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S o ni 8 i s t h e l at e st a d diti o n t o N R G M ari n e’ s S o ni h ull r a n g e of 
ultr a s o ni c a ntif o uli n g t e c h n ol o g y. S o ni h ull’ s fit- a n d-f or g et s y s t e m s 
pr e v e nt m ari n e or g a ni s m s c ol o ni si n g s oli d s urf a c e s t h at ar e 
e x p o s e d t o r a w s e a w at er.

Wit h ei g ht i n d e p e n d e nt a n d pr o gr a m m a bl e o ut p ut s, S o ni 8  c a n 
pr ot e ct e v er y p art of y o ur v e s s el or str u ct ur e fr o m m ari n e f o uli n g. 
U nli k e bi o ci d al c o ati n g s a n d i m pr e s s e d- c urr e nt s y st e m s, S o ni 8  i s 
l o w c o st a n d l o w m ai nt e n a n c e, wit h z er o p oi s o n o u s e n vir o n m e nt al 
l e g a c y. Wit h o n e p a n el a n d ei g ht tr a n s d u c er s, S o ni 8  h a s all of y o ur 
e q ui p m e nt c o v er e d.

S o ni 8 –  T h e f u t u r e of a n tif o uli n g, n o w
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Pr o d u cti o n M a n a g er:  Ni c ol a St u art
A d v ertis e m e nt Pr o d u cti o n M a n a g er:  Ste p h e n B ell
S u bs cri pti o ns & P u bli c ati o ns M a n a g er:  Tas h ar n a Fr a ncis
P u blis h er:  M ar k J St a u nt o n- L a m b ert

A d v ertisi n g S al es:   J P Me di a S er vi c es
E m ail a d vertisi n g:  j p a yte n @j p m e di as er vi c es. c o m
 cs el d o n @j p me di as er vi c es. c o m
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P u blis h e d b y:
The R o y al I nstit uti o n of Na v al Arc hite cts
E dit ori al O ffi c e:
8- 9 N ort h u m b erl a n d Stre et
L o n d o n, W C 2 N 5 D A, U K
Tel e p h o ne: + 4 4 ( 0) 2 0 7 2 3 5 4 6 2 2
Tel ef a x: + 4 4 ( 0) 2 0 7 2 4 5 6 9 5 9
E- m ail e dit ori al:  e dit ori al @ri n a. or g. u k
E- m ail pr o d u cti o n:  pr o d u cti o n @ri n a. or g. u k
E- m ail s u bs cri pti o ns:  s u bs cri pti o ns @ri n a. or g. u k

Pri nte d i n Wal es b y Ste p h e ns & G e or ge M a g azi n es.

The I nstit uti o n is n ot, as a b o d y, res p o nsi bl e f or o pi ni o ns e x press e d 
i n The N a v al Arc hitect  u nl ess it is e x pressl y st ate d t h at t h es e are t h e 
C o u ncil’s vi e ws.

Re gistere d c h arit y N o. 2 1 1 1 6 1
© 2 0 1 8 The R o y al I nstit uti o n of Na v al Arc hitects. This p u blic ati o n 
is  c o p yri g ht  u n der  t he  B er ne  C o n ve nti o n  a n d  t he  I nter n ati o n al  
C o p yri g ht C o n ve nti o n. All ri g hts res er ve d. N o p art of t his p u blic ati o n 
m a y  b e  re pr o d uce d,  st ore d  i n  a  retrie v al  s yste m  or  tr a ns mitte d  
wit h o ut t he pri or p er missi o n of t he c o p yri g ht o w ner. Per missi o n  
is n ot, h o we ver, re q uire d t o c o p y a bstr acts of p a p ers or of articles 
o n c o n diti o n t h at a f ull refere nce t o t he s o urce is s h o w n. M ulti ple 
c o p yi n g of t he c o nte nts wit h o ut p er missi o n is al w a ys ille g al.

A 2 0 1 8 s u bs cri pti o n t o The N a v al Arc hitect  c osts:

N A V A L A R C HI T E C T ( 1 0 iss u es p er y e ar)     
1 2 m o nt hs  Pri nt o nl y †    Di git al O nl y*    Pri nt + Di git al
U K  £ 1 9 0    £ 1 9 0    £ 2 4 2
R est of E ur o p e  £ 1 9 9    £ 1 9 0    £ 2 5 1
R est of Worl d  £ 2 1 3    £ 1 9 0    £ 2 6 6
 †I n c u d es p + p

*I n cl usi v e of V A T

The Na v al Arc hitect Gr o u p ( E n glis h E diti o n)

Aver a ge Net Circ ul ati o n 1 0, 2 5 1 (t ot al)
1 Ja n u ar y t o 3 1 Dece m b er 2 0 1 7
I S S N 0 3 0 6 0 2 0 9
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1 3 - 1 4 - 1 5
N o v e m b e r 2 0 1 8
R AI A m st e r d a m
T h e N et h e rl a n d s

T H E W O R L D’ S L A R G E S T 
M A RI N E E Q UI P M E N T T R A D E S H O W

T h e M E T S T R A D E S h o w i s t h e w o rl d’ s l a r g e st m a ri n e e q ui p m e nt t r a d e s h o w 

a n d  t h e  o nl y  t r ul y  i nt e r n ati o n al  B 2 B  e x hi biti o n.  Wit h  e x c ell e nt  n et w o r ki n g 

o p p o rt u niti e s, a b r o a d r a n g e of s h o w c a s e d i n n o v ati o n s a n d l o c at e d i n o n e of 

t h e m o st b e a utif ul citi e s i n t h e w o rl d, t h e M E T S T R A D E S h o w i s a n u n mi s s a bl e 

e v e nt f o r e v e r y p r of e s si o n al i n t h e m a ri n e i n d u st r y.
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O F FI CI A L
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S hi p pi n g r e- e v al u at es wi n d pr o p ulsi o n

e S H a R K pr oj e ct d e v el o ps i n n o v ati v e 
s elf- a d h esi v e c o ati n g

C- J o b t o t a c kl e C O 2  wit h N H3

Risi n g t o t h e c h all e n g e of gr ai n st a bilit y

2 4

2 8

2 0

3 6

 1 8- 4 1  F e at ur e s

F e at ur e 1  Gr e e n s hi p s

 1 8- 1 9  I T F r e p ort a d vis es h o w s hi p pi n g c a n m e et, 
  a n d e x c e e d, t h e I M O’s G H G t ar g et

 2 0- 2 3  C- J o b e x pl or es a m m o ni a’s f u el p ot e nti al

 2 4- 2 7  Wi n d pr o p ulsi o n g at h ers m o m e nt u m as  
  i nst all ati o ns pr o v e s u c c essf ul

F e at ur e 2  P ai nt s & c o ati n g s

 2 8- 2 9  S wi ms uits f or s hi ps: o v er c o mi n g m ari n e  
  f o uli n g t hr o u g h c o ati n gs i n n o v ati o n

F e at ur e 3  R e g ul ati o n & cl a s si fi c ati o n

 3 0- 3 1  C h a n gi n g t h e i n d ustr y c o n v ers ati o n o n  
  c y b er s e c urit y

 3 2- 3 3  A d dr essi n g t h e e nf or c e m e nt g a p

 3 4- 3 5  T a n k er d a m a g e st a bilit y: a s ol uti o n t o t h e  
  hist ori c al pr o bl e ms

F e at ur e 4  B ul k c arri er s

 3 6- 4 1  Gr ai n st a bilit y: t h e missi n g li n k

C o nt e nt s |  J U N E 2 0 1 8
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2 9 – 31 O c t o b e r 2 01 8 
D u b ai W o rl d T r a d e C e n t r e ( D W T C) D U B AI, U A E

T h e m ariti m e i n d u str y i s m o vi n g f or w ar d s. B e t h e i n fl u e n c er, b e t h e pi o n e er, 
b e o n t h e s h o w fl o or at S e atr a d e M ariti m e Mi d dl e E a st 2 01 8 a n d s h o w c a s e 
y o ur t e c h ni c al e x p erti s e t o a n i nt er n ati o n al a u di e n c e wit hi n t h e w orl d- cl a s s 
m ariti m e m ar k et, i n t h e Mi d dl e E a st. 

J OI N T H E DI S C U S SI O N. B O O K Y O U R S T A N D T O D A Y.
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U n d e r t h e p a t r o n a g e of H H S h ei k h H a m d a n bi n M o h a m m e d 
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E DI T O RI A L C O M M E N T

T h e c ar b o n f a ct or

D e c ar b o ni s ati o n i n s hi p pi n g i s a c a s e of et hi c s v s. e c o n o mi c s

D
uri n g  o u r  i nt e r vi e w  f or  t his  

m o nt h’s arti cl e o n t h e p ot e nti al 

of  a m m o ni a  as  a  m ari n e  f u el  

(s e e p. 2 0), Ni els D e Vri es of C-J o b N a v al 

Ar c hit e cts  r ais e d  i n  p assi n g  a n  i nt er est -

i n g i d e a. H e s ai d: “ H o p ef ull y e v e nt u all y  

A m a z o n will cre at e a b utt o n o n t h eir w e bsit e 

s o t h at t h e cli e nt c a n c h o os e w h et h er t h e y 

w a nt cl e a n tr a ns p ort a n d t h e willi n g n ess t o 

p a y m or e w o ul d e n a bl e t h at.”

