e d u r e s ?  I d e n t i f y  w h a t  i m p a c t  t h e  c h a n g e  t o  L N G  
had  onboa rd .  
2 .  D o e s  t h e  i n t r o d u c t i o n  o f  LNG as  f ue l  imp ly  new/ r ev i s ed  
t a sk s ,  knowledge  and  sk i l l s ?  I den t i f y  wha t  impac t  t he  change  t o  
LNG had  on  peop l e ’ s  t a sk s  onboa rd  

B .  I den t i f y  t r a i n ing  s t r a t eg i e s :  
3 .  I den t i f y  wha t  t r a i n ing  was  p rov ided  t o  mee t  t he  new  t a sks  
4 .  I den t i f y  how th i s  t r a i n ing  was  de l i ve r ed  t o  t he  o f f i c e r s  and  
c r ew  
5 .  I den t i f y  when  was  t he  t r a i n ing  deve loped  
6 .  I den t i f y  who  deve loped  t he  t r a i n ing  
7 .  I den t i f y  how the  t r a i n ing  was  deve loped  
8 .  Exp lo r e  i f  t he  company  had  t o  make  changes  t o  t he  cou r se s  
9 .  D e s c r i b e  t h e  e l e m e n t s  o f  a  t yp i ca l  t r a i n ing  s cheme .  

 
The  r e sea r che r  cons ide r ed  i nc lud ing  one  l a s t  ques t i on  i n  t h i s  
ques t i onna i r e ,  a sk ing  t he  r e sponden t  how can  t he  r e sponden t  know 
tha t  t he  t r a i n ing  ha s  been  co r r ec t l y  deve loped  i . e .  t ha t  i t  i s  
e f f ec t i ve  and  succes s f u l  i n  t he  hand l i ng  o f  LNG as  f ue l .  The  
ques t i on  i s  r e l evan t  because ,  wh i l e  Norweg ian  LNG- f ue l l ed  
pa s senge r  f e r r i e s  a r e  ob l i ged  t o  have  t he i r  t r a i n ing  cou r se s /p l ans  
app roved ,  t he  t r a i n ing  p l ans / cou r se s  o f  Norweg ian  ca rgo  ve s se l s  
u s ing  LNG as  f ue l  do  no t  need  t o  be  a s se s sed  no r  app roved  by  t he  
N o r w e g i a n  M a r i t i m e  A u t h o r i t i e s .  T h e  r e s e a r c h e r  o p t e d  t h e r e f o r e  t o  
d rop  t h i s  ques t i on  f rom the  ques t i onna i r e  and  i nc lude  i t  i n  a  
f o l l ow - up  i n t e rv i ew  in s t ead .  
 
Q u e s t i o n n a i r e ’ s  r e s p o n s e s  w e r e  con t en t  ana l y zed ,  wh i ch  i s  
cons i s t en t  w i t h  t he  con t en t  ana l y s i s  u sed  on  t he  r e m a i n i n g  d a t a  
ana l y s i s  o f  t he  case  s t udy .  Thus ,  r e sponse s  we re  r educed  t o  a  
s u m m a r y  o f  t h o s e  t o p i c s  e m e r g i n g  m o r e  o f t e n .  T h e s e  a r e  p r e s e n t e d  
i n  t he  Resu l t s  s ec t i on  o f  t h i s  s t udy .  Ana ly s i s  and  d i s cus s ion  o f  
t he se  r e su l t s ,  t oge th e r  w i th  o the r  f i nd ings  ob t a ined  f rom l i t e r a tu r e  
s t u d y  a n d  i n t e r v i e w s ,  w e r e  p r e s e n t e d  i n  t h e  D i s c u s s i o n  s e c t i o n  o f  
t h i s  s t udy .  
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PA R T I V  –  R E S U L T S 
 
1 .  R e g u l a t i o n s  i n  N o r w a y  

N o r w a y  h a s  r e g u l a t i o n s  w i t h  m a n d a t o r y  r e q u i r e m e n t s  f o r  t r a i n i n g  
o f f i c e r s  and  c r ew  o f  LNG - f ue l l ed  ve s s e l s .  N a t i o n a l  r egu l a t i on  i n  
f o r ce  i n  Norway  on  t he  t r a i n ing  o f  o f f i c e r s  and  c r ew  o f  ga s - f ue l l ed  
ve s se l s  a r e  a s  f o l l ows :  

•  T h e  Reg u la t i on  o f  17 . June  2002  No .  644  concern ing  cargo  
s h i p s  w i t h  n a t u r a l  g a s  f u e l l e d  c o m b u s t i o n  e n g i n e s .  

•  Reg u la t i on  o f  9 . Sep t ember  2005  No .1218  concern ing  
cons t ruc t i on  and  opera t i on  o f  gas - f ue l l ed  pas senger  ve s se l s .  

à  N o r w e g i a n  r e g u l a t i o n  o f  1 7  J u n e  2 0 0 2  N o .  6 6 4 ,  concern ing  
cargo  sh ips  w i th  na tura l  gas - fue l l ed  in t erna l  combus t ion  
eng ines :  Th i s  r egu l a t i on  app l i e s  t o  Norweg ian  ca rgo  sh ip s  t ha t  u se  
na tu r a l  ga s  a s  f ue l .  I t  en t e r ed  i n to  f o r ce  i n  2002 ,  t he  yea r  be f o r e  
t he  f i r s t  ga s - f ue l l ed  ca rgo  ve s s e l s  s t a r t ed  ope ra t i ng .  T ra in ing  
r equ i r emen t s  f o r  s ea  pe r sonne l  a r e  s h i p  s p e c i f i c  and  a r e  d iv ided  
i n to  two  l eve l s :  

1 .  The  w h o l e  c r e w ,  p r i o r  t o  j o i n i n g  t h e  v e s s e l :  a  ba s i c  i n - dep th  
t r a i n ing  on  ga s - r e l a t ed  s a f e ty ,  ope ra t i ons  and  ma in t enance ;  
2 .  Fo r  t hose  w i th  d i r ec t  r e spons ib i l i t y  f o r  t he  ope ra t i on  o f  ga s -
r e l a t ed  equ ipmen t  o nboa rd :  add i t i ona l  t r a i n ing .  

G a s - r e l a t ed  d r i l l s  s h o u l d  be  conduc t ed  r egu l a r l y .  The  company  i s  
r equ i r ed  t o  deve lop  a  t r a i n ing  manua l  and  t r a i n ing  p l an  and  t o  
ensu re  t ha t  s ea  pe r sonne l  ma in t a in  t he i r  g a s  knowledge  a t  a l l  
t imes .  The re  i s  no  r equ i r emen t  f o r  t he  ap p rova l  o f  t he  cou r se s /p l an  
by  t he  Norweg ian  M a r i t i m e  A u t h o r i t i e s .  A n  e x t r a c t  o f  t h i s  
r egu l a t i on  can  be  consu l t ed  on  Append ix  C ,  a t  t he  end  o f  t h i s  
r epo r t .  

à  N o r w e g i a n  r e g u l a t i o n  o f  9  S e p t e m b e r  2 0 0 5  N o .  1 2 1 8 ,  
concern ing  the  cons truc t ion  and  opera t ion  o f  gas - fue l l ed  
p a s s e n g e r  s h i p s :  Thi s  r egu l a t i on  ap p l i e s  t o  Norweg ian  pa s senge r  
ve s se l s  t ha t  u se  ga s  a s  f ue l .  I t  en t e r ed  i n to  f o r ce  i n  2005 ,  f i ve  
yea r s  a f t e r  t he  t hen  on ly  ga s - f ue l l ed  pa s s enge r  ve s s e l  s t a r t ed  
ope ra t i ng .  T ra in ing  r equ i r emen t s  f o r  s ea  pe r sonne l  a r e  s h i p -
s p e c i f i c ,  and  a r e  d iv ided  i n to  t h r ee  g roups  and  an  add i t i ona l  
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i n t e rna l  r e f r e she r  cou r se .  The  Norweg ian  Mar i t ime  Admin i s t r a t i on  
mus t  app rove  t r a i n ing  p l an / cu r r i cu lum.  T ra in ing  p l an  sha l l  be  
eva lua t ed  r egu l a r l y .  A  summary  f o l l ows ,  ba sed  on  t h i s  r egu l a t i on  
and  on  i n f o rma t ion  f rom the  Norweg ian  Ma r i t ime  Au tho r i t y  ( 2013 ) :  
 
C a t e g o r y  A  -  A l l  c r e w m e m b e r s  p a r t  o f  t h e  m i n i m u m  s a f e  
mann ing  ( p r i o r  t o  j o in ing  t he  ve s se l ) :   
G e n e r a l  b a s i c  t r a i n i n g  o n  g a s - r e l a t ed  s a f e ty ,  ope ra t i on  and  
ma in t enance ,  ba sed  on  t he  a s sumpt ion  t ha t  t he  c r ew  does  no t  have  
any  p r i o r  k nowledge  o f  ga s ,  ga s  eng ine s  and  ga s  sy s t ems .   
I n s t ruc to r s :  ga s  equ ipmen t / sy s t ems ’  supp l i e r s / spec i a l i s t s .   
Cou r se  i nc ludes  t heo re t i c a l  and  p r ac t i c a l  momen t s .   
Theo re t i c a l  pa r t  ( de t a i l s  p rov ided  by  NMA,  2013 ) :  

–  Bas i c  knowledge  o f  ga s  
–  The rmodynamic  p rope r t i e s  o f  na tu r a l  ga s  
–  L iqu id  Cryogen i c  ga se s  and  phase  t r an s i t i on  
–  Exp lo s ion  l eve l s  UEL/LEL  
–  Con t ro l  and  mon i to r i ng  o f  ga s ,  ba r r i e r s  
–  P r i n c i p e  o f  R I S K- as se s smen t  
–  P r o b a b i l i t y -  and  consequence  r educ t i on  
–  S i m p l i f i e d  a n a l y s i s  o f  r i s k s  
–  R i sk  even t s ;  l e akage ,  exp lo s ion  and  f i r e s  
–  Emergency  p r epa rednes s  
–  TQM –  t o t a l  qua l i t y  managemen t  
–  S a f e  w o r k  a n a l y s e s ,  h o t  a n d  c o l d  w o r k  p e r m i t  
–  Regu l a t i ons  

P r a c t i c a l  p a r t   ( d e t a i l s  p r o v i d e d  b y  N M A ,  2 0 1 3 ) :  
–  Con t ro l  o f  ga s  f i r e s  
–  F l a s h  p o i n t  a n d  a u t o  i g n i t i on  t empe ra tu r e s  
–  D i f f e r e n t  e x t i n g u i s h  a n t  -  bene f i t s / d i s advan t ages  
–  F i r e  i n  g a s  a n d  l i q u i d s  
–  I gn i t i on  ene rgy  and  combus t i b l e  m ix tu r e  UEL/LEL 
–  P e r s o n a l  p r o t e c t i v e  e q u i p m e n t  g a s / L N G 
–  G a s  d e t e c t i o n  w i t h  t e s t  g a s  
–  ESD o f  ga s  sy s t em and  eng ine  
–  EX a r ea s ,  en t e r i ng  p rocedu re s  and  equ ipmen t  
–  P r a c t i c a l  ex t i ngu i sh ing  ga s  f i r e s  a t  an  app roved  cen t e r .  
-  P e r s o n a l  p r o t ec t i on  when  hand l i ng  l i qu id / compres sed  ga s .  

C o u r s e  d u r a t i o n :  1 , 5  t o  2 , 5  days  (NMA 2013 ) .  
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C a t e g o r y  B  -  D e c k  o f f i c e r s :  
Th i s  t r a i n ing  i s  supp l emen ta ry  t o  t he  ba s i c  t r a i n ing .  The  company  
and  t he  Mas t e r  de t e rmine  wha t  comes  unde r  deck  ope ra t i ons  and  
w h a t  c o m e s  u n d e r  eng ine  ope ra t i ons .   
I n s t ruc to r s :  ga s  equ ipmen t / sy s t ems ’  supp l i e r s / spec i a l i s t s .   
The  cou r se  i s  ba sed  on  t he  sh ip ’ s  ma in t enance  manua l ,  ga s  supp ly  
s y s t e m  m a n u a l  a n d  m a n u a l  f o r  e l e c t r i c a l  e q u i p m e n t  i n  e x p l o s i o n  
haza rdous  space s ,  and  cove r s  t h i s  Regu l a t i on ,  Append i ce s  
conce rn ing  r i sk  ana ly s i s  and  ho t / co ld  work  pe rmi t s .  
Th i s  add i t i ona l  t heo re t i c a l  t r a i n ing  i nc ludes  (de t a i l s  p rov ided  by  
N M A ,  2 0 1 3 ) :  

–  G a s / L N G  s y s t e m  r e v i e w 
–  P o w e r  s u p p l y  s y s t e m 
–  M o n i t o r i n g  a n d  s u p e r v i s i o n  
–  Bunke r ing  
–  G a s  f i r e  h a z a r d s  a n d  d a m a g e  
–  S h u t d o w n  g a s  e n g i n e s  
–  S h u t d o w n  g a s  s y s t e m 
–  S e t  o f  e x e r c i s e s  

I f  t he  ve s se l ' s  own  c r ew  wi l l  be  pe r f o rming  t e chn i ca l  ma in t enance  
o f  ga s  equ ipmen t ,  t h e  t r a i n ing  f o r  t h i s  t y pe  o f  work  sha l l  be  
documen ted .  
C o u r s e  d u r a t i o n :  an  add i t i ona l  0 , 5  day  (NMA (2013 ) .  
 
