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Development of Marine Fuel 
Standards
R. F. Thomas, C E n g , F IM a rE

C h a irm an , British S tan d a rd s  M arin e  F uel S tan d a rd s  S ub-com m ittee

SY N O P SIS

The Chairman o f  the BS Marine Fuel Standards Sub-Committee describes the progress to date on the draft 
standards. The Committee, which consists o f  representatives from  the British shipowners, diesel engine and 
boiler manufacturers, and international fuel oil suppliers, has been working fo r  the past two years on fuel 
standards fo r  merchant ships. The author explains why standards are essential, discusses the philosophy behind 
the proposals and describes the standards in detail, highlighting the implications fo r  the future.

HISTORICAL BACKGROUND
T here  c a n n o t be  m an y  o th e r  co m m odities, w hich  have been 

m ark e ted  in  such large  q u an titie s , fo r  so long, w ith o u t an y  quality  
co n tro ls  th a t  a re  recogn isab le  by th e  custom er.

T h e  reaso n  fo r  th is  is fa irly  obv ious w hen  one  rem em bers how  
th e  use  o f  residual fuel first evolved in  m arin e  diesel engines. In  
D ecem ber 1947 a  full acco u n t o f  a n  en d eav o u r to  b u m  n o rm al 
g rades o f  bo iler fuel, n am ely  residual fuel, w as given befo re  th is 
In s t i tu te 1. T h is acco u n t w as fo llow ed by o th ers  in  th e  next few 
y e a r s 2, 3’ 4. Sh ipow ners w ere anx ious to  ch ange existing vessels 
to  b u rn in g  residual oil an d  sim ilarly  insis ten t in o rd erin g  new 
to n n ag e  cap ab le  o f  b u rn in g  such fuels. T h ere  w as little  tim e o r 
indeed  little  need  to  w o rry  a b o u t a  fuel specification  since, w ith  the  
po ss ib le  excep tion  o f  th e  A m ericas, th e  availab le  fuel o il w as o f  a  
fa irly  co nsisten t q u a lity  an d  gave few p rob lem s.

In  the  1930s a n d  1940s n u m ero u s a ttem p ts  w ere m ad e  to  specify 
th e  v ario u s quality  lim its fo r  d istilla te  fuels in tended  fo r  use in 
diesel engines o f d ifferent ty p es fo r a ll k inds o f  ap p lica tions. E ven 
a t  th a t  tim e  experience h ad  show n th a t  on ly  by se tting  very w ide 
lim its cou ld  a  specification  ho p e  to  m eet accep tance. N arro w  
lim its inev itab ly  im ply th e  restric tio n  to  one sou rce  on ly , a n d  th e  
heav ier th e  fuel the  w ider m u st th e  to lerances be if th e re  is to  be 
an y  cho ice  left betw een  one c ru d e  an d  an o th er.

I t  w as consid ered 5 th a t restric tive specifications a re  n o t necess­
arily  w rong . T h e  p a rticu la r  fue l on  w hich  a n  eng ine w as developed 
m ay  su it it so  well th a t th e  user m ay  be p rep a red  to  pay  a  special 
p rice fo r it. B u t th is is an  ab n o rm a l case a n d  it c a n n o t be to o  
stro n g ly  em phasised  th a t, if  th e re  sh o u ld  be a  genera l insistence on 
special specifications, users w ould  be ad o p tin g  a  po licy  w hich cou ld  
on ly  lead  to  sh o rtag e  o f  supplies, a n d  a n  increase in p rice  o u t o f  
p ro p o rtio n  to  an y th in g  th a t  is likely to  be gained .

F igs. 1 a n d  2 6 show  th e  ga in  in p o p u la rity  o f  th e  diesel pow ered  
sh ip  o n  a  w orld  basis. T h is g row th  has n o t been a t a  un ifo rm  ra te  in 
v ario u s cou n tries  an d  Table I 6 show s th e  s itu a tio n  in th e  p as t 
decad e  fo r  selected countries.

In  1976, th e  T echnical R esearch  Policy C om m ittee  o f  the  G enera l 
C ounc il o f  B ritish  S h ipp ing  u n d e rto o k  a  review o f  th e  p ro b lem s 
asso c ia ted  w ith  fuel in  sh ips o f  th e  B ritish  m erch an t fleet. T h is was 
rep o rted  to  a  conference o f  th is  In stitu te  in 1979 7. W hile  evo lu tion  
has tak en  p lace  in  vessels’ p ro p u ls io n  system s, developm ents have 
a lso  occu rred  in  oil refining. A ll these changes have m ateria lised  
because o f  th e  req u irem en t to  balance  th e  refinery p ro d u c t barre l 
w ith  th a t  o f  th e  consum er.

S im ilarly , th e re  have been  a  series o f  c o n tin u o u s  developm ents 
o n  th e  p a r t  o f  th e  diesel engine designer. In te r  a lia , advances have 
been m ad e  w ith  m ed iu m  speed, tru n k  p is to n  ty p e  engines. T he 
earliest reco rd  fo u n d  show ed  th a t  residual fuel w as used  in  th e  
m ed iu m  speed engines o f  Princess o f  Vancouver w hich was 
launched  in  1955. S ince then , progressively  sm aller cy lin d er bo re  
sizes a n d  h igher speed engines have u tilised  residual fuel. T here  
h as been a  significant increase in  p o w er p e r  cy linder fo r b o th  
m ed ium  an d  slow  speed engines.

4 0 0 -

3 0 0 -

200 -

100 -

M otorsh ip

Steamship

1950 1955 1960 1965 1970 1975 1980
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FIG 2 R elationsh ip  b e tw ee n  m o to r and steam ships in te rm s  
o f num bers ( fo r  vessels over 100 to n s  gross)

INTRODUCTION
F o r  th e  m a jo rity  o f  sh ipow ners, b u n k e rs  acco u n t fo r  a  sign ifican t 

p a r t  o f  th e  vessel’s o p e ra tin g  cost. T h e  exact p ro p o rtio n  d epends 
u p o n  the  ty p e  an d  size o f  vessel, a n d  th e  tra d e  in  w hich  it is em ­
p loyed . I t h as  lo n g  been  recognised  th a t  th e  p ro p u ls io n  m ach in ery  
fo r  la rge  ocean  go ing  vessels shou ld  be  cap ab le  o f  o p e ra tin g  on  
residual-o il based  fuels. T h is is fu n d am en ta lly  a  q u es tio n  o f  
econom ics because  o f  th e  cost d ifference betw een  m a rin e  diesel o r 
d istilla te  fuels a n d  m arin e  fuel oil. T h e  c o m m itm en t o f  th e  m arin e  
in d u stry  to  th e  use o f  heavy fuel is now  such  th a t it  is ex trem ely  
unlikely  th a t  ad e q u a te  a m o u n ts  o f  d istilla te  w ou ld  be availab le  to
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Tab le  I. P ercen tag e o f diesel po w ered ships and num ber o f 
ships in various gross to n n ag e  groups.

Flag Year

G RO SS T O N N A G E  G R O U PS

1000 -19999 20000-99999 100000- OVER

“ W orld” 1970
1975
1980

77%  
89%  
93 %

15882
19802
23735

54%
64%
79%

1226
2035
2895

3%  3 
8%  44 
8%  58

UK 1970 80% 1451 34% 81 0% 0
1975 90% 1344 55% 147 0% 0
1980 93% 1072 72% 157 0% 0

USA 1970 11% 219 2 °/ 1 0% 0
1975 20% 202 8% 11 0% 0
1980 26% 247 14% 29 0% 0

Norway 1970 98% 914 87% 238 25% 7
1975 99",, 635 92% 264 24% 16
1980 99% 427 96 % 193 23 % 16

en ab le  any  significant reversion  o f  the  w o rld 's  m e rc h a n t fleet back  
to  d istilla te  fuel.

I t  h as  been  estim ated  th a t  th e  w o rld ’s m erch an t fleet consum es 
som e 150 m illion  to n n e s  o f  m a rin e  fuel o il p e r y ea r . O f  th is  to ta l 
som e 80 p e r cen t is residual fuel, as d istinc t f ro m  d istilla tes w hich 
a re  used  in sm aller c ra f t an d  au x ilia ry  engines.

F u e l fo r  th e  m a rin e  m a rk e t, w ith  th e  excep tio n  o f  d istilla tes , is a t 
p resen t o rd e re d  by  v iscosity . T h is  p ro ced u re  does n o t define th e  
o th e r  m o re  im p o rta n t ch arac te ris tics  o f  th e  fuel. A s lo n g  as v iscosity  
rem ains th e  so le c rite rio n  fo r  o rd e rin g  m a rin e  fuels, sh ipow ners 
rem a in  un aw are  o f  these o th e r  charac te ris tics . S im ilarly , the  
designers o f  th e  m ach in e ry  a n d  fuel system s a re  n o t a lw ays su itab ly  
in fo rm ed  o f  th e  fuel ch arac te ris tics  to  w hich  they  sh o u ld  be 
designing .

M a jo r  o il su p p lie rs  have tra d itio n a lly  p ro d u ced  m arin e  fuel oil 
to  th e ir  ow n  in te rn a l m a n u fa c tu rin g  s ta n d a rd s . H ow ever, a t  p resen t, 
m arin e  fuels a re  n o t  covered  by an y  in te rn a tio n a lly  ag reed  speci­
fications. T h is  is so m ew h at su rp ris in g , b earin g  in  m ind  
th a t  th is  is a  co m m o d ity  fo r  w hich  sh ip o w n ers cu rre n tly  p ay  a ro u n d  
U S $35000 M  p e r y ea r.

In  1978, th e  G en era l C ounc il o f  British S h ipp ing  in itia ted  th e  
se ttin g  u p  o f  a  W o rk in g  G ro u p  to  co n sid er th e  d evelopm en t o f  a  
s ta n d a rd ised  specification  fo r  m a rin e  fuels. D u rin g  th e  fo rm a tio n  
o f  th is G ro u p  it w as qu ick ly  rea lised  th a t, to  be m ean ing fu l, it was 
essential th a t  a ll in terests o f  th e  m arin e  in d u stry  w ere represen ted . 
T h is  G ro u p  is n o w  k n o w n  as th e  B ritish  S ta n d a rd s  M arine  F uel 
S ta n d a rd s  S u b -C om m ittee .

A t p re sen t, th e  G ro u p  com prises rep re sen ta tives o f  the  in te r­
n a tio n a l oil su pp liers , eng ine bu ilders, an d  B ritish  sh ipow ners. 
T h e  ob jec tive  o f  th e  G ro u p  is to  d ra ft a  m a rin e  fuel specification  
fo r  co n s id e ra tio n  bv th e  In te rn a tio n a l S tan d a rd s  O rg an isa tio n  
(ISO ).

In  Ja n u a ry  1980, th e  B ritish  S ta n d a rd s  In s titu tio n  m a d e  o fo rm al 
p ro p o sa l to  T ech n ica l C o m m ittee  28 -  P e tro le u m  P ro d u c ts  an d  
L u b rican ts  o f  ISO , th a t  a n  in te rn a tio n a l s ta n d a rd  fo r  m arin e  fuel 
sh o u ld  be p rep a red . T h is p ro p o sa l fo r  new  w o rk  w as accep ted  by 
th e  1SO /TC 28 m ee tin g  held  in  O tta w a  in  Ju n e  1980, an d  a  w ork ing  
g ro u p  w as set up  u n d e r  U K  co nvenorsh ip .

By th e  m id d le  o f  1980 th e  G ro u p  consid ered  th a t  basic  ag reem en t 
had  been reach ed , a n d  th a t  a  p ro p o sa l w as sufficiently ad v an ced  
fo r  it to  be su b m itted  to  th e  first m ee tin g  o f  th e  IS O  W o rk in g  
G ro u p  o n  th e  sub jec t o f  m a rin e  fuel specifications. T h is  ISO  
W o rk in g  G ro u p  is d esignated  IS O /T C 2 8 /S C 4 /W G 6  -  M arin e  Fuels.

PRIORITIES OF THE SHIPOW NER, 
ENGINE BUILDER AND OIL SUPPLIER

In  th e  ideal w orld  th e  sh ip o w n er w an ts  th e  m ax im u m  quality  
c o n tro l a t  th e  m in im u m  p rice : in  fac t, tw o  d iam etrica lly  opp o sed  
req u irem en ts . A lso , th o se  sh ipow ners w ho  tra d e  w orld  w ide need 
to  hav e  reaso n a b ly  assu red  access to  fuel oil o f  som e defined quality . 
F u rth e r , in c o n cu rrin g  to  an y  specifications, sh ip o w n ers a re  m in d fu l 
o f  th e ir  ex isting  in sta lla tio n s , as well a s  th o se  w hich  they  will 
o rd e r  in  th e  fu tu re .

T h e  rea l p rio rity  o f  th e  eng ine  bu ilders is to  m a tch  th a t  o f  
th e ir  cus to m er, nam ely  th e  sh ip o w n er, a n d  co nsequen tly  realise

th a t  th e ir  engines m u st b u rn  resid u a l fuels in  o rd e r  to  co m p ete  in 
th e  m arin e  m ark e t. U sually  th is  is sy n o n y m o u s w ith  fuel hav ing  
a  w idely v ary in g  q u a lity  an d  b ro ad ly  sim ilar to  th e  p ro d u c t used 
fo r  s team -ra ising  p lan t.

T he m a jo r  oil supp liers recognise th e  use o f  resid u a l fue ls in 
m arin e  diesel engines, an d  th a t  th e re  is a n  ob lig a tio n  fo r  th e m  to  
regu la te  th e  q u a lity  o f  th e  fuel so th a t it  c an  be used  econom ically  
an d  safely. In  th e o ry , th is m igh t n o t so und  so  difficult to  ach ieve 
b u t, in p rac tice , th e re  is a  w ide d ivergence o f  o p in io n  fro m  differen t 
eng ine bu ilders o n  th e  fuel quality  lim ita tio n s th a t  sh o u ld  ap p ly  fo r  
th e ir  ow n  engines. E q u a lly , th e re  is w ide d ivergence in  th e  design 
o f  o n b o a rd  fuel h an d lin g  system s. T h e  inev itab le  qu estio n , th e re ­
fo re , is w h e th er th e  sh ip  sh o u ld  be designed  fo r  th e  fuel, o r  th e  fuel 
fo r  th e  sh ip . U sually , th e  an sw er lies som ew here  in betw een  these 
tw o  extrem es. T h e  m a jo r  p ro b lem  fac ing  th e  b u n k e r su p p lie r 
to d ay  is th e  im p ac t o f  seco n d ary  co n v ersio n  processes. T hese 
processes a re  a n  increasing ly  essen tia l req u irem en t if refiners a re  
to  co n tin u e  to  m eet th e  dem an d . T h e  m a in  p r io rity  o f  th e  oil 
refinery  is to  m a in ta in  flexibility o f  th e  refinery  p ro d u c t b arre l 
ag a in s t th e  co n su m er needs. H ence , th e  rea l p ro b lem  fo r  th e  
su p p lie r is to  w eigh the  req u irem en ts  o f  th e  refiner ag a in s t the  
techn ica l lim ita tio n s o f  th e  p a r tic u la r  ap p lica tio n .

ASPECTS OF A SPECIFICATION
T h e  w o rk  ca rried  o u t by th e  G ro u p  has been  co n cern ed  w ith  the  

d evelopm en t o f  a  series o f  m arin e  in d u stry  specifications fo r differen t 
g rades o f  m arin e  fuel o il, w hich  define th e  m ax im u m  o r m in im um  
p erm issib le  values o f  th e  fuel q u a lity  c rite ria . In  p rac tice , th e  fuels 
su p p lied  will freq u en tly  have  m an y  q u a lity  p o in ts  below  th e  
m ax im u m  a n d  ab o v e  th e  m in im um .

It is consid ered  essen tia l th a t  a  specification  sh o u ld  be R E A S O N ­
A B L E , U S E F U L  a n d  E C O N O M IC .

F o r  exam ple, it w ould  n o t be  reaso n a b le  to  include req u irem en ts  
fo r  w hich  th ere  w as n o  techn ica l im p o rtan c e , o r  w hich  d em an d ed  
closer p rec ision  th a n  is n o rm ally  possib le  in co m m erc ia l testing .

T h e  specification  o f  a  p a r tic u la r  p a ra m e te r  m u st serve som e 
o bv ious p u rp o se  an d  c o n tr ib u te  to  th e  usefu lness o f  a  com p le te  
specification . F o r  exam ple, o n e  w ou ld  n o t expect c o lo u r  to  be 
specified fo r  residual m a rin e  fuel o il as it w ou ld  n o t serve an y  
useful purpose .

In  bein g  eco n o m ic  th e  specification  m u st n o t be needlessly 
restric tive. H ence, th e  d e te rm in a tio n  o f  a n y  p a ra m e te r  m u s t be 
m ad e  w ith  d u e  re g a rd  to  th e  effect th a t th is  has o n  th e  m an u fac tu rin g  
p rocess w hich , if to o  restric tive , cou ld  lead  to  a n  u n econom ic  price 
to  the  use r o r, because  o f  o th e r  fac to rs , very  lim ited  av a ilab ility .

PROPOSAL
T ab le  II defines a  ran g e  o f  m arin e  fuels. In  genera l no  a tte m p t has 

been m a d e  to  define su itab ility  fo r  p a r tic u la r  eng ine system s o r 
p a r tic u la r  ap p lica tio n s . T h is  co u rse  h as been  a d o p te d  because o f  
th e  w ide d iversity  o f  eng ine  system s a n d  ap p lica tio n s.