I di d n’t p urs u e w h et h er h e w as r ef erri n g 

t o c o ns u m ers f or t h eir r et ail s er vi c es or 

A m a z o n’s  (r el ati v el y)  n as c e nt  st e ps  i nt o  

l o gisti cs  a n d  fr ei g ht  f or w ar di n g,  b ut  i n  

c ert ai n r es p e cts t h e y a m o u nt t o t h e s a m e 

t hi n g, n a m el y: c o ul d w e b e e nt eri n g a n er a 

wit h a t w o-ti er s yst e m w h er e m or e et hi c all y 

dri v e n,  e n vir o n m e nt all y  c o ns ci o us  s hi p  

o p er ati o n c o- e xists wit h m or e e c o n o mi c al, 

pr a g m ati c o pti o ns? 

C ert ai nl y t h ere is s o m e e vi d e n c e t h at t h e 

i n fl u e n c e of t h e et hi c al c o ns u m er is o n t h e 

ris e, w h et h er it’s t h e gr o wi n g p o p ul arit y of 

or g a ni c f o o ds at t h e s u p er m ar k et or cr uis e 

a n d e x p e diti o n s hi p p ass e n g ers d e m a n di n g 

gr e e n er v ess els. H o w e v er, t h er e is a ris k of 

t a ki n g t he bli n kere d p ers p e cti ve t h at wester n 

E ur o p e a n attit u d es are s h are d b y d e vel o pi n g 

n ati o ns, or i n d e e d t h os e pr os p er o us o n es 

w hi c h h a v e c h os e n t o t a k e a r e c al citr a nt  

p ositi o n o n iss u es of cli m ate c h a n ge. 

fi e ‘c ar b o n f a ct or’ a n d its f ull i m pli c a -

ti o ns ar e v er y di ffi c ult t o q u a ntif y; w hil e 

i n cr e as e d  e n vir o n m e nt al  r e g ul ati o n  is  

al w a ys c o u nt eri nt uiti v e t o c a pit alis m t h e 

k n o c k- o n e ff e cts t o or di n ar y citi z e ns ar e, 

o n o v er all b al a n c e, b e n e fi ci al t o t h eir h e alt h 

a n d w ell b ei n g. Th e or eti c all y at l e ast m ost 

c o u ntri es  ar e  n o w  l o c k e d  i nt o  t h e  P aris  

A gre e m e nt, a n d m ost w o ul d a gre e t h at t h es e 

ar e n e c ess ar y a cti o ns, b ut h o w m a n y h a v e 

c o nsi d er e d t h e s ort of lif est yl e c h a n g es t his 

m a y r e q uir e a n d h o w t h es e a d a pt ati o ns will 

i m p a ct u p o n t h e c ost of li vi n g? 

As Tr e v or Br o w n, of c o ns ult a n c y gr o u p 

A m m o ni a E n er g y, o bs er v e d w hil e I w as 

r es e ar c hi n g  t h e  af or e m e nti o n e d  arti cl e:  

“ We’r e m o vi n g i nt o a w orl d t h at’s n ot g oi n g 

t o  l o o k  t h e  s a m e.  T h er e’s  g oi n g  t o  b e  a  

tr a nsiti o n fr o m c h e a p e n er g y t o s o m et hi n g 

w e h a v e t o m a k e w or k a n d t h er e will b e 

e c o n o mi c c o ns e q u e n c es.”

F or s hi p pi n g, t he m uc h- p u blicis e d de cisi o n 

at M E P C 7 2 h as t o t ar get a 4 0 % re d u cti o n i n 

‘c ar b o n i nte nsit y’ acr oss s hi p pi n g b y 2 0 3 0 a n d 

a 5 0 % dr o p i n o ver all C O 2  e missi o ns b y 2 0 5 0 

( b y c o m p aris o n wit h 2 0 0 8 l e vels). R o a d m a ps 

a n d str at e gi es n o w n e e d t o b e pl a n n e d a n d 

will re q uire c o ns ult ati o n a cr oss t he i n d ustr y, 

m e a ni n g a pr otr a ct e d p eri o d of di g esti o n 

a n d dis c ussi o n. I M O’s 4t h Gre e n h o us e G as 

St u d y is d u e f or p u bli c ati o n i n 2 0 2 0 a n d 

t his will d o u btl ess i nf or m t he Or g a niz ati o n’s 

pr o mis e t o b e gi n a c hi e vi n g G H G re d u cti o ns 

i n a d v a nc e i n t he f or m al a d o pti o n of a re vis e d 

G H G str ate g y i n 2 0 2 3.

A Th er I M O’s d e cl ar ati o n t h er e w as s o m e 

s o b eri n g  a n al ysis  b y  Trist a n  S mit h,  of  

U ni v ersit y C oll e g e L o n d o n’s ( U C L) E n er g y 

I nstit ut e.  Fi g ur es  pr e vi o usl y  pr e p ar e d  b y  

U C L’s S hi p pi n g Te a m s u g gest t h at t o a c hi e ve 

t h e a bs ol ute re d u cti o n b y 2 0 5 0 me a ns t h at b y 

2 0 4 0 ar o u n d 5 0 % of s hi p pi n g’s f u el ne e ds will 

n e e d t o b e s u p pli e d b y s y nt h eti c re n e w a bl e 

f u els or bi of u els. I n r e al t er ms t h at w o ul d 

m e a n t h at b y t he 2 0 3 0’s m ost ne w b uil ds will 

n e e d t o b e z er o c ar b o n e missi o ns.

S mit h r e fl e cts t h at: “[ Th e s hi ps of t h e 

f ut ur e] will l o o k v er y di ff er e nt t o t o d a y’s 

s hi ps.  It’s  h ar d  t o  pr e di ct  e x a ctl y  w h at  

t h e n e xt 2 0 y e ars will bri n g, b ut w e c o ul d 

s e e a di v ers e s hi p pi n g fl e et p o w er e d b y 

h y dr o g e n, a m m o ni a, b att eri es, s ust ai n a bl e 

bi of u els a n d s ail.”

He als o n otes t he G H G d e cisi o n re pres e nts 

a si g ni fi c a nt p ar a di g m s hi Th fr o m e ffi ci e n c y 

i m pr o v e m e nts  ( as  e pit o mis e d  b y  I M O’s  

E ner g y E fficie nc y D esi g n I n de x) t o de c ar b o n -

is ati o n. It’s still h ar d t o e n vis a ge h o w t he j u m p 

will b e a c hi e v e d fr o m t h e res e arc h pr oj e cts 

a n d tri al st u di es of t o d a y t o t h e r e alis a bl e, 

cl ass- a p pr o v e d a n d c ost- eff e cti v e c o n c e pt 

d esi g ns t h at will ne e d t o st art s e c uri n g or d ers 

fr o m s hi p o w ners wit hi n 1 0- 1 2 ye ars. 

Ni els D e Vri es dr e w c o m p aris o ns wit h 

t h e fri n g e st at us of L N G as a m ari n e f u el 

a d e c a d e a g o, b ut i n t er ms of its e n er g y 

yi el ds  its  c ost  eff e cti v e n ess  a n d  t e c h n o -

l o gi c al  f e asi bilit y,  a n d  h o w  t h es e  mi g ht  

f urt h er i m pr o v e, c o ul d b e pr e di ct e d wit h 

s o m e c o n fi d e n c e. M or e o v er, it’s n ot as if 

L N G-f u ell e d v ess els n o w o v er w h el mi n gl y 

d o mi n at e t h e or d er b o o ks ( alt h o u g h y o u 

mi g ht b e f or gi v e n f or t hi n ki n g s o fr o m t h e 

att e nti o n it r e c ei v es); s hi p o w n ers ar e still 

f ar m or e li k el y t o o pt f or c o n v e nti o n al f u el, 

e v e n if t h e y m ust n o w f a ct or i n a tr a nsiti o n 

t o l o w-s ul p h ur f u el. I n a r e p ort p u blis h e d i n 

A pril 2 0 1 8, D N V G L pr oj e ct e d t h er e w o ul d 

“ pr o b a bl y ”  b e  5 0 0  L N G-f u ell e d  v ess els  

( e x cl u di n g L G c arri ers) i n s er vi c e b y 2 0 2 0. 

Th e c o nst er n ati o n c o n c er ni n g t h e 2 0 2 0 

s ul p h ur c a p, w hi c h h as at l e ast i n p art dri ve n 

t h e u pt a ke of t h e L N G, is a n ot h er re mi n d er 

of s hi p pi n g’s te n d e nc y t o f u d ge a n d pre v ari -

c ate. I n t he or y, t here’s n o r u n ni n g a w a y fr o m 

t he G H G t ar gets a n d f or n o w y o u’ll fi n d fe w 

s e ni or fi g ures i n t he i n d ustr y w h o will d are t o 

p u bli cl y c o ntr a di ct t h at. Fa c e d wit h a h ars her 

e c o n o mi c r e alit y h o w e v er, hist or y s u g g ests 

t h at b ot h s hi p pi n g a n d c o ns u m er ali ke m a y 

d e ci d e t h at et hi cs c o me s e c o n d t o t he e xi ge n -

ci es of s ur vi v al. N A

T h e N a v al Ar c hit e ct J u n e 2 0 1 8 7
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S hi p m a n a g e m e nt

O S M t o o p e n ‘ b e n c h m ar k’ 

M ariti m e O p er ati o ns 

C e ntr e 

S hi p m a n a g e m e nt c o m p a n y O S M are s et t o a m al g a m at e 

t h eir gl o b al s o urc es fr o m ar o u n d t h e w orl d i n re al ti m e 

at a s o o n-t o- b e- c o m pl et e d ‘ M ariti m e O p er ati o ns C e ntre’ 

i n Si n g a p ore.