C a t e g o r y  C  -  Eng ine  o f f i c er s :  
Th i s  t r a i n ing  i s  supp l emen ta ry  t o  t he  ba s i c  t r a i n ing .  The  company  
and  t he  Mas t e r  de t e rmine  wha t  comes  unde r  deck  ope ra t i ons  and  
eng ine  ope ra t i ons .   
I n s t ruc to r s :  ga s  equ ipmen t / sy s t ems ’  supp l i e r s / spec i a l i s t s .   
The  cou r se  i s  ba sed  on  t he  sh ip ’ s  ma in t enance  manua l ,  ga s  supp ly  
s y s t e m  m a n u a l  a n d  m a n u a l  f o r  e l e c t r i c a l  e q u i p m e n t  i n  e x p l o s i o n  
haza rdous  space s ,  and  cove r s  t h i s  Regu l a t i on ,  Append i ce s  
conce rn ing  r i sk  ana ly s i s  and  ho t / co ld  work  pe rmi t s .  
Th i s  add i t i ona l  t heo re t i c a l  t r a i n ing  i nc ludes  (de t a i l s  p rov ided  by  
N M A ,  2 0 1 3 ) :  

–  P u r g i n g  a n d  g a s  f r e e i n g  
–  Q u a l i t y  o f  g a s  /  M e t h a n e  n u m b e r  
–  H e a t  va lue  o f  Me thane  
–  Ign i t i on  f a i l u r e /knock ing  
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–  M a i n t e n a n c e  o f  g a s / L N G  s y s t e m 
–  EX equ ipmen t  
–  E l ec t r i c a l  i n s t a l l a t i ons  i n  co ld  box  and  eng ine  room  
–  G a s  p i p e  s y s t e m /  d o u b l e  w a l l  p i p i n g  
–  LNG evapo ra to r  
–  P r i n c i p l e  o f  g a s  e n g i n e s  
–  S h u t d o w n  o f  g a s  eng ine /ga s  supp ly  

C o u r s e  d u r a t i o n :  an  add i t i ona l  0 , 5  day  (NMA (2013 ) .  
 
I n t e r n a l  r e f r e s h e r  c o u r s e  ( p r i o r  t o  j o in ing  t he  ve s se l ) :  
S p e c i a l l y  a r r a n g e d  c o u r s e  f o r  c r e w  t h a t  h a s  b e e n  a w a y  f r o m  t h e  
s h i p  m o r e  t h a n  s i x  m o n t h s  i n  o n e  g o .  
A n  ex t r ac t  o f  t h i s  r egu l a t i o n  can  be  consu l t ed  on  Append ix  D ,  a t  
t he  end  o f  t h i s  r epo r t .  

2 .  Tra in ing  deve loped  in  Norw ay  

S u m m a r i z e d  r e s u l t s  o f  t h e  q u e s t i o n n a i r e s  a n d  i n t e r v i e w s :  

Q 1 .  W h e n  a s k e d  w h a t  i m pac t  d id  t he  i n t roduc t i on  o f  LNG as  f ue l  i n  
2003  have  onboa rd :  

Equ ipmen t :  Dua l  f ue l  eng ine s  was  new  t echno logy  a t  t he  t ime  and  
ve ry  l i t t l e  t e s t ed  onboa rd  be f o r e ,  more  complex  ope ra t i on  w i th  dua l  
f ue l ;  new  LNG t ank ;  new  pe r sona l  p ro t ec t i on  equ ipmen t  (PPE)  f o r  
ex t r eme  l ow  t empe ra tu r e s ;  ex - p roo f  e l e c t r i c  equ ipmen t  

S y s t e ms :  t h e  c o m p l e t e  g a s  s y s t e m  w a s  n e w ,  f r o m  t h e  b u n k e r i n g  
s t a t i o n  t o  t h e  g a s  e n g i n e ;  m o r e  s o p h i s t i c a t e d  s o f t w a r e  o n  t h e  
eng ine  au toma t ion ;  more  complex  f ue l  sy s t ems  (dua l  f ue l ) ;  ga s  
de t ec t i on  sy s t em,  emergency  shu tdown  sys t em (ESD)  

P r o c e du re s :  new  bunke r ing  p rocedu re s ;  new  check l i s t s  f o r  
bunke r ing  and  ope ra t i ons ;  new  bunke r ing  p rocedu re s  a f f ec t  bo th  
t he  eng inee r s  and  t he  deck  o f f i c e r s .     

O n e  r e s p o n d e n t  a d d e d  t h a t  t h e  o p e r a t i o n  o f  t h e  v e s s e l  w a s  d i f f e r e n t  
compa red  w i th  a  d i e se l - powered  ve s se l .  The  r eac t i on  t imes  f o r  t he  
mo to r s  a r e  s l ower  i n  ga s  mode ,  wha t  t ake s  15  s econds  i n  d i e se l  
mode  t ake s  40  s econds  i n  ga s  mode .  Th i s  mean t  t ha t  c r ew  had  t o  be  
much  more  aware  du r ing  a l l  ope ra t i ons  and  p l an  f u r t he r  ahead .  
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Q 2 .  W h e n  a s k e d  w h a t  impac t s  d id  t he  change  f rom f ue l  o i l s  t o  
LNG - as  f ue l  have  on  peop l e ’ s  t a sk s  onboa rd :  

A l l  g roups  ga ined  a  l o t  o f  new  t a sks  onboa rd  f o r  t he  da i l y  
ope ra t i on  o f  t he  ga s - s y s t e m  ( D e c k ,  E n g i n e  a n d  C r e w )   

Eng ine  o f f i c e r s :  bunke r ing ,  ma in t enance  ga s - r e l a t ed  equ ipmen t ,  
unde r s t and ing  t he  comple t e  ga s  sy s t em,  compl i ca t ed  new  eng ine  
con t ro l  sy s t em took  t ime  t o  l e a rn .  

D e c k  o f f i c e r s :  new  l im i t a t i ons  abou t  maneuve r ing  t he  ve s se l  i n  ga s  
mode ,  s i nce  ga s  eng ine s  need  t o  be  ope ra t ed  a  b i t  s l ower  t han  
d i e se l  eng ine s .  

S p e c i f i c  C r e w :  new  t a sks  when  bunke r ing  LNG (va lve  ope ra t i on  on  
deck )  

O n e  r e s p o n d e n t  a d d e d  t h a t  w i t h  t h i s  c h a n g e ,  E n g i n e  o f f i c e r s  h a v e  
t o  r un  a  p roce s s  p l an t  onboa rd .  
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Q 3 .  W h e n  a s k e d  t o  d e s c r i b e  w h a t  t r a i n i n g  o f f i c e r s  a n d  c r e w  w e r e  
p rov ided  f o r  mee t i ng  t he  new  t a sks ,  knowledge  and  sk i l l s  needed :  

Eng ine  o f f i c e r s  à   

 

 

 

 

 

D e c k  o f f i c e r s  à  

 

 

 

 

 

 

C rew  à  

Cou r se  ba sed  on  l e c tu r e s  f r om the  sh ip  
owne r  and  supp l i e r s ,  w i th  f ocus  on  s a f e ty  
and  t e chn i ca l  i s sue s  

Externa l  course  prov ided  by  eng ine  
s u p p l i e r  f o r  e n g i n e e r s  a n d  e l e c t r i c i a n   

+  

O n e  i n t e r n a l  t w o- day  cou r se  i n  ope ra t i on  o f  
ga s  powered  ve s se l s  

+  

In t e rna l  i n - dep th  cou r se  

Cou r se  ba sed  on  l e c tu r e s  f r om the  sh ip  
owne r  and  supp l i e r s ,  w i th  f ocus  on  s a f e ty  
and  t e c hn i ca l  i s sue s  

O n e  i n t e r n a l  t w o- day  cou r se  i n  ope ra t i on  o f  
ga s  powered  ve s se l s  

+  

In t e rna l  i n - dep th  cou r se  

Cou r se  ba sed  on  l e c tu r e s  f r om the  sh ip  
owne r  and  supp l i e r s ,  w i th  f ocus  on  s a f e ty  
and  t e chn i ca l  i s sue s ,  bu t  w i thou t  t he  
advanced  t e chn i ca l  pa r t .  

O n e  i n t e rna l  two - day  cou r se  i n  ope ra t i on  o f  
ga s  powered  ve s se l s  

+  

I n t e r n a l  b a s i c  c o u r s e  
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Q 4 .  W h e n  a s k e d  h o w  has  t he  t r a i n ing  been  p rov ided  t o  t he  o f f i c e r s  
and  c r ew:   

I n t e rna l  cou r se s :  tw o  r e sponden t s  p rov ide  i n t e rna l  cou r se s  t o  a l l  
g roups  onboa rd .  N o t e  t h a t  a c c o r d i n g  t o  Regu l a t i on  o f  9  Sep t embe r  
2005  No .  1218  ga s - f ue l l ed  pa s s enge r  s h ip s  a r e  r equ i r ed  t o  p rov ide  
an  i n t e rna l  r e f r e she r  cou r se  t o  t hose  who  have  no t  been  i n  t he  
ve s se l  >  6  mon ths .  Fo r  c a rgo  sh ip s  i t  i s  r equ i r ed  t ha t  knowledge  i s  
ma in t a ine d  a t  a l l  t imes .   

Ex t e rna l  cou r se s :  one  r e sponden t  u se s  a l so  ex t e rna l  cou r se  
p rov ide r .   

Cou r se s  onboa rd :  ga s - r e l a t ed  d r i l l s ,  c a r r i ed  ou t  onboa rd .  

O n e  r e s p o n d e n t  a d d e d  t h a t  n o  f o r m a l  moni tor ing  o f  t r a i n ing  i s  
done  on  a  r egu l a r  ba s i s  by  t he  o f f i c e .  Eve ry  t ime  a  new  pe r son  i s  
coming  onboa rd  i t  i s  t he  cap t a in  w h o  mon i to r s  wha t  t ype  o f  
t r a i n ing  i s  r equ i r ed .  Th i s  i s  ba sed  on  wh ich  pos i t i on  onboa rd  t he  
new  c r ew member  w i l l  en t e r .  A  t r a in ing  ce r t i f i c a t e  i s  i s sued  on  
comple t i on  o f  t he  t r a i n ing  cou r se  onboa rd  and  a  copy  o f  t he  
ce r t i f i c a t e  i s  f i l ed  onboa rd .   

A n o t h e r  r e s p o n d e n t  a d d e d  t h a t ,  abou t  moni tor ing ,  company  
a r r anges  one  o r  two  cou r se  be f o r e  de l i ve ry  o f  e ach  ves s e l ,  a f t e r  
t ha t  t he  ch i e f  eng inee r  on  each  ve s se l  have  a  cou r se  on  boa rd  f o r  
e ach  new  emp loye r .  



 
 

44 

 

 

 

 

 

 

 

 

Q 5 .  W h e n  a s k e d  h o w  e a r l y  d i d  c o m p a n y  s t a r t  w o r k i n g  o n  t h e  
t r a i n ing  needs  o f  t he i r  onboa rd  pe r sonne l :   

O n e  r e s p o n d e n t  s t a t e d :  a b o u t  s i x  m o n t h s  b e f o r e  mann ing  o f  ve s se l .  

A n o t h e r  r e s p o n d e n t  s t a t e d :  t r a i n i n g  p l a n  w a s  d e v e l o p e d  i n  
connec t i on  w i th  n e w b u i l d i n g  p r o j e c t ,  s o  t r a i n ing  p l an  s t a r t ed  
abou t  abou t  1 , 5  yea r  be f o r e  newbu i ld ing  was  de l i ve r ed .  T ra in ing  
p l an  was  deve loped  i n  co l l abora t ion  w i t h  a  c o m p e t i t o r  s h i p p i n g  
company .  

Q 6 .  W h e n  a s k e d  w h o  h a s  n o r m a l l y  b e e n  d e v e l o p i n g  t h e i r  t r a i n i n g  
cou r se s :   

Responden t s  s t a t ed :  cou r se  deve lopmen t  r e su l t ed  f rom 
co l l abora t ion  b e tween  s h i p o w n e r s  i n  t he  s ame  s i t ua t i on ,  and  
be tween  s h i p o w n e r s  a n d  s u p p l i e r s .  One  r e sponden t  spec i f i ed  t ha t  
expe r i enced  s a i l o r s  f r om ex i s t i ng  LN G - ca r r i e r s ,  expe r i enced  
peop l e  f r om s h o r e  o rgan i za t i on  and  supp l i e r s  deve lop  each  cou r se .  