C L A S S IF IC A T IO N  o f  th e  g rades h as been m ad e  a lph ab e tica lly  as 
a  m eans o f  reference fo r  conven ience . T h is  m a tte r  will be th e  sub jec t 
o f  fu rth e r  d iscussion  w ith in  th e  ISO  fo ru m . T h e  prefix* M ’ has been 
used , pend ing  reco m m en d atio n s fro m  IS O /T C 28 /S C 4/W G 1.

G ra d e  M A  is a  d istilla te  fue l fo r  em ergency  p u rp o ses , an d  th e  
pa ram e te rs  m ee t th e  req u irem en ts  g iven in th e  U n ited  K in g d o m ’s 
D ep artm en t o f  T ra d e  M e rch a n t S h ipp ing  N o tice  M 843 (A ppend ix
1). G ra d e  M B is a  d istilla te  fuel. G ra d e  M C  is co m p o sed  o f  m ain ly  
d istilla te  w ith  a  sm all p ro p o rtio n  o f  residue. G ra d e s  M D  to  M J a re  
resid u a l fuels, w ith  p rogressively  increasing  v iscosity  a n d  w ider 
co n tro l lim its.

T h e  co n tro l lim its fo r  D E N S IT Y , like m an y  o th e r  p a ram e te rs , 
w ere agreed  a f te r  co n s id erab le  d iscussion . F o r  g rad es M D  to  MI 
inclusive, th e  value is th e  cu rre n t techn ica l lim ita tio n  re la ted  to  the  
effective rem oval o f  w a te r  w ith  cen trifu g a l purifiers. F o r  g rad e  
M J th e re  is no  density  p a ra m e te r , as th is  is a  fuel fo r  use w here 
th e re  is n o  req u irem en t fo r cen trifug ing . I t is likely th a t  so m e o f  
th e  fuel supp lied  to  th is g rad e  cou ld  have  a  d ensity  exceeding 1.0 
@ 15°C.

T h e  K IN E M A T IC  V IS C O S IT Y  fo r  g rades M D -M J is q u o ted  
in cen tis tokes (cSt) a t 80GC. T h e  te m p e ra tu re  o f  80°C has been 
selected because o f  possib le n o n -N ew to n ian  b e h av io u r o f  a  lim ited  
n u m b er o f  heavy  residual fuels a t  50°C. T h e  ap p ro x im a te  equ iv a len ts
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in  cSt @ 5 0 'C  an d  R edw ood seconds N o . 1 a t  1 0 0 F  a re  as show n 
below.
cS t @ 80°C 15 25 45 75 100 130
cS t @ 50CC 40 80 180 380 500 700
R ed w o o d  seconds

N o . 1 @ 100°F 300 600 1500 3500 5700 8000
G ra d e s  M D -M J inclusive cov er a  range o f  six viscosities betw een 

15 and 130 cSt a t 80°C. All these grades require heating in 
s to rag e , an d  th ro u g h o u t th e  system . G ra d e  M C  is fo r sh ips w hich  
d o  n o t have sto rag e  h ea tin g  cap ab ility . A  know ledge o f  v iscosity  is 
necessary  fo r  th e  d e te rm in a tio n  o f  the  h eating  req u ired  fo r the 
s to rag e  an d  h an d lin g  o f  th e  fuel, a n d  th e  tem p era tu re  ran g e  fo r 
sa tis fac to ry  a to m isa tio n  o f  th e  fuel a t  th e  in jec to r nozzle  o r  b u rner. 
It sh ou ld  be  ap p rec ia ted  th a t  residual fuel oil c a n n o t exactly  
co n fo rm  to  th e  w idely pub lish ed  c h a rts  fo r  v iscosity /tem pera tu re  
re la tio n sh ip s w hich  a re  based  on  averaged  d a ta . In  genera l these 
differences a re  sm all fo r  low er v iscosity  fuels b u t becom e w ider as 
v iscosity  increases. Vessels fitted  w ith  viscom etric  co n tro l shou ld  
n o t be o p e ra tio n a lly  affected  by  such  varia tio n s.

T h e  m in im um  value  o f  F L A S H  P O IN T  fo r  g rades M B -M J is in 
acco rd an ce  w ith  th e  various cu rre n t n a tio n a l legal requ irem en ts , to 
en su re  fuel ca n  be h an d led  safely o n  b o a rd . F o r  g ra d e  M A  the  
flash p o in t is th e  m in im u m  allow ed  fo r  m ach in ery  s itu a ted  o u tside  
th e  m ach in ery  spaces (A ppend ix  1).

P O U R  P O IN T  d e term ines th e  low est tem p era tu re  a t  w hich the  
m arine  fuel can  be h an d led  due to  excessive a m o u n ts  o f  w ax 
com ing  o u t o f  so lu tio n . A t a  low er te m p e ra tu re  th e  fuel will gel, 
th e re fo re  p reven tin g  flow. F o r  g rades M B  an d  M C , w hich  are  
in ten d ed  to  be su itab le  fo r  u n h ea ted  eng ine system s, tw o  p o u r  
p o in ts  a re  co n sid ered  necessary . B y sub -d iv ision  o f  th e  y e a r  in to  
th e  p erio d s 1st D ecem ber to  31st M a rch  an d  1st A p ril to  30th 
N o v em b er, acco u n t is ta k e n  o f  the  am b ien t c o n d itio n s  experienced 
in  th e  N o r th e rn  H em isphere  in  w inter. T h is fo rm  o f  su b -d iv ision  is 
sim ila r to  th a t  ex isting  a lread y  in v arious n a tio n a l specifications.

F o r  th e  residual g rades M D -M J inclusive, th e  values given w ere set 
by a  techn ica l lim ita tio n  o f  th e  design c o n s tra in ts  o f  ex isting  sh ip s’ 
fuel h an d lin g  system s, nam ely  th e  p ipelines betw een  th e  b u n k e r 
ta n k s  a n d  th e  m ach inery  sp a ce . I t  sh o u ld  be  n o te d  th a t  th e re  is n o  
d irec t re la tio n sh ip  betw een  th e  p o u r  p o in t a n d  th e  v iscosity  o f  
m arin e  fuel oil. F o r  the  h igher-v iscosity  m a rin e  fuel o ils p o u r  p o in t 
does n o t n o rm ally  give an y  o p e ra tio n a l p ro b lem s as  th e  te m p e ra tu re  
req u ired  fo r  p u m p in g  w ou ld  be  ad e q u a te ly  in  excess o f  th e  p o u r  
po in t.

T h e  C L O U D  P O IN T  is th e  te m p e ra tu re  a t  w h ich  w ax beg ins to  
crysta llise  fro m  a  d istilla te  fuel. T h is  p a ra m e te r  is on ly  a p p licab le  
to  g rad e  M A , an d  is a  tech n ica l lim ita tio n  in  o rd e r  th a t  em ergency  
eq u ip m en t can  s ta r t  an d  o p e ra te  a t  a n  a m b ie n t te m p e ra tu re  o f  
-1 5  C . (A ppend ix  1.) F o r  sh ips tr a d in g  in  ex cep tionally  low  
am b ien t tem p era tu re  co n d itio n s, special g rad es o f  fuel o u ts id e  th e  
scope o f  th is  specification  w ou ld  be  req u ired .

T he C A R B O N  R E S ID U E  m ay  be defined  as th e  tendency  o f  a 
fuel to  fo rm  c a rb o n  deposits u n d er h igh  te m p e ra tu re  c o n d itio n s  in 
the  absence  o f  air. C a rb o n  resid u e  m ay  be expressed  as e ith er 
R a m sb o tto m  C a rb o n  o r  C o n ra d so n  C a rb o n  R esidue . T h is  p a r a ­
m eter is generally  considered  to  give a n  a p p ro x im a te  in d ica tio n  o f  
the  co m b u stib ility /d ep o sit fo rm in g  tendencies o f  th e  fuel. T h e  ran g e  
o f  values in grades M D -M I inclusive are set m ainly by the requ ire­
m en ts o f  fu tu re  refinery p rocessing .

T h e  ran g e  o f  S U L P H U R  values show n , tak es  in to  acco u n t th e  
su lp h u r levels o f  th e  m a jo r  c ru d e  sou rces th ro u g h o u t th e  w orld .

T h e  A S H  value is re la ted  to  th e  in o rg an ic  m a te r ia l in  th e  fuel 
oil. T h e  a c tu a l va lue  d epends u p o n  firstly , th e  a sh  p resen t in th e  
cru d e  oil, secondly , th e  refinery  p rocesses em p lo y ed , a n d  th ird ly , 
u p o n  possib le  subseq u en t c o n ta m in a tio n  d u rin g  tra n s p o r ta t io n  due  
to  sand , d ir t an d  ru s t scale. V an ad iu m , a n d  o th e r  c o n ta m in a n ts  
such a s  n ickel, silicon, a lu m in iu m , so d iu m  an d  iro n  a re  th e  usua l 
m a jo r  c o n tr ib u tin g  com p o n en ts .

S E D IM E N T  B Y  E X T R A C T IO N  defines th e  in so lu b le  resid u es

Table II. S uggested grades and sp ec ification s o f fuels to  be used by th e  m arine  tra d e  w h e n  o rd erin g  fuels.

G R A D E M A M B M C M D
1

ME
'

M F MG M H M l MJ

IN S PE C TIO N M in Max M in Max M in Max M in Max M in Max M in Max M in Max M in Max M in Max M in Max

Density at 15°C — — — 0.90 — 0.920 - 0.990 — 0.990 — 0.990 — 0.990 - 0.990 — 0.990 - -

Viscositv K inematic 
cSt at 40°C 1.5 5.5 _ 11.0 __ 14.0 _ _ _ _ _ — — — — — — — —

Viscosity K inematic 
cSt at 80°C* _ _ __ ___ __ _ 15 _ 25 _ 45 _ 75 _ 100 _ 130 _ 130

Flash Point PM 
(Closed) °C 43 _ 60 _ 60 __ 60 _ 60 _ 60 — 60 — 60 — 60 — 60 —

Pour Poin: (Upper) 
°C  I Dec-31 M ar _ _ _ 0 _ 0 —- 24 — 30 — 30 — 30 — 30 — 30 — 30

Pour Point (Upper) 
°C  1 A p r 30 Nov _ _ 6 _ 6 _ 24 _ 30 — 30 _ 30 — 30 — 30 — 30

Cloud Point °C - -16

Ramsbottom 
carbon on 10% 
residue, % 
by mass 0.20

Ramsbottom 
carbon, Vo 
by mass 0.25 2.5

Conradson 
carbon, Vo 
by mass 12.0 14.0 20.0 22.0 22.0 22.0

Sulphur, Vo by mass - 1.0 - 2.0 2.0 - 3.5 - 4.0 - 5.0 - 5.0 - 5.0 - 5.0 - 5.0

Ash, %  by mass - 0.01 - 0.01 - 0.05 - 0.10 - 0.10 - 0.15 - 0.20 - 0.20 - 0.20 - 0.20

Sediment by 
extraction, v0 
by mass 0.01 0.02

Sediment (Total 
Existent) _ — — — — t — t _ t — t — + — t — t — t

Water, % 
by volume _ 0.05 _ 0.25 _ 0.30 _ 0.50 _ 0.80 _ 1.0 _ 1.0 _ 1.0 _ 1.0 _ 1.0

Cetane Index 45 - 35

Ign ition  Q ua lity - - - - t - + - t - t - t - t - + - - -

Vanadium, m g/kg - - — — — 100 - 250 — 350 - 500 - 6.X) - 600 - 600 - 600

A lum in ium , m g/kg-f"t - - - - - - - 30 - 30 - 30 - 30 - 30 - 30 - -

* An indication o f the approxim ate equivalents in kinematic viscosity at 50°C is given below:— f  Considered im portant but currently no standard test method
Kinematic viscosity at 80°C 15 25 45 75 100 130 available.
K inematic viscosity a t 50°C 40 80 180 380 500 700 t f A n  acceptable test m ethod has to  be agreed.
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rem ain in g  a f te r  e x trac tio n  o f  th e  fuel by to lu en e . T hese  inso lub le  
residues a re  c o n ta m in a n ts  such as san d , d ir t  a n d  ru s t scale. Such 
in so lu b le  residues a re  n o t derived  f ro m  th e  fuel. T h e  oil industry  
c o n s id e r th a t  w ith  respec t to  m arin e  fuels th e  sed im en t by ex trac tio n  
tes t is on ly  app licab le  to  g rades M A  a n d  M B.

T O T A L  E X IS T E N T  S E D IM E N T  is th e  co m b in a tio n  o f  
in o rg an ic  a n d  h y d ro  c a rb o n  sed im en ts ex isting  in a  fuel a s  delivered. 
T h is  tes t is a im ed  a t  lim iting  th e  m ax im u m  a m o u n t o f  sludge p resen t 
th a t  m ig h t be p o ten tia lly  se p a ra te d  a t  filters an d  in  cen trifuges. T he 
In s titu te  o f  P e tro leu m  is actively  d evelop ing  a  tes t m e th o d . I t is 
co n s id e red  th a t th e  co m p atib ility  o f  co m p o n e n ts  used  in a  specific 
fue l delivery  w ill be covered  by  th is  new  tes t m e th o d . W hen  a  test 
fo r  T o ta l E x isten t S ed im ent has o b ta in e d  in te rn a tio n a l accep tan ce  
c o n s id e ra tio n  will be given to  th e  c o n tro l lim its fo r  th e  residual 
g rades

T h e  c o n tro l lim its fo r  W A T E R  a re  in line w ith  ex isting  n a tio n a l 
s ta n d a rd s , a n d  a re  a t levels tra d itio n a lly  accep ted  by the  m ark e t.

T h e  C E T A N E  IN D E X  is an  em p irica l m easu re  o f  ig n ition  quality  
a n d  is ap p licab le  on ly  to  g rades M A  an d  M B. T h is  index is cal­
cu la ted  fro m  m id -b o ilin g  p o in t an d  g rav ity , th a t  is to  p a ram e te rs  
w hich re la te  ind irec tly  to  th e  chem ical c o m p o s itio n  o f  th e  fuel. F o r  
g rad e  M A  a  m in im u m  value  o f  45 is p ro p o se d  to  e n su re  sa tis fac to ry  
s ta rtin g  o f  em ergency  eq u ip m en t, fo r  w hich  p u rp o se  th is  g rad e  is 
in tended . F o r  g rad e  M B  a  m in im u m  value o f  35 recognises som e 
p resen t n a tio n a l s ta n d a rd s .

It is recognised  th a t som e c rite ria  o f  IG N IT IO N  Q U A L IT Y  a re  
req u ired  th a t  w ould  be ap p licab le  to  g rad es M C -M I inclusive. 
U n fo rtu n a te ly , th e re  is no  recognised  test m e th o d  th a t defines th e  
b eh av io u r o f  th e  residual fue ls as covered  by g rades M C -M I 
inclusive. T h e  c rite ria  need to  be identified , a  test m e th o d  developed  
a n d  ag reem en t reached  betw een  all p a r ts  o f  th e  m arin e  in d u stry .

V A N A D IU M  is a  m e ta l co n ta m in a n t th a t is p re sen t in all c ru d e  
o ils in an  o il so lub le  fo rm . T h e  levels d ep en d  o n  th e  c ru d e  oil 
source , w ith  th o se  f ro m  V enezuela  a n d  M exico  h av ing  th e  h ighest 
levels. V an ad iu m  levels a re  also  re la ted  to  th e  co n cen tra tin g  effect 
o f  th e  refinery  p rocesses used  in th e  p ro d u c tio n  o f  m a rin e  fuel oil. 
T h e re  is n o  econom ic  p rocess fo r rem ov ing  v an ad iu m  fro m  e ith er 
th e  c ru d e  o il o r  residue . T h e  level m ay  be reduced  by d ilu tio n  w ith 
d istilla tes w hich  d o  n o t c o n ta in  th e  c o n ta m in a n t. Such d ilu tio n  
incu rs a  cost p en a lty  in p ro p o rtio n  to  th e  a m o u n t o f  d is tilla te  ad d ed  
fo r  th e  p u rpose .

Inc lu sio n  o f  a  c o n tro l lim it fo r  A L U M IN IU M  is consid ered  to 
p ro v id e  a  conven ien t m ean s o f  restric tin g  th e  q u a n tity  o f  ca ta ly tic  
fines in th e  delivered  fuel. T h e  In s titu te  o f  P e tro le u m  will p ro p o se  a 
tes t fo r a lu m in iu m  w hich  w ill be  accep tab le  to  th e  in d u stry . It 
sh o u ld  be ap p rec ia ted  th a t  th e  c o n tro l lim its p ro p o sed  a re  a  co n tro l 
fo r  m arin e  fuel o ils as delivered  ov er th e  sh ip ’s ra il. T h e  low er 
levels th a t  m ay  be  necessary  fo r  ce rta in  m ach in ery  system s, it is 
co n sid ered , ca n  be ach ieved  by su itab le  sh ip b o a rd  p re -trea tm en t.

PARAMETERS CONSIDERED  
BUT NOT INCLUDED

In ad d itio n  to  th e  p a ram e te rs  show n  in  T ab le  II , various o th e r  
p a ram e te rs  w ere th e  sub jec ts o f  d iscussion  before  ag reem en t o n  the 
T ab le  w as reached  by  th e  G ro u p .