D e v el o p e d wit h l o c al a n al yti cs c o m p a n y A z e n di a n 

S ol uti o ns, t h e c e ntr e will ‘tr a nsf or m d e cisi o n- m a ki n g, 

effi ci e n c y  a n d  p erf or m a n c e,’  O S M  cl ai m,  ‘ w hil e  

hi g hli g hti n g a n e w s ust ai n a bl e p at h f or w ar d f or t h e 

i n d ustr y.’ It will a ct as t h e n e w h e a d q u art ers of O S M’s 

O p er ati o ns a n d Te c h ni c al M a n a g e m e nt di visi o n.

fi e f o u n d ati o n of t h e c e ntre is a u ni q u e, t ail or- m a d e 

a n al yti cs s ol uti o n t h at will all o w O S M t o m o nit or e v er y 

fi n a n ci al a n d o p er ati o n al a cti vit y a cr oss t h eir n et w or k. 

T his  e n a bl es  2 4/ 7  fl e et  s u p p ort  vi a  d at a  m a n a g e -

m e nt, m o d el o pti mis ati o n, a n d d es cri pti v e a n al yti cs. A 

m a c hi n e l e ar ni n g el e m e nt will als o b e i n c or p or at e d, t o 

c o nti n u all y i m pr o v e s af et y a n d e ffi ci e n c y. 

A c oll e cti o n of a p pli c ati o ns will als o all o w r e m ot e 

d e vi c es t o a c c ess t h es e i nsi g hts. A c c or di n g t o C E O 

G eir S e k k es a et er, “t his cr e at es tr a ns p ar e n c y t hr o u g h -

o ut t h e or g a ni z ati o n a n d, t hr o u g h bi g d at a utili z ati o n, 

all o ws us t o i d e ntif y tr e n ds, pr e di ct iss u es a n d t a k e 

a cti o ns t h at d eli v er s af et y, e ffi ci e n c y a n d c ost b e n e fits 

f or all o ur st a k e h ol d ers.”

O n c e t h e M ariti m e O p er ati o ns C e ntr e is u p a n d 

r u n ni n g, O S M h o p e t o us e its c a p a biliti es t o d e v el o p 

a n d  e x pl or e  n o v el  m ariti m e  s ol uti o ns,  i n cl u di n g  

dr o n es, bl o c k c h ai n, t h e I nt er n et of Thi n gs a n d AI f or 

pr e di cti v e m ai nt e n a n c e. 

L N G

E nir a m t o j oi n b ul k c arri er 

i niti ati v e Pr oj e ct F or w ar d
Wärtsil ä- o w n e d c o m p a n y E nir a m si g n e d a Me m or a n -

d u m  of  U n d erst a n di n g  ( M o U)  t his  m o nt h  st ati n g  

its i nt e nti o n t o j oi n Pr oj e ct F or w ar d. L e d b y Arist a 

S hi p pi n g, t h e J oi nt D e v el o p m e nt Pr oj e ct (J D P) c o u nts 

A B S, D elt a m ari n, G T T, S h ell, a n d Wärtsil ä as p art n ers. 

Pr oj e ct F or w ar d st art e d i n 2 0 1 3 wit h t h e g o al of 

d esi g ni n g a c o m m er ci all y f e asi bl e b ut hi g hl y e n vir o n -

m e nt all y fri e n dl y d u al-f u el L S F O/ L N G b ul k c arri er 

t h at m e ets c urr e nt a n d a nti ci p at e d r e g ul ati o ns i n cl u d-

i n g E E DI 2 0 2 5, N O x Ti er III a n d t h e 2 0 2 0 s ul p h ur c a p. 

F oll o wi n g a fi v e- y e ar R & D p eri o d, t h e F or w ar d S hi ps 

C or p. h as b e e n est a blis h e d, si g ni n g a pr eli mi n ar y d e al 

i n A pril wit h Ya n g ziji a n g S hi p b uil di n g t o b uil d u p t o 2 0 

b ul k c arri ers t o t h e Pr oj e ct F or w ar d d esi g n.

E nir a m’s p arti ci p ati o n w as s o u g ht b y Pr oj e ct F or w ar d 

d u e t o t h e c o m p a n y’s e x p ertis e i n s hi p d at a m o d elli n g, 

w hi c h c a n hi g hli g ht f urt h er p ossi bl e e ffi ci e n c y i m pr o v e -

m e nts. Th es e c a n b e m a d e eit h er at t h e d esi g n st a g e 

usi n g t est d at a, or o n a r e al-ti m e o p er ati o n al b asis vi a 

e q ui p m e nt m o nit ori n g. 

Ac c or di n g t o, Arist a S hi p pi n g’s t e c h ni c al m a n a g er, 

A nt o nis Tr a k a kis: “ Th e ai m of t h e pr oj e ct [ wit h E nir a m] 

is t o arri v e at a f ull y el a b or at e d d e cisi o n s u p p ort t o ol, 

w hi c h  will  b e  e xtr e m el y  v al u a bl e  i n  e n a bli n g  us  t o  

pr e di ct, m o nit or, o pti mis e, a n d als o d e m o nstr at e t h e 

a ct u al p erf or m a n c e of t h e v ess els.”

I M O

R e g ul ati o ns m ust r e m ai n 

I M O’s f o c us, a gr e es f ut ur e 

f or u m 

M ariti m e i n d ustr y l e a d ers w er e u n a ni m o us i n t h eir 

b eli ef t h at I M O’s att e nti o n m ust r e m ai n fir ml y o n 

l e gisl at ur e, n ot tr a d e, at a f or u m h el d i n L o n d o n o n 

1 5 M a y. E ntitl e d ‘I M O 7 0: O ur H erit a g e – B ett er 

S hi p pi n g f or a B ett er F ut ur e’, t h e e v e nt is o n e of a 

s eri es b ei n g h el d t o m ar k t h e a d o pti o n of t h e I M O 

C o n v e nti o n i n 1 9 4 8, a n d als o a pr el u d e t o M S C 9 9, 

w hi c h t o o k pl a c e fr o m 1 6- 2 5 M a y. Th e e v e nt w as als o 

li v e str e a m e d, all o wi n g o nli n e vi e w ers t o p arti ci p at e 

b y s e n di n g i n q u esti o ns. 

F oll o wi n g  a n  i nt r o d u cti o n  b y  I M O  S e c r et ar y  

G e n er al Kit a c k Li m, t w o wi d e-r a n gi n g p a n el dis c us -

si o ns t o o k pl a c e. Th e first c o nsi d er e d t h e c h all e n g es 

a n d o p p ort u niti es f a ci n g I M O i n t h e n e xt 2 0 y e ars, t h e 

s e c o n d h o w t h e or g a nis ati o n c a n sti m ul at e i nt er n a -

ti o n al tr a d e, c o- o p er at e i n s ust ai n a bl e d e v el o p m e nts, 

a n d r ais e its pr o fil e. 

Th e first p a n el f e at ure d D N V G L’s C E O K n ut Ør b e c k-

Nilss e n, Di a n e Gil pi n of t h e S m art Gr e e n S hi p pi n g 

Alli a n c e, G h a n a’s Mi nist er f or Tr a ns p ort ati o n K w e k u 

Of ori Asi a m a h a n d t h e U N S G S p e ci al E n v o y f or t h e 

O c e a n, Pet er Th o ms o n. T o pi cs dis c uss e d b y t h e p a n el 

i n cl u d e d c y b ers e c urit y, a ut o n o m o us v ess els, t h e s ust ai n-

a bl e bl u e e c o n o m y, a n d di gitis ati o n. I M O’s str u ct ur e 

w as als o c o nsi d er e d, wit h d e b at e o v er w h et h er it is a gil e 

A 3 D m o d el of t h e 

Pr oj e ct F or w ar d L N G 

b ul k c arri er d e si g n

N A J u n e 1 8 _ 0 8 + 1 0.i n d d   8 0 1/ 0 6/ 2 0 1 8   1 6: 1 0: 4 3
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1 0 T h e N a v al Ar c hit e ct  J u n e 2 0 1 8

e n o u g h t o r es p o n d t o c h a n g e. Dr a wi n g c o m p aris o n 

wit h I A C S, of w hi c h h e is t h e c urr e nt c h air, Ør b e c k-

Nilss e n p oi nt e d o ut t h at “ p oliti ci a ns ar e al w a ys p utti n g 

a m biti o us t ar g ets o n t h e s hi p pi n g i n d ustr y … y o u h a v e 

t o b al a n c e t h at wit h fi n di n g pr a g m ati c s ol uti o ns t h at ar e 

p ossi bl e t o i m pl e m e nt.”