O n e  r e s p o n d e n t  a d d e d  t h a t  u n t i l  2 0 1 0  i t  w a s  u p  t o  t h e  s h i p  o w n e r s  
t o  deve lop  and  de l i ve r  t r a i n ing  t o  t he i r  own  o f f i c e r s  and  c r ews .   
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Q 7 .  W h e n  a s k e d  h o w  t h e i r  t r a i n ing  s chemes  we re  deve loped  w h e n  
LNG as  f ue l  was  i n t roduced  i n  t he i r  f l e e t  ( 2002 /2003 ) :   

O n e  r e s p o n d e n t  a n s w e r e d  t h a t  t h e  r u l e s  d i d  n o t  s p e c i f y  w h a t  k ind  
o f  t r a i n ing  t o  be  g iven ,  so  i t  i s  up  t o  t he  sh ip  owne r  t o  f i nd  
s u i t a b l e  t r a i n i n g  f o r  t h e  c r e w .  T h e  c o u r s e  i s  s p e c i f i c  f o r  e a c h  
ve s se l .  

A n o t h e r  r e s p o n d e n t  d e s c r i bed  t ha t  a  c l a s s i f i c a t i on  soc i e ty  made  “ a  
cons t ruc t i on  r i sk  ana ly s i s ”  o f  t he i r  LNG - f ue l l ed  ve s se l  when  she  
w a s  b e i n g  b u i l t  a n d  t h i s  r i s k  a n a l y s i s  f o r m e d  t h e  b a c k g r o u n d  f o r  
how the  t r a i n ing  was  deve loped .  The  Norweg ian  Au tho r i t i e s  had  a t  
t ha t  t ime  no  r equ i r emen t s  o r  gu ide l i ne s  f o r  t r a i n ing  i n  ope ra t i on  o f  
LNG f ue l l ed  supp ly  ve s se l s .  

Q 8 .  W h e n  a s ked  i f  t he  company  had  t o  make  changes  t o  any  
t r a i n ing :   

O n e  r e s p o n d e n t  a n s w e r e d  t h a t  ve s se l s  i n  t he i r  LNG - f ue l l ed  f l e e t  
h a v e  c h a n g e d  du r i ng  t he  yea r s  and ,  consequen t l y ,  t he  course s  
h a v e  a l s o  b e e n  c h a n g e d  t o  b e  s p e c i f i c  t o  e a c h  v e s s e l .    

A n o t h e r  r e s p o n d e n t  s t a t e d  t h a t  n o  c h a n g e s  h ave  been  made  t o  t he  
t r a i n ing .  

Q 9 .   D e s c r i b e  t h e  e l e m e n t s  o f  a  t y p i c a l  t r a i n i n g  s c h e m e  f o r  
O f f i c e r s  a n d  C r e w  o n  y o u r  g a s - f ue l l ed  ve s s e l s  

Two  r e sponden t s  made  t he i r  t r a i n ing  s cheme  ava i l ab l e .  One  o f  
t hem i s  ava i l ab l e  on  Append ix  E ,  f o r  i l l u s t r a t i ve  pu rpose s  t o  
exempl i f y  wha t  t yp i ca l  i t ems  a r e  cove red  by  t he  t r a i n ing .   
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Wha t  r e sponden t s  added  i n  subsequen t  con t ac t s :  

“ The  cou r se s  u se d  a r e  a l l  o rgan i zed  and  s e t  up  by  own  sh ipp ing  
company ,  bu t  we  had  a  supp l i e r  a s  a  gues t  l e c tu r e r  on  t he  f i r s t  
cou r se s .   We  a r e  no  l onge r  u s ing  a  supp l i e r  f o r  t h i s  pu rp ose ,  
because  we  have  b u i l t  our  ow n  exper i ence ,  bu t  w e  f o l l ow  more  o r  
l e s s  t he  s ame  mode l . “  

“ The  t ime  be tween  bunke r ing  var i e s  f rom sh ip  to  sh ip  and  a l so  
w h i c h  b u n k e r i n g  po r t  wh ich  i s  u sed .  I n  some  p l ace s  sh ip s  u se  
t r ucks  f o r  LNG de l i ve ry  and  somewhere  t hey  have  f i xed  f ac i l i t y  on  
s h o r e . ”   

“ The  sh ip s  w i th  t he  h ighes t  a c t i v i t y  no rma l ly  bunke r  once  a  week ,  
and  f o r  t he  o the r s  up  t o  eve ry  s econd  week .  “  

F o r  a n o t h e r  r e s p o n d e n t ,  bunke r ing  i s  c a r r i ed  ou t  once  a  week ,  f r om 
t e rmina l ’ s  t ank  i n  a  s i ng l e  f i xed  arrangement .  

The  r e sponden t  was  a sked  i f  t he i r  t r a i n ing  cou r se s /p l an  was  
app roved ,  t o  wh ich  t he  r e sponden t  an swered  t ha t  t he i r  cou r se s  a r e  
n o t  a p p r o v e d / a s s e s s e d  by  t he  Norweg ian  Mar i t ime  Au tho r i t y .  
H o w e v e r ,  t he  r e sponden t  added ,  r ep r e sen t a t i ve s  bo th  f rom the i r  
c la s s i f i ca t i on  soc i e ty  and  f rom the  N o r w e g i a n  M a r i t i m e  
A u t h o r i t y  h ave  been  on  t he i r  cou r se s ,  and  r e sponde n t  have  a l so  
had  one  cou r se  i n  t he i r  head  o f f i c e .  

The  r e sponden t ’ s  company  ha s  been  manag ing  ga s - r e l a t ed  t r a i n ing  
f o r  more  t han  t en  yea r s ,  w i t h  expe r t i s e  f r om supp l i e r s ,  expe r i enced  
s h o r e  p e o p l e  a n d  e x p e r i e n c e d  s a i l o r s  f r o m  e x i s t i n g  L N G  v e s s e l s ,  
w h i c h  i s  a n  in t r ins i c  s i gn  o f  qua l i ty .  N o n e t h e l e s s ,  t h e  r e s ponden t  
w as  a sked  how can  t he  r e sponden t  b e  s u r e  t h a t  t h e  r i g h t  t r a i n i n g  
h a s  b e e n  g i v e n  a l l  t h i s  t i m e? ,  t o  wh ich  t he  r e sponden t  an swered  “ I  
am  su re  we  a r e  g iv ing  t he  r i gh t  t r a i n ing  because  t he  cou r se  i s  
ves se l  spec i f i c  on  a l l  t h e  t e chn i ca l  pa r t .  We  have  h igh  f ocus  on  a l l  
t he  b u i l t - in  s a f e t y  b a r r i e r s  f o r  t he  ga s  s y s t em.”  

The  o the r  r e sponden t  was  a l so  a sked  how c an  t he  r e sponden t  b e  
s u r e  t h a t  t h e  r i g h t  t r a i n i n g  h a s  b e e n  g i v e n  a l l  t h i s  t i m e? ,  t o  
w h i c h  t h e  r e s p o n d e n t  a n s w e red  t ha t  “ t he  t r a i n ing  f rom the  s u p p l i e r  
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ha s  been  succe s s f u l ,  measu red  by  t he  l ack  o f  gas - re la t ed  acc ident s  
onboa rd  s i nce  t he  s t a r t  o f  t he  ve s se l  i n  2003 . ”  

O n e  r e s p o n d e n t  s t a t e d  t h a t :  “ We  do  no t  have  r egu l a r  gas - re la t ed  
d r i l l s ,  bu t  t h i s  i s  a  no rma l  pa r t  o f  a  r egu l a r  f i r e - d r i l l .  “  

F o r  a n o t h e r  r e s p o n d e n t :  “Gas - re la t ed  emergency  p r epa rednes s  
d r i l l s  a r e  c a r r i ed  ou t  r egu l a r l y  onboa rd ,  eve ry  t h r ee  mon ths . ”   

A n o t h e r  r e s p o n d e n t ,  t h a t  u s es  ex t e rna l  cou r se  p rov ide r s ,  gave  more  
de t a i l s :  “A l l  t h e  t r a i n i n g  f o r  t he  company  and  t he  c r ew  onboa rd  ha s  
been  p rov ided  and  deve loped  by  a  supp l i e r .  T r a in ing  was  p rov ided  
be f o r e  t he  ga s - f ue l l ed  ve s s e l  s t a r t ed  ope ra t i on .  Th i s  supp l i e r  
de l i ve r s  t he  t r a i n ing  s i nce  t he  beg inn ing  i n  2003  and  un t i l  t oday .  
I n  add i t i on ,  ano the r  supp l i e r  a l so  ha s  been  g iv ing  t r a i n ing  on  ga s -
eng ine  sy s t em.  Crew  and  o f f i c e r s  t ha t  j o in  t he  LNG- f ue l l ed  ve s s e l  
f o r  t he  f i r s t  t ime  r ec e ive  t he  r e l evan t  ga s  cou r se ( s )  and  a  
c e r t i f i c a t e  i s  i s sued ,  t o  documen t  t he  t r a i n ing .  “  

N o t i c i n g  a  g a p  i n  t h e  d a t a  s t u d i e , d  be tween  t he  da t e  o f  na t i ona l  
r egu l a t i on  f o r  N orw eg ian  pa s s enge r  ve s s e l s  t ha t  u s e  LN G  as  f ue l ,  
and  t he  da t e  when  t he  f i r s t  LNG - f ue l l ed  pa s s enge r  ve s s e l  s t a r t ed  
ope ra t i ng ,  one  r e sponden t  was  a sked  t he  f o l l owing :   

Regu l a t i on  o f  9  Sep t embe r  2005  No .1218  en t e r ed  i n to  f o r ce  i n  
2005 .  H o w e v e r ,  t he  f i r s t  ga s - f ue l l ed  ve s s e l  pa s senge r  f e r ry  s t a r t ed  
t o  ope ra t e  f i ve  yea r s  be f o re  t ha t ,  i n  2000  ( M V  G l u t r a ) .  W h a t  
r egu l a t i ons  ex i s t ed  f o r  ga s - f ue l l ed  pa s senge r  sh ip s  i n  t he  pe r i od  
2000 -2005?  The  r e sponden t  exp l a ined  t ha t  t h i s  r egu l a t i on  was  
i ndeed  t he  f i r s t  na t i ona l  r egu l a t i on  f o r  ga s - f ue l l ed  pa s s enge r  
ve s se l s .  They  we re  deve loped  a t  t he  s ame  t ime  a s  t he  pa s senge r  
f e r ry  M V  G lu t r a  w as  be ing  bu i l t  bu t ,  f o r  t he  pe r i od  a f t e r  t ha t ,  t he  
r e sponden t  d id  no t  have  more  i n f o rma t ion .    

The  r e sea r che r  t r i ed  t o  f i nd  t h i s  i n f o rma t ion  bu t  t he  s ea r ch  was  no t  
s u c c e s s f u l .   
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PA R T  V  –  D I S C U S S I O N 

 

1 .   D i s c u s s i o n  a bout  the  f ind ings  

Ref l ec t i ng  on  t he  va r i ous  r e s ea r ch  p ro j ec t s  men t ioned  i n  t he  f i r s t  
pa r t  o f  t h i s  s t udy ,  i t  s e ems  ve ry  l i ke ly  t ha t  we  a r e  mov ing  t oward  a  
gene ra l i z ed  u se  o f  LNG as  f ue l  i n  sh ipp ing .  F u r t h e r m o r e ,  s t ud i e s  
ana ly s ing  such  s cena r io  sugges t ed  t ha t  t he  number  o f  ve s se l s  u s ing  
LNG as  f ue l  cou ld  i nc r ea se  qu i t e  r ap id ly .  

Techn i ca l  d ocumen ta t i on  s t ud i ed  du r ing  t h i s  r e s ea r ch  r evea l ed  t he  
c r i t i c a l  momen t s  and  r i sk s  a s soc i a t ed  w i th  LNG as  mar ine  f ue l :  
hand l i ng ,  bunke r ing  ope ra t i on  and  s t o r age  so lu t i ons  onboa rd  ca r ry  
a  r i sk  caused  by  LNG’s  c ryogen i c  p rope r t i e s ,  be ing  l ow - f l a s hpo in t  
and  f l ammab le .  

C r i t i c a l  momen t s  i nc lude  bunke r ing  and  a s soc i a t ed  ope ra t i ons ,  
name ly  i ne r t i ng  and  ven t i ng .  

D e s p i t e  t h e  r i s k ,  d o c u m e n t a t i o n  s h o w s  t h a t  L N G  s h i p p i n g  i n d u s t r y  
have  managed  t o  keep  an  exce l l en t  s a f e ty  r e co rd  w i th  h igh  t r a i n ing  
s t anda rds .  I n  o rde r  t o  keep  t h i s  r e co rd ,  one  mus t  con t i nue  t o  i nves t  
i n  t r a i n ing ,  now a l so  w i th  LNG as  f ue l .  