M a rin e  fuel oil is p u rch ase d  by th e  sh ip o w n er to  p ro d u ce  h ea t fo r 
c o n v ersio n  in to  w ork . H ence , f ro m  th is  v iew po in t, th e  ch a rac te ris tic  
o f  S P E C IF IC  E N E R G Y  sh o u ld  be w orthy  o f  co n s id e ra tio n  in 
th e  specification . T h e  oil in d u stry  h as em p hasised  th a t  a  lim it on  
specific energy w ould  n o t be m ean ing fu l, as such a  lim it w ould  be 
based  o n  th e  o th e r  p a ra m e te rs  a lread y  defined  w ith in  th e  specifi­
ca tio n . T h e  specific energy  is n o t c o n tro lla b le  in  the  m an u fac tu re  
o f  m arin e  fuel oil, excep t in  a  secon d ary  m a n n e r  by th e  specification  
o f  o th e r  p ro p erties . A  m e th o d  o f  ca lcu la tio n  is described  in 
A p p en d ix  2. F u r th e r  c o n s id e ra tio n  o f  specific energy is d iscussed in 
A p p en d ix  3.

T h e  inc lusion  o f  A S P H A L T E N E S  in  th e  specification  w as 
consid ered . I t  w as agreed  th a t  th is sh o u ld  n o t be included  as there  
w as insufficient ev idence availab le  to  in d ica te  th a t  th is  p a ra m e te r  
gives an y  b e tte r  in d ica tio n  o f  a  fu e l’s co m b u s tio n /d ep o s it-fo rm in g  
tendencies th a n  c a rb o n  residue. F ro m  tria ls  it w ould  a p p e a r  th a t 
th e re  is n o  sim p le  re la tio n sh ip  betw een  a sp h a lten es a n d  co m b u s­
tio n  perfo rm an ce . I t sh o u ld  be n o ted  th a t  th e  te rm  asp lia ltene  
used  in th e  genetic  sense covers a  w ide ran g e  o f  heav ier 
h y d ro -ca rb o n  s tru c tu res. “ A sp h a lten es”  used in th e  n o rm a l 
ana ly tica l sense, on ly  defines a  ce rta in  g ro u p  o f  asphaltenes.

C o n s id e ra tio n  w as given to  th e  inc lusion  o f  S O D IU M  in  the  
specification . T h is w as because o f  co n cern  ov er th e  low  m elting  
te m p e ra tu re  o f  so d iu m /v an ad iu m  com plexes o f  c e r ta in  critica l 
ra tio s . A s a lread y  discussed , th e  am o u n t o f  v a n ad iu m  p resen t in a 
delivery  o f  m arin e  fuel o il is a  fu n c tio n  o f  the  c ru d e  oil so u rces an d  
th e  co n cen tra tin g  effects d u rin g  refin ing  o f  th o se  c ru d es in  the  
p ro d u c tio n  o f  th e  m arin e  fuel oil. F uels leaving a  refinery  in genera l 
have sodium  levels below 50 m g/kg . Salt w ater con tam ination  m ay be 
a significant source. A 1% sea w ater con tam ination  represents a 
po tential 100 m g /k g  increase. T he oil supply industry  consider th a t it 
is im practical to have a  m eaningful con tro l level. It is generally 
thought th a t effective sh ipboard  centrifuging o f  the fuel will reduce 
this con tam inan t to  an acceptable level.

C o n c ern  h as been expressed  w ith  respec t to  th e  C O M P A T I­
B IL IT Y  o f  one fuel oil w ith  a n o th e r. In  sim plistic  te rm s o n e  fuel 
o il is consid ered  co m p a tib le  w ith  a n o th e r  w h en  th e  re su lta n t m ix tu re  
does n o t p rec ip ita te  asp h a lten es, w hich  a re  n o rm ally  refe rred  to  as 
sludge. T h e  oil in d u stry  co n sid er th a t  it  is n o t p ra c tic a l to  in ­
c o rp o ra te  co m p atib ility  a s  a  c o n tro l p a ra m e te r  in a  fuel specifi­
ca tio n , as th e  su p p lie r  h as n o  co n tro l ov er th e  ty p e  o r  o rig in  o f  the  
m arin e  fuel oil p rev iously  b u n k ered . T h e  genera l reco m m en d atio n  
is th a t m ix ing  an d  b lend ing  o f  fuel fro m  d ifferent so u rces on  b o a rd  
sh ip  sh ou ld  be avo ided  as fa r  as is p rac ticab le .

TEST M ETHODS
I t is fu n d am en ta l to  an y  specifica tion  th a t  every  defined p a ra ­

m e te r  c a n  be  d e te rm in ed  by m ean s o f  a n  in te rn a tio n a lly  ag reed  test 
m e th o d . F o r  th e  g rea t m a jo rity  o f  p a ram e te rs  such  tes t m e th o d s  
exist, an d  these a re  listed in  A pp en d ix  4.

A t p resen t, T O T A L  E X IS T E N T  S E D IM E N T  is d e te rm in ed  by 
v a rio u s  in -house  tests. T h e  in d u stry  is actively  develop ing  a  test 
accep tab le  to  a ll p a rties . W h en  such  a  test has been  ag reed  co n s id e r­
a tio n  w ill be given to  co n tro l lim its fo r  g rad es M C -M J inclusive.

F o r  A L U M IN IU M , th e  In s titu te  o f  P e tro leu m  is actively  seeking 
ag reem en t o n  a n  accep tab le  test m e th o d  to  cov er th e  ap p licab le  
co n cen tra tio n s .

A s a lread y  s ta te d , a  p a ra m e te r  th a t  defines IG N IT IO N  
Q U A L IT Y  is co n sid ered  essen tial fo r  g rad es M C -M I inclusive. T o  
da te , th e  G ro u p  is n o t aw are  th a t  a n  accep tab le  c rite r io n  h a s  y e t 
been defined by w o rk ers  in th is  field, an d  it is consid ered  th a t  it m ay  
be som e tim e  b efo re  a  su itab le  tes t m e th o d  is developed . F o llo w in g  
th is, th e re  will be a  fu rth e r  p erio d  befo re  ag reem en t is reach ed  on 
lim its accep tab le  to  a ll sides o f  th e  in d u stry .

LIMITATIONS TO THE PROPOSED  
SPECIFICATION (TABLE II)

D u rin g  th e  n u m ero u s  d iscussions th a t  w ere he ld  in th e  d ev e lo p ­
m ent o f  th e  p ro p o sa l, it w as conc lu d ed  th a t it w as n o t possib le  to ta lly  
to  m eet all th e  req u irem en ts  o f  th e  sh ip o w n er a n d  eng ine bu ilder. 
T h is  p a rticu la rly  app lied  to  th e  m ax im u m  lim its in th e  p ro p o sa l fo r  
v a n ad iu m  a n d  c a rb o n  residue  w ith  respec t to  th e  ligh t in te rm e d ia te  
resid u a l g rad e  M D . It is ap p rec ia ted  th a t  som e sh ip o w n ers in th e ir  
quest fo r econom y no w  o p e ra te  eng ines o n  light residual fuel w hich 
w ere o rig ina lly  designed fo r  d is tilla te  g rades. F u rth e r , it is realised  
th a t  th e  rem ain in g  service life o f  such  eng ines m ay  be in  th e  
o rd e r  o f  te n  y ears , an d  th a t  sh ip o w n ers will co n tin u e  to  w an t to  
o p e ra te  such  in s ta lla tio n s o n  th e  m o st econom ical g rad e  o f  fue l oil 
possib le.

In  th is case, sh ipow ners sh o u ld  req u est a t  th e  tim e  o f  o rd e rin g  
low er levels o f  v an ad iu m  a n d  o f  c a rb o n  residue . T h e  fuel su p p lie r 
a t  th a t  p a r tic u la r  b u n k e rin g  s ta tio n  will th e n  be ab le  to  adv ise the  
av ailab ility  o f  such a  fuel.

C o n sid erab le  in -dep th  d iscussion  h as tak en  p lace  as to  th e  feasib ility  
o f  th e  p ro d u c tio n  an d  availab ility  o f  a  g rad e  s im ila r to  M D , b u t 
within lim its o f  10 per cent C onradson  carbon  residue and  150 m g/kg  
vanadium . It was concluded th a t on a w orld wide basis it w ould have a 
low availability  and in som e geographical areas the availability  would 
be zero. This situation  arose because o f  the crude source type used and 
the know n com m itted am ount o f  secondary conversion processes that 
are p lanned in the next few years.

T here  w as co n sid erab le  d eb a te  o n  th e  desirab ility  o f  in co r­
p o ra tin g  a  low p o u r  p o in t fuel o f  a n  M D  ty p e  g ra d e  fo r  sh ips 
w ith o u t ta n k  heating . T h e  oil in d u stry  w as n o t p rep a red  to  define 
such  a  g rad e  in a n  in te rn a tio n a l specification  because o f  th e  very 
sm all req u irem en t an d  difficulty in  p ro d u c tio n .
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GAS OIL APPENDIX 1
It is recognised  th a t  gas oil a s  a  fuel h as  ce rta in  ap p lica tio n s  on  

som e m erch an t sh ips. C o n s id e ra tio n  w as given by th e  G ro u p  to  
th e  inc lusion  o f  specific p a ram e te rs  fo r  such  a  fuel. A fte r d ebate , 
it w as concluded  th a t  n o th in g  w ou ld  be  gained  in  a n  a tte m p t to  
c rea te  a  gas o il specification  th a t  w ould  be app licab le  o n  a  w orld  
w ide basis. It sh o u ld  be ap p rec ia ted  th a t gas oil is a lread y  subject 
to  v arious n a tio n a l m ark e tin g  specifications, a n d  th a t such m ark e tin g  
specifications a re  ap p licab le  w hen  vessels o rd e r  such a  class o f  fuel.

CONCLUSIONS
It is consid ered  th a t  th e  p ro p o sa l, if  im p lem en ted , w ould  do  

m u ch  to  reduce  th e  p resen t co n cern  th a t  exists w ith  respect to  
m arin e  fuel o il. F u rth e rm o re , eng ine designers will be ab le  to  
design  engines th a t  tak e  p ro p e r  acco u n t o f  th e  likely ex trem e fuel 
quality . S h ipow ners, as th e  en d  users, w ould  be ab le  to  ca rry  o u t a  
system atic  techno-eco n o m ic  ev a lu a tio n  fo r  new  to n n ag e . In  the  
case o f  ex isting  m ach in ery  system s, it is h o p ed  th a t  eng ine  m a n u ­
fac tu re rs  w ou ld  be ab le  to  advise th e  m o st su itab le  g rad e  w ith in  
th e  p ro p o se d  series. W hen  a n  eng ine is u n ab le  to  use o n e  o f  the  
p ro p o sed  g rad es th is  sh o u ld  be clearly  s ta te d  by th e  eng ine builder. 
T hen , th e  sh ip o w n er can  d e term ine  th e  im p lica tions o f  using  a  
b e tte r  q u a lity  fuel o n  th e  tra d e  ro u tes o n  w hich  he  opera tes.

In th e  fu tu re , fu r th e r  w o rk  w ith in  the  in d u stry  m ay  suggest th a t 
th e re  is a  techn ica l necessity  to  consider th e  in c o rp o ra tio n  o f  
a lte rn a tiv e  o r  a d d itio n a l p a ram e te rs  in  th e  specifications. A n y  such 
p ro p o sa ls  w ou ld  req u ire  full d iscussion  an d  agreem ent w ith  all 
facets o f  the  ind u stry .

ACKNOWLEDGEMENTS
T he a u th o r  g ra te fu lly  acknow ledges th e  co m m itm en t o f  the  

B ritish  S tan d a rd s  M a rin e  F u e l S tan d a rd s  S ub-C o m m ittee  w ho  have 
d eb a ted  constructive ly  a t  leng th  th e  various aspects o f  th e  p ro p o sa l. 
A cknow ledgem en t a n d  th a n k s  a re  expressed  by th e  G ro u p  fo r th e  in ­
va lu ab le  help  g iven to  th em  by th e ir  co lleagues in th e  p e tro leu m  
in d u stry , eng ine b u ild e r  a n d  sh ip o w n er o rg an isa tio n s . F inally , 
th e  a u th o r  w ishes to  th a n k  th e  G ro u p  fo r  th e ir  ag reem en t to  the  
tim ely  p u b lica tio n  o f  th is  p aper.

REFERENCES
1) L am b J .,  1948 “ T h e  B urn ing  o f  B oiler Fuels in M arine  D iesel 

E ngines” , Trans IM a r E  Vol. 60 p i
2) L am b J. 1950, “ F u rth e r  D evelopm en ts in the  B urn ing  o f  

B oiler F uels in M arin e  D iesel E ngines” , Trans IM a rE V o l 60 
p 2 l 7

3) A rn o ld  A . G ., 1953, “ T h e  B urn ing  o f  B oiler O il in T w o-and  
F o u r-S tro k e  C ycle D iesel E ngines an d  th e  D evelopm en t o f  F uel 
In jection  E q u ip m e n t” , Trans IM a rE  VoI 65 p  57

4) Jon es H . F . R oy le  D . an d  Sayer R . G ., 1955, “ F uel F eatu res 
R e la ted  to  O p era tin g  E xperience in M o to r  Ships U sing  Low  
C ost F u e ls” , Trans IM a rE  Vol 67 p  37

5) P o u n d er C . C . “ D iesel E ngines P rincip les an d  P rac tice” 
pub lished  1955 p. 2-14

6) L lo y d ’s R eg ister o f  S h ipp ing  S ta tistica l T ables.
7) L ake V. M . an d  T h o m a s E. L. “ T h e  O w ner’s C o n s id era tio n s o f  

the  P rob lem s A ssocia ted  w ith F u tu re  M arine  F ue ls” , Trans 
IM a rE  (C ) 1980 Vol 92 paper C. 40.

8) B errym an  T . J. “ R e sid u a l M arine  F uels -  P resen t an d  F u tu re ” , 
Trans IM a rE  (C ) 1980 Vol 92 paper C. 41.

9) “ Im proved  M arine  B oiler R e liab ility”  M A R  A D  Report M A -  
R D -920-76040 A pril 1976.

10) A ST M  D 240-76 S ta n d a rd  T est M ethod  for H ea t o f  C om b u stio n  
an d  L iqu id  H y d ro c a rb o n  F u e ls  by B om b C a lo rim eter.

R. F. Thomas CEng, FIMarE is a Senior Design Engineer with BP 
Shipping Limited, and joined the BP Group in 1958 as an Engineer 
Cadet under the Alternative Training Scheme. On completion of 
his cadetship he served as an engineer in the fleet before taking up 
a shore appointment in 1971. He is Chairman of the Group known 
as the British Standards Marine Fuel Standards Sub-committee, 
and convenor of the International Organisation for Standardisation 
working group ISO/TC28/SC4/WG6 — Marine Fuels.

D e p a r t m e n t  o f  T r a d e  M e r c h a n t  S h ip p in g  N o t ic e  N o . M .8 4 3
LIFEBO A T EN G IN ES AN D  O T H E R  C O M P R E S SIO N  

IG N IT IO N  E N G IN ES U SED  IN AN EM ER G EN C Y
Notice to Shipowners, Superintendents and Chief Engineers

1. S h ip s’ m o to r  lifeb o a ts  a re  re q u ire d  to  be  p u t  in to  serv ice  qu ick ly  
in  th e  ev en t o f  a n  em ergency  a n d  to  be o p e ra te d  u n d e r  a  w ide 
v a rie ty  o f  c lim atic  co n d itio n s . T o  en su re  th a t  lifeb o a t eng ines m ay  
o p e ra te  sa tisfac to rily  in  co ld  c lim ates, s ta r tin g  an d  ru n n in g  tests  a t 
an  a m b ie n t te m p e ra tu re  o f  -1 5 °C  a re  c a rr ie d  o u t on  p ro to ty p e  
engines. W hen in service it is essen tia l th a t  th e  co rre c t ty p e  o f  fuel 
oil an d  th e  righ t g rad e  o f  lu b rica tin g  oil a re  u sed  to  en ab le  th e  eng ine  
to  be s ta r te d  an d  ru n  a t low  a m b ien t tem p e ra tu re s .
2. G en era lly  th e  p ro b lem  in re spec t o f  lu b rica tin g  oil is n o t so acu te. 
T h e  a m o u n t o f  ru n n in g  is re la tive ly  sm all a n d  c o n se q u e n t renew al o f 
th e  o il is in freq u en t, w hilst th e  p ro c u re m e n t o f  su itab le  m u ltig rad e  
lu b rica tin g  o ils  ra re ly  p resen ts  a  p ro b lem .
3. A lth o u g h  n o t so o ften  ap p rec ia ted , th e  selection  o f  fuel oil 
req u ires  th e  sam e degree  o f  care  an d  a tte n tio n  w hen  low  te m p e ra tu re  
o p e ra tio n  is co n sid e red . N o t on ly  can  th e  fuel o il becom e m o re  
v iscous a t low er tem p e ra tu re s , b u t th e re  is a lso  th e  p ro b le m  assoc i­
a ted  w ith  th e  fo rm atio n  o f  c ry s ta ls  w hich  can  cause  b lo ck ag e  and  
s to p  th e  flow  o f  fuel to  th e  eng ine. Special fuel o ils a re  av a ilab le  fo r 
low  te m p e ra tu re  o p e ra tio n  a n d  a re  o f  co u rse  read ily  av a ilab le  in 
a reas  o f  th e  w orld  w here  such  tem p e ra tu re s  a re  reg u la rly  experienced . 
H ow ever, w hen  ships p ly  w orldw ide , p a rtic u la r ly  betw een  tro p ica l 
and  tem p e ra te  zones, it is necessary  to  m ak e  su re  th a t  any  fuel o il 
tak en  on  b o a rd  fo r  use in eng ines such  a s  lifeboat eng ines w o u ld  be 
s u ita b le  in  a n  em erg en cy  fo r  th e  lo w er a m b ie n t te m p e ra tu re  o f  

-15°C . In  th is  co n tex t, th e  te rm  “ eng ines”  a lso  includes em ergency  
g en era to rs  and  em ergency  fire p u m p s  w hich  a re  u sually  su b jec t to  
the  o u ts id e  am b ien t c o n d itio n s  en co u n te red  in service.
4. B oth  th e  M erch an t S h ip p in g  (P assen g er S h ip  C o n s tru c tio n )  
R ules 1965 an d  th e  M erch an t S h ip p in g  (C arg o  S h ip  C o n stru c tio n  
and  Survey) R u les  1965 p e rm it fue l o il o f  a  low er flash  p o in t— ie 
n o t less th a n  43°C (1 10°P)— to  be used  in em ergency  g en era to rs . 
Such m ach inery  as lifeb o a t eng ines an d  em ergency  fire p u m p s  w o u ld  
be consid e red  to  fa ll w ith in  th e  sam e ca teg o ry  an d  co n seq u en tly  be 
p e rm itted  to  use th e  low er flash  p o in t fuel. I t m u s t be  p o in te d  o u t, 
how ever, th a t  th e  flash  p o in t o f  th e  fuel o il is n o t necessarily  a  guide 
to  its su itab ility  fo r use a t  low  te m p e ra tu re s . I t  is th e re fo re  essen tia l 
in  a ll cases to  ra ise  th e  q u e stio n  o f  its su itab ility  w ith  th e  supp lie r. 
D e p a r tm e n t o f  T rad e
M arine  D iv ision  
L o n d o n  W C 1V  6L P  
A pril 1978

P rin ted  in S c o tlan d  by H e r M ajes ty ’s S ta tio n e ry  Office a t
H M S O  Press, E d in b u rg h  D d  434539 2 1 M 4/78 (15289)

APPENDIX 2 -  SPECIFIC ENERGY
Specific E nergy can  be c a lcu la ted  w ith  a degree  o f  accu racy  fo r  n o rm a l 

pu rp o ses  from  th e  re la tive  density  o f  a fuel, and  ap p ly in g  co rre c tio n s  fo r  
any  su lp h u r, w a ter an d  in co m b u stib les  (ash) th a t  m ay be p resen t. T h e  
em pirical fo rm u la  given below  is q u o te d  in ‘P e tro leu m  F uels  fo r  Oil 
E ng ines a n d  B u rn e rs ’ BS 2869. 1970 A m e n d m e n t 2.