It w as f oll o w e d b y a p a n el m a d e u p of L e o R uijs of 

E C T R ott er d a m, I M O C o u n cil C h air Xi a oji e Z h a n g, 

a n d Al a n M c Ki n n o n of K u e h n e L o gisti cs U ni v ersit y 

a n d H eri ot- Watt U ni v ersit y. Q u esti o n e d a b o ut tr a d e, 

t h e p a n ellists c o n c urr e d t h at it is n ot I M O’s r ol e t o 

pr o m ot e tr a d e b et w e e n n ati o ns, b ut t o f a cilit at e a n d 

r e g ul at e it. As k e d w h at t h e ‘ n e xt r e v ol uti o n’ i n s hi p pi n g 

will b e, t h e p a n ellists f elt t h at d e c ar b o nis ati o n t e c h n ol -

o gi es w o ul d b e pr o mi n e nt, as w ell as t h e p ossi bl e 

e ntr y of n e w pl a y ers s u c h as A m a z o n t o t h e s hi p pi n g 

m ar k et. R e fl e cti n g, Xi a oji e Z h a n g s u g g est e d t h at “ o v er 

t h e p ast 6 0 y e ars, t h e I M O [ h as b e e n] m ai nl y r e a cti v e 

a b o ut r e g ul ati o ns a n d t e c h ni c al st a n d ar ds.” H o w e v er, 

h e n ot e d t h at t h e l ast f e w y e ars h a v e d e m o nstr at e d a 

“ m or e pr o a cti v e a n d pr a g m ati c” or g a nis ati o n.

R o -r o s

K n u d E. H a ns e n a n d 

Gri m al di d e v el o p n e w 

r o-r o d esi g n

D a nis h n a v al ar c hit e ct ur e fir m K n u d E. H a ns e n a n d 

l o gisti cs gr o u p Gri m al di h a v e d e v el o p e d a n e w b uil d 

r o-r o d esi g n c all e d t h e ‘ Gri m al di Gr e e n 5t h G e n er a -

ti o n’ ( G G 5 G). F oll o wi n g a c o ntr a ct wit h Na nji n g Ji nli n g 

S hi p y ar d, a n u m b er of v ess els will b e b uilt wit h t h e first 

d eli v ere d i n 2 0 2 0. 

fi e 6 4, 0 0 0 gt r o-r o d esi g n is n ot a bl e f or its si z e, wit h 

a l e n gt h of 2 3 8 m etr es, b e a m of 3 4 m etr es, a n d o v er 

7, 8 0 0 l a n e m etr es of r olli n g u nits, a bl e t o a c c o m m o d at e 

5 0 0 tr ail ers. 

Als o pr o mi n e nt is t h e i n cl usi o n of z er o- e missi o ns 

l ar g e lit hi u m b att eri es t o b e us e d i n p ort a n d at b ert h, 

e n a bli n g  t h e  v ess el  t o  visit  p orts  r e g ul at e d  u n d er  

E missi o n C o ntr ol Ar e as ( E C As). R e c h ar gi n g will t a k e 

pl a c e as t h e v ess el is at s e a, vi a s h a Th g e n er at ors a d di n g 

t h e p e a k s h a vi n g s yst e m. 6 0 0 m2  of s ol ar p a n elli n g will 

als o ai d wit h re c h ar gi n g. 

T o i n cr e as e e ffi ci e n c y, a n air l u bri c ati o n s yst e m 

als o f e at ur es u n d er t h e k e el t h at will cr e at e b u b bl e 

l a y e r s  t o  r e d u c e  h y d r o d y n a mi c  r e si st a n c e  a n d  

t h er ef or e f u el c o ns u m pti o n.

E mi s si o n s

I C S str ess es n e e d f or z er o 

C O 2  f u els
L ast  m o nt h,  t h e  d e p ut y  s e c r et ar y  g e n e r al  of  t h e  

I nt er n ati o n al C h a m b er of S hi p pi n g, Si m o n B e n n ett, 

hi g hli g ht e d t h e n e e d f or a ‘gl o b al r oll o ut’ of z er o C O 2 

f u els if t h e I M O’s 2 0 5 0 g o al is t o b e a c hi e v e d.

B e n n ett  m a d e  t h e  r e m ar k  at  t h e  I nt er n ati o n al  

Tr a ns p ort  F or u m’s  S u m mit  of  Tr a ns p ort  Mi nist ers,  

w hi c h is h el d a n n u all y i n L ei pzi g. Th e e ve nt w as atte n d e d 

b y o v er 4 0 mi nist ers a n d 1 4 0 0 d el e g at es.

S u g g esti n g t h at t h e I M O t ar get is “f ar m ore a m biti o us” 

t h a n e missi o ns r e d u cti o ns t ar g ets pr o p os e d b y ot h er 

i n d ustri es s u c h as a vi ati o n, as w ell as c o m mit m e nts 

m a d e b y gl o b al g o v er n m e nts, B e n n ett cl ai m e d t h at it is 

n o n et h el ess w el c o m e d b y t h e s hi p pi n g i n d ustr y. 

H o w e v er, B e n n ett p oi nt e d o ut t h at t h e t ar g et of a 

5 0 % r e d u cti o n i n C O 2  e missi o ns b y 2 0 5 0 c o m p ar e d t o 

2 0 0 8 l e v els, a n d a n a v er a g e e ffi ci e n c y i m pr o v e m e nt of 

7 0 % a cr oss t h e gl o b al fl e et, c a n n ot b y a c hi e v e d s ol el y 

b y w h at h e t er m e d t h e “i nt eri m s ol uti o ns” of L N G 

or bi of u els. L N G i n p arti c ul ar h as s e e n r a pi d u pt a k e 

fr o m s hi p o w n ers as a s u p p os e dl y gr e e n er alt er n ati v e t o 

c o n v e nti o n al f u el oils. W hilst B e n n et s ai d it will “ pl a y 

a n i m p ort a nt p art i n t h e tr a nsiti o n,” h e d e cl ar e d t h at 

I M O’s t ar g ets “c a n o nl y r e alisti c all y b e a c hi e v e d wit h 

t h e d e v el o p m e nt a n d gl o b al r oll o ut of g e n ui n e z er o 

C O 2  f u els.”

P ossi bl e z er o C O 2  f u els t h at B e n n ett m e nti o n e d 

i n cl u d e d  m et h a n ol  or  a m m o ni a  f u ell e d  h y dr o g e n  

f u el c ells, or r e n e w a bl y- p o w er e d b att eri es. H e n ot e d 

t h at s u c h f u el c ells ar e “r a di c al a n d as y et u n pr o v e n,” 

b ut ur g e d c o o p er ati o n a cr oss t h e i n d ustr y t o d e v el o p 

t h es e s ol uti o ns, as w ell as f a cilit ati o n b y g o v er n m e nts 

of ess e nti al “ p ur e r es e ar c h.”

C o m m e nti n g o n t h e r ol e of  I M O, w hi c h will n e xt 

m e et i n O ct o b er 2 0 1 8 t o c o nsi d er C O 2  r e d u cti o n, 

B e n n ett s ai d: “ At t h e m o m e nt w e b eli e v e t h e I M O 

str at e g y c a n b est b e d eli v er e d wit h t e c h ni c al m e as ur es 

al o n e. We d o n’t t hi n k w e n e e d t h e s m o k e a n d mirr ors 

of m ar k et b as e d m e as ur es or t h e p ur c h as e of c ar b o n 

o ffs ets t o c o m p e ns at e f or e missi o ns w hi c h t h e s e ct or is 

q uit e c a p a bl e of r e d u ci n g its elf i n li n e wit h t h e t ar g ets 

n o w a gr e e d b y I M O.” N A

T h e ‘ Gri m al di Gr e e n 5t h G e n er ati o n’ will b e bi g g er 

t h a n t h e E ur o c ar g o cl a s s o p er at e d b y Gri m al di
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P A L FI N G E R M A RI N E i s t h e gl o b al l e a di n g m a n uf a ct ur er of hi g hl y r eli a bl e, i n n o v ati v e a n d c u st o mi s e d d e c k e q ui p m e nt 

a n d h a n dli n g s ol uti o n s f or t h e m ariti m e i n d u stri e s. T h e pr o d u ct p ortf oli o i n cl u d e s cr a n e s, lif e s a vi n g e q ui p m e nt,  

wi n c h e s a n d h a n dli n g e q ui p m e nt. A w orl d wi d e s er vi c e n et w or k i n cl u di n g t h e s u p pl y of s p ar e p art s e n s ur e s f a st a n d 

pr of e s si o n al o n sit e s u p p ort. 

P A L FI N G E R M A RI N E o p er at e s i n all m aj or m ariti m e s e g m e nt s, i n cl u di n g Off s h or e, M ari n e, Cr ui s e,  

N a v y a n d C o a st G u ar d, a n d Wi n d. 

C O M P L E T E  
D E C K E Q UI P M E N T 
S O L U TI O N S

P A L FI N G E R M A RI N E. C O M
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A
t t h e ti m e  of  writi n g,  t h e  I M O  at  M S C  9 9  

is  c o nsi d eri n g  t w o  as p e cts  of  t h e  f ut ur e  of  

s hi p pi n g b y est a blis hi n g a t as k f orc e t o e x pl ore 

iss u es rel ati n g t o a ut o n o m o us s hi ps a n d als o d e b ati n g t h e 

pl a c e of Iri di u m a n d ot h er s at ellit e s er vi c e pr o vi d ers i n 

rel ati o n t o t h e u p d ati n g of G M D S S.

fi e pr os p e ct of a ut o n o m o us s hi ps e x cit es s o m e a n d 

h orri fi es ot h ers b ut w hil e t h ere will b e at l e ast o n e s aili n g 

i n N or w e gi a n w at ers i n ar o u n d t w o y e ars’ ti m e, t h e i d e a 

t h at t h e y will b e pl yi n g t h e d e e p o c e a ns s e e ms t o attr a ct 

v er y littl e s u p p ort. E v e n s o, it is ri g ht f or t h e I M O t o st art 

c o nsi d eri n g h o w m a n n e d a n d u n m a n n e d s hi ps mi g ht 

i nt er a ct a n d h o w m u c h t h e S O L A S re g ul ati o ns m a y n e e d 

t o b e re vis e d f or s hi ps t h at are s aili n g wit h o ut a cre w t o 

re a ct i n e m er g e n ci es.