When  Norway  s t a r t ed  t o  u se  LNG as  f ue l  i n  2000 ,  t he r e  we re  no  
r egu l a t i ons  abou t  t r a i n ing  t he  c r ew .  An d  ye t ,  13  yea r s  on ,  LNG 
f ue l  expe r i ence  i n  N orw a y  i s  ve ry  pos i t i ve  an d  s a f e ,  w i th  no  
r epo r t ed  ga s - r e l a t ed  acc iden t s  a s  r epo r t ed  p r ev ious ly  i n  t h i s  s t udy .  
H o w  d i d  N o r w a y  r e a c h  t h i s  s u c c e s s  s t o r y ?  T h e  a n s w e r  s e e m s  t o  l a y  
i n  t he  t r a i n ing  g iven  t o  t he i r  s ea - pe r sonne l  and  how th i s  t r a i n ing  
w a s  d e v e l o p e d .   

A n  ana ly s i s  o f  t he  ques t i onna i r e s  and  i n t e rv i ews  show tha t  many  
new  t a sks  and  new  equ ipmen t  emerged  onboa rd  w i th  t he  
i n t roduc t i on  o f  LNG as  f ue l .  Resea r ch  show i t  was  r ecogn i zed  t ha t  
ga s - r e l a t ed  t r a i n ing  was  needed  f o r  a l l  t he  f unc t i ona l  g roups  
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onboa rd  i n  o rde r  t o  mee t  t he  new  t a sks ,  unde r s t and  t he  new  f ue l  
and  t he  new  equ ipmen t .  Many  new  sys t ems  we re  i n s t a l l ed  onboa rd  
LNG - f ue l l ed  ve s s e l s :  a  comple t e  ga s  eng ine ,  w i th  i n s u l a t ed  p ip ing  
and  LNG t anks ,  ga s  de t ec t i on  sy s t em,  and  a  demand ing  eng ine  
con t ro l  sy s t em a nd  au toma t ion .  Responden t s  a l so  h igh l i gh t ed  many  
new  p rocedu re s  and  check l i s t s .  

Compar ing  t he  r e su l t s ,  s eve r a l  s im i l a r i t i e s  emerge  abou t  t he  way  
t r a in ing  was  deve loped  t o  mee t  t h i s  needs ,  pos s ib ly  exp l a in in g  t he  
s u c c e s s  o f  t h e  e x p e r i e n c e  i n  N o r w a y .  

F i r s t l y ,  t r a i n ing  s t a r t ed  t o  be  deve loped  a t  l e a s t  s i x  mon ths  be f o r e  
t he  ga s - f ue l l ed  ve s s e l  s t a r t ed  ope ra t i on .  S econd ly ,  s eve ra l  s ou rce s  
men t ion  co l l abo ra t i on  be tween  sh ip  owne r s  and  be tween  sh ip  
owne r s  and  supp l i e r s  o f  t he  equ ipmen t  f o r  exchang ing  ga s - r e l a t ed  
knowledge ,  bo th  t e chn i ca l  and  f rom a  s a f e ty  pe r spec t i ve ,  and  f o r  
t he  deve lopmen t  o f  adequa t e  t r a i n ing  cou r se s .  The re  a r e  r e f e r ences  
t ha t  t h i s  co l l abo ra t i on  ex t ended  a l so  t o  a  c l a s s i f i c a t i on  soc i e ty  
w i t h  e x p e r t i s e  i n  L N G ,  t o  s e a f a r e r s  w i t h  l o n g  L N G  e x p e r i e n c e .  I t  
cou ld  ve ry  we l l  be  t ha t  t h i s  co l l abo ra t i on  was  a  dec i s i ve  con t r i bu t e  
f o r  t he  s ucces s f u l  t r a i n ing  de l i ve r ed  t o  t he  o f f i c e r s  and  c r ew .  The  
number  o f  ga s - f ue l l ed  ve s s e l s  w as  s t i l l  v e ry  l im i t ed  t hen  bu t  w as  
g r adua l l y  i nc r ea s ing .  The re  a r e  r e f e r ences  i n  t he  da t a  t ha t  
bunke r ing  a r r angem en t s  whe re  r a the r  f i xed ,  wh ich  migh t  f avou r  
s a f e  b u n k e r i n g  o p e r a t i o n s  i n  t h a t  a  r e p e a t e d  o p e r a t i o n  b e c o m e s  
rou t i ne  and  ea s i e r  t o  hand l e .  One  o the r  a spec t  h igh l i gh t ed  by  t he  
da t a  i s  t ha t  t r a i n ing  was  sh ip  spec i f i c .  A  pos s ib l e  exp l ana t i on  i s  
t ha t  d i f f e r en t  ve s se l s  may  have  d i f f e r en t  equ ipmen t ,  and  a l t hough  
LNG hand l i ng  p r i nc ip l e s  a r e  t he  s ame ,  d i f f e r ences  i n  equ ipmen t  
and  de s ign  can  be  s i gn i f i c an t  a spec t  i n  ma in t a in ing  s a f e ty .  Th i s  
w a s  p o s s i b l e  s i n c e  t h e  f l e e t  o f  L N G- f ue l l ed  ve s s e l s  i s  r a t he r  sma l l ,  
bu t  nowadays  t h i s  i s  s t i l l  done  t ha t  way ,  a s  i t  h a s  become  
manda to ry  r equ i r emen t .  F ina l l y ,  one  l a s t  f a c to r  t o  cons ide r  i n  t he  
s t u d y  o f  h o w  t r a i n i n g  w a s  d e v e l o p e d  i n  N o r w a y  f o r  L N G  f u e l l e d  
ve s se l s ,  i s  t he  na t i ona l  r egu l a t i on .  The  r egu l a t i ons  we re  p r epa red ,  
one  app l i c ab l e  f o r  c a rgo  and  t he  o the r  app l i c ab l e  f o r  pa s senge r  
ve s se l s .  The  d i f f e r ences  be tween  t hem have  a l r eady  been  exp lo r ed  
i n  t h i s  r epo r t .  One  l a s t  cons ide r a t i on  abou t  t he  na t i ona l  r egu l a t i ons  
i s  t ha t  t he  f i r s t  one  o f  t he  two  i . e .  t h e  one  f o r  LNG- f ue l l ed  ve s s e l s ,  
w a s  d e v e l o p e d  i n  p a r a l l e l  w i t h  t h e  c o n s t r u c t i o n  o f  t h e  f i r s t  g a s-
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f ue l l ed  pa s s enge r  ve s s e l ,  mos t  l i ke ly  i n  co l l abo ra t i on  and  w i th  t he  
i npu t s  o f  expe r t s  and  s t akeho lde r s  i nvo lved  d i r ec t l y  on  LNG 
ope ra t i ons .  I t  was  t hen  dec ided  t ha t  t he  r egu l a t i on  wou ld  r equ i r e  
t r a i n ing  d i f f e r en t i a t ed  i n to  t h r ee  ca t ego r i e s / two  l eve l s  a cco rd ing  t o  
t he  f unc t i ona l  demands  o f  t he  c r ew  onboa rd .   

Compara t i ve  ana ly s i s  be tween  t he  na t i ona l  r egu l a t i ons  f o r  
N o r w e g i a n  g a s - f ue l l ed  ca rgo  ve s s e l s  (A ppend ix  C)  and  Norweg ian  
ga s - f ue l l ed  pa s s enge r  ve s s e l s  (A ppend ix  D )  and  IM O ’s  In t e r im  
G u i d e l i n e s  R e s .  M S C . 2 8 5  (86 ) .  
 

Gas-fuelled cargo vessels Gas-fuelled passenger vessels 
 
Norwegian regulation of 17 June 2002 No. 
664 concerning cargo ships with natural 
gas-fuelled internal combustion engines 

Norwegian regulation of 9 September 2005 No. 1218 
concerning the construction and operation of gas-
fuelled passenger ships 

Entered into force in 2002 Entered into force in 2005 
Regulation entered into force before the first 
gas-fuelled cargo vessels started to operate 

Regulation entered into force five years after the first 
gas-fuelled passenger vessel started to operate 

 
Two levels Three categories  
Gas knowledge to be maintained (*) Internal refresher course for those that have been at 

least six months away from the ship 
Training to be given prior to joining the 
vessel to: 
- All 

Training to be given prior to joining the vessel to: 
- All minimum safe manning 
(*)- Refresher internal course 

Training is ship specific (re-training 
needed if changing to a new ship)  

Training is ship specific (re-training needed if 
changing to a new ship) 

Not specified Theoretical and practical training requirements 
Regular gas-related drills Requires training on gas-fire extinguishing, at an 

approved safety centre.  
Rules include no guidance, no details; 
Shipowner free to develop the training 
plan/courses. 

Rules are detailed. 
(*) Guidance is mandatory. 

Training plan/courses don’t need 
approval from the Norwegian Maritime 
Authority, they are the responsibility of the 
shipowner 

(*) The training plan/courses must be approved by 
the Norwegian Maritime Authoritiy. 
Training plan/course evaluated regularly. 

 
Identical to the not mandatory 
“8.1. Operational requirements” of 
Interim Guidelines Res. MSC.285(86) 
adopted in 2009 

Corresponds to the not mandatory  
“8.2 Gas related training” of the Interim Guidelines 
Res. MSC.285(86) adopted in 2009, except those  
marked (*) 

 
( * )  IMO’s  In t e r im  Gu ide l i ne s  Reso lu t i on  MSC.285  (86 )  a re  no t  
m a n d a t o r y ,  d o n ’ t  m e n t i o n  i n t e r n a l  r e f r e s h e r  c o u r s e s ,  d o  n o t  
r e q u i r e  t h e  t r a i n i n g  p l a n / c o u r s e s  t o  b e  approved  by  t he  F lag  S ta t e  
( i t  i s  up  t o  t he  sh ip  owner  t o  deve lop  t hem ,  a s  f o r  ca rgo  ve s se l s ) .  
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F i n a l l y ,  r e s u l t s  s h o w  t h a t  t h e  N o r w e g i a n  M a r i t i me  Au tho r i t y  
a l r eady  con t r i bu t ed  w i th  t he i r  expe r i ence ,  a cqu i r ed  du r ing  t he  
deve lopmen t  o f  t he i r  own  na t i ona l  r egu l a t i ons  on  LNG- f ue l l ed  
ve s se l s ,  t o  t he  d r a f t i ng  o f  IMO’s  In t e r im  Gu ide l i ne s  o f  2009 .  
IMO’s  In t e r im  Gu id e l i ne s  MSC.  285  (86 )  p rov ide  t he  on ly  
ava i l ab l e  i n t e rna t i ona l  gu ide l i ne s  f o r  t he  t r a i n ing  o f  pe r sonne l  
onboa rd  ga s - f ue l l ed  ve s s e l s  du r ing  t he  abs ence  o f  any  i n t e rna t i ona l  
manda to ry  r equ i r emen t s .  The  gu ide l i ne s  l e ave  t o  e ach  
A d m i n i s t r a t i o n  t o  d e c i d e  o n  h o w  t h e i r  v e s s e l s  i mp lemen t  t hem.  
Th i s  imp l i e s  t ha t  t r a i n ing  migh t  no t  be  equa l  t h roughou t  d i f f e r en t  
F l a g  s t a t e s .  I n  p r a c t i c e ,  t h i s  h a s  n o t  b e e n  a  p r o b l e m  s i n c e  t h e  f l e e t  
o f  LNG- f ue l l ed  ve s s e l s  ha s  been  con f ined  t o  N orw ay  un t i l  r e cen t l y ,  
bu t  t r ends  i nd i ca t e  t ha t  t he  f l e e t  o f  LNG - f ue l l ed  ve s s e l s  w i l l  
expand  qu i ck ly  i n  t he  nea r  f u tu r e  and  manda to ry  i n t e rna t i ona l  
s t a n d a r d s  c a n  p r e v e n t  p r o l i f e r a t i o n  o f  d i f f e r e n t  t r a i n i n g  s t a n d a r d s .  
Th i s  conce rn  was  vo i ced  by  Norway  ( IMO,  2013e ) .  Tak ing  i n to  
accoun t  t he  p rope r t i e s  o f  LNG and  t he  r i s k s  i n v o l v e d  w i t h  h a n d l i n g  
i t ,  and  t ha t  t he  r eco rd  o f  a cc iden t s  w i th  LNG mus t  be  kep t ,  i t  i s  
de s i r ab l e  t ha t  t he  knowledge  and  imp lemen ta t i on  i s  o f  h igh  qua l i t y  
and  imp lemen ted  un i f o rmly  by  d i f f e r en t  F l ag  S t a t e s .    