Specific E nergy  (gross) M J/k g  =  (51.916 ~ S .1 9 2 d 2) (1 — (x +  y-J-s))
+  9 .4 2 0 a
w here d  is the  re la tive  density  a t 15°C
x  is th e  p ro p o r tio n  by  m ass o f  w a ter (%  d iv ided  by 100) 
y  is the  p ro p o r tio n  by m ass o f  ash  ( %  d iv ided  by 100)
s  is the  p ro p o r tio n  by m ass o f  su lp h u r (%  d iv ided  by  100)

APPENDIX 3 -  FURTHER CONSIDERATION  
OF SPECIFIC ENERGY

D u rin g  the  period  1974-76 a s tu d y  by th e  D e p a r tm e n t o f  C o m m erce  
M aritim e  A d m in is tra tio n  (M A R A D ) ‘ included  an analysis  o f  som e 
120 m arin e  fuel oil sam ples o n  a  w o rld  w ide basis. S ta tis tica l an a ly sis  o f  
th is  d a ta  show ed th a t  the  m ean  Specific E nergy  (G ro ss) to  be  43.657 
M J/k g  a n d  a  s ta n d a rd  d ev ia tio n  to  be 0.27 M J/kg . By c o n s id e ra tio n  o f  
tw o  s tan d a rd  dev ia tio n s, 9 0 %  confidence  lim its m ay  be calcu la ted . T h is  
show s th a t  a  v a ria tio n  o f  ±  1-24%  existed . A lth o u g h  the  sam ples used 
in th is  study  w ere rep re sen ta tiv e  o f  m a rin e  fuel oil, it w as co ncluded  
by M A R A D  th a t m ore  ex tensive sam p lin g  w ould  be needed  to  im prove  
the  va lid ity  o f  the  sta tis tica l base.

F igu re  3 show s the  re la tio n sh ip  o f  g ross specific energy  M J/k g  to  
v a ria tio n s  in su lp h u r an d  density . I t  shou ld  be n o ted  th a t  co rre c tio n  fo r 
a sh  an d  w a ter m ay  be m ade  by  su b tra c tin g  0.01 Q  (%  a s h +  %  w ater), 
w here  Q is the  g ross specific energy  fo r th e  d en sity  u n d e r co n sid e ra tio n  
a t  zero  su lp h u r co n ten t.

A  recen t analysis  fro m  a n o th e r  so u rce  o f  som e 558 b u n k e r  receip ts  
from  95 p o rts  o v e r th e  p e rio d  o f  a  year (1979) show ed  th a t over 9 5 %  o f  
the  m arin e  fuel oil in th is sam ple  had  a d ensity  g re a te r th a n  0.940 a t 15°C. 
T h e  low est reco rded  va lue  being  0.9. U n fo rtu n a te ly , th e  d a ta  d id  n o t 
reco rd  th e  su lp h u r levels, an d  it w as con clu d ed  th a t  these  w ere in th e  
ran g e  1-4% .

F ro m  the  second  analysis , ig n o rin g  the  m in o r co rrec tio n  fo r  th e  effect 
o f  a sh  a n d  w ater, the  g ross specific energy  o f  95 % o f  the  fuels b u n k e re d  
in th e  ab o v e  sam ple  w ould  lie w ith in  th e  b o u n d a ry  A B C D E F G  in F ig  3. 
It is consid e red  th a t  the  am o u n t o f  low  su lp h u r c ru d es  used  in the  
p ro d u c tio n  o f  m arin e  fuel oil is low . T h is is because  o f  the  d e sirab ility  to

6 Trans I  M a r E  (TM ), 1981, Vol. 93, Paper 9
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FIG 3 Relationship o f gross specific 
energy M  J /kg  to  variations  
in sulphur and density

use such  cru d es  in the  p ro d u c tio n  o f  fuel fo r  th e  in la n d  m ark e t. I t  has 
been  e stim ated  th a t  low  su lp h u r m a rin e  fuel o il a cco u n ts  fo r  less th a n  
5 %  o f  th e  res idual m a rin e  fuel o il m a rk e t. F ro m  fu r th e r  analy sis  o f  the  
sam ple  it w as c o n clu d ed  th a t th e  su lp h u r c o n te n t lay w ith in  th e  range  
2 .5 -4 .0% . H ence , o v e r 9 0 %  o f  th e  fuel oil in th e  sam e analysis  w o u ld  be 
c o n ta in ed  in th e  b o u n d a ry  B C D E F H . W ith  re spec t to  d en sity  it w as 
fo u n d  th a t  over 8 5%  o f  the  b u n k e rin g s  reco rd e d  a  va lue  g rea te r th an
0.950. H ence , som e 85 % o f  th e  b u n k e rin g s  w ere w ith in  B C D H . By 
c o n s id e ra tio n  o f  th e  a rith m e tic  m ean  o f  th e  specific energy  w ith in  th e  
b o u n d a ry  B C D H , th e  v a ria tio n  is Jb 1*4%.

I t  sh o u ld  be n o ted  th a t  th e  accep ted  re p ro d u c ib ility  o f  th e  d e te rm in ­
a tio n  o f  specific energy  in a  b o m b  c a lo rim e te r is k0 .4 0 M J/k g 10. Based 
o n  th e  a rith m e tic  m ean  o f  th e  specific energy  in th e  b o u n d a ry  B C D H , 
th e  accep ted  re p ro d u c ib ility  is in th e  o rd e r  o f  ±  0.95 %.

In  p rac tic a l te rm s  it is c o n clu d ed  th a t  fo r  th e  g re a te r  m a jo rity  o f  
b u n k e rin g s  in th e  fu tu re  th e re  will be neglig ib le v a ria tio n  in th e  g ross 
specific energy  value. W hen  low  d en sity  fuels w ith  a  low  su lp h u r c o n te n t 
a re  b u n k e red  the  v a ria tio n  co u ld  be as m uch  as +  4.5 % b ased  a b o u t the  
a rith m e tic  m ean  o f  th e  sam p le  c o n tin u e d  w ith in  the  b o u n d a ry  B C D H .

Note
A fte r  th e  a u th o r  h a d  f in ish e d  his p re s e n ta tio n , a  p a n e l an sw e red  
q u e s tio n s  fro m  th e  f lo o r .  T h e  p a n e l c o n sis te d  o f:

T h e  a u th o r ;
M r M . V . E llis to n  BSc, C E n g , F IM a rE  (rep rese n tin g  th e  G en era l 

C o u n cil o f  B ritish  S h ip p in g );
M r W . L ow e B Sc, C E n g , F IM a rE  (re p re se n tin g  th e  m a n u fa c tu re rs  

o f  d iesel eng ines);
M r P . J .  N ew b ery  F IM a rE  (rep re se n tin g  th e  in te rn a tio n a l fu e l oil 

su p p lie rs) .

APPENDIX 4 -  INSPECTION TEST M ETHODS  
FOR MARINE FUELS

T h e  re ferences o f  v a rio u s  in sp ec tio n  te st m e th o d s  w hich  a re  ap p lic ab le  
to  m a rin e  fuels a re  as sh o w n  below .

ISO BSI A S T M IP

D en sity  a t  15°C 3675 4714 D 1298 160
V iscosity  K in em a tic  @ 40°C cSt) 

@  80°C cSt) 3104 4708 D445 71
F la sh  P o in t P M  (C losed ) °C 2719 2839 D93 34
P o u r  P o in t (U pper)°C 3016 4452 D97 15
C lo u d  P o in t °C 3015 4458 D 2500 219
R a m sb o tto m  C a rb o n  %  m ass 4262 4451 D 524 14
C o n ra d s o n  C a rb o n  %  m ass 4263 4380 D 189 13
S u lp h u r  %  m ass — — D 2622 —

S u lp h u r  %  m ass — — — 336T
A sh  %  m ass 6245 4450 D 482 4
S e d im en t by  E x tra c tio n  %  m ass 3735 4382 D 473 53
S e d im en t (T o ta l E x is ten t) — — — —

W a te r  %  v o lu m e 3733 4385 D95 74
C e ta n e  Index (4264)' 4701 0 9 7 6 /6 6 “ 218
Ig n itio n  Q u a lity — — — —
V a n ad iu m  m g /k g — ■ — D 2788 —

V a n ad iu m  m g /k g — — — 288T
A lu m in iu m  m g /k g — — — —

N o te s :  1 A t D IS  S tage (D ra ft In te rn a tio n a l S ta n d a rd )
2 Being R evised

Discussion
MR A HILLAND: In  his o p e n in g  re m a rk  th e  a u th o r  s ta tes : 

‘T h e re  c a n n o t be  m an y  o th e r  c o m m o d itie s , w h ich  h av e  b e en  m a rk e te d  
in  such  q u a n titie s , fo r  so  lo n g , w ith o u t a n y  q u a lity  c o n tro ls  th a t  a re  
re co g n izab le  by  th e  c u s to m e r .’

T h e  s ta te m e n t is p ro b a b ly  very  tru e . T h e  in tro d u c tio n  o f  a  
s ta n d a rd  is th u s  w e lcom e. T a b le  II , a  re su lt o f  a n  im p ressiv e  jo b  
e ffe c te d  by  th e  B ritish  S ta n d a rd s  M a rin e  F u e l S ta n d a rd s  S ub - 
C o m m itte e , is a  s tep  fo rw a rd . T h e  lim itin g  te c h n ica l va lues will 
c e r ta in ly  be d e b a te d  a n d  q u e s tio n e d . F o r  th e  c u s to m e r it is u sefu l to  
k n o w  th e  m a x im u m -m in im u m  v a lu e s  o f  c e r ta in  p a ra m e te rs  o f  th e  fue l 
b u n k e re d . T h is  will en ab le  p eo p le  to  b u ild  u p  ex p erie n ce  a n d  th u s  to  
so m e  e x ten t c o u n te ra c t  d iff ic u ltie s , b u t w ill n o t in  its e lf  so lve  th e  
p ro b le m s . T o o  m an y  u n c e r ta in tie s  a re  s till c o n n ec te d  to  so m e  o f  th e  
p a ra m e te rs ,  a n d  so m e  a ssu m e d  im p o r ta n t  ones  even  lack  a  te st 
m e th o d .

F ro m  th e  cu s to m er side  no  d o u b t  a  n u m b e r  o f  te c h n ica l q u e stio n s  
w ill be a sk e d  a n d  c o u p led  w ith  th o s e  th e  co m m e rc ia l a sp ec ts  w ill be 
b ro u g h t fo rw a rd . I t w o u ld  th e re fo re  be  o f  p r im a ry  in te re s t to  h ave  th e  
a u th o r ’s o r  th e  p a n e l’s view  o n  th e  k in d  o f  sav ings o n e  c an  ex p ec t on  
th e  u n it p ric e , m o v in g  d o w n  th e  a lp h a b e tic  sca le  o f  th e  d iffe re n t 
g ra d e s .

T h e  b u n k e r  a c c o u n t now  re p re sen ts  th e  h ig h est s ing le  c o st item  
fo r  a  sh ip  in n o rm a l serv ice . A n y  e ffic ie n t sh ip  m a n a g em e n t 
o rg a n iz a tio n  is c o n se q u e n tly  d e v o tin g  a  m a jo r  e f fo r t  to  c o n tro l  an d  
m in im ize  b u n k e r  expenses. A ssu m in g  a  p rice  d iffe re n c e  on  th e  v a rio u s

g ra d e s , th e re  o b v io u s ly  w ill be  a  s tru g g le  to  m o v e  to  a  less exp en siv e  
g rad e .

E n g in e  b u ild e rs , o n  th e ir  s ide , a re  p re sen tin g  lim itin g  va lu e s  o f  
th e  sam e  p a ra m e te rs  in T a b le  II fo r  each  ty p e  o f  en g in e . I t is, 
h o w ev er, re c o m m e n d ed  th a t  tre a tm e n t o f  fu e l o il is c a r r ie d  o u t on  
b o a rd  th e  sh ip , th u s  in flu en c in g  th e  u sab ility .

F u r th e r  in ten s iv e  w o rk  is b e in g  ca rr ie d  o u t to  im p ro v e  o n b o a rd  
t re a tm e n t.  T h is  m ay  be  m ec h an ica l, ch em ica l, th e rm a l o r  an y  
c o m b in e d  m e th o d . T h e  e ffec tiv en ess  o f  th e  v a rio u s  m e th o d s  is 
d isp u te d  a n d  it is fo rese en  th a t  d iff ic u ltie s  will a rise  in th e ir  fo rm a l 
a cc e p ta n ce . In  o th e r  w o rd s , th e  u tiliz a tio n  a n d  tru s t  in  such  
e q u ip m e n t a n d  m e th o d s  w ill re s t w ith  th e  ex p erie n ce  a n d  a b ility  o f  the  
o w n e rs.

B ased  o n  th is  o n e  can  fo resee  a  d isc rep a n c y  b e tw een  th e  b u n k e r  
fuel g ra d e  as it com es o v e r th e  sh ip  ra il a n d  th a t  be ing  rec o m m e n d ed  
by th e  en g in e  m a n u fa c tu re r .  T h is  will ra ise  a  n u m b e r o f  q u e s tio n s , o f  
w hich  th e  legal im p lic a tio n s  a re  th e  m o s t tr ick y  a n d  im p o r ta n t .  H as  
th e  S u b -C o m m itte e  c o n s id e re d  th e  risk  o f  a  sh ip  b e in g  d ec lared  
u n sea w o rth y  if  a  d isc rep a n cy  exists b e tw een  th e  fuel g ra d e  co m in g  
over th e  s h ip ’s ra il a n d  th a t  re c o m m e n d ed  by th e  en g in e  b u ild e r?

O n  th e  a ss u m p tio n  th a t  o w n ers  will be  o b lig ed  to  in tro d u c e  a 
M arin e  Fuel S ta n d a rd , w h a t k in d  o f  q u a lity  g u a ra n te e  is env isaged  
fo llo w in g  th e  su p p ly  o f  b u n k e rs  a n d  w ill th is  be c o u p le d  to  a  b u n k e r  
d e live ry  n o te  w hich  q u o te s  th e  a c tu a l va lu es  o f  th e  v a rio u s  
p a ra m e te rs?
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MR A F HODGKIN, Member I Mar E: I have som e opinions 
concerning the p roposed S tandard  which the au th o r has discussed. If I 
were to  m ake these opin ions public, they could p robably  be 
p araph rased  in the style o f  an  old w ar-tim e exhortation  like ‘W as your 
journey  really necessary?’! A side from  th a t, 1 sincerely trust there are 
som e shipow ners w ho will be satisfied by the new S tandard . ! know 
from  my ow n con tac t w ith the C om m ittee during its long deliberations 
th a t, severally and individually, m uch hard  work has been involved. 
Discussions have been intense, ranging widely over the subject m atter.

T h roughou t this period I have continually  adm ired the adroitness 
with which the representatives o f  the oil industry  have consistently 
bent the discourse o f  the C om m ittee to  their will. I am  no t suggesting 
that they d id not have good reason for this, o r that the C hairm an  o f 
the C om m ittee has been lax. It seems they had no o ther choice, for it is 
understandab le to  m e th a t the bunker fuel m arket is very m uch a ‘tail- 
end C harlie’, and  the oil industry canno t be expected to m odify its 
refining techniques solely to  produce a specific fuel or fuels. The 
lim itations set fo r the listed param eters o f  the various grades therefore 
seem very m uch to be w hat the refineries can produce within the 
foreseeable fu tu re , w ithout jeopard izing  any o f  the front-end 
processes, o r, indeed, changing their curren t habits in any m aterial 
way.