It is n o w ar o u n d 2 0 y e ars si n c e s hi ps w er e o bli g e d 

t o ri p o ut ol d r a di o e q ui p m e nt a n d m o d er nis e t o t h e 

ori gi n al G M D S S st a n d ar ds. I n t h e i nt er v e ni n g y e ars 

t hi n gs h a v e c h a n g e d a n d m a n y b eli e v e t h at e n di n g 

t h e I n m ars at m o n o p ol y – n o w it h as b e c o m e a p u bli c 

c o m p a n y – is l o n g o v er d u e. At M S C 9 9, t h e U S h as 

s u c c essf ull y  a d v o c at e d  t h e  ri g ht  of  Iri di u m  t o  b e  

r e c o g nis e d as a n alt er n ati v e d es pit e a p p ar e nt str o n g 

o p p ositi o n fr o m t h e li k es of C hi n a, G er m a n y a n d t h e 

U K  w hi c h  pr es e nt e d  p a p ers  ar g ui n g  t h at  Iri di u m’s  

r e c o g niti o n w o ul d b e pr e m at ur e at t his p oi nt. T h e 

r e c o g niti o n w as si m ult a n e o us wit h a n ot h er s u c c essf ul 

l a u n c h of fi v e m or e Iri di u m s at ellit es. 

W h at e v er t h e o ut c o m es of M S C 9 9 m a y b e, it is t h e 

d e cisi o ns  of  p ast  M E P C  m e eti n gs  t h at  ar e  c a usi n g  

s hi p pi n g t h e bi g g est h e a d a c h es. Alt h o u g h a nti ci p at e d 

f or s e v er al y e ars, c o mi n g t o t er ms wit h m e eti n g t h e 2 0 2 0 

d e a dli n e f or re d u ci n g t h e s ul p h ur l e v el i n f u els t o 0. 5 % is 

pr o vi n g di ffi c ult a n d l o o ki n g t o b e h e a di n g f or a c h a oti c 

r at h er t h a n si m pl e c h a n g e o v er. A n d, if t h e pr e di cti o ns 

of s o m e a n al ysts are t o b e b eli e v e d, t h e ri p pl es fr o m t h e 

d e cisi o n l o o k t o re a c h w ell b e y o n d s hi p pi n g.

Th e s hi p pi n g i n d ustr y’s o w n c o nf usi o n o v er t h e 2 0 2 0 

c h a n g es a p p e ars t o h a v e i nt e nsi fi e d as t h e d e a dli n e 

dr a ws e v er n e ar er. F or s e v er al m o nt hs pr e c e di n g M E P C 

7 2 i n A pril, t h e s hi p pi n g i n d ustr y w as c a m p ai g ni n g f or 

a t ot al b a n o n t h e c arri a g e of n o n- c o m pl ai nt f u els o n 

a n y s hi p n ot fitt e d wit h a s cr u b b er. Wit h M S C 9 9 i n f ull 

s wi n g, t h e I C S iss u e d a st at e m e nt o n 2 1 M a y r e p ort-

i n g t h e c o n cl usi o ns of its A G M h el d i n H o n g K o n g t h e 

w e e k b ef or e. 

Q u oti n g  I C S  C h ai r m a n  E s b e n  P o ulss o n,  t h e  

st at e m e nt s ai d: ‘ Th e s hi p pi n g i n d ustr y f ull y s u p p orts 

t h e I M O gl o b al s ul p h ur c a p a n d t h e p ositi v e e n vir o n-

m e nt al b e n e fits it will bri n g a n d is r e a d y t o a c c e pt 

t h e si g ni fi c a nt i n cr e as e i n f u el c osts t h at will r es ult. 

B ut u nl ess a n u m b er of s eri o us iss u es ar e s atisf a ct o -

ril y a d dr ess e d b y g o v er n m e nts wit hi n t h e n e xt f e w 

m o nt hs, t h e s m o ot h fl o w of m ariti m e tr a d e c o ul d b e 

d a n g er o usl y i m p e d e d. It is still f ar fr o m c ert ai n t h at 

s u ffi ci e nt q u a ntiti es of c o m pli a nt f u els will b e a v ail a bl e 

i n e v er y p ort w orl d wi d e b y 1 J a n u ar y 2 0 2 0. A n d i n 

t h e a bs e n c e of gl o b al st a n d ar ds f or m a n y of t h e n e w 

bl e n d e d f u els t h at oil r e fi n ers h a v e pr o mis e d, t h er e ar e 

s o m e p ot e nti all y s eri o us s af et y iss u es d u e t o t h e us e of 

i n c o m p ati bl e b u n k ers.’

J ust  d a ys  b ef or e  t h e  I C S  a n n o u n c e m e nt,  R e ut ers  

r e p ort e d t h at ‘ Ne w r ul es o n s hi p e missi o ns h er al d s e a 

c h a n ge f or oil m ar ket’. Ac c or di n g t o t h e arti cl e, t he e n er g y 

a n d s hi p pi n g i n d ustri es ar e ill- pr e p ar e d, wit h r e fi n ers 

li kel y t o str u g gl e t o m e et hi g h er d e m a n d f or cl e a n er f u el 

a n d f e w s hi ps fitt e d wit h e q ui p m e nt t o r e d u c e s ul p h ur 

e missi o ns. ‘ This r ais es t h e ris k of a c h a oti c s hi Th w h e n t h e 

n e w r ul es are i m pl e m e nt e d, al o n gsi d e m ore v ol atilit y i n 

t h e oil m ar ket’, t h e re p ort s ai d.

Q u oti n g  R o b ert  H er m a n,  r efi ni n g  e x e c uti v e  at  

P hilli ps 6 6, R u et ers s a ys t h e gl o b al r e fi ni n g i n d ustr y 

n e e ds t o pr o c ess a n e xtr a 2. 5 milli o n b p d of cr u d e t o 

m a k e distill at es f or cl e a n er s hi p pi n g f u els. H o w e v er, 

a n ot h er c o ns ult a n c y s ur v e y s h o w e d 4 0 % of Mi d dl e 

E ast er n  a n d  E ur o p e a n  r efi n eri es  ar e  n ot  pr e p ar e d.  

E ur o p e a n pl a nts, w hi c h t e n d t o b e l ess c o m pl e x t h a n 

t h os e i n ot h er r e gi o ns, pr o d u c e m or e f u el oil a n d m a y 

f a c e t h e bi g g est c h all e n g e.

M a n y e n er g y a n al ysts ar e n o w pr e di cti n g t h at t h e 

e xtr a cr u d e n e e d e d, a n d t h e f a ct t h at h e a v y f u el oil m a y 

b e c o m e u ns ell a bl e, will f or c e u p t h e pri c e of cr u d e t o 

l e v els a p pr o a c hi n g t h e h ei g hts r e a c h e d i n 2 0 1 3. Th at 

c o ul d h a v e a d etri m e nt al e ff e ct o n t h e gl o b al e c o n o m y 

a n d s o r e d u c e d e m a n d f or s hi p pi n g c a p a cit y at t h e 

s a m e ti m e as i n cr e asi n g b u n k er c osts. W o o d M a c k e n-

zi e esti m at es t h at gl o b al s hi p pi n g f u el c osts ar e li k el y t o 

ris e b y a q u art er, or $ 2 4 billi o n, i n 2 0 2 0. Ot h ers esti m at e 

e xtr a c osts f or c o nt ai n er s hi p pi n g al o n e will b e $ 3 5 

billi o n t o $ 4 0 billi o n. I n a d diti o n, a s ur g e i n distill at e 

d e m a n d b y s hi ps c o ul d p us h u p pri c es of ot h er pr o d u cts, 

s u c h as j et f u el a n d di es el. N A

D es pit e t h e f o c us o n s hi p pi n g’s f ut ur e at M S C 9 9, p ast d e cisi o ns 

b y t h e I M O at M E P C 7 2 t hr e at e n a t u m ult u o us f e w y e ars, writ es 

M al c ol m L at arc h e

2 0 2 0 ri p pl e eff e ct c a usi n g 
c o n c er ns
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T o u g h o n f o uli n g
Fi rst gl o b al s ol uti o n f or c o p p er-f re e

m ari n e a ntif o uli n g p ai nt s

O ut st a n di n g c o ntr ol of h a rd f o uli n g

G l o b al re g ul a to ry a p p ro v al s

S u p eri or st ati c p erf or m a n c e

C o s t-eff e c ti v e alter n ati v e to c o p p er

w w w .e c o n e a .c o m

i nfo @ e c o n e a .c o m
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E n er g y st or a g e s y st e m s

C or v us E n er g y t o s u p pl y 

Fj or d 1 f erri es wit h E S S
C a n a di a n m a n uf a ct urer C or v us E n er g y h as a n n o u n c e d 

t h at it is t o s u p pl y 2. 9 M W h lit hi u m i o n b att er y- b as e d 

Orc a E n er g y St or a g e S yst e ms ( E S S) f or t w o n e w el e ctri c 

f erri es b ei n g b uilt f or Fj or d 1 b y H a v y ar d. fi e n e ws 

c o m es a Th er a n e arli er c o ntr a ct i n N o v e m b er t o s u p pl y 

E S Ss f or t hr e e Fj or d 1 f erri es, w hi c h will c h ar g e fr o m 

s h ore st ati o ns wit h t h eir o w n C or v us E S Ss. 