M o r e  r e c e n t l y ,  b a s e d  o n  t h e  d i s c u s s i o n s  a t  IMO’s  BLG and  STW 
commi t t e e  a l r eady  r e f e r r ed  t o  i n  t h i s  r epo r t ,  i t  i s  appa ren t  t ha t  t he  
N o r w e g i a n  e x p e r i e n c e  o n  t r a i n i n g  o f  c r ews  on  LNG f ue l l ed  w i l l  
p rov ide  gu idance  t o  t he  d r a f t i ng  o f  IMO’ s  new  IGF  Code .  N o r w a y  
po in t ed  ou t  t he i r  good  t r a ck  r eco rd  on  ga s - r e l a t ed  s a f e t y  b u t  h a s  
a l so  h igh l i gh t ed  some  conce rns :  

•  A l t h o u g h  r equ i r i ng  sh ip  spec i f i c  t r a i n ing  ha s  appa ren t l y  no t  
cons t i t u t ed  a  p rob l em so  f a r  i n  Norway ,  t he  s ame  may  no t  
app ly  t o  t he  r e s t  o f  Eu rope  i n  t he  f u tu r e ,  i n  pa r t i cu l a r  bea r i ng  
i n  m ind  t he  pos s i b l e  s cena r io  o f  a  r ap id  i nc r ea se  i n  t he  LNG 
f ue l l ed  f l e e t  i n  Eu rope  ( IMO 2013e ,  Append ix  A) .  

•  The  Norweg ian  mode l  o f  t h r ee  t r a i n ing  ca t ego r i e s / two  l eve l s ,  
i s  a l so  a t  t he  ba se  o f  t he  r ecommenda t i ons  a t  IMO mee t i ngs ,  
i nd i ca t i ng  t ha t  i t  h a s  been  a l so  a  con t r i b u t i ve  f ac to r  i n  t he  
s u c c e s s f u l  e x p e r i e n c e .  
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2 .   D i s c u s s i o n  a b o u t  t h e  m e t h o d o l o g y  

A  l o t  o f  e f f o r t  w a s  p u t  i n  d e s i g n i n g  t h i s  q u a l i t a t i v e  c a s e  s t u d y ,  
bea r i ng  i n  m ind  t ha t ,  i n  gene ra l ,  qua l i t a t i ve  r e s ea r ch ’ s  c r ed ib i l i t y  
i s  o f t en  cha l l enged .  

L i t e r a tu r e  abou t  qu a l i t a t i ve  s t ud i e s  was  r ev i ewed  f o r  deve lop ing  a  
me thodo log i ca l  f r amework  adequa t e  f o r  c a se  s t ud i e s  and  t he  
w o r k i n g  p l a n  f o r  t h i s  r e s e a r c h ,  a n d  t o  d e f i n e  a p p r o p r i a t e  d a t a  
co l l e c t i on  me thods  and  ana ly s i s  me thods .   

I n  o rde r  t o  dec ide  o n  t he  da t a  co l l e c t i on  me thods ,  i t  was  nece s sa ry  
t o  t ake  i n to  accoun t  wha t  r e sou rce s  we re  ava i l ab l e  ( t ime  and  f unds  
o f  t he  r e s ea r che r ,  bu t  a l so  t ime  f rom r e sponden t s ) ,  and  t o  cons ide r  
t he  good  qua l i t y  l eve l  w i shed  f o r  t h i s  r e s ea r ch ,  i nco rpo ra t i ng  
a spec t s  such  a s  mu l t i  me thods  and  mu l t i  da t a  sou rce s .  

The  f o l l owing  de sc r i be s  wha t  was  done  t o  p roduce  a  h igh  qua l i t y  
and  e th i ca l l y  co r r ec t  r e s ea r ch  (Pa t t on ,  2002 ,  p . 51 ) :   

Q u a l i t y  d a t a  s o u r c e s  
Throughou t  t he  s t udy ,  t he r e  was  a  consc ious  e f f o r t  t o  u t i l i z e  
s o u r c e s  o f  g o o d  q u a l i t y .  P r i n t e d  l i t e r a t u r e  a n d  I n t e r n e t  s o u r c e s  o f  
po t en t i a l  i n t e r e s t  we re  s canned  on  f i r s t  con t ac t  t o  a s s e s s  i t s  
gene ra l  qua l i t y .  On l ine  t u to r i a l s  f r om l i b r a r i e s  ( e . g .  P l ace  e t  a l ,  
2006 )  he lped  w i th  t he  t a sk  o f  a s s e s s ing  on l i ne  i n f o rma t ion  sou rce s .  
Wi th  good  qua l i t y  i t  i s  mean t  t ha t  i n f o rma t ion  was  accu ra t e  ( e . g .  
no  mi s t akes  de t ec t ed ,  c i t a t i ons  co r r ec t ) ,  w i t h  ev idence  o f  r e s ea r ch  
back  up  ( e . g .  c i t a t i ons ,  r e f e r ence  l i s t ) ,  was  f rom au tho r i t a t i ve  
s o u r c e s  ( e . g .  f r o m  r e s e a r c h  g r o u p s ,  a c a d e m i c  p u b l i c a t i o n s ,  
ma r i t ime  au tho r i t i e s ,  c l a s s i f i c a t i on  soc i e t i e s ) .  Fu r the rmore ,  
pa r t i cu l a r l y  on  i n t e rv i ews ,  t he  i n f o rma t ion  ga the r ed  was  a s  r e cen t  
a s  pos s ib l e ,  and  cove red  d i f f e r en t  pe r spec t i ve s  on  t he  sub j ec t  ( f r om 
a  sh ipp ing  company ,  f r om a  c l a s s i f i c a t i on  soc i e ty  and  a  ma r i t ime  
au tho r i t y ) .   
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T r i a n g u l a t i o n   
Tr i angu l a t i on  was  done  i n  two  d i f f e r en t  ways :   
1 .  Combin ing  d i f f e r en t  da t a  co l l e c t i on  me thods :  ques t i onna i r e ,  
f o l l ow - up  i n t e rv i ews  and  documen ta ry  ana ly s i s .  
2 .  Combin ing  d i f f e r en t  da t a  sou rce s  ( e . g .  two  d i f f e r en t  
r e sponden t s ,  two  d i f f e r en t  a r t i c l e s  o f  t he  s ame  t h ing ) ;  
 
 
Poten t i a l  source s  o f  b ia s   
When  unde r t ak ing  t h i s  s t udy ,  t he  r e sea r che r  t r i ed  t o  be  a s  t r u th f u l  
t o  t he  f ac t s  a s  pos s ib l e  and  u s e d  t r i a n g u l a t i o n  f o r  m i n i m i z i n g  b i a s ,  
bu t  ag r ee s  w i th  Pa t t on  t ha t  sub j ec t i v i t y  c anno t  be  e l im ina t ed  
comple t e ly  i n  qua l i t a t i ve  s t ud i e s  ( 2002 ,  p . 51  and  p .65 ) .  
A c k n o w l e d g i n g  t h i s  l i m i t a t i o n ,  t h e  r e s e a r c h e r  r e f l e c t e d  o n  
po t en t i a l  sou rce s  o f  b i a s  and  cou ld  no t  f i nd  any  s i gn i f i c an t .  I n  any  
ca se ,  hav ing  t h i s  r epo r t  pee r - r ev i ewed  shou ld  min imize  e f f ec t s  o f  
any  even tua l  b i a s .  
 
 
Eth i ca l  a spec t s  were  obse rved  
A  r e s e a r c h  p r o j e c t  p l a n n i n g  l e t t e r ,  i n t r o d u c i n g  t h e  s u b j e c t  c o v e r e d  
i n  t h i s  c a se  s t udy ,  i t s  s i gn i f i c ance  f o r  cu r r en t  deve lopmen t s ,  t he  
r e s ea r ch  ques t i ons ,  and  t he  a im  o f  t he  r e s ea r ch  was  p r epa red  and  
s e n t  t o  t h e  p o t e n t i a l  i n f o r m a n t s ,  i n v i t i n g  t o  p a r t i c i p a te  i n  t h i s  
r e s ea r ch  i n  t he  f o rm  o f  an  i n t e rv i ew .  I n  add i t i on ,  r e sponden t s  we re  
r eques t ed  t he i r  i n f o rmed  consen t ,  and  we re  i n f o rmed  t ha t  t hey  
cou ld  g ive - up  a t  any  momen t  w i thou t  t he  need  o f  exp l a in ing  why .  
Le t t e r  o f  I n f o rmed  Consen t  on  Append ix  F .   F o r  e t h i ca l  r e a sons ,  i t  
mus t  be  i n f o rmed  t ha t  t he  two - day  con f e r ence  a t t ended  du r ing  t he  
p roduc t i on  o f  t h i s  s t udy ,  was  pa r t l y  sponso red  by  t he  Br i t i sh  
company  Merca to rmed ia ,  a t  t he  r eques t  o f  t he  r e sea r che r .  
M e r c a t o r m e d i a  w e r e  t h e  o r g a n i z e r s  o f  t h i s  e v e n t  a n d  t h e  re sea r che r  
a s su re s  t ha t  t he i r  sponso r sh ip  d id  no t  b i a s  t he  conc lu s ions  o f  t h i s  
r epo r t  i n  any  way .  
 
3 .  Recommendat ion  for  fur ther  s tud ie s  
 
Wh i l e  c a r ry ing  ou t  t h i s  r e s ea r ch ,  t he r e  was  ev idence  t ha t  o f f i c e  
pe r sonne l  o f  sh ipp in g  compan i e s  wou ld  bene f i t  f r om t r a in ing  on  
LNG as  f ue l ,  ad j u s t ed  t o  t he i r  f unc t i ons .  Thus  I  wou ld  r ecommend  
a  s t udy  f ocus ing  on  t h i s  sub j ec t .  
  



 
 

55 

PART V I  –  C O N C L U S I O N 

Ref l ec t i ng  on  t he  r e sea r ch  ques t i ons  p roposed  f o r  t h i s  s t udy ,  and  
on  i t s  f i nd ings ,  t h i s  r epo r t  conc ludes  w i th  t he  f o l l owing :   

a )  W ha t  t r a i n ing  was  needed  f o r  o f f i c e r s  and  c r ew  o f  LNG - f ue l l ed  
ve s se l s ,  and  how  t r a in ing  was  deve loped  i n  Norway  t o  mee t  t hose  
needs .  

•  The  t r a in ing  needed  encompassed  t he  c r i t i c a l  p rope r t i e s  o f  
na tu r a l  ga s  and  LNG  (c ryogen i c ,  l ow  f l a shpo in t  and  
f l ammab le ) ,  and  t he  c r i t i c a l  momen t s  i n  LN G  ope ra t i on :  
hand l i ng  o f  LNG and  bunke r ing  ope ra t i on .  The  t r a i n ing  
ex t ended  t o  a l l  new  gas  eng ine  sy s t ems  onboa rd ,  an d  o the r  
a s soc i a t ed  sy s t ems ,  and  new  p rocedu re s .  The  l eve l  o f  t r a i n ing  
depended  on  t he  f unc t i on  o f  t he  c r ewmember  onboa rd .  

•  H o w  t h e  t r a i n i n g  w a s  d e v e l o p e d :  

-  Tra in ings  needs  we re  r ecogn i zed  ea r l y  on .  

-  Tra in ing  p l ans  deve loped  ea r l y  on .  

-  Col l abo ra t i on  be tween  s t akeho lde r s  w i t h  e x p e r t i s e  a n d  
expe r i ence  i n  LNG,  o f t en  supp l i e r s  o f  t he  t e ch n i ca l  
equ ipmen t  and  sy s t ems ,  t o  deve lop  t r a i n ing  p l ans .  

-  I n t e rna l  cou r se s /Ex t e rna l  cou r se s .  

-  Tra in ing  l eve l s  was  d i f f e r en t i a t ed  ba sed  on  f unc t i ona l  
r equ i r emen t s  o f  t he  c r ew  onboa rd ,  and  a  mode l  ba sed  on  
two  l eve l s / t h r ee  ca t ego r i e s  was  deve loped .  

-  S h i p  s p e c i f i c  t r a i n ing  

b )  To  f i nd  ou t  i f  t he r e  a r e  any  l e s sons  t o  be  l e a rned  f rom tha t  
expe r i ence :  

•  N o r w a y  e n j o y s  a  g o o d  t r a c k  r e c o r d  o n  g a s - r e l a t ed  s a f e ty ,  
i nd i ca t i ng  t ha t  i t s  t r a i n ing  so lu t i ons  may  s e t  t he  example .  
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•  The  mode l  w i th  two  l eve l s / t h r ee  ca t ego r i e s  f o r  d i f f e r en t i a t i on  
t r a i n ing  l eve l s  cou ld  be  u sed  i n  t he  f u tu r e  even  
i n t e rna t i ona l l y .  