As a  m em ber o f  the boiler industry  it is not surprising th a t G rade 
M J is o f  m ost interest. No diesel ship will bunker this grade, if only 
because o f  the risk that the specific gravity may exceed unity . If this 
grade becom es widely available we w onder w hat percentage difference 
in price would exist betw een it and the superior grades. This m ust be 
seen as a  very im p o rtan t issue in determ ining the likely 
com petitiveness o f  any fu tu re steam  plant and som e indication from  
the oil industry  w ould be welcome.

L im ited in defin ition  though a  G rade M J fuel m ay be, it is 
accepted that m ost boiler p lant will be able to deal with it. 
Nevertheless, m ore in form ation  would be helpful in a diagnostic and 
corrective sense, so th a t shipow ners may be given every assistance in 
the use o f  this potentially  d ifficult fuel. If records could be kept o f 
p lant perform ance and  difficulties relating to con tam ination  levels in 
the fuels in use, then a  pa ttern  should  evolve, enabling corrective work 
to  be u ndertaken , and  assisting in p repara tion  o f  new designs avoiding 
those difficulties in fu ture.

In som e areas shipow ners are being offered  a service enabling an 
evaluation  o f  fuel quality  to  be given shortly  after receipt o f  a sam ple 
taken during bunkering . Details o f  this have been announced by 
In tertanko  and  Det N orske V eritas and it is believed that the M aritim e 
A dm inistration  in the USA has sim ilar plans.

But why should ow ners have to involve an outside agency in order 
to  find out w hat they are  buying? Even a  packet o f  cornflakes or 
sim ilar fuels m ust sta te  the nature o f  its contents — is it too  m uch to 
expect a  corresponding service from  bunkering  stations? It is not 
suggested th a t add itional lim itations should be applied, but merely 
that indications are given a t the point o f  delivery o f  sufficient 
param eters to  provide a sound basis for dealing with any in-service 
problem s w hich m ay arise.

If  full records are kept by the user, and fed back to  the plant 
designer, then som e overall benefit should result m aking it m ore 
readily possible to deal with fuels upon which there is placed very little 
in the way o f  restrictions, in so fa r as the oil industry  is concerned. 
A ssum ing tha t this very low grade o f  fuel is available in any quan tity , 
then the provision o f  da ta  as suggested should not m aterially affect 
the cost o f the  fuel.

A lthough these rem arks have been aim ed specifically at G rade 
M J, it is likely that sim ilar benefits could accrue to the users and 
designers o f  diesel engines if applied  to o ther grades.

DR P G CASALE, Fellow I Mar E: It is w orth repeating that the 
G eneral Council o f  British Shipping was the driving force in 
requesting the BSI to  set up a w orking group to consider the 
developm ent o f  m arine fuel standards. T hrough  our connections with 
the Institu te  o f  P etro leum  we were requested to nom inate a person to 
serve on the com m ittee. M r Royle, a m em ber o f  the sam e com pany as 
m yself, was our representative.

I should  like to  say a few w ords, applicable to our C om pany, 
concerning our com m itm ent to , and availability o f, our p roducts as 
influenced by the p roposed British S tandards pu t before you by Mr 
T hom as. This is also an appro p ria te  m om ent to record our sincere 
appreciation  o f  the work done by M r T hom as as C hairm an  o f  the 
British S tandards M arine Fuels S tandard  Sub-C om m ittee; fo r his 
understanding o f  the differing view points put fo rw ard  and  the skill

with which he has always kept the C om m ittee m oving in the right 
direction at a quite  rem arkable pace.

M r Royle’s partic ipation  in the  M arine Fuel S tandards Sub- 
C om m ittee has been w ith the full co -opera tion  o f  our principals in 
New Y ork, who recognize th a t custom er sa tisfaction  is o f  prim ary 
im portance to  our business. There is a possibility  th a t the proposed 
standards may be adopted  by the m arine trad e  p rio r to  their receiving 
ISO approval. If this should happen , then we will play our part in 
m aking them  a practical reality. It w ould be foolish to  suggest th a t the 
p roposed standards are the answ er to  all the technical problem s 
encountered by shipow ners in using residual fuels in their diesel 
engines. The proposed standards are  expected, how ever, to  provide a 
set o f  realistic specifications w hich, although  now  som ew hat ten tative 
and incom plete, will nevertheless represent a  su itab le  fram ew ork for 
fu rther co-operative developm ent o f  m ore com prehensive m arine fuel 
standards in the fu ture.

T here m ay be concern ab o u t the effect o f  these stan d ard s on the 
availability  o f  m arine fuels. D uring o u r discussions on the 
developm ent o f  the standards, considerable em phasis was placed on 
p roduct availability , since it was unrealistic to  agree to  specification 
limits which m eant that the petroleum  industry  w ould no t be in a 
position to  o ffer p roducts for sale. W e w ould like to  reassure the 
shipow ners that the adoption  o f  the m arine stan d ard s will have no 
significant effect on the availability o f  the fuels we supply to  the 
m arine m arket. N aturally , not all the grades will be available at all 
ports, bu t this is the situation  today and  is likely to  rem ain  so in the 
fu ture.

So, to  conclude, it would seem that the com m ercial su p p o rt to  the 
p roposed standards com es dow n to  the reaction  o f  individual 
shipow ners and charterers, and  the  views o f  their na tional and 
in ternational o rganizations, since they are the purchasers o f  the fuels.

MR G W FOX, Fellow I Mar E: 1 have been in tim ately  connected  
with the oil industry bo th  aflo a t and ashore fo r 30 years.

M ay 1 first o ffer my w arm est congra tu la tions to  M r T hom as on 
the quality  o f  the paper he has delivered, and  praise  the back-up 
service he has obviously received from  his C om m ittee.

M r T hom as has today , if he will forgive m e, ‘preached the 
gospel’, a gospel I have been preaching to  ship op era to rs  — from  
technical d irector to  chief engineer — over the past three o r four 
years, ever since the allocation  crisis. I am  no t sufficiently  conceited to 
th ink  that I have been the only m em ber o f  the oil industry  doing this, 
for I am  certain  that my opposite  num bers in the o th er m ajo r oil 
com panies have been doing the sam e.

T o  sell a  product which continues to  decline in quality , any 
salem an o f  integrity  has to  prepare his custom er fo r this declining 
quality , particu larly  as prices will con tinue to  soar.

I have a  gut feeling, based on my experience as a  m arine engineer 
and  my background in the oil industry , th a t a t the end o f  the day, 
w hen agreem ent has been reached by the ship o p era to rs , engine 
builders and oil com panies, the param eters o f  the acceptable 
specifications will n o t be as narrow  as the o p era to r w ould p refe r, due 
to the com plex variables involved.

H aving appeared  to  put a dam per on the w ork o f  the C om m ittee, 
I would suggest th a t, though  the quality  o f m arine bunkers will 
continue to decline, its price soar and  its availability  d im inish , the ship 
op era to r and the engine builder in co n junction  m ust take the 
necessary steps to enable them  to  con tinue to  use this residual fuel for 
as long as it is available.

CDR K I SHORT, Fellow I Mar E: In the late 1940s shipping 
com panies sta rted  converting their vessels’ slow-speed diesel m ain- 
p ropulsion  engines to operate  on heavy fuel because it was so m uch 
cheaper than  the diesel fuel they had  h itherto  been using.

The heavy fuel was cheap because it was the by-product o f  
refineries geared to the production  o f  distillates a ttrac ting  a high 
price. I t was, effectively, a  waste p roduct w hich could be an 
em barrassm ent if no t rem oved. So oil com panies fell over each o ther 
to  get rid  o f  it and price rebates were custom ary.

T hanks largely to  the developm ent o f  com plem entary  lubricating  
oils and  the avoidance by the oil com panies, w ho were then  the 
principal source o f  supply, o f  bunkering  unsu itab le  fuels in to  such 
vessels, ships by and  large operated  satisfacto rily . There was no 
dem and from  ship ow ners fo r quality  con tro l, which m ight increase 
the price and  reduce availability . It was purchased solely on the basis 
o f  viscosity and flash po in t. Several o f those m ore intim ately
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concerned with the chem istry o f  the oil, how ever, expressed som e 
interest in a  specification.

T oday  the situation  is very d ifferen t. In term ediate  fuel oil (i.e. 
heavy m arine oil cut back to usable viscosities by appro p ria te  
distillate) has deterio rated  in quality  and  continues to  do so. Its 
availability  is restricted and  prom ises to  be m ore so. N um erous 
b reakdow ns and stoppages o f  m ain engines a t sea have been reported  
and  considerable increased m aintenance is necessary.

This has forced ow ners to ask fo r details o f  the fuel they are 
receiving, and to consider the developm ent o f  a purchase specification 
fo r it fo r the fu ture.

T he first hesitant steps in the production  o f  such a specification 
are the subject o f to d ay ’s paper. I support this a ttem pt but em phasize 
that I consider it to be purely em bryonic; m uch rem ains to  be done. 
For exam ple:

D EN SITY : H as been se t a t 0.99 by  the lim iting capability o f  the  
water seated centrifugal separator. Is this a fair lim it fo r fu tu re  use 
when Epsom  salt sealing m edium  can be used in the separa to r?  In the 
long ru n , density  could then be set higher.

P O U R  PO IN T : Set b y  onboard  fu e l  handling considerations. I f  
pour poin t depressants can be used for the crude oil com ing ashore 
from  the Beatrice O ilfield why is the pour po in t im po rtan t, and  why 
com plicate it with seasonal differences for MB and M C?

A S H : H ow  was this lim it set?
S E D IM E N T : A ckn o w led g ed  as im portan t b u t no  lim it set, as no  

in ternationally accepted  m e th o d  available. W hen will an  in ternational 
s tandard  be available?

V A N A D IU M : Set by  source a n d  re finery m ethod . I consider it 
has been set too  high and  this top  figure could becom e the costing 
norm . W e have already seen one diesel m anu fac tu re r using this high 
figure to  suggest th a t it dem onstrated  the fu tu re  advan tage  o f  the 
slow-speed engine over m edium -speed engines!

SO D IU M : W hy have the oil com panies advised against recording 
sodium ? W ould w ater w ashing not be beneficial?

A LU M IN IU M : The fig u re  o f  30 m g /k g  is f o r  fu e l  passing over 
the rail before trea tm ent onboard . This appears to  be w hat will be 
supplied, no t w hat is acceptable to  the m achinery. M . G allois o f 
SEM T recently suggested an engine limit o f  20 m g/kg .

A SPH A L T E N E S: N o th in g  g iven f o r  these as C C R  considered to  
be as satisfactory. B ut asphaltene per cent is not alw ays p roportional 
to  carbon  per cent. F or exam ple, on the W est C oast o f  the USA , the 
fo rm er can be 150 per cent o f  the la tte r.

C O M PA T IB IL IT Y : N o t considered practicable. A reference fuel 
should be developed fo r testing fuels fo r com patib ility .

CE TA N E  N U M BER; D IESEL N U M B ER ; IG N IT IO N  
Q U A L IT Y ; B U R N A B IL IT Y : N othing given for these very im portan t 
features. I consider it is tim e th a t it was.

T o  sum up, only the density and  p our po in t have been selected to 
suit the ship ow ner, and  so a  ship m ust be designed fo r the fuel, as it is 
a question o f  balancing cost o f  special fuel against cost involved in 
designing to  burn  the  w orst fuel.

The proposed  Specification is, I feel, m ore a tab u la tio n /g ra d in g  
o f  certain  im p o rtan t characteristics o f  fuel likely to  be o ffered , than  a 
real specification. The oil com panies have sta ted  m axim um  values o f 
fuel characteristics likely to  be found  in fuel p rovided. I th ink  it is too  
perm issive to  be truly useful. T he perm uta tions o f  quality  within any 
grade are vast.

Now I should  like to  consider the Specification from  the varying 
points o f  view o f  those w ho will be involved w ith the fuel.

As has been said, the oil supplier will con tinue to  d ictate  w hat the 
ship ow ners will get.

The effect o f  con trac t law as it is now stands is to  im pose strict 
liability since it does not depend on the seller being negligent. It is, 
how ever, restricted to  actions betw een the buyer and the seller. EEC 
proposals will w iden strict liability by allow ing any user o f  a  defective 
article w ho suffered  in ju ry  from  its norm al use to  sue the p roducer for 
dam ages.

Will these considerations m ake the supplier resist the provision o f  
analysis a t bunkering?

I am  talk ing  specifically ab o u t the oil supplier ra ther than  the oil 
com pany as today  m ore oil is p rovided by independent suppliers who 
m ay lack the technical back-up services o f the oil com panies and know  
little in dep th  ab o u t w hat they are  bunkering.

The position  o f  the engine designer is really unchanged. A lthough 
he now know s w hat to expect as the w orst characteristics o f  the fuel he 
does not know w hat com bination  o f  these he can expect in practice, 
either as fuel ‘over the ra il’ o r as processed on b o ard , and  will have to

ask fo r lim its fo r carbon , sodium , vanadium  and  alum inium  where 
ap p ro p ria te , accepting th a t this m ay incur increased costs and 
m aintenance.

Last week M . G allois related to  us the story  o f  a  m edium -speed 
engine’s fuel pum p bores being scored by excessive cataly tic fines in a 
m atter o f  days, to  the extent that the pum ps could no  longer handle 
diesel fuel fo r m anoeuvring  as was the vessel’s norm al p ractice, and 
they had to  revert to  heavy fuel. He also com m ented on a  slow-speed 
diesel engine which had  been stopped in the Pacific by cataly tic fines 
dam age.

On the sub ject o f  o nboard  treatm ent specialists, I suggest that 
there has been little advance in on b o ard  trea tm ent equipm ent fo r only 
the last 20 years. The m uch publicized S he ll/A lfa  Laval recent 
sep ara to r tria ls, useful as they were by being con tem porary , only 
really confirm ed w hat was done and reported  years ago. A rgum ents 
regarding  relative m erits o f  separa to rs and  filters are  the sam e today 
as they were 20 years ago.

M uch m ore concerted  effo rt is needed on fuel trea tm ent. 
S epara to rs , clarifiers, p rec ip ita to rs , filters and  hom ogenizers all have 
a part to  play. It w ould be logical for engine designers to  coo rd inate  
such w ork.

So far as the ow ner is concerned there is no change. H e will be 
getting the sam e fuel given a  fancy grading, principally  on  viscosity— 
or it m ay be even w orse as the floodgates have been opened to allow 
an unrestricted  num ber o f  bad  characteristics a t the sam e tim e, 
w hereas previously oil supp liers’ consciences on consideration  o f  w hat 
was ‘m erchan tab le  q u a lity ’ m ay have persuaded them  to  dose dow n 
the w orst o f  such characteristics.

T he specification has only considered availability  as far as ow ner 
requirem ents are  concerned; burnab ility  is o f  equal im portance but is 
not included. In selecting his fuel the ow ner should  also pay som e 
a tten tion  to  an tic ipated  m aintenance.

T hen we com e to  three in terrelated  questions:
(a) How does the ow ner know  th a t the fuel he receives 

con fo rm s w ith the specification?
(b) H ow  can the specification  be enforced?
(c) H ow  can the ow ner know  w hat he is receiving in tim e to  do 

som ething ap p ro p ria te  to  his m achinery to  b a lan ce / 
counterac t som e adverse characteristic?

T he responsibilities accepted by a ship charterer are  fairly 
onerous. He already has to  direct the ow ner to  a safe port and  a safe 
berth  either o f  w hich can  be the subject o f  legal w rangle. H e currently  
provides the fuel to  a lim ited specification ‘reasonably  fit fo r the 
p u rpose’; my solu tion  is that charter parties should  be designed so that 
ow ners provide the fuel.

Now we com e to  the end o f  the line, the C hief E ngineer o f  the 
vessel being bunkered .

W hat does he do  if  the supplier in fo rm s him  th a t there  is a 
general shortage o f  his G rade  in the area  and th a t the fuel he is 
consequently  offering  does not quite  m eet the specification b u t it is 
w hat everyone else is using?

This m ay happen  when con tac t w ith head office proves 
im possible, and  he is holding up the barges and  the supplier is holding 
him  responsible fo r cost.

Is it the in ten tion  that such divergence from  the p roposed 
specification should  be a  legitim ate reason fo r rejecting the fuel— and 
would it necessarily be judged  a com m ercially sound  reason?

My conclusions are as follows:
1) M ore e ffo rt should  be devoted to sophisticated  voyage 

scheduling and  reduction  o f  w aiting tim e o f f  po rts, bo th  o f 
which can waste m ore m oney th an  is being saved by purchasing  
low quality  fuels.

2) W e have been w aiting a  long tim e fo r a positive lead. T he 
specification  is only the s ta rt, no t the end, o f  the road .

3) D isputes on fuel quality  are increasing an d  it would be helpful in 
their resolu tion  to  know  exactly w hat was bunkered .

MR H SJOBF.RG: I congra tu la te  M r T hom as on an interesting 
and im portan t paper. I intend to  question  w hether the fuel s tandard  
proposal takes enough care o f  sh ipow ners’ interests.

As I presum e th a t the W artsila  Vasa Factory  is not as well know n 
here as Sulzer and M irrlees, I th ink  that I should  give you som e 
background  in fo rm ation . T he diesel facto ry  w here I w ork began 
producing  diesel engines in 1954. Since 1963 we have carried  out 
extensive tests with heavy fuel on m edium -speed engines w ith cylinder 
d iam eters o f  220 -4 0 0  m m  (9 -  16 in).

W e have accum ulated  27 000 test-engine opera ting  hours on
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heavy fuel, h a lf  on viscosities exceeding 2000 sRI at 100°F, 230 cSt at 
50°C , o r, as the p roposal puts it, 55 cSt a t 80°C.