W hilst t h e n e w e r v e ss els will o p e r at e b et w e e n 

M a g e r h ol m  a n d  S y k k yl v e n,  a n d  t h e  p r e c e di n g  

f e r ri es b et w e e n H ar ei d a n d S ul es u n d, all fi v e ar e 

1 1 1 m, c a n a c c o m m o d at e 1 2 0 c ars a n d ar e s c h e d ul e d 

f or a 2 0 1 9 d eli v er y. 

Th e C or v us E S S will s u p pl y t h e p o w er t o t h e v ess els’ 

el e ctri c pr o p ulsi o n s yste ms, d e vel o p e d b y s yste m i nte gr a -

t or N or w e gi a n El e ctri c S yst e ms. N E S’ sist er c o m p a n y, 

N or w e gi a n C o ntr ol S yst e ms, will als o pr o vi d e m o nit or -

i n g a n d a ut o m ati o n s ol uti o ns f or t h e v ess els, as re p ort e d 

i n M arc h’s The N a v al Arc hitect (‘ A ut o m ati o n a n d i nt e gr a-

ti o n dri v e N or w e gi a n C o ntr ol S yst e ms’ Fj or d 1 pr oj e ct’). 

N E S’ St ei n R u b e n L ars e n st at e d: “ Fj or d 1 c o nti n u es t o 

f or g e a v er y pr o gr essi v e p at h t o w ar ds e n vir o n m e nt all y 

s ust ai n a bl e o p er ati o ns wit h t h es e a d diti o n al all- el e ctri c 

ferri es. Th e pr o v e n reli a bilit y, s af et y a n d p erf or m a n c e of 

t h e air- c o ol e d Orc a E S S w as i m p ort a nt i n a w ar di n g t his 

c o ntr a ct t o C or v us E n er g y.”

I n r e c e nt m o nt hs, C or v us E n er g y h as b e e n s el e ct e d 

t o s u p pl y a 1 M W h Orc a E S S t o St e n a Li n e v ess el Ste n a 

J utl a n dic a. Th e r o- p a x h as b e e n retr o fitt e d wit h pl u g-i n 

h y bri d  t e c h n ol o g y,  e n a bli n g  z er o  e missi o ns  w hilst  

b ert hi n g a n d m a n o e u vri n g i n p ort. C all e n b er g a n d Ste n a 

Te k ni k are w or ki n g t o get her t o i nte gr ate t he E S S, w hi c h 

m a y i n f ut ure b e u p gr a d e d as p art of pl a ns f or f ull b atter y 

o p er ati o n o n t h e v ess el’s G ot h e n b ur g t o Fre d eri ks h a v n 

r o ute, n e c essit ati n g 5 0 M W h of st ore d e n er g y. 

c or v us e n er g y. c o m

L N G

W ärtsil ä a n n o u n c es 1 0 0t h 

L N G P a c or d er
L ast m o nt h Wärtsil ä c o n fir m e d t h e 1 0 0t h or d er t o d at e 

of t h eir L N G P a c F u el G as S u p pl y S yst e m, w hi c h is s et t o 

b e i nst all e d o n t w o n e w b uil d s h uttl e t a n k ers o w n e d b y 

A E T Ta n k ers. Th e 2 7 7 m, 1 2 5, 0 0 0 d wt v ess els will als o 

h a ve Wärtsil ä 3 4 D F d u al-f u el a u xili ar y e n gi n es a n d V O C 

re c o v er y s yst e m.

A p pr o a c hi n g  its  1 0t h  a n ni v ers ar y,  t h e  L N G P a c  

s yst e m is m a d e u p of a b u n k eri n g st ati o n, L N G t a n k, 

pr o c essi n g e q ui p m e nt, a n d a c o ntr ol a n d m o nit or -

i n g s yst e m. Th e m ultif a c et e d f u el h a n dli n g s yst e m 

w as d e v el o p e d b y t h e t e c h n ol o g y gr o u p f oll o wi n g 

t h eir  r e c o g niti o n  t h at  ‘ m or e  t h a n  j ust  a  d u al-f u el  

e n gi n e a n d a st a n d- al o n e L N G s yst e m w as n e e d e d’ f or 

L N G-f u ell e d v ess els. 

O v er t h e y e ars Wärtsil ä h as a d d e d f urt h er f u n cti o n -

aliti es t o t h e s yst e m, f or i nst a n c e e m pl o yi n g t h e c ol d 

e n er g y st ore d i n L N G f u el t o c o ol t h e H V A C s yst e m. F or 

s m all er v ess els, a c o m p a ct L N G P a c w as als o d e v el o p e d 

fe at uri n g a n i nt e gr at e d g as v al ve u nit ( G V U) a n d airl o c k. 

T o c o nti n u e t o i m pr o v e t h e s yst e m, Wärtsil ä ar e i n t h e 

pr o c ess of d e v el o pi n g m o nit ori n g c a p a biliti es s u c h as 

e n er g y c o nt e nt a n d g as q u alit y m e as ure m e nt. 

Tar bit’s Bit Vi ki n g  w as t h e first v ess el t o i nst all t h e 

L N G P a c a ft er it w as c o n v ert e d t o us e L N G f u el i n 2 0 1 1. 

Th e u ps ur g e i n L N G p o p ul arit y i n r e c e nt y e ars a n d 

wi d er a v ail a bilit y of t h e f u el h as l e d t o t h e s yst e m b ei n g 

i nst all e d a cr oss t h e m aj orit y of v ess el s e g m e nts, i n cl u d-

i n g ferri es, o ffs h ore v ess els a n d dre d g ers.

w artsil a. c o m

S at c o m

M S C 9 9 a p pr o v es 

I n m ars at’s ‘ Fl e et S af et y’ 

s ol uti o n

Th e 9 9t h s essi o n of t h e M ariti m e S af et y C o m mitt e e 

( M S C) h as o ffi ci all y a p pr o ve d Fl e et S afet y, a n e w s ol uti o n 

fr o m I n m ars at h er al d e d b y Presi d e nt R o n al d S pit h o ut as 

“t h e m ost si g ni fi c a nt a d v a n c e i n m ariti m e s afet y s er vi c es 

si n c e t h e i ntr o d u cti o n of G M D S S i n 1 9 9 9.”

Fl e et  S af et y,  w hi c h  s u p p orts  G M D S S,  c o nj oi ns  

m ariti m e s af et y a n d br o a d b a n d d at a s er vi c es i n Fl e et 

O n e or Fl e et Br o a d b a n d t er mi n als f or t h e first ti m e. 

G M D S S- a p pr o v e d  s af et y  s er vi c es  t h at  c a n  n o w  b e  

a c c ess e d fr o m eit h er of t h e t er mi n als i n cl u d e S af et y N E T 

a n d a n u p gr a d e d v ersi o n S af et y N E T II (r el e as e d i n 

N o v er m b er),  S e ar c h  a n d  R es c u e  ( S A R)  c o m m u ni -

c ati o ns, a n d s yst e ms f or br o a d c asti n g a n d r e c ei vi n g 

M ariti m e S af et y I nf or m ati o n ( M SI). 

A W ärt sil ä L N G P a c s y st e m r e a d y f or i n st all ati o n
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M A N T ur b o c h ar g er s    T C A   T C R   T C X  

Si n c e 1 9 3 4, M A N T ur b o c h ar g er r eli a bl y h a s s et t h e p a c e f or pi o n e eri n g i n n o v ati o n s. It w a s M A N t h at fi r st 

i ntr o d u c e d t h e pl ai n b e ari n g d e si g n f or l ar g e t ur b o c h ar g er s i n 1 9 4 0, t h e pr e v aili n g d e si g n c o n c e pt u ntil 

t o d a y. A g ai n, i n 2 0 0 8, M A N w a s a pi o n e er wit h t h e i ntr o d u cti o n of t h e v ari a bl e t ur bi n e ar e a V T A f or h e a v y 

f u el oil o p er at e d e n gi n e s. Wit h T C A a n d T C R T ur b o c h ar g er s M A N h a s m or e t h a n 1 0 0 milli o n o p er ati n g 

h o ur s of e x p eri e n c e a n d b y t h at pr o v e s t o h a v e o n e of t h e m o st r eli a bl e s eri e s i n t h e m ar k et. 

Fi n d o ut m or e at w w w. m a n di e s elt ur b o. c o m 

M A N T ur b o c h ar g er
O n t o p of e n gi n e p erf or m a n c e

1 8 0 4 _ 1 0 8 7 0 _ M A N _ A n z ei g e _ S E S V 2 _ T ur b o c h ar g er _ C N _ 2 1 0 x 2 9 7 m m _I S O _ V 2.i n d d   1 2 6. 0 4. 1 8   1 4: 4 4
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B y i nst alli n g a s e p ar at e M ariti m e S af et y Ter mi n al 

( M S T),  s hi p o w n e rs  c a n  als o  a c c e ss  a  s et  of  n e w 

s af et y f e at ur es c o m p ati bl e o nl y wit h t h e Fl e et S af et y 

s yst e m. I n m ars at h a v e st at e d t h eir e v e nt u al i nt e nti o n 

t o i n c or p or at e t h e M S T a n d Fl e et Br o a b a n d i nt o a 

si n gl e t er mi n al t h at will a c hi e v e br o a d b a n d s p e e ds 

a b o v e 1 M b ps.