•  S h i p  s p e c i f i c  t r a i n i n g  i s  r e q u i r e d  i n  N o r w a y  b u t  c o u l d  i t  h a v e  
nega t i ve  impac t s  i f  app l i ed  i n  t he  s ame  way  i n  t he  even t  o f  a  
r ap id  expans ion  o f  t he  ga s - f ue l l ed  f l e e t ?  
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A P P E N D I X  A 

C o m m e n t s  s u b m i t t e d  b y  N o r w a y  a t  I M O ’ s  s u b c o m m i t t e e  S T W  4 4 t h  s e s s i o n  
2 2 . F e b . 2 0 1 3 ,  i l l u s t r a t e s  a s p e c t s  o f  t h e i r  e x p e r i e n c e ,  t h e  n e e d  f o r  c r e a t i n g  
m a n d a t o r y  i n t e r n a t i o n a l  r e q u i r e m e n t s ,  a n d  d i s c u s s i o n  o n  f u t u r e  t r a i n i n g  

m o d e l  o f  c r e w s / o f f i c e r s  o n  L N G - f u e l l e d  v e s s e l s .  
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SUMMARY 

Executive summary: BLG 16 referred the question on training for officers and crew 
on board ships using low flash-point fuels to the 
STW Sub-Committee.  This document provides information 
related to training requirements for officers and crew on board 
ships using low flash-point fuels, and proposes to amend the 
STCW Convention and Code accordingly 

Strategic direction: 5.2 

High-level action: 5.2.1 

Planned output: 5.2.1.3 

Action to be taken: Paragraph 9 

Related documents: BLG 16/WP.5, BLG 16/16, section 6.18 and STW 44/INF.4 
 
Background
 
1 BLG 16 decided to refer the question on training for officers and crew on board 
ships using low flash-point fuels to the STW Sub-Committee.  STW 43 briefly discussed the 
matter and invited Member Governments and international organizations to consider the 
matter in detail and submit comments and proposals to STW 44.  This submission is a 
response to that request.  
 
Discussion 
 
2 Currently there are no mandatory training requirements for personnel serving on 
board ships using low flash-point fuel.  Resolution MSC.285(86) Interim guidelines on safety 
for natural gas-fuelled engines include provisions for training, however how to implement 
these provisions is left to the Administration to decide. 
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3 As long as the number of ships using low flash-point fuels was limited and no 
mandatory requirements for the design and operation of the machinery installations existed, 
it was deemed sufficient to have national requirements.  However, as new regulations on 
emission control areas (ECA) enter into force in January 2015, a rapid increase in the fleet of 
ships utilizing new technical solutions and fuels is foreseen.  For the time being methane gas 
stored as liquefied natural gas (LNG) seems to be one of the preferred fuels on new 
buildings and for conversions.  This may significantly increase the number of LNG-fuelled 
ships.  The use of other low flash-point fuels is currently also increasing. In particular, colour 
and odourless gases which are stored as cryogenic liquids represent a paradigm shift.   
A new safety culture is needed and a sharp focus on the differences compared to traditional 
fuels will be essential for safety.   
 
4 Norway is of the opinion that the time has come to develop mandatory training 
requirements for personnel operating on ships using low flash-point fuels.   
The STCW Convention and Code should contain "all" of the global standards for seafarer 
training, certification and watchkeeping, including specialized training and is in our view the 
correct location for such training requirements. 
 
5 All personnel forming part of a ship's minimum safe manning should have some kind 
of additional training.  However it is recognized that there may be different levels of training 
based on the responsibilities inherent in a specific position on board.  The interim guidelines 
contain three levels of training and up until now, Norway has implemented these three levels 
for personnel on LNG-fuelled ships, but the training has been very ship specific.  Hence 
when changing to a new ship, all the training often has to be repeated. 
 
6 Furthermore, a more generic training regime should be implemented for personnel 
on ships using low flash-point fuels.  Based on the experience gained with training for 
personnel on LNG-fuelled ships and recognizing that new low flash-point fuels may be in the 
pipeline we are currently in a process of reviewing these training requirements in Norwegian 
legislation.  One of the conclusions we have reached is that two levels, basic and advanced, 
should be sufficient with the addition of familiarization. 
 
7 In order to assist the work, should the Sub-Committee agree to include training 
requirements for personnel on ships using low flash-point fuels in the STCW Convention and 
Code, Norway has also submitted document STW 44/INF.4 which could serve as a 
starting-point for discussions. 
 
8 If so decided, in developing these training requirements, it should be considered if 
they should form part of the basic training and as such be located in chapters II and III of the 
Convention and Code or it should be considered as specialized training and be included in 
chapter V of the Convention and Code.  One possibility could be to include them in chapter V 
first and include them in chapters II and III at a later stage when the use of alternative fuels 
becomes more common. 
 
Action requested of the Sub-Committee 
 
9 The Sub-Committee is invited to consider the information above and take action, as 
appropriate. 
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Submitted by Norway 

 
 

SUMMARY 

Executive summary: This document provides information on proposed amendments to 
the STCW Convention and Code related to training requirements 
for officers and crew on board ships using low-flashpoint fuels  

Strategic direction: 5.2 

High-level action: 5.2.1 

Planned output: 5.2.1.3 

Action to be taken: Paragraph 17 

Related documents: BLG 16/WP5, BLG 16/16, section 6.18 and STW 44/17/3 

 
Background 
 
1 In document STW 44/17/3, Norway discusses the issue of developing mandatory 
training requirements for personnel on board ships using low-flashpoint fuels.  Without 
pre-empting the outcome of that discussion, but in order to save time, should the 
Sub-Committee agree, Norway has developed a proposal for tables of competence on basic 
training and on advanced training for personnel on board ships using low-flashpoint fuels, to 
be included in part A of the STCW Convention, as set out in the annex.  It is recognized that 
amendments to the Convention itself also need to be developed.  Given below are some 
additional comments and explanations related to the proposed competency tables. 
 
2 As informed, Norway is currently updating its training programmes for personnel on 
ships other than gas-carriers using low-flashpoint fuels like methane gas stored as LNG. 
 
3 Current Norwegian regulation on training for personnel on gas-fuelled ships is 
principally based on training for a specific ship.  In the future, this may not be convenient as a 
growing number of ships fuelled with low-flashpoint fuels will require an increased number of 
seafarers qualified to handle the new fuels. 
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Safety strategy on training 
 
Add-on training  
 
4 The basis for safety is that officers and ratings assigned as part of a 
low-flashpoint-fuelled ship's minimum safe manning, other than liquefied gas tankers, should 
have passed the related tests and hold the relevant certificates in basic or advanced training.  
 
5 Every candidate, officers as well as ratings, undergoing training for a certificate in 
basic or advanced training, should be qualified in accordance with the STCW Convention 
and Code to be assigned to a conventional diesel-fuelled ship of the same type, size and 
trade. 
 
Generic basic training and ship specific familiarization 
 
6 Currently, the owner has to develop a specific training programme for each ship and 
the crew will more or less need completely new training if they transfer to another ship.  To 
adapt to the growing number of low-flashpoint-fuelled ships, the related training will be 
divided into general generic training and ship specific familiarization.  The purpose of the 
division into generic training and ship specific familiarization is to allow an increase in 
numbers of seafarers that may be able to be assigned to gas-fuelled (IGF-Code) ships and to 
provide flexibility. 
 
7 Existing Norwegian training regulations have been divided into three levels.  For the 
future, Norway has decided to change to only two levels: generic basic training and generic 
advanced training.  Generic basic training would be the same for all crew.  Generic advanced 
training for deck and engine officers and other crew who shall participate in low-flashpoint 
fuel operations or maintenance shall be the same.  The common training programme will 
give the crew with direct responsibility for the operation of gas-related equipment on board, 
the same competence and communication platform.  This will enhance the efficiency both in 
normal operations and in any emergency situation. 
 
Retraining 
 
8 The development of low-flashpoint-fuelled shipping is at its incipient stage, even if 
some valuable experience can be taken from the past 50 years of LNG-tanker operation 
where vapour gases have been used as fuel.  Furthermore, the experience in Norway 
from 13 years of gas/LNG-fuelled ferries and supply ships is absolutely good and with a 
clean safety record.  However, the expected increase in low-flashpoint fuel ships may 
introduce rapid development of the technology and provide new experience.  To secure the 
maintenance of the low-flashpoint fuel safety culture and to keep up with experience and 
technological developments, a retraining scheme should be introduced. 
 
Structure for low-flashpoint fuel training 
 
Generic training 
 
9 The purpose of the generic training programme is to give seafarers knowledge of 
the typical characteristics of low-flashpoint-fuelled ships and the related techniques and 
systems utilized to ensure safe operation.  The generic training programme should also 
cover the properties of actual low-flashpoint fuels and fuels stored as cryogenic liquids in 
comparison to traditional fuels.  The special hazards that may arise in conjunction with use of 
low-flashpoint fuels should be addressed.  The generic training programme should include 
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safety standards regarding low-flashpoint fuel fire fighting, cryogenic liquid handling, 
emergency preparedness, emergency handling, occupational safety, security and medical 
care and survival functions.  The generic training should have two levels: 
 

Level  1  -  Basic generic training for all crew with safety duties; and 
Level  2  -  Advanced generic training for all officers and other crew with direct 
                  responsibility for low-flashpoint fuel operations. 

 
Ship-specific familiarization 
 
10 As part of the already required familiarization, the ship-specific training should 
include all needed detailed competence to allow the crew to perform their work and leisure 
activities on board safely.  The arrangement of the ships' low-flashpoint fuel systems 
including hazardous zones, operation, control and safety systems, related procedures and 
implemented safety culture should be reviewed.  The ship-specific training should meet with 
provisions of regulation I/14 of the STCW Convention and the ISM Code. 
 
Retraining 
 
11 In our view, the specification of minimum standards of competence for retraining for 
the minimum safe manning should be the same as initial training. 
 
Qualification of trainers/instructors 
 
Generic training level 1 and 2 
 
12 The instructors shall be specialists with in-depth knowledge of low-flashpoint fuels 
and the design basis for all type of related fuel systems and installations. Instructors shall 
have in-depth knowledge of particulars regarding low-flashpoint fuel safety culture, hazards 
and emergency management as well as fire fighting and rescue operations.  Instructors 
should preferably have documented competence from the leading designers and suppliers.  
Experience from operation and maintenance of LNG IGC-Code tankers fuelled with vapour 
gas would normally not be sufficient as systems may deviate and the third-party risk would 
be on a different level. 
 
Ship-specific training and familiarization 
 
13 The instructors should be the master, chief engineer or specialist with in-depth 
knowledge of low-flashpoint fuels in question and the design basis for the related systems 
and installations for the specific ship.  Instructors should preferably have documented 
competence from the leading designers, builders and suppliers and experience from control, 
start-up and testing of the actual ship.  The instructors should know the ship-specific 
procedures for safe operation and bunkering, the emergency preparedness and operation, 
the manual for maintenance and electrical equipment in explosion-hazardous spaces and 
zones. 
 
Evidence of training 
 
14 A certificate of proficiency should be issued to seafarers who have passed the 
relevant tests and are qualified in accordance with the proposed generic gas training for 
low-flashpoint-fuelled (IGF-Code) ships.  The certificate of proficiency should be valid if 
endorsed every five years following retraining. 
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7.4 Ducting 
 

If the gas piping duct contains high-pressure pipes the ducting should be pressure tested to 

at least 10 bar. 

 

7.5 Valves 
 

Each size and each type of valve intended to be used at a working temperature below -55C 

should be prototype tested as follows.  It should be subjected to a tightness test at the minimum 

design temperature or lower and to a pressure not lower than the design pressure for the valves.  

During the test, the good operation of the valve should be ascertained. 
 

7.6 Expansion bellows 
 

7.6.1 The following prototype tests should be performed on each type of expansion bellows 

intended for use in gas piping, primarily on those used outside the gas tank: 
 

.1 An overpressure test.  A type element of the bellows, not pre-compressed, should 

be pressure tested to a pressure not less than 5 times the design pressure without 

bursting.  The duration of the test should not be less than 5 min. 
 

.2 A pressure test on a type expansion joint complete with all the accessories 

(flanges, stays, articulations, etc.) at twice the design pressure at the extreme 

displacement conditions recommended by the manufacturer.  No permanent 

deformations should be allowed.  Depending on materials the test may be required 

to be performed at the minimum design temperature. 
 

.3 A cyclic test (thermal movements).  The test should be performed on a complete 

expansion joint, which is to successfully withstand at least as many cycles, under 

the conditions of pressure, temperature, axial movement, rotational movement and 

transverse movement, as it will encounter in actual service.  Testing at room 

temperature, when conservative, is permitted. 
 

.4 A cyclic fatigue test (ship deformation).  The test should be performed on a 

complete expansion joint, without internal pressure, by simulating the bellow 

movement corresponding to a compensated pipe length for at least 2 x 10
6
 cycles 

at a frequency not higher than 5 Hz.  This test is only required when, due to the 

piping arrangement, ship deformation loads are actually experienced. 
 

7.6.2 The Administration may waive performance of the tests specified in 7.6.1, provided that 

complete documentation is supplied to establish the suitability of the expansion joints to 

withstand the expected working conditions.  When the maximum internal pressure exceeds 1 bar, 

this documentation should include sufficient tests data to justify the design method used, with 

particular reference to correlation between calculation and test results. 

 

CHAPTER 8 
 

OPERATIONAL AND TRAINING REQUIREMENTS 
 
8.1 Operational requirement 
 

8.1.1 The whole operational crew of a gas-fuelled cargo and a passenger ship should have 

necessary training in gas-related safety, operation and maintenance prior to the commencement 

of work on board. 
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8.1.2 Additionally, crew members with a direct responsibility for the operation of gas-related 
equipment on board should receive special training.  The company should document that the 
personnel have acquired the necessary knowledge and that this knowledge is maintained at all times. 
 