The W artsila V asa Facto ry  took  part in the developm ent o f  the 
only tw o-stroke m edium -speed engine th a t operates successfully on 
heavy fuel — by operating  a test engine for 12 411 h in the diesel 
labo ra to ry ; h a lf  the  tim e on heavy fuel.

We have designed and developed two new m edium -speed engines 
since the first oil crisis in 1973-1974. The engines are to  opera te  ex­
clusively on heavy fuel, i.e. no change-over to  diesel oil a t low -load 
opera tion  o r before stopping.

1 shall now  com m ent on  the fuel s tandard  p roposal. There is a 
need fo r a  fuel s ta n d ard , but no t one th a t puts m ost o f  the burden  on 
the shipow ners. It is my opin ion  th a t the proposal — in the in terest o f 
the shipow ners — m ust no t becom e a  s tandard  w ithout alternatives.

As engine m anufactu re rs we are happy in the short term  about 
the present proposal, because it will help m arket our heavy-fuel 
engines, b u t in the  long term  the proposal will cost shipow ners a 
fo rtune  th a t will n o t be reinvested in new ships and hence n o t in new 
engines. I shall give you tw o reasons why the p roposal, in our opin ion, 
is no t acceptable.

F irst, com paratively few existing ships have fuel handling 
equipm ent, e .g . heaters, tem peratu re con tro l systems and centrifuges, 
able to  cope w ith 0.990 density and  30 m g/kg  alum inium .

O ne o f  the leading separa to r m anufactu rers recom m ends a 
m axim um  th roughpu t o f  30 per cent o f rated  centrifuge capacity  and a 
pre-separato r tem peratu re o f  98 ±  2°C  when centrifuging an M F fuel. 
O nly the latest m odels o f  self-cleaning separa tors are able to  do  this 
w ork. N e w  fu e l  treatm ent equ ipm ent will be very expensive.

Second, m any auxiliary engines, and  traw lers’ and  o ther small 
sh ips’ m ain  engines, originally designed for operation  on distillate 
fuels, have during  the past tw o o r  three years been converted for 
operation  on in term edia te fuels o f  M D  and  ME viscosity. Engine 
builders are actively m arketing  heavy fuel conversion packages and 
m any new engines are  converted to  som e degree before delivery, but 
they are all diesel o il engines an d  will never becom e heavy fu e l  engines. 
W e are producing  such engines and  know  their lim itations.

These converted  diesel oil engines will have a  very small chance to 
survive if  ru n  on  M F fuel (1500 sR I/100°F ). M ost will have difficulties 
w ith the M E fuel (600 sR I). A num ber will not operate p roperly  on 
M D  (300 sR I) an d  som e will even have difficulties w ith (Class B2) MC 
due to  the vanadium  con ten t. A  few o f the reasons are:

—  N o , o r ineffective, exhaust valve cooling; valve cam  designed 
fo r diesel oil operation .

— G enerally tuned fo r op tim um  perform ance at rated load; 
hence som e blow back in to  inlet ports a t low load is likely. 
This m ay be to lerable when operating  on diesel oil bu t no t on 
fuels having 1 2 - 2 0  per cent CCR.

— M ost have alum inium  alloy pistons. Those w ithout ring 
carriers will have no chance a t all due to  ring groove wear. 
T hose w ith ring carriers will suffer heavy top  land wear. We 
have tried chrom ium -plating  and  oxy-hardening o f  the top 
lands in our converted engines w ith som e success, bu t our 
heavy fuel engines are all equipped with com posite steel and 
no d u la r cast-iron  p istons, o r with m onobloc nodular cast 
iron.

— Design does no t allow the m axim um  cylinder pressures 
necessary to  burn  efficiently poor-grade fuels.

— Fuel injection systems no t designed fo r high enough injection 
pressures.

— Oil filtering systems will not cope with the increased con­
tam ination  o f  lubricating  oil.

— Speed- and  load-governing systems will not cope with the 
increased resistance caused by leakage residues.

— Engines w ithout a turb ine washing system will be in great 
d ifficulties.

— T em peratures will generally be too  low, especially at low 
loads.

M ost o f  the m oney spent on converting diesel oil engines for 
heavy fuel operation  will be lost if M D and  M E are accepted u n ­
changed as standards.

This leaves only tw o possibilities: first, change to  M C , o r even to 
MB in w orst cases; or, second, m ake your own fuel specification. 
Both will cost a lot o f  m oney.

A  th ird , and in the long run the cheapest, alternative would be to 
buy new heavy-fuel engines.

Suggestions:
M D  M E

Density (at 15 °C) 0.950 0.970
C C R  (%  by m ass) 8 12
V anadium  (m g/kg) 150 250

MR J WILLIAMS, Fellow I Mar E: W e are being invited to 
accept the goodw ill o f  the oil suppliers. C d r. S hort raised the subject 
o f  the ‘sale o f  g o ods’ act.

I should like to  ask how  this can be reconciled w ith quality  
disclaim ers currently  being in troduced  in oil com pany  con tracts.

MR T K M TAM, Member I Mar E: I w elcom e the paper and 
congratu late  the au th o r on attem pting  to  bridge the gap between 
shipow ners, fuel oil suppliers and engine builders.

H ow ever, from  the sh ipow ners’ po in t o f  view the  follow ing 
aspects o f  the proposed specification (Table II) requ ire  tightening up.

F irst, the specific energy con ten t o f  each grade should  be defined. 
U sing the em pirical fo rm ula  for specific energy (gross) in A ppendix  2, 
an increase o f  1 per cent in the fuel density , w ater, ash an d  su lphur 
respectively could result in a  3 .4  per cent decrease in the specific 
energy o f  the fuel. Due to  changes in fu tu re  refin ing  processes these 
fo u r param eters are likely to  increase with the  possible exception o f  
the w ater content.

The quoted  annual sh ipow ner’s fuel bill o f  US$ 35 000M  w ould 
therefore represent an annual poten tial equivalent loss to  the 
shipow ner o f  US$ 1200M. Table II also show s in m ost cases the 
m axim um  values which allow oil suppliers a  w ide m argin  in w hich to 
m anoeuvre fo r financial advantage.

Second, the proposed  grades M G , M H  and  M I have the sam e 
m axim um  values fo r specific gravity , su lphur, ash and w ater, w hich 
implies th a t these fuels could have the sam e specific energy con ten t.

By classifying this fuel in to  three grades, how ever, the 
specification gives the oil supplier the choice o f  charging the 
shipow ner d ifferen t prices fo r fuels w ith the sam e energy con ten t; the 
only difference being the viscosity. W hat can the sh ipow ner do to 
avoid being overcharged?

T hird , the w ater con ten t in grades M D  to  M J inclusive (0.50 -  1 
per cent) seemed high taking in to  account th a t, in a m odern  refinery, 
stringent contro l o f  the end p roduct should  be possible. W ater 
represents an equivalent loss o f  energy and the specification  would 
result in shipow ners buying w ater in lieu o f  fuel to  the value o f  up  to 
US$ 350M per year.

MR D RHODEN, Member I Mar E: W hilst understand ing  the 
explanations given for the choice o f  values to  be used in the p roposed 
specifications, I concur w ith m any o f  the critical views expressed by 
o ther con tribu to rs and would add the follow ing criticism s o f  the 
specifications.

The grading o f  the various residual fuel specifications provides 
no difference in specification o th er than  viscosity fo r grades M G  to 
M I; three grades o f  viscosity equivalent a t one end to  IF380 and  a t the 
o ther IF700, whilst the o ther three residual fuel grades (equivalents 
IF40 to IF 180) m ust cover variations in m ost o f  the  characteristics o f  
the fuel between the best and the w orst w hich are  su itab le to  be 
handled by installed equipm ent in m ost existing ships pow ered by 
m edium -speed diesel engines.

T o  ad o p t the lowest com m on den o m in a to r fo r these 
specifications, with the explanation  th a t this is in the interests o f  
obtain ing  the widest possible application  th ro u g h o u t the  w orld m erely 
ensures th a t, w orld-w ide, suppliers will have the g reatest possible 
latitude in respect o f  quality  and  the user is, m ore than  before , in the 
position  o f  ‘take it o r leave i t ’.

I f  the specifications had  been chosen to  give progressive variation  
o f all those param eters which cause increasing d ifficulty  with in ­
creasing concen tra tion , the user could have had the possibility o f 
choosing a  cheaper grade with characteristics acceptable to  his in­
sta llation . As it is, the user is enjoined to  negotiate his ow n 
specification with his supplier w ho can follow various lines, ranging 
from  ‘There is no call fo r such a specification’ to  ‘O f course we can 
supply, b u t at a  special p rem ium ’.

E ither way the user has less bargain ing pow er than  he has if fuel 
o f  an accepted standard  is being discussed. This s itua tion  is obviously 
to  the benefit o f  the supplier and to  the detrim ent o f  the user and the 
Specification C om m ittee should therefore  no t be suprised a t a  lack o f 
enthusiasm  on the p art o f  the users fo r the p roposed Specification 
w hich, as with all bad  news, is w orse than  no news!
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T he con tinuation  o f  the practice o f  coupling a flashpoint o f  60°C 
with fuel o f  all viscosities from  distillate diesel to  1F700 presents an 
operating  d ifficulty  in passenger ships which have settling and  service 
tanks and  centrifugal separa to rs with open drains. T he D epartm ent o f  
T rad e  instructions lim it the heating o f  oil in these installa tions to a 
tem pera tu re  o f  50°C , which may be exceeded only if  there  is a m argin 
o f  14°C between the oil tem pera tu re  in the se p ara to r o r  oil tan k  and 
its flashpoin t.

As fuels o f  viscosities greater than  60 cSt a t 50°C  requ ire  heating 
to  tem peratu res o f  grea ter than  50°C  fo r effective trea tm ent by 
centrifuge, the lim iting effect o f  having a flashpoin t no higher than  
60°C  for all fuels will be obvious. Ships equipped with centrifuges and 
oil fuel tanks w ith closed drains will not be so lim ited. In all cases 
how ever, all these necessary heating  processes will tend to  drive o f f  the 
lighter frac tions presen t, so throw ing fuel to  the wind and leaving a 
h igher viscosity fuel than  was paid for.

MR D A ROBERTS, Member I Mar E: I congratu late  the 
C om m ittee on  the  degree o f  ra tionaliza tion  so fa r achieved.

As a  specialist refiner in a sm aller oil com pany, whose m ajor 
involvem ent w ith the m arine fuel problem  has been its effect on 
m arine lubrican t requirem ents, an area w here we are strong , I o ffe r a 
num ber o f  com m ents.

Strictly, po u r poin t is not the lowest tem pera tu re  a t which an oil 
can  be handled , m arine o r otherw ise. It is an estim ate o f  the tem ­
pera tu re  above w hich one is reasonably  certain  there will be no 
handling  problem . Given certain  therm al histories, oils are often  
pum pable way below the pour po in t. W e have, fo r instance, w ithout 
additives, pum ped an 80°F pour crude a t a 50°F ground  tem peratu re 
continuously  fo r over 20 years in a 700 mile pipeline.

W hile the trend to  conversion processes was noted  in the paper 
and  frequently  in the co n tribu tions from  the flo o r, there  did no t seem 
to  be adequate  aw areness th a t bo th  catalytic and  therm al cracking 
processes produce fuel oil com ponents which are far m ore reac­
tive /unstab le  th an  virgin residues, how ever heavy and  thick m ay be 
the latter.

This changing chem ical character o f  the oils w ith tim e seems to be 
a  m ajo r problem  bo th  on the fuel and lubrication  side o f  the problem . 
C onradson  carbon  does not entirely cover the problem .

C onsider a heavy grade oil p roduced  by atm ospheric  and  vacuum  
distillation  o f  a crude, and an o th er from  the sam e crude resulting 
from  catalytic and  therm al cracking. By and  large the m etals and  silica 
will be higher in the latter oil and  these are  taken  in to  account in the 
suggested g rading. T he C o nradson  carbon , as produced , m ay differ, 
b u t could be b rough t to  the sam e level fo r com parison  (e.g. by fu rther 
d istillation  o f  the fo rm er) as initially m ade, bu t there is little doubt 
that the tw o oils w ould have d iffering  stabilities. If  bo th  were stored  at 
a tem pera tu re  to  ensure fluidity  fo r say 2 -3  m onths, it could well be 
th a t the  la tte r fuel w ould either have deposited sludge o r its 
C onradson  carbon  had  risen due to po lym erization . I was therefore 
surprised th a t ASTM  m ethod  D1661 was no t even listed under the 
param eters considered and  discarded, even if  m ore ca lib ra tion  steps o f 
the th im ble m ight be needed. T he trend in the m arine fuel available is 
to  becom e m ore reactive, an d  som e m easure o f  this is surely required .

W hile the ‘h ig h ’ cost paid  fo r fuel was stressed, few people 
p resent w ould , in their ow n lives and business, voluntarily  m ake m ore 
o f  any p roduct o r im prove its quality , w here th a t p roduct sells fo r less 
th an  the m aterial, in th is case crude oil, from  which it is m ade. 
M inim ization  o f  such m ake to  the lim its o f  com m ercial technology is 
som ething everyone w ould do  in sim ilar circum stances.

In som e ways it could be argued th a t the m arine fuel problem  has 
arisen because b ad  enough fuels were n o t available early enough, 
alongside trad itio n a l quality  oils at a su itable d ifferen tial to  perm it a 
ju s t com parison  betw een steam  and  diesel econom ics. If, as was so, 
a lm ost all available fuel was suitable fo r diesels, a  m ajo r strength  o f 
the steam  op tion , the ability to  use p oorer, cheaper fuel, was 
destroyed. E ven a t this late stage, if  the availability  o f  a really ‘n as ty ’ 
M J (or M Z) oil fo r steam  propulsions could be w idened, the pool o f  
the rem ainder o f  the m arine fuel could be im proved o r  its decline 
slow ed. I f  the available steam ship capacity  were kep t, as the  basis o f  
using oil as bad  as could possibly be supplied , it w ould be a m ajor 
advantage to the diesel fleet, and  w ould represent a fair and  p roper 
use o f  the strengths o f  each.

F rom  the refiners’ view it is a m atter o f  how he allocates the 
various com ponents in to  p roducts, and  his overall revenue fo r the fuel 
pool. The d ifferen tial betw een the ‘M Z ’ and the diesel grades has to 
m ake the  steam ship  viable in the interest o f  the diesel op era to r as well.

W ithout the steam  units as a  ‘s in k ’ fo r the w orst com ponen ts o f  the 
overall poo l, p roper fuel fo r diesels will no t exist in adequate  am oun ts 
and a t adequate  quality . Given a fixed revenue to the p roducer fo r the 
w hole pool o f  m arine oils, th a t fixed revenue needs to  be charged to 
the tw o types o f  fuel to  give rough parity  o f  cost betw een the m ethods 
o f  propulsion , or steam  will continue to  decline and  w orsen the  fuel 
situa tion  fo r diesel.

W ith hindsight, it could be argued th a t the diesel has had  a 
tem porary  fuel advan tage over steam  which could n o t be expected to 
go on forever; ju st as, on shore, fuel oil was cheaper th an  coal fo r a 
tim e despite its convenience prem ium . Such pricing inequilibria 
canno t really last.

MR H E TUNE, Fellow I Mar E: W hilst associating m yself 
w hole-heartedly w ith the thanks affo rd ed  to  the  S tandards C om m ittee 
fo r their im p o rtan t w ork, the poin ts m ade in discussion on  the need 
fo r flexibility and  co -ord ination  are so im p o rtan t in my view as to 
w arran t a sho rt co n tribu tion , if  only to add  the  m axim um  weight to 
this sector o f  opin ion.

S tandards obviously m ust be fundam en ta l criteria , bu t in the 
final event practical so lu tions m ust be based upo n  a  tr ip a rtite  co­
operation  betw een suppliers, engine builders and  opera to rs . T his is 
fundam enta l if  we are to  achieve the m ost econom ic an d  cost-effective 
systems o f  using the lowest acceptable grades o f  oil and  in the least 
consum ptions.

F rom  the  o p e ra to rs’ poin t o f  view, in new tonnage certainly and 
som e conversions, this will be essentially a scene o f  ‘horses fo r 
cou rses’. T he range o f  options in bo th  graded  fuel qualities and 
m achinery capability  will requ ire  to  be kept sufficiently  open to  enable 
the  m ost com m ercially efficient decisions to  be m ade on the ow ners’ 
u ltim ate choice.

The points m ade by bo th  M r H odgkin  and  C d r S hort are  o f  
im portance. W hilst recognizing the  suppliers’ prob lem s, p robab ly  the 
m ajo r issue in any success in this jo in t exercise will lie w ith the 
m axim um  local in fo rm ation  on im p o rtan t characteristics given to  the 
ships a t the tim e o f  b unker life. In fu tu re  this will m ean m uch m ore 
th an  we have been used to receiving in the past.

A s opera to rs , we appreciate the problem s b u t we are  fully 
prepared  to  play o u r part. If  we know  w hat we a re  getting  then  we can 
con tribu te . I w ould suggest th a t, w ithou t the co n trib u tio n  o f  the 
o pera to rs , success tow ards the fu tu re  econom ies we all desire m ust be 
significantly  inhibited.

T he oil com panies are earnestly  requested  to  apply  equal en ­
deavours to  these requirem ents.

Author's Reply_________________

INTRODUCTION

T he au th o r thanks all those w ho con tribu ted  to  the  extensive 
discussion. T o  a great extent the  con trib u to rs  endorse the fact th a t the 
developm ent o f  a m arine fuel s ta n d ard  is a  com plex issue, and  th a t all 
those concerned need to  face up  to  the com prom ises required  fo r the 
reality o f  such a s tandard .