T o c o- or di n at e t h e n e w s af et y s er vi c es, I n m ars at 

h as r el e as e d R es c u e N E T, a n o nli n e s er vi c e i nt e n d e d 

f or M ariti m e R es c u e C o or di n ati o n C e ntr es c a p a bl e 

of  ‘li n ki n g  c u r r e nt  a n d  f ut u r e  I n m a r s at  S af et y  

S e r vi c es as w ell as i n c r e asi n g M R C C c a p a biliti es 

wit h  e n h a n c e d  r e al-ti m e  c o or di n ati o n  d u ri n g  a  

s e ar c h a n d r es c u e o p er ati o n’. 

I niti all y,  Fl e et  S af et y  will  b e  d eli v er e d  vi a  t h e  

I n m ars at- 4 s at ellit e c o nst ell ati o n. H o w e v er, fr o m 2 0 2 0 

o n w ar ds, t h e s er vi c e will als o m a k e us e of t h e I n m ars at- 6 

s at ellit es l a u n c hi n g t h at y e ar. 

I n m ars at’s Fl e et S af et y a n n o u n c e m e nt c o m es a fi er 

M S C 9 9 a p pr o v e d Iri di u m’s re q u est t o pr o vi d e G M D S S, 

gi v e n  it  p ass es  p erf or m a n c e  t ests.  I M O’s  d e cisi o n  

t h er ef or e e n ds t h e I n m ars at m o n o p ol y o v er G M D S S 

t h at h as e xist e d si n c e t h e s yst e m’s i ntr o d u cti o n i n 1 9 9 9. 

I n m ars at’s pr esi d e nt R o n al d S pit h o ut e xt e n d e d his 

c o n gr at ul ati o ns t o t h e ri v al c o m p a n y. 

i n m ars at. c o m

S ul p h ur 

L R l a u n c h es s ul p h ur 

c o m pli a n c e t o ol
Ll o y d’s R e gist er h as r el e as e d ‘ S ul p h ur 2 0 2 0 – O pti o ns 

E v al u at or’, a fre e o nli n e t o ol t h at all o ws us ers t o c o m p are 

t h e v ari o us s ul p h ur c o m pli a n c e str at e gi es. Th e cl assi fi c a-

ti o n s o ci et y d e v el o p e d t h e t o ol i n res p o ns e t o t h e 2 0 2 0 

gl o b al s ul p h ur c a p, w hi c h r e q uir es t h e us e of f u el wit h 

s ul p h ur c o nt e nt of 0. 5 % or b el o w i n w at ers n ot alre a d y 

d esi g n e d E missi o n C o ntr ol Are as ( E C As).

C o m pli a n c e str at e gi es r a n g e fr o m r e pl a ci n g f u el oil 

wit h M G O, s wit c hi n g t o alt er n ati v e f u els i n cl u di n g L N G 

a n d m et h a n ol, or i nst alli n g s cr u b b ers, e a c h wit h v ar yi n g 

c ost i m pli c ati o ns a n d e missi o ns r e d u cti o ns p ot e nti al 

d e p e n di n g o n v ess el t y p e, si z e, a n d r o ut e. Wit h t h e 

O pti o ns E v al u at or, s hi p o p er at ors c a n g ai n a n i nsi g ht i nt o 

t h e c a pit al a n d o p er ati o n al e x p e n dit ure of e a c h o pti o n as 

w ell as its e missi o ns p erf or m a n c e f or t h eir v ess els. 

D es pit e pr o vi di n g a ‘ hi g h-l e v el i n di c ati o n’ of vi a bilit y, 

L R re c o m m e n ds t h at t h e t o ol o nl y b e us e d f or a n i niti al 

ass ess m e nt;  f or  ‘a  m or e  b es p o k e,  t e c h n o- e c o n o mi c  

a n al ysis t o s u p p ort a n d v ali d at e t h e d e cisi o n- m a ki n g 

pr o c ess’, o p er at ors are re q uire d t o c o nt a ct t h e cl assi fi c a -

ti o n s o ci et y dire ctl y. 

Th e d o w nl o a d li n k f or L R’s O pti o ns E v al u at or c a n b e 

f o u n d o n t h eir w e bsit e.

lr. or g 

C yli n d er l u bri c a nt s

M F T’s S E A- M at e u p gr a d e d 

wit h a ut o m ati o n s oft w ar e
S E A- M at e, t h e c yli n d er l u bri c a nt bl e n di n g- o n- b o ar d 

s yst e m fr o m M a ers k Fl ui d Te c h n ol o g y ( M F T), h as b e e n 

u p gr a d e d wit h s o Th w are t h at a ut o m ates a n d o pti mis es t h e 

oil bl e n di n g pr o c ess. 

D e vel o p e d f or us e wit h s m all t o l ar ge-si z e d t w o-str o ke 

e n gi n es, S E A- M at e bl e n ds s yst e m oil wit h hi g h- B N 

c yli n d er oil ( u p t o 1 0 0 B N) t o cr e at e a ‘ fit-f or- p ur p os e’ 

c yli n d er l u bri c a nt. Th e s yst e m als o c o nti n u all y refres h es 

t h e e n gi n e s u m p wit h fres h oil. S E A- M at e c o m es i n t hre e 

m o d els – t h e B 5 0 0 M k 2, B 1 0 0 0 M k 2, a n d B 3 0 0 0 – of 

w hi c h t h e B 1 0 0 0 M k 2, d esi g n e d f or u p t o 6 0 0 m m b ore 

e n gi n es, c urre ntl y h as t h e o pti o n t o b e a ut o m at e d.

Th e n e w a ut o m ati o n s o Th w ar e a n al ys es d at a o ut p uts 

fr o m t h e e n gi n e c o ntr ol s yst e m a n d e xt er n al e n gi n e 

s e ns ors t o cr e at e a c yli n d er l u bri c a nt bl e n d o pti mis e d 

f or t h e e n gi n e t y p e a n d o p er ati o n al p ar a m et ers. This 

a ut o m ate d pr o c ess w as d e vel o p e d t o e n h a nc e t he e xisti n g 

b e n e fits of S E A- M at e, w hi c h i n cl u d e a r e d u cti o n i n 

l u b e- oil c o ns u m pti o n of u p t o 5 0 %, c ost s a vi n gs o n f u el 

d u e t o l o w er fri cti o n, a n d miti g ati o n of c ol d c orr osi o n 

a n d h y dr a uli c c o ntr ol s yst e m iss u es. 

M a ers k Fl ui d Te c h n ol o g y cl ai ms o ver 2 0 0 i nst all ati o ns 

of S E A- M at e at pres e nt. To d e m o nstr at e t h e b e n e fits of 

t h e s yst e m, t h e c o m p a n y h as d e v el o p e d a S E A- M at e 

v al u e c al c ul at or, i nt o w hi c h c yli n d er oil a n d v ess el d et ails 

c a n b e e nt ere d t o d et er mi n e t h e p ot e nti al f u el a n d c ost 

s a vi n gs t h e s yst e m c o ul d o ffer. 

m a ers k fl ui d. c o m 
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M F T’ s s e mi - a ut o m ati c S E A - M at e s y st e m n o w b e n e ftt s 

fr o m a ut o m at e d bl e n di n g
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G r e e n Oil St a n d ar d A p S o fi ers c o m pl et e e n gi n e l u b e oil Thltr a Th o n s yst e ms wit h r e c o g ni z e d p erf or m a n c e b y  
t h e O E M. T hi s t ot all y r e pl a c es t h e n e e d f or p uri Th er/s e p ar at or c o n v e nt u al t e c h n ol o g y. O ur s yst e ms o Th er a 
c ost- e Th e c Th v e s ol u Th o n wit h mi ni m al C o 2 e missi o ns t h at c a n n ot b e i g n or e d.

O ur r a n g e of oil ftltr a Th o n s yst e ms ar e als o a p pli e d t o a h u g e s c o p e of s hi p wi d e a p pli c a Th o ns i n cl u di n g M D O, 
st er n  t u b e  a n d  t hr ust er  s yst e ms  t o  n a m e 
a  f e w,  br e a ki n g  tr a di ti o n s  i n  w hi c h  oil 
cl e a ni n g h as b e e n p erf or m e d f or d e c a d es.

F or  Tr e at m e nt  of  E A L  bi o  oil s,  n e w  r ul es 
d e m a n d  s hi ps  t o  us e  E A L  ( E n vir o n m e nt al 
A c c e pt a bl e L u bri c a nt) bi o- oil f or St er n t u b e 
a n d t hr u st er a p pli c a ti o n s. I n c a s e of l e a k a g e 
a n d  n ot  t o  h ar m  t h e  e c o s yst e m, Gr e e n Oil 
h as c o n d u ct e d s e v er al t e sts o n E A L bi o oils 
wit h a n u m b er of oil s u p pli ers. T ests h a v e 
s h o w n t h at Gr e e n Oil c a n r e m o v e t h e w at er 
fr o m t h e bi o- oil. Gr e e n Oil’s  p at e nt e d w at er 
s e p ar a ti o n  is  t h e  o nl y  o n e  o n  t h e  m ar k et  t h at  c a n  e ff e c ti v el y  r e m o v e  all  t hr e e  t y p es  
of w at er: fr e e, e m ulsi fi e d a n d b o u n d w at er.

L e a di n g  s hi p  o w n ers  a n d  m a n uf a ct ur ers  i n v est  i n Gr e e n Oil pr o d u cts  t o  i m pr o v e  o n 
lif e ti m e a n d o p er a ti o n al st a bilit y, a n d t o s a v e o n m ai nt e n a n c e a n d oil r e pl a c e m e nt c osts.