8.1.3 Gas-related emergency exercises should be conducted at regular intervals.  Safety and 
response systems for the handling of defined hazards and accidents should be reviewed and tested. 
 
8.1.4 A training manual should be developed and a training programme and exercises should be 
specially designed for each individual vessel and its gas installations. 
 
8.2 Gas-related training 
 
8.2.1 Training in general 
 
The training on gas-fuelled ships is divided into the following categories: 
 

.1 category A:  Basic training for the basic safety crew; 

.2 category B:  Supplementary training for deck officers; and 

.3 category C:  Supplementary training for engineer officers. 
 
8.2.1.1 Category A training 
 

.1 The goal of the category A training should provide the basic safety crew with a 
basic understanding of the gas in question as a fuel, the technical properties of 
liquid and compressed gas, explosion limits, ignition sources, risk reducing and 
consequence reducing measures, and the rules and procedures that must be 
followed during normal operation and in emergency situations. 

 
.2 The general basic training required for the basic safety crew is based on the 

assumption that the crew does not have any prior knowledge of gas, gas engines 
and gas systems.  The instructors should include one or more of the suppliers of 
the technical gas equipment or gas systems, alternatively other specialists with 
in-depth knowledge of the gas in question and the technical gas systems that are 
installed on board. 

 
.3 The training should consist of both theoretical and practical exercises that involve 

gas and the relevant systems, as well as personal protection while handling liquid 
and compressed gas.  Practical extinguishing of gas fires should form part of the 
training, and should take place at an approved safety centre. 

 
8.2.1.2 Categories B and C training 
 

.1 Deck and engineer officers should have gas training beyond the general basic 
training.  Category B and category C training should be divided technically between 
deck and engineer officers.  The companyís training manager and the master should 
determine what comes under deck operations and what comes under engineering. 

 
.2 Those ordinary crew members who are to participate in the actual bunkering work, 

as well as gas purging, or are to perform work on gas engines or gas installations, etc., 
should participate in all or parts of the training for category B/C.  The company and 
the master are responsible for arranging such training based on an evaluation of the 
concerned crew memberís job instructions/area of responsibility on board. 
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.3 The instructors used for such supplementary training should be the same as outlined 
for category A. 

 
.4 All gas-related systems on board should be reviewed.  The shipís maintenance 

manual, gas supply system manual and manual for electrical equipment in 
explosion hazardous spaces and zones should be used as a basis for this part of the 
training. 

 
.5 This regulation should be regularly reviewed by the company and onboard senior 

management team as part of the SMS system.  Risk analysis should be 
emphasized, and any risk analysis and sub-analyses performed should be available 
to course participants during training. 

 
.6 If the shipís own crew will be performing technical maintenance of gas 

equipment, the training for this type of work should be documented. 
 

.7 The master and the chief engineer officer should give the basic safety crew on board 
their final clearance prior to the entry into service of the ship.  The clearance 
document should only apply to gas-related training, and it should be signed by 
both the master/chief engineer officer and the course participant.  The clearance 
document for gas-related training may be integrated in the shipís general training 
programme, but it should be clearly evident what is regarded as gas-related 
training and what is regarded as other training. 

 
.8 The training requirements related to the gas system should be evaluated in the 

same manner as other training requirements on board at least once a year.  The 
training plan should be evaluated at regular intervals. 

 
8.3 Maintenance 
 
8.3.1 A special maintenance manual should be prepared for the gas supply system on board. 
 
8.3.2 The manual should include maintenance procedures for all technical gas-related 
installations, and should comply with the recommendations of the suppliers of the equipment.  
The intervals for, and the extent of, the replacement/approval of gas valves should be established.  
The maintenance procedure should specify who is qualified to carry out maintenance. 
 
8.3.3 A special maintenance manual should be prepared for electrical equipment that is 
installed in explosion hazardous spaces and areas.  The inspection and maintenance of electrical 
installations in explosion hazardous spaces should be performed in accordance with a recognized 
standard.18 
 
8.3.4 Any personnel that should carry out inspections and maintenance of electrical installations 
in explosion hazardous spaces should be qualified pursuant to IEC 60079-17, item 4.2. 
 
 

*** 

                                                 
18  Refer to IEC 60079-17:2007 Explosive atmospheres ñ Part 17: Electrical installations inspection and maintenance. 
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Regulation of 17 June 2002 No. 644 concerning  
cargo ships with natural gas fuelled  

internal combustion engines 
Laid down by the Norwegian Maritime Directorate on 17 June 2002 pursuant to the Act of 9 June 1903 No. 7 relating 
to Public Control of the Seaworthiness of Ships, etc. Legal basis amended to Act of 16 February 2007 No. 9 relating to 
Ship Safety and Security (the Ship Safety and Security Act) sections 2, 6, 9, 11, 16, 21, 22, 30 and 43, cf. Formal 
Delegation of 16 February 2007 No. 171 and Formal Delegation of 31 May 2007 No. 590 by the Ministry of Trade and 
Industry. Amended 29 June 2007 No. 1006 (i.a. legal basis). 

Chapter 1 
General provisions 

§ 1 
Scope of application 

(1)  This Regulation applies to the following Norwegian cargo ships: 
a)  cargo ships with an internal combustion engine installation fuelled by liquefied natural gas (LNG); 
b)  cargo ships with a gas plant in which the pressure does not exceed 10 bars and arrangement for dual fuel or 

gas-only operation; and 
c)  cargo ships in which the principle of ESD-protected gas engine-rooms is applied. 

(2)  The Regulation may, insofar as it is appropriate and for matters not regulated by any international body of rules, 
also be made applicable to LNG carriers where the cargo is used as bunker fuel. 
Amended by Regulation of 29 June 2007 No. 1006 (in force on 1 July 2007). 

§ 2 
Relation to classification society rules 

(1)  Matters which are not regulated herein shall comply with the rules contained in the DNV publication Gas 
fuelled engine installations of January 2001, with July 2002 amendments, or the equivalent rules of any other 
recognized classification society upon the approval of the Norwegian Maritime Directorate. 

(2)  Where this Regulation is applied to LNG carriers in accordance with § 1 second paragraph, the rules of the 
classification society shall apply correspondingly. 

§ 3 
Relations with bodies etc. concerned 

Matters which concern bodies or authorities etc. outside the area of responsibility of the maritime administration 
shall not be submitted to the Norwegian Maritime Directorate, but to the body concerned for consideration and, where 
appropriate, approval in accordance with the requirements of that body. 

§ 10 
Arrangement 

(1)  For the arrangement of spaces, accesses, etc., the following shall apply: 
a)  A gas machinery space shall under normal conditions not be considered to be gas dangerous unless there is 

gas leakage, in which case the space shall be considered to be a gas-dangerous space. 
b)  Tank spaces shall be so secured that access will not be possible during normal operation. 

(2)  Gas supply to internal combustion engines shall be protected against mechanical damage. 
(3)  There shall be a separate earth cable between the tank wagon or tank ashore and the bunkering station on board 

whenever flammable gas or liquid is transferred. Additionally, the bunkering system shall meet any requirements laid 
down by the shore plant and the competent authority. 

(4)  The bunkering station shall be located on the open deck and be physically shielded from accommodation, 
cargo/working deck and control stations. Connections and piping shall be so positioned and arranged that any damage 
to   the   gas   piping   does   not   cause   damage   to   the   vessel’s   gas   storage   tank   arrangement   leading   to   uncontrolled   gas  
discharge. 

(5)  The following ventilation requirements shall apply: 
a)  Combustion air to engines shall be supplied in a separate system from an open-air gas-safe area. Where 

this is not possible, air ducts shall be provided with dampers which close automatically when gas is drawn 
into the system. 

b)  Where generators in gas machinery spaces are air cooled they shall be arranged with overpressure 
ventilation from a gas-safe area. 

c)  Every valve installation space shall be provided with separate ventilation with the same number of air 
exchanges as tank spaces. 

(6)  The following structural fire safety requirements shall apply: 
a) Bulkheads and decks surrounding gas storage tank spaces and associated ventilation ducts shall have an A-

60 fire integrity, unless bounded by tanks with substances that are neither combustible nor dangerous. 
(7) Gas machinery spaces shall be provided with an appropriate fixed water-based fire-extin-guishing system. 
(8) The following strength requirements shall apply: 

a) Gas storage tanks, generators and other heavy components of the gas-fuel system shall have such 
foundations as to withstand a longitudinal retardation of 2g. Other critical components of the gas and 
control system shall be dimensioned and constructed to withstand the same load. 

b) Gas storage tanks shall be so arranged that they do not float free in the event of flooding of water into the 
tank space. 

c) Gas storage tanks which are fitted in or below an area for cargo-handling operations shall be protected by a 
structure dimensioned to reduce the risk of damage to the storage tank. 

Chapter 4 
Operational and training requirements 

§ 11 
Operational conditions 

(1) Procedures  shall  be  developed  to  take  care  of  the  safety  aspects  of  the  vessel’s  ordinary  operation,  for  instance  
during navigation, in ports, at bases, oil installations, oil fields, and repair yards. 

(2) Operations which may involve a risk of ignition or damage to the bunkering system shall not be performed on 
deck or in the area surrounding the bunkering station simultaneously with a gas bunkering operation. Operational 
aspects of the machinery and gas-dangerous spaces and areas shall be specially considered. The gas storage tank 
involved shall be shut off from the machinery system during a gas bunkering operation. 

§ 12 
Training 

(1) The whole operational crew of a gas-fuelled cargo ship shall have necessary training in gas-related safety, 
operation and maintenance prior to the commencement of work on board. 

(2) Additionally, crew members with a direct responsibility for the operation of gas-related equipment on board 
shall receive special training. The company shall document that the personnel have acquired the necessary knowledge 
and that this knowledge is maintained at all times. 

(3) Gas-related emergency exercises shall be conducted at regular intervals. Safety and response systems for the 
handling of defined hazards and accidents shall be reviewed and tested. 

(4) A training manual shall be developed and a training programme and exercises shall be specially designed for 
each individual vessel and its gas installations. 

Chapter 5 
Concluding provisions 

§ 13 
Entry into force 

This Regulation enters into force on 1 July 2002 for new ships and existing ships that are converted for gas-fuelled 
operation after the entry into force. 
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Regulation of 9 September 2005 No. 1218 concerning the construction 
and operation of gas-fuelled passenger ships 

Laid down by the Norwegian Maritime Directorate on 9 September 2005 pursuant to the Act of 9 June 1903 No. 7 
relating to Public Control of the Seaworthiness of Ships, etc. Legal basis amended to Act of 16 February 2007 No. 9 
relating to Ship Safety and Security (the Ship Safety and Security Act) sections 2, 7, 8, 9, 11, 16, 21, 22 and 47, cf. 
Royal Decree of 16 February 2007 No. 171 and Formal Delegation of 31 May 2007 No. 590, and Act of 17 December 
2004 No. 101 on European notification of technical rules (the EEA Hearing Act). Cf. the EEA Agreement, Annex II, 
Chapter XIX paragraph 1 (Directive 98/34/EC as amended by Directive 98/48/EC). Amended 29 June 2007 No. 1006 
(i.a. legal basis). 
 

Chapter 1 
General provisions 

§ 1 
Scope of application 

(1) This Regulation and its appendices apply to Norwegian-registered, gas-fuelled passenger ships built on the date 
of or after the entry into force of this Regulation, and pursuant to:  

a) Regulation of 15 September 1992 No. 695 concerning the construction of passenger ships, cargo ships and 
barges; or 

b) Regulations of 28 March 2000 No. 305 concerning surveys, construction and equipment of passenger ships 
engaged on domestic voyages; or 

c) Regulations of 5 January 1998 No. 6 concerning the construction, equipment and operation of high-speed 
craft used as passenger craft or cargo craft. 

(2) This Regulation also applies to ships that are converted to gas-fuelled passenger ships. 
(3) For gas-related matters that are not regulated in this Regulation, the following shall apply: 

a) Classified ships shall comply with the DNV rules currently in force for gas-fuelled engine installations or the 
equivalent rules of another recognized classification society. 

b) Unclassified ships shall comply with the DNV rules currently in force for gas-fuelled engine installations. 
Amended by regulation of 29 June 2007 No. 1006 (in force on 1 July 2007). 

§ 2 
Definitions 

For the purposes of this Regulation, the following definitions shall apply: 
(1) Accepted: Equipment accepted by the Norwegian Maritime Directorate on the basis of approval or type 

approval by: 
a) a recognized classification society; 
b) another public or private institution; 
c) another public/private institution specified by name; or 
d) the administration of a country that has ratified the SOLAS Convention. 

(2) Recognized classification society: A classification society with which the Ministry has entered into an 
agreement pursuant to section 41 of the Ship Safety and Security Act: 

a) Det Norske Veritas (DNV) 
b) Lloyd's Register of Shipping (LRS) 
c) Bureau Veritas (BV) 
d) Germanischer Lloyd (GL) 
e) American Bureau of Shipping (ABS) 

(3) Built: 
a) the ship is at a stage of construction where the keel is laid; or 
b) the construction of a specific ship can be established as having commenced; or 
c) the parts of the ship that have been put together comprise at least 50 tons or constitute 1% of the calculated 

weight of the building material, whichever is less. 
(4) Semi-confined space: An area where the natural ventilation conditions are notably different from the conditions 

on open decks due to the arrangement of structures such as decks, flooring, windbreaks or bulkheads so that gas can 
accumulate. 