It m ust be rem em bered th a t the  p roduction  o f  residual-based fuel 
oil in a  refinery is essentially a m atter o f  selective blending o f  available 
frac tions, ra ther than  o f  special processing to  m eet specific residual- 
based fuel oil requirem ents. The objective is to  m eet the m any , o ften  
conflicting, quality  requirem ents o f  the various grades, and  a t the 
sam e tim e use up all the  residual m aterials fo r which no o th er use or 
process is applicable. Such residues include no t only those from  crude 
oil distilla tion , but also high boiling p roducts from  catalytic and 
therm al-cracking processes and  surplus frac tions rem oved during  the 
refining o f  lubricating  oils.

PRICE FOR THE DIFFERENT GRADES

M r H illand  raised the interesting issue o f  the price o f  the d ifferen t 
grades as one moves across the alphabetic  scale. This canno t be 
considered w ithout reference to  the availability  o f  grades a t d ifferen t 
po rts on a w orld-w ide basis. A t p resent, the grade range fo r the 
m arine m arket em braces gas oil th rough  to  the heaviest residual fuels.
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This range covers diesel oil and  also the in term ediate viscosity residual 
fuels.

In the case o f  diesel oil, this m ay be a pure distillate fuel o r a 
distillate with a small p ropo rtio n  o f  residual, and  is o ften  referred to 
as a  black diesel o r blended diesel oil. The in term ediate viscosity 
residual fuels have various com m on term inologies, which include light 
m arine fuel oil, th in  fuel oil, and  inter-fuel (IF). The m axim um  
viscosity at any port m ay be referred  to variously as m arine fuel oil 
(M FO ), bunker fuel oil, and  bunker C fuel.

In o rder to illustrate availability  o f  a particu lar grade, three ports 
have been selected a t random  as show n in Table DI. These particu lar 
grades have then been related to  the param eters given in Table I I , with 
the results o f  bunker availability  com pared to the specification shown 
in Table D II.

It is no t an ticipated  that specification to  the param eters given in 
T able II will im pose any price penalty  on the shipow ner o r any 
availability  restrictions.

T he m arine m arket alone does no t determ ine the price o f  a grade 
a t a particu lar port. This is set by m arket forces on the tw o extrem e 
grades th a t are used in the production  o f any grade o f  m arine fuel oil. 
O n the one hand , there is the good quality  distillate which is used in 
the land and  air transpo rt industries. The o ther extrem e is the heavy 
residual fuel which, besides finding application  in the m arine industry, 
is also used fo r pow er generation  and o ther industries. These o ther 
industrial requirem ents, which in to tal are larger than  the m arine fuel 
requirem ent, set the extrem es o f  price. In general, the cost o f  in ter­
fuels a t any p o rt is a  direct reflection o f  the price o f  the  extrem es at 
that port.

The actual price o f  m arine fuel fluctuates in response to  m arket 
forces. These fluctuations are p robably  greater than  in m ost o ther 
m arkets, and  result in price differentials between grades which are in 
no  way reflected by any significant quality  variations.

F rom  these observations o f  w hat is ra ther a  com plex m atter, it 
should be appreciated  that the sam e factors will continue to  influence 
prices in the m arine m arket, and that the adop tion  o f  the standards 
should  have no  significant effect on prices.

M r H odgkin  sought an indication  o f  the price difference between 
M J and the superio r grades. For the reasons given above, it is likely 
that the difference would vary at d ifferen t ports. Hence it is co n ­
sidered w rong to  indicate any value o f  percentage difference.

STABILITY AND SEDIMENT OF RESIDUAL FUEL

In the process o f blending a particu lar grade o f  residual fuel, the 
p roperties o f  the blend are determ ined by the p rop o rtio n  and  source 
o f  each o f  the com ponents used in the blend, particularly  with 
reference to  stability  and sedim ent.

S tability  o f  residual fuel may be defined as the ability o f a fuel to 
rem ain in an unchanged condition despite circum stances which may 
tend to  cause change; o r, m ore sim ply, as the resistance o f  an oil to 
b reakdow n. C onversely, instability would be the tendency o f  a 
residual fuel to produce a deposit o f  asphaltic o r carbonaceous m atter 
as a function  o f  tim e a n d /o r  tem perature.

M r R oberts refers to  the d ifferent m ethods o f  residual oil 
p roduction . It is agreed th a t, by the processes described, the stability 
results o f  the blends would be d ifferen t. F urther, he m akes reference 
to  the ASTM  m ethod D1661. This test m ethod is entitled ‘Therm al 
S tability  o f  U .S . Navy Special Fuel O il’, and the scope covers the 
determ ination  o f  the preheater fouling characteristics o f  the fuel 
classified as B urner Fuel O il— U .S. Navy Special.

F or the test, the fuel sam ple is in contact fo r 6 h with the surface 
o f  a steel th im ble, which con tains a sheathed heating elem ent. At the 
end o f  the test period , the thim ble is rem oved and  exam ined for 
sedim ent fo rm ation  and d iscoloration  on the surface. The test m ethod 
gives three thim ble ratings, nam ely, stable, borderline and  unstable. 
U nfortunately  the result is qualita tive, and  not quan tita tive, and  it is 
essential th a t any criteria in a p roposed specification can be deter­
m ined quan titatively . T he m ethod is not widely used, and few 
labo ra to ries are  equipped to  carry  it out.

O ther m eans exist for the estim ation  o f  stability , besides the 
ASTM  m ethod  D1661 which is considered as a heater test. These o ther 
m eans are flocculation and hot filtra tion  tests. It is considered that 
none o f  these tests, which are in-house m ethods, are sufficiently 
reliable for a  m ore general and wider use. T he ideal test fo r fuel oil 
stability  has yet to be developed. In the m eanw hile, the m ethods 
referred to  can be, and are, successfully used in the fuel m anufac-

Table DI: Bunker availability a t th ree  random  ports

Current 
grade range

Typical availability

ROTTERDAM
Avail.

DURBAN WELLINGTON
Avail. Avail.

Gas oil
Diesel oil IS
(distillate)
Diesel oil is
(blended)

cS ta t50°C :
30 IF IF

40 IF IF

60 IF IF

80 IF

100 IF

120 IF IF MFO

150 IF

180 IF MFO

240
280 IF
320

380 IF

420 MFO
460

turing process to ensure that available fuels will be stab le  before and 
a fter delivery.

W hile the consequence o f residual fuel oil instability  is the 
flocculation o f  asphaltenes in to  ‘sludge’, there  are o th er far m ore 
com m on ‘sludges’ resulting from  d ifferen t causes. T he m ost com m on 
is an em ulsion o f  oil and w ater; b u t, separately  o r together w ith this, 
can be found  various com binations o f  gum s, resins, free carbon , sand, 
d irt and tank  scale.

T raditionally , the oil refiners have closely con tro lled  the 
asphaltene ‘sludge’ level by use o f  their in-house lab o ra to ry  test 
m ethods. These m ethods have been based on either filtra tion  or 
centrifuge techniques.

W ith the filtra tion  technique a sam ple o f  fuel is filtered hot 
through  a filter paper o r an asbestos m at. O n the underside o f the 
filter paper or asbestos m at, a vacuum  is applied . A ir pressure is 
applied from  above at approxim ately  5 bar to force the  sam ple 
through  the filtering m edium . W hen carried  out by personnel tra ined  
and  experienced in the m ethod, there are no reservations ab o u t its use 
o r adequacy. H ow ever, it is recognized th a t there could be problem s 
when used by inexperienced people.

The alternative in-house technique is the heated centrifuge test. 
This test, how ever, has been applied m ainly to  exam ine the sludging 
effect o f  fuel oil and distillate mixed together, w here the test sam ple is 
o f  relatively low viscosity and  m oderate  tem peratu re.

It was recognized by the sub-com m ittee th a t it was im p o rtan t to 
have a  s tandard  m ethod o f  test w hich w ould determ ine the am oun t o f  
sludge, present in residual fuel, that potentially  could be separa ted  at 
filters and  in centrifuges. Initially , it was envisaged that a test m ethod 
could be developed in laborato ry-type centrifuges, and  that this would 
be done by a ltera tion  o f the tem peratu re o r centrifuge procedure, to 
determ ine w hether sedim ent separa tion  could be achieved with the 
range o f  viscosities as show n in Table II. F u rther, it was also en­
visaged, if this was successful, to corre la te  the results obtained  from  
laborato ry-type centrifuges with m arine-type centrifuges; also that 
consideration  should  be given to an ad d itional investigation o f  a 
filtra tion  m ethod.

The request fo r the developm ent o f  a  su itab le  test m ethod was 
m ade by the sub-com m ittee to  the Institu te  o f  Petro leum . It is 
gratifying that the urgency o f  a  su itable test m ethod is appreciated  by 
that body. T he findings o f the panel to  da te  have been to  discard the 
centrifuge technique, because o f  the centrifugal forces that would 
have to be im posed on labo ra to ry  glassw are to sim ulate the m arine 
centrifuge.
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Table D ll: Bunker availability at th ree random  ports related to  
proposal

Current 
grade range

Typical availability

ROTTERDAM DURBAN WELLINGTON
Avail. Spec. Avail. Spec. Avail. Spec.

Gas oil Other is Other ^  Other
Diesel oil 
(distillate)

MB MB

Diesel oil 
(blended)

✓  MC

c S ta t 50°C:

30 IF MD IF MD
40 IF MD IF MD

60 IF ME IF ME

80 IF ME

100 IF MF

120 IF MF IF MF MFO MF

150 IF MF

180 IF MF MFO MF

240

280 IF MG
320

380 IF MG

420 MFO MH MJ

460

By close co-operation , the filtra tion  technique has been 
developed into a  sim plified form  when com pared to existing a p p a ra ­
tus. M odifications have led to elim ination  o f  the applied air pressure, 
w ith only a vacuum  applied below the filtering m edium . It is a n ­
ticipated that an agreed test m ethod fo r to tal existent sedim ent will be 
available by early 1982. As the m ethod continues to  be developed, a 
wide range o f fuels will be exam ined an d , from  this w ork, lim its could 
be set fo r this test m ethod .

W hen the to tal existent sedim ent test m ethod has been agreed, it 
is possible that fu rther w ork will be required for a test m ethod that 
takes in to  account the ageing o f  the oil. If such a test m ethod is found 
to  be necessary, it w ould indicate the poten tial sedim ent.

COMPATIBILITY

T he possible problem  o f incom patibility  arises when residual fuel oils 
are b lended, using residues from  differen t sources with diluents or 
‘cu tte rs’ which, although  stable  on their ow n, when blended together 
could give rise to  instability . It is intended th a t the to tal existent 
sedim ent test m ethod will ensure stability  o f  individual com ponents in 
a specific fuel delivery. The sub-com m ittee is o f  course aw are o f  the 
spot test (com patib ility  o f  Fuel Oil Blends by Spot Test ASTM  
D 278I).

This m ethod gives a  qualita tive rating  fo r the com patib ility  o f  a 
residual fuel oil w ith a specific distillate fuel, and  is valid for 
predicting the com patib ility  o f  the tw o com ponents in the blending of 
light in term ediate fuels. A lthough two sam ples o f  fuel m ay be 
com patib le  with the specific test d istillate, it does not necessarily 
follow that those tw o sam ples would be com patib le when mixed 
together. If the test is carried  out by an unskilled analyst, it is possible 
that a  higher reference num ber could be observed because o f the effect 
o f  wax and  asphaltene deposition  a t room  tem peratu re.

C om m ander S hort suggests that a reference fuel should  be 
developed for testing residual fuels fo r com patib ility . Since residual 
fuels o rig inate from  differen t sources and processes, it w ould not be 
p racticable to  specify o r produce such a fuel th a t w ould be applicable 
for an in ternational test m ethod . Even if such a reference fuel were 
possible, it is difficult to  visualize how a  q uan tita tive  test m ethod 
could be developed as the oil supplier has no con tro l over the type or 
origin o f  the m arine fuels previously bunkered .

BUNKER DELIVERY NOTE

Several co n tribu to rs from  various parts o f  the industry  have referred 
to a bunker delivery note, and hence the subject is w orthy  o f  
exam ination , bearing in m ind the basic triangle o f  supplier, shipow ner 
and designer.

W ith adop tion  o f  the p roposed specification, it is envisaged that 
the supplier w ould supply bunkers to  the grade o rdered , subject to 
availability , and  th a t indication  o f  the grade designation  on  the 
bunker delivery receipt would be a confirm ation  th a t the fuel delivery 
was within the lim its o f  the specification fo r the ordered  grade. Such a 
sta tem ent would be a significant step fo rw ard  from  the situa tion  at 
present w here the am ount o f  in fo rm ation , recorded on a w orld-w ide 
basis on supp liers’ bunker delivery receipts, is variable. W hile the 
ordered  viscosity, together with the actual delivered viscosity, density, 
w ater and flash point is given in the m ajority  o f  cases, there are  m any 
om issions. M oreover, the inclusion o f  add itional quality  in fo rm ation  
is less frequent.

Some shipow ners consider th a t the provision  o f  a  b unker delivery 
note provides confirm ation  th a t, by having an analysis o f  the fuel 
delivered, this provides assurance th a t the  delivery m eets the grade 
specified. A lso, that with knowledge o f  m ore o f  the properties o f  the 
actual fuel supplied , ad justm en ts m ay be m ade to reduce the 
possibility o f  opera tional problem s with the m achinery.

The designers o f  m achinery system s, o f  w hatever type and 
configura tion , also seek in fo rm ation  to im prove their know ledge of 
the fuel being burn t.

Provision o f  a  detailed bunker delivery note, available on 
com pletion o f  delivery, is an  im practicable so lu tion  which could incur 
significant cost penalties to the shipow ner. By the existing in fra ­
structu re  arrangem ents at bunkering  term inals, the required grade is 
not necessarily p repared  before arrival o f  the vessel, and is som etim es 
b lended ju st p rio r to delivery over the sh ip ’s rail. H ence any analysis 
o f  the fuel could not com m ence until delivery had sta rted . Even if this 
was the case, the analytical d a ta  w ould only be a lim ited estim ate o f  
the delivered fuel quality . For a  realistic analysis this w ould have to be 
carried out a f te r  delivery had been com pleted , on a sam ple w hich is 
representative o f that delivery.

A nalysis in the labo ra to ry  takes several hours, assum ing that 
there is no delay because o f  the com m itm ent o f  s ta ff  to o th er w ork. If 
there is a labora to ry  in the vicinity o f  the bunker term inal, this 
analysis m ay or may not cause delay to the vessel’s departu re . It is well 
know n th a t such facilities only exist ad jacen t to  a few term inals.

Hence the only way an analysis o f  the delivery could be provided 
would be by the establishm ent of, or access to , labo ra to ries with 
suitably trained s ta ff  available on a 24-hour basis at every bunkering  
sta tion  in the w orld. T he cost o f  such an o pera tion , leaving aside the 
tim e in setting up such an in fra-structu re , would be considerable. This 
cost obviously would have to  be reflected in the price o f  the product 
delivered. A lso, if the shipow ner was insistent on receiving the in ­
fo rm ation  prio r to sailing, the dep artu re  tim e m ight have to be 
delayed. Such a delay w ould also be an add itional cost to the 
shipow ner.

For the m ajority  o f  steam ships, the sh ipboard  trea tm ent p lant is 
rud im entary , o ften  consisting only o f  filters and  a heater. It is con­
sidered that analysis o f  the actual fuel delivered w ould only be o f 
academ ic interest to the personnel on board , with respect to  the effi­
cient opera tion  o f  p lant in their charge.

All m o to r vessels have som e form  o f  fuel trea tm ent a rrangem en t, 
albeit som etim es only a  filter in the case o f  a  m achinery system 
operating  on distillate fuel. For those system s operating  on residual 
fuel, the trea tm ent system betw een the b unker tanks and m achinery 
arrangem ent depends on  that specified by the shipow ner at the tim e of 
building, o r th a t offered  by the sh ipyard  against a s tandard  
specification.

W hatever arrangem ent is fitted , the shipow ner expects the 
equipm ent to  be operated  by his s ta ff  at m axim um  effectiveness. 
G iven this prem ise, it is suggested that exact analysis before con­
sum ption  o f the fuel, above th a t already basically p rovided, will not 
assist the sh ip ’s s ta ff  in any m aterial way in increasing the operational 
efficiency o f  the p lant in their charge.

Knowledge o f  the fuel’s density is essential in the selection o f  the 
correct gravity  disc for a centrifuge operated  as a  purifier. T he value 
o f  the viscosity determ ines the handling  tem pera tu re  fo r transfer, and 
is also necessary in o rder to establish the approx im ate  tem pera tu re  for 
atom ization  from  the v iscosity /tem pera tu re  chart if au tom atic  
viscosity con tro l is not provided.
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W ith respect to  pour po in t, it could possibly be argued that 
know ledge o f  this figure could be useful in determ ining the m inim um  
am oun t o f  heating required  fo r storage. If  the fuel has a high pour 
poin t and  is stored  a t tem peratu res considerably below this, there 
could be a  possible danger o f  wax deposition . All o f  this wax m ay not 
always go back so readily in to  solution when the tem peratu re o f  the 
bunker tank  is raised to reduce the viscosity to  a level fo r pum p 
transfer.

As the au th o r is not aw are o f  any m achinery system at present at 
sea w hich has a contro l loop related to carbon  residue, this in ­
fo rm ation  is thus not o f  direct interest to  the sh ips’ s ta ff  from  the 
operational view point. It is acknow ledged th a t som e engines are able 
to  operate  sa tisfactorily  a t high load with a  high carbon  residue fuel, 
b u t have som e opera tional difficulties in the low load condition .