§ 24 
Bunkering stations 

(1) The   bunkering   station’s   connections   and   valve   arrangements   shall   be   tested   pursuant   to   the   supplier’s  
procedures upon filling of liquid nitrogen at liquid gas facilities. 

(2) Leak tests shall be performed at actual temperatures, and the overfilling protection, emergency shutoff valves in 
the event of interrupted filling, emptying of bunker tanks and purging of gas shall be tested. 

(3) It shall be verified whether the equalization connection between the bunker supplier and the bunkering 
station/storage tanks complies with the regulations currently in force issued by the DSB. 

§ 25 
Ventilation 

(1) The requirements for the testing and control of ventilation apply to all explosion hazardous spaces. 
(2) The design of the ventilation system shall be tested so that gas pockets do not form. 
(3) The ventilation capacity shall be measured and controlled. 
(4) The   ventilation   system’s interlocking functions in relation to the engine systems and engine rooms shall be 

tested. 

§ 26 
Gas detection system 

(1) The gas detection system shall be tested by exposing each individual detector to calibration gas, and by 
verifying that data has been registered on the right channel and with the right concentration level. 

§ 27 
Electrical systems 

Thermophotography may be required if the Norwegian Maritime Directorate or the DSB considers it to be necessary. 
This shall be considered prior to the entry into service. 

Chapter 4 
Training 

§ 28 
Training 

(1) The training described in this Section comes in addition to other training that is required in order to serve on 
board passenger ships. 

(2) The training shall comply with the guidance currently in force prepared by the Norwegian Maritime Directorate. 
(3) All crew members constituting the minimum safe manning on a gas-fuelled passenger ship shall have completed 

the general basic training, Category A, for gas-related safety, operation and maintenance, before assuming duties on 
board. 

(4) The part of the crew that are directly responsible for the operation of gas-related equipment on board shall also 
receive special training, deck officers, Category B, and engineer officers, Category C. 

(5) The training plan/curriculum shall include all three categories (A, B and C), and shall be approved by the 
Norwegian Maritime Directorate. 

(6) Documentation of completed training shall be kept on board. 
(7) Crew members who have been away from the ship for a continuous period of more than six months shall 

complete a specially arranged internal refresher course before they assume duties on board. Documentation of 
completed internal courses shall be kept on board. 
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4. PERMIT FOR HOT AND COLD WORK IN EXPLOSION HAZARDOUS SPACES AND AREAS 
 
Ship’s  name  and  call  signal  __________________________________________________ 
Company/management company  __________________________________________________ 
Shipyard/place where the work shall be performed _____________________________________ 

 
Permit applies to hot/cold (delete as appropriate) work in the following space/area: ____________________________  
____________________________________________________________________________ 

 __________________________________________________________________________________________  
This permit for hot/cold work requires the following documents to be provided and signed:  
 
Check box 
 
a) Checklist for purging of gas 
b) Gas measurement results (shall not exceed 1% of the LEL) 
c) Checklist for equipment and emergency preparedness 
 
NOTE: If this permit is issued without the bunker tanks and associated gas piping systems having been emptied 
and purged of gas, the validity of this permit shall be restricted to the time available before the opening 
pressure  is  reached  for  the  bunker  tanks’  safety  valves. 
 
Safety valve opening pressure: _____ Time available _____  
Permit is valid for:__________ hours from date __________ time __________ 
 
Comments: 
 ______________________________________________________________________________________________ 

 ________________  
 ______________________________________________________________________________________________ 
 ______________________________________________________________________________________________  

Place/date 
___________________ 

Master 
___________________ 

Chief engineer officer 
___________________ 

 
 
When  the  purging  of  gas  is  performed  at  a  shipyard,  the  shipyard’s  operations/safety  manager  shall  be  familiar  with  
and sign this permit. 
 

Place/date 
___________________ 

Shipyard’s  manager 
___________________ 

 
 

GUIDELINES 

Training of crews on gas-fuelled passenger ships 
Gas-related training 

1. Training in general 
 The training on gas-fuelled passenger ships is divided into the following categories: 

Category A:  Basic training for crew members constituting the minimum safe manning 
Category B:  Supplementary training for deck officers 
Category C:  Supplementary training for engineer officers 

2. Category A 
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The goal of the Category A training is to provide crew members constituting the minimum safe manning with 
a basic understanding of the gas in question as a fuel, the technical properties of liquid and compressed gas, 
explosion limits, ignition sources, risk reducing and consequence reducing measures, and the rules and 
procedures that must be followed during normal operation and in emergency situations. 

The general basic training required for the basic safety crew is based on the assumption that the crew does not 
have any prior knowledge of gas, gas engines and gas systems.  

The instructors should include one or more of the suppliers of the technical gas equipment or gas systems, 
alternatively other specialists with in-depth knowledge of the gas in question and the technical gas systems that 
are installed on board. 

The training shall consist of both theoretical and practical exercises that involve gas and the relevant systems, 
as well as personal protection while handling liquid and compressed gas.  

Practical extinguishing of gas fires shall form part of the training, and shall take place at an approved safety 
centre. 

3. Categories B and C 
Deck and engineer officers shall have gas training beyond the general basic training. Category B and Category 

C training shall be divided technically between deck and engineer officers.  The  company’s  training  manager  and  
the master shall determine what comes under deck operations and what comes under engineering. This must 
appear from the curriculum, which shall be approved by the Norwegian Maritime Directorate, as mentioned in § 
28 of this Regulation. 

Those ordinary crew members who are to participate in the actual bunkering work, as well as gas purging, or 
are to perform work on gas engines or gas installations, etc., shall participate in all or parts of the training for 
Category B/C.  

The company and the master are responsible for arranging such training based on an evaluation of the 
concerned  crew  member’s  job  instructions  /  area  of  responsibility  on  board. 

The instructors used for such supplementary training should be the same as outlined for Category A. 
All gas-related   systems   on   board   shall   be   reviewed.   The   ship’s   maintenance   manual,   gas   supply   system  

manual and manual for electrical equipment in explosion hazardous spaces and zones, as mentioned in § 29 of 
this Regulation, shall be used as a basis for this part of the training. 

This Regulation and Appendices 1 and 2 shall be reviewed. Appendix 1 concerning risk analysis shall be 
emphasized, and the risk analysis and sub-analyses shall be available to course participants during training. 

If the ship's own crew will be performing technical maintenance of gas equipment, the training for this type of 
work shall be documented. 

The master and the chief engineer officer shall give crew members constituting the minimum safe manning on 
board their final clearance prior to the entry into service of the ship. The clearance document shall only apply to 
gas-related training, and it must be signed by both the master/chief engineer officer and the course participant.  

The clearance document for gas-related training may be integrated in the ship's general training programme, 
but it must be clearly evident what is regarded as gas-related training and what is regarded as other training. 

The training requirements related to the gas system shall be evaluated in the same manner as other training 
requirements on board at least once a year. The training plan shall be evaluated at regular intervals. 
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A P P E N D I X  E  

E x a m p l e  o f  a  t r a i n i n g  s c h e m e ,  p r o v i d e d  b y  o n e  o f  t h e  r e s p o n d e n t s  i n  t h e  
q u e s t i o n n a i r e  

Q 9 .   D e s c r i b e  t h e  e l e m e n t s  o f  a  t y p i c a l  t r a i n i n g  s c h e m e  f o r  O f f i c e r s  a n d  
C r e w  o n  y o u r  g a s - f u e l l e d  v e s s e l s  
T h e  t r a i n i n g  i s  d i v i d e d  i n  t w o  l e v e l s ,  b a s i c  a n d  d e p t h .  
B a s i c  c o u r s e  c o n s i s t s  o f f :  
-  R e v i e w  o f  a l l  p r e s e n t a t i o n s  i n  t h e  t r a i n i n g  c o u r s e  
-  R e v i e w  o f  p i c t u r e - m a t e r i a l  
-  T o u r  a r o u n d  t h e  v e s s e l  
D e p t h  c o u r s e  c o n s i s t s  o f f :  
-  R e v i e w  o f  a l l  p r e s e n t a t i o n s  i n  t h e  t r a i n i n g  c o u r s e  
-  R e v i e w  o f  d r a w i n g s  
-  R e v i e w  o f  A G A  m a n u a l  
-  T h o r o u g h  i n t r o d u c t i o n  i n  t h e  o p e r a t i o n  o f  t h e  g a s - s y s t e m  v i a  
c o m p u t e r  s c r e e n s  
-  T o u r  a r o u n d  t h e  v e s s e l  
 
T h e  t r a i n i n g  t o  b e  d o c u m e n t e d .  
 
T h e  t o u r  a r o u n d  t h e  v e s s e l  s h a l l  a t  l e a s t  c o v e r ;  
 
-  P P E ,  p l a c e d  a n d  p r o p e r  u s e  
-  L N G  b u n k e r i n g - s t a t i o n  i n  s t b d  c a r g o  r a i l  
-  E m e r g e n c y  s t o p s  a n d  w a r n i n g  e q u i p m e n t ,  a l a r m s  
-  E x p l o s i o n  h a t c h e s  i n  v e n t i l a t i o n  d u c t s  
-  R e i n f o r c e d  a r e a  i  t h e  c a r g o - d e c k  
-  H a t c h e s  f o r  v e n t i l a t i o n - d u c t s  t o  t h e  a c c o m m o d a t i o n  a r e a  
-  E l e c t r i c  c o m p o n e n t  o n  d e c k  a n d  i n  c a r g o  r a i l  w h i c h  s h a l l  b e  s h u t  
 d o w n  b e f o r e  s t a r t  o f  b u n k e r i n g  
-  V e n t i l a t i o n  o u t l e t s  f r o m  g a s  d a n g e r o u s  z o n e s  
-  E s c a p e  r o u t e s  f r o m  g e n e r a t o r -  a n d  e n g i n e  r o o m s  
-  A c c e s s  t o  “ C o l d  b o x ” / g a s  t a n k .  S t u d y  c h e c k l i s t  f o r  a c c e s s  t o  
 t h e s e  a r e a s  
-  V a l v e  r o o m  w i t h  g a s - r a m p s ,  g a s  d e t e c t i o n  s y s t e m  
-  G e n e r a t o r  r o o m  w i t h  g a s  p i p e s  a n d  g a s  d e t e c t i o n  e q u i p m e n t  
-  F o a m  f i r e  e x t i n g u i s h i n g  s y s t e m  i n  g e n e r a t o r  r o o m  
-  E n g i n e  c o n t r o l  r o o m  w i t h  m o n i t o r  p i c t u r e s  o f  t h e  g a s  s y s t e m  
-  D o c u m e n t a t i o n  a n d  d r a w i n g  a r c h i v e  
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A P P E N D I X  F  

E t h i c s :  c o p y  o f  t h e  d o c u m e n t  “ I n f o r m e d  C o n s e n t ”  s e n t  t o  t h e  r e s p o n d e n t s .  
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INFORMED CONSENT 
 
Description of the study 
This study is a thesis for obtaining a degree on Master of Sciences in 
Maritime Management at Chalmers University of Technology, Sweden. 
It is a case study about how Norway dealt with the training of officers and 
crew when Norwegian vessels started to use liquefied natural gas (LNG) 
instead of heavy oils as fuel. The purpose is to study what new training needs 
emerged, and what training was developed to meet those needs. As Norway 
had a pioneer role in this subject, the purpose is also to explore what can be 
learned from the Norwegian experience. 
 
Conditions for participation 
Data will be collected about training needs and training solutions, from 
documents and interviews, and analysed for the purposes stated above. Your 
participation in this study, by providing data in the form of documents and/or 
interviews, is voluntary.  
This case study will result in a report that will be published and made 
available to the public by December 2013. You will be offered to read the 
result section prior to its publication if you indicate you wish to do so. You 
may withdraw your participation in this study any time prior to its publication, 
without having to give any reasons. In this event, all data you provided will be 
removed from the study and destroyed with immediate effect.  
 
Confidentiality 
The researcher’s interest is on the training needs, the solutions created to meet 
those needs, and in lessons learned. The data you provided will be separated 
from your identity and that of your company. 
Questions or comments may be sent to the researcher: 
Name:  Ana Paula Rodrigues  
E-mails: anaprodrigues@hotmail.com; anar@student.chalmers.se  
 
Informed consent 
The participant is kindly requested to read and sign the form below, and send 
it to the researcher by return e-mail. 
 
 
Participant’s consent 
I have been informed about the purposes of this case study, the conditions for 
participation and confidentiality, and that the resulting report will be 
published.  
I, __________________________________________________ (texted name) 

participate voluntarily in this study. 

Please indicate: 

� I want to read to read the result section prior to its publication. 

� I do not want to read the result section prior to its publication. 

Date: ___________  Signature: _________________________________ 

 