K nowledge o f  the exact su lphur level could , in theory , allow  some 
variation  in cylinder lubrication  to  som e engines. H ow ever, it is 
considered unpractical fo r sh ips’ s ta ff  to change the cylinder 
lubrication  to o b ta in  a  variation  in the to ta l base num ber (TBN) o f  the 
cylinder oil to  m atch fuel su lphur variations. The am oun t o f  su lphur 
has a significance in calculating the specific energy o f  the fuel by 
em pirical m eans.

A  value o f  the actual sedim ent level in theory could be related to 
the actual desludging interval on a centrifuge.

A n exact value o f  any w ater in the fuel, as long as it is below the 
co n trac tual lim it, is only o f  academ ic interest to the sh ips’ sta ff, as 
there is no fu rth er action  that can be taken once the centrifuges, if 
fitted , have been set. In  any case, w ater can be easily and  cheaply 
m easured on board .

In fo rm ation  on vanadium  m ay be o f  interest if the shipow ner has 
supplied additives to the vessel for this purpose. As such additives are 
likely only to  be supplied to  m achinery arrangem ents w hich are 
sensitive to  this oil-soluble con tam inan t, the consequences o f variable 
dosage— w ith the possibility o f underdosage—could be m ore severe 
than  the theoretical cost saving by dosage reduction under certain 
circum stances. A lso, few laboratories are fitted with the sophisticated 
and  expensive equipm ent necessary to  determ ine vanadium .

A knowledge o f  flash point could be useful in certain  circum ­
stances, and this param eter is considered under a separa te heading.

F or the shipow ner, analysis o f  the bunkers may possibly provide 
in fo rm ation  th a t can  influence the vessel’s m aintenance o r inspection 
p rocedures.

All in form ation  on bunkers and feedback from  operating  vessels 
is useful to m achinery system designers, in their desire to produce 
arrangem ents to m eet the changing needs o f  the m arket-place. In any 
o f  the p roposed grades o f  fuel there is an infinite num ber o f  com ­
binations; know ledge o f  these, through  fuel analysis with service 
experience, may help the designer to determ ine where his research 
resources, w hich are not unlim ited, should be applied to im prove his 
p roduct.

O n balance, it is suggested that shipow ners will not wish to pay 
the add itional cost and possibly incur delay in o rder to have an im m e­
d ia te  full fuel analysis on their bunker delivery note. H ow ever, som e 
m ay wish to have an  historical analysis m ade to fu rther their 
know ledge on the actual fuel received by their vessels. H ow  this 
historical analysis is perform ed and w hat actions they then may take is 
their choice. It is im portan t that any such analysis is carried out by 
accepted test m ethods and that all the results are quantita tive.

SUITABILITY FOR PARTICULAR  
ENGINE SYSTEMS

In general, no a ttem pt has been m ade to define suitability  o f  any grade 
fo r particu lar engine system s. This course was adopted  because o f  the 
wide diversity o f  engines and system s. From  the discussion, it was 
clear that som e con tribu tors were concerned as to  the proposed  levels 
for som e o f  the param eters, particularly  carbon residue and 
vanadium . T he levels proposed are a m axim um , and in m any cases 
there is a  difference when com pared to the curren t recom m ended 
values by various engine builders.

It is suggested tha t the reason for this is tha t the engine builder is 
m aking a recom m endation  based on actual qualities used during  long 
service experience. W ithin these often conservative levels there is a 
record o f  good service experience. At the limit values for the various 
grades the engine builder currently  has little o r no experience, as the 
lim iting values are at present only approached in a m inority  o f  fuels 
bunkered , or in fuels especially p repared  for developm ent purposes.

This does not m ean that these fuels are not applicable  to all instal­
lations. It is for each engine builder to determ ine recom m ended limits 
and m axim um  limits fo r each engine configura tion .

CA R BO N  R ESID U E is generally considered to  give an ap ­
proxim ate indication  o f  the co m b u stib ility /deposit-fo rm ing  ten ­
dencies o f  a fuel. This param eter is not an in d ica to r o f  how  the fuel 
begins to bu rn , and hence cannot be linked with ignition  quality , i.e. it 
is not an overall m easure o f  com bustib ility . The difference between 
the conservative lim its o f  som e engine builders, and  those p roposed in 
Table II, reflects the present lack o f  long-term  service experience with 
fuels contain ing  high levels o f  carbon  residue. O ften  it w ould appear 
that the concern is not the effect upon the engine a t the full load 
condition , bu t ra ther the effect on som e existing designs under low 
load operation .

The effect o f  V A N A D IU M  in com bination  w ith sodium  and 
sulphur results in tw o problem s; nam ely, on the one han d , th a t o f  salts 
which are fo rm ed , resulting in deposits, and  on the  o ther th a t o f  the 
h igh-tem perature corrosive effect. T he tem pera tu re  levels fo r these 
two po tential problem s are  quite d ifferen t. I f  the tem pera tu re  o f  the 
exhaust valve and turb ine blading is m aintained below the critical 
m elting tem peratu re o f  certain  sod iu m /v an ad iu m  com plexes, deposits 
canno t adhere to  the surfaces, and  hence in this respect it is irrelevant 
as to  the quan tity  o f  vanadium  in the fuel.

As far as the corrosive effect is concerned, it is logical to  expect 
this to be greater the higher the level o f  vanad ium , although  the 
m elting tem peratu re o f  the sod iu m /v an ad iu m  com plexes would be 
expected to  have an influence. By suitable design and selection o f  
m aterials there is no reason why the intervals betw een inspections or 
overhauls should be any d ifferen t from  those used on distillate fuel 
engines.

LEGAL ASPECTS

Both M r H illand and  M r W illiam s referred  to  the legal aspects o f 
bunkering . This is a com plex subject because o f  the num erous legal 
systems under which bunkers m ay be supplied. U nder m ost legal 
systems it is understood that a bunker con trac t is a ‘con trac t for the 
sale o f  goo d s’. But the in terpre ta tion  o f  such a co n trac t, in the event 
o f  a d ispute, depends on the jurisd iction  under which the con trac t was 
m ade.

U nder English law, the rights and  liabilities w hich arise from  the 
supply o f bunkers are sim ilar to  those associated  w ith any con trac t for 
the sale o f  goods. A part from  instances o f  frau d , the custom er gets 
w hat he asks fo r— save that the doctrine 'caveat e m p to r ’ (buyer 
beware) is tem pered by the Sale o f  G oods A ct 1979. This A ct p ro tects 
the custom er as to the p ro d u c t’s m erchan tab le quality , fitness for 
purpose and answ erability  to  its descrip tion . A doption  o f  the 
p roposed specification would m ore clearly define the  fuel, and  would 
be far m ore useful in cases o f  d ispute th an  the present m ethod o f 
con tracting  residual fuel by viscosity alone.

In the case o f  a time charter, it is usually the charterer w ho agrees 
to provide and pay fo r the bunkers supplied to  the ship for the 
du ra tion  o f the charter. The supply m ay be arranged  under a w orld ­
wide con trac t with an oil com pany o r be m ade from  the  ‘sp o t’ m arket. 
The bunker agreem ent is betw en the tim e ch arterer and the oil sup ­
plier, no t the shipow ner. The grade o f  oil to  be p rovided should  be 
equal o r better than  that agreed when the charter is fixed. By stating  in 
the charter party  an in ternationally  agreed grade o f  fuel, the 
som etim es to rtuous legal issues su rrounding  ‘b a d ’ bunkers and 
charter parties could be significantly reduced.

U nder o ther ju risd ictions d ifferen t laws and codes are  applicable, 
and the effect o f  each w ould require detailed study by legal experts. 
T he m eaning o f  any quality  disclaim ers included in an oil com pany 
con trac t would also require legal study, and  m ay have d ifferen t in ter­
pretations under various jurisd ictions.

SPECIFIC ENERGY AND WATER

M r Tam  suggested that the energy con ten t o f  each grade should be 
defined. Such defin ition  for ease in the specification could only be 
carried  out by applying the em pirical fo rm ula  given in A ppendix  2. 
T he inclusion o f  this m inim um  energy con ten t w ould no t enhance the 
specification in any m aterial way. F urther, it is unlikely that a fuel 
would be delivered which contained m axim um  density , w ater, ash and 
sulphur; hence the fuel delivered would be o f  a higher specific energy.
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From  Table II and  application  o f  the em pirical fo rm ula in A p­
pendix 2, the m inim um  energy contents o f grades M G , M H  and  Ml 
could theoretically  be the sam e. The fundam enta l difference between 
these three grades is one o f  viscosity. V ariation  o f  viscosity has a  price 
consideration  as already described, and  therefore  there is no reason 
why the shipow ner should be overcharged, w hen the param eters o f  the 
fuel are considered in their entirety . F or these heavy grades, the 
lim itation  fo r the shipow ner will probab ly  be the bunker heating 
capability  o f  the vessel.

The proposed values with respect to  W A T ER  con ten t fo r grades 
M D -M J inclusive are  the sam e as those trad itionally  accepted by the 
m arine m arket, an d  o ther m arkets w hich use residual fuel.

DENSITY AND POUR POINT

For grades M D -M I inclusive, the m axim um  value for D EN SITY  of
0.990 at 15°C was determ ined by the curren t technical lim itation 
related to  the  need to operate  centrifuges in the purifier m ode. It has 
been suggested th a t possibly the density lim it could be set at a higher 
level. C om m ander S hort m ade reference to  a  so lu tion  o f  Epsom  salts 
being used as the sealing m edium  in the purifier. Such a m ethod has 
been dem onstra ted  and  show n to  w ork, but the au th o r is not aw are 
that such a system is o ffered  com m ercially by the m anufacturers o f 
centrifugal separa to rs . If, and  w hen, such m ethods becom e com ­
m ercially available, consideration  can then  be given as to  the revised 
technical lim it.

Residual fuels in general, w ith the exception o f  those o f  low 
viscosity, m ay be considered as dependant on  viscosity and  not PO U R  
P O IN T  with respect to handling on b oard . N am ely, the tem peratu re 
necessary to  reduce the viscosity sufficiently  fo r handling purposes is 
higher than  th a t o f  the pour po in t. It should  be appreciated  th a t, like 
m any o f  the o ther residual fuel constituen ts , wax is a param eter that 
depends on crude oil quality  and refinery process. U nfortunate ly , 
there  is no econom ic process fo r its rem oval; it does, how ever, have a 
good heat con ten t and  com bustion  characteristics.

M ention  has been m ade o f  pour point depressants, which are 
inco rpora ted  in to  som e fuels by the  supplier. H ow ever, the response 
o f  a  fuel to  a po u r poin t depressant depends very m uch on the  type 
and  am oun t o f  wax present, and  careful con tro l o f  the blending o f  the 
depressant is required . T he depressant, a wax crystal m odifier, tends 
to prevent the grow th  o f  a  three-dim ensional netw ork o f  crystal 
th roughou t the oil when it is cooled.

F or distillate fuels the depressant usually is based on 
ethy lene/v inyl ace ta te  copolym ers. In the case o f  residual-based fuels 
which are  m ore com plex in their struc tu re , it is no t considered that 
p our poin t depressants are su itable fo r sh ipboard  application , 
although  these m aterials are  successfully used in the refinery.

FLASH POINT

The flash po in t con tro l o f  a  fuel provides pro tection  against fire and 
explosion risk , and  its value can be m aterially  altered  by the  add ition  
o f  sm all am oun ts o f  volatile fuel. In determ ining  the  m inim um  value 
fo r this characteristic , due account was taken o f  the various in ter­
national and  national sta tu to ry  requirem ents. H ence, a m inim um  
value o f  60°C  is proposed , this value being applicable fo r grades M B - 
M J. It m ust be rem em bered that residual fuel, besides finding app li­
cation  w ithin the m arine m arket, is also  used in the inland m arket, 
which is subject to  its ow n legislative requirem ents.

M r R hoden in his con trib u tio n  states the operating  d ifficulty  in 
passenger ships w hich have settling and  service tanks, and  centrifugal 
separa to rs w ith open drains. T he au th o r w ould agree w ith this 
sta tem ent when applied to  the heavier grades given in Table II. U n­
fortunate ly , there is not a relationship  betw een the flash poin t and  the 
viscosity o f  a  particu lar grade.

The actual value o f  the flash po in t in the m ajo rity  o f  bunkerings 
is determ ined by the flash po in t o f  the d iluent, used in conjunction  
with the base residual m aterial, to  produce the required param eters o f 
the  grade. T he characteristics o f  the diluent are  variable on a  w orld ­
wide basis. Use o f  highly volatile m aterial is no t possible as inclusion 
o f  such p roduct w ould result in a flash po in t below the legal 
m inim um .

Inclusion in the specification o f  a flash po in t higher th an  60°C 
w ould overcom e the operational d ifficu lty  o f  high viscosity fuels with

respect to open drains. H ow ever, it is considered th a t the specification 
o f  a  higher figure w ould not be p racticable. This is because residual 
fuel is supplied to  o ther m arkets, and  tha t a  higher figure w ould limit 
the type o f  diluent em ployed in the fuel p roduction  process. T he net 
result would be a  restric tion  o f  availability  o f  fuel to  meet this 
requirem ent.

It is concluded tha t each shipow ner, with his know ledge o f  his 
p articu lar fuel handling and trea tm ent system , m ust determ ine for 
him self any  changes th a t m ay be required in o rder to  burn  the various 
grades o f  fuel, to  meet the various legislative requirem ents th a t are 
applicable to  flash point.

For those shipow ners w ho wish to  consider use o f  a m ore viscous 
grade than  tha t fo r w hich the vessel was designed, various param eters 
m ust be the subject o f  techno-econom ic evaluation . A m ongst the 
facto rs which w ould require exam ination  are  the heating  capability  in 
the bunker tanks; possible provision o f  trace heating on the transfer 
lines; and  effective draining o f  the lines after transfer. A lso, the 
suction perfo rm ance o f  the tran sfe r pum p should  be exam ined, an d , if 
a significant change in viscosity is envisaged, considera tion  m ay have 
to  be given to  operation  o f  the transfer pum p a t a  lower ro ta tiona l 
speed.

METHODS OF FUEL ANALYSIS

It was suggested in the discussion th a t a fuel analysis spectrom eter, 
which has been fitted to  at least one gas tu rb ine  ship, be provided at 
individual bunkering  sta tions. This type o f  equ ipm ent, it is u nder­
stood , is capable o f  analysing con ten t in fuel o f  up to  six m etals, with 
a  tolerence o f  0.5 m g /k g . The cost o f  this equipm ent is not in ­
significant; fu rther, it m ust be rem em bered th a t the m ethod  used is 
no t an in ternationally  accepted test but is com parative.

M ention has also been m ade o f  g as-liq u id  ch rom atog raphy , 
w hich is an  analy tical m ethod  fo r d e term ination  o f  the type o f  
hydrocarbon  structures th a t are  present in a fuel. By this m ethod , an 
assessm ent can be m ade on the  com bustion  qualities o f  a fuel. The 
results ob ta ined  by g as-liq u id  ch rom atography , gel perm eation  
ch rom atography  and  h igh-perfo rm ance liquid ch rom atography  are  o f  
interest to  research w orkers, bu t are no t considered to have a role in 
the developm ent o f  an  in ternationa l s tandard .

RESPONSE TO PROPOSAL

T he im plem entation  o f  any p roposal depends on the  am oun t o f  
com m itm ent o f  the parties concerned. It was the G eneral C ouncil o f  
B ritish Shipping w ho were responsible fo r the in itia tion  o f  this w ork. 
T heir representatives consider the p roposal which is principally  
directed tow ards fu tu re  fuel quality , and , with this proviso , consider 
th a t T able II has achieved a  m easure o f  agreem ent. It m ust be 
rem em bered th a t today there are fuels in the m arket place w ith a 
viscosity o f  380 cSt a t 50°C , C C R  18-19%  by m ass, and  vanadium  
550 m g/kg .

In p reparing  the proposal the sub-com m ittee has taken  in to  
account the aspect o f  fu tu re  predicted availability , and  it is a p ­
preciated th a t, fo r som e o f the lighter residual viscosity g rades, som e 
ow ners m ay wish to  request lower lim its a t the tim e o f  o rdering  a 
particu lar consignm ent o f  fuel. The fuel supplier at tha t bunkering  
sta tion  will then  be able to  advise the availability  o f  such a  fuel.

As we m ove forw ard  in the fu tu re , an  increasing am oun t o f  
secondary  refining processing will be used in certain  geographical 
areas. A lso, it is expected th a t the high vanadium  crude oils, such as 
those from  Venezuela and  M exico, will be refined in areas where 
historically low level vanadium  crude oils have been used.

W hilst som e w ould consider the proposed  specifications to  be not 
as restrictive as they would like, they m ust rem em ber th a t, w ithout 
any specification acceptable to  all parts o f  the industry , the  alternative 
is to o rder residual fuel by viscosity— a m ethod  w hich is regarded by 
m any as unsatisfacto ry .

In conclusion, m arine fuel oil specifications w hich have national 
and  in ternationa l recognition are  o f  im portance to all facets o f  the 
m arine industry . Their developm ent and  im plem entation  m ust be 
m ade intelligently, and  with full regard to the circum stances fo r w hich 
they are needed.

Trans 1 M a r E  (TM ), 1981, Vol. 93, Paper 9 15



Published fo rTH E  INSTITUTE OF MARINE ENGINEERS by Marine Management (Holdings) Ltd., (England Reg. No. 1100685) both of 76 Mark
Lane, London EC3R 7JN. Printed by The Carlton Berry Co. Ltd. 2 /2149