P h o n e: + 4 5 8 7 5 2 0 0 8 4
 F a x: + 4 5 8 7 5 2 0 0 8 5  l  e- m ail: i nf o @ gr e e n oil. d k
 w w w. gr e e n oil. d k

Gr e e n Oil St a n d ar d A p S, 
Er h v er v s p ar k e n 1 0,  
8 4 0 0 E b elt oft, D e n m ar k

“ B a c k t o B asi cs ” !

Visit us at

St a n d P Y 8 9

Gr e e n oil - a d v ert  S e a w or k.i n d d   1 2 1/ 0 5/ 2 0 1 8   1 0: 3 5: 2 8

•  Cl as si fic ati o n of s hi ps a n d o ff s h or e u nits of v ari o us t y p es a n d p ur p os es
•  R & D, i n n ov ativ e s ol uti o ns f or h ar s h e nvir o n m e nt
•  O ff s h or e oil- a n d- g as s af et y c erti fic ati o n 

8, Dvortsovaya Naberezhnaya, St. Petersbur g, Russian Federation, 19118 6   |   Тel.: +7 ( 812) 3 8 0 2 0 7 2   |  pobox @rs-class.or g   |   w w w.rs-class.or g
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B
et w e e n  t h e  9  a n d  1 3  A p ril,  

M P E C 7 2 c o n v e n e d at t h e I M O 

wit h  t h e  g o al  of  r e ctif yi n g  t h e 

s hi p pi n g i n d u st r y’s l a c k of a u ni v e rs al 

d e c ar b o ni s ati o n st r at e g y b y s etti n g a n 

o v e r all t ar g et f or e missi o ns r e d u cti o ns. 

T hi s  w a s  p a rti all y  d ri v e n  b y  g r o wi n g 

pr e ss u r e t o bri n g s hi p pi n g i n li n e wit h 

t h e P aris A gr e e m e nt a n d its ai m t o li mit 

t h e gl o b al t e m p er at ur e i n cr e as e t o 1. 5° C 

a b o v e pr e-i n d ustri al l e v els, si g ni fi c a ntl y 

miti g ati n g t h e ris ks of cli m at e c h a n g e. 

I M O  m e m b e r  st at es’  d esi r e d  t ar g ets  

f o r  e mi s si o n s  r e d u cti o n s  v a ri e d  

c o nsi d er a bl y as t h e y h e a d e d i nt o M P E C 

7 2.  T h e  l o w-l yi n g  P a cifi c  n ati o n s  of  

Ki ri b ati,  T u v al u,  M a r s h all  I sl a n d s  

a n d  S ol o m o n  Isl a n d s  p r o p o s e d  l a st  

S e pt e m b e r  t h at  t h e  st r at e g y  s h o ul d  

ai m  f or  f ull  d e c ar b o nis ati o n  b y  2 0 3 5,  

s u g g e sti n g  t h at  t hi s  i s  t h e  o nl y  w a y  

s hi p pi n g c a n m e et t h e P aris A gr e e m e nt’s 

1. 5° C fi g ur e. fi es e n ati o ns’ t ar g et is b y 

f ar t h e m ost d e m a n di n g, r e fl e cti n g t h e 

dis pr o p orti o n at e  t hr e at  t h e y  f a c e  f r o m 

s e a l e v el ris e. 

S oft e ni n g  t hi s  t a r g et  s o m e w h at,  a  

n u m b er of E U a n d l ar g er P a ci fi c n ati o ns 

h a d s u g g est e d a n a bs ol ut e r e d u cti o n of 

7 0 % b y 2 0 5 0, b ut wit h e ff orts t o w ar ds 

1 0 0 % (t h e E U its elf h as c all e d f or z er o 

e missi o ns b y 2 0 5 0). D o w n g r a di n g t his, 

J a p a n h as pr e vi o usl y c all e d f or 5 0 % b y 

2 0 6 0, w hilst d e v el o pi n g n ati o ns h a v e o nl y 

g o n e as f ar as s u g g esti n g d e c ar b o nis ati o n 

p o st - 2 0 5 0  t o  all o w  t h e m  t h e  c h a n c e  

f o r  d e v el o p m e nt  al r e a d y  e nj o y e d  b y  

p ost-i n d ustri al n ati o ns. 

A Th er a w e e k of pr otr a ct e d n e g oti ati o ns, 

t h e I M O r e a c h e d a d e al f or s hi p pi n g t o c ut 

its c ar b o n e missi o ns b y a mi ni m u m of 5 0 % 

b y 2 0 5 0, c o m p ar e d wit h 2 0 0 8 e missi o ns. 

H er al d e d as a n ‘ hist ori c’ m o m e nt, t h e d e al 

h as b e e n criti cis e d b y s o m e as w at er e d-

d o w n; ot h ers, h o w e v er, h a v e p oi nt e d o ut 

t h at t his mi ni m u m t ar g et is li k el y t o b e 

e x c e e d e d as t h e t e c h n ol o g y r e q uir e d t o 

m e et it, a n d z er o- c ar b o n alt er n ati v e f u els, 

will b e e x p o n e nti all y l ess p oll uti n g t h a n 

t h e st at us q u o if t h e y ar e t a k e n u p a cr oss 

t h e i n d ustr y. 

H a vi n g a gr e e d a t ar g et, I M O m e m b er 

st at e s  n e e d  t o  d e v el o p  a  w o r k a bl e  

str at e g y. Th e y w o ul d d o w ell t o h e e d t h e 

I nt e r n ati o n al Tr a ns p ort F or u m’s (I T F) 

‘ D e c ar b o nisi n g M ari n e Tr a ns p ort’ r e p ort, 

r el e a s e d  j u st  b ef or e  M E P C  7 2,  w hi c h  

p r o p o s e s  t h e  st e p s  n e e d e d  t o  al m o st  

e ntir el y d e c ar b o nis e s hi p pi n g as e arl y as 

2 0 3 5. W hilst t his t ar g et g o es f ar b e y o n d 

w h at  t h e  I M O  h a s  a g r e e d  u p o n,  t h e  

str at e g y l ai d o ut i n t h e r e p ort is c ert ai n t o 

b e of us e t o I M O m e m b er st at es as a s et 

of g ui di n g pri n ci pl es, c o n c e ntr ati n g t h eir 

F e at ur e 1 |  G R E E N S HI P S

P u blis h e d j ust b ef or e t h e I M O a gr e e d its i niti al G H G str at e g y, t h e 

I T F’s a m biti o us ‘ D e c ar b o nisi n g M ari n e Tr a ns p ort’ r e p ort o ff ers cl e ar 

r e c o m m e n d ati o ns o n h o w it c a n b e a c hi e v e d

I T F r e p ort a d vis es h o w s hi p pi n g c a n 
m e et, a n d e x c e e d, t h e I M O’s G H G 
t ar g et

N o w t h at I M O h a s a gr e e d o n a t ar g et, t h e r e al w or k t o a c hi e v e it b e gi n s

T y p e s of m e a s ur e M ai n m e a s ur e s

T e c h n ol o gi c al Li g ht m at eri al s, sl e n d er d e si g n, l e s s fri cti o n, w a st e 

h e at r e c o v er y

O p er ati o n al L o w er s p e e d s, s hi p si z e, s hi p - p ort i nt erf a c e

Alt er n ati v e f u el s / e n er g y S u st ai n a bl e bi of u el s, h y dr o g e n, a m m o ni a, el e ctri c 

s hi p s, wi n d a s si st a n c e

T a bl e 1.
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F
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e ff orts a n d e n c o ur a gi n g t h e m t o ai m as 

hi g h as p ossi bl e. 

fi e r e p ort c o nsi d ers b ot h t h e m e as ur es 

a n d  t h e  c o n diti o ns  n e e d e d  t o  a c hi e v e 

d e c ar b o ni s ati o n.  As  f or  t h e  f or m e r,  it 

l a ys o ut f o ur p ot e nti al ‘ d e c ar b o nis ati o n 

p at h w a ys’ w hi c h c o m bi n e t h es e m e as ur es 

i n v ari o us w a ys; f or t h e l att er, it m a k es 

t hr e e k e y r e c o m m e n d ati o ns s urr o u n di n g 

p oli c y a n d fi n a n c e. 

D e c ar b o ni s ati o n m e a s ur e s
T h e  m e a s u r e s  d et ail e d  i n  t h e  r e p ort  

ar e  s plit  i nt o  t e c h n ol o gi c al  m e as u r e s,  

o p e r ati o n al  m e a s u r e s,  a n d  alt e r n ati v e  

f u els/ e n er g y, wit h a n u m b er of s p e ci fi c 

e x a m pl es c o nsi d er e d f or e a c h, as s h o w n 

i n Ta bl e 1 – t a k e n fr o m t h e r e p ort.

T h e  f o u r  ‘ d e c ar b o nis ati o n  p at h w a ys’  

s et  o ut  b y  t h e  r e p ort  pl a c e  diff e r e nt  

e m p h as e s  o n  e a c h  of  t h e s e  m e as u r e s,  

b e si d e s  t e c h n ol o gi c al  m e a s u r e s,  

w hi c h  ar e  r e q ui r e d  t o  h a v e  m a xi m u m  

i m pl e m e nt ati o n a cr oss all f o ur p at h w a ys. 

El e ctri c s hi p p e n etr ati o n, or l a c k of, is als o 

f or e c ast e d. Ta bl e 2, als o t a k e n f r o m t h e 

r e p ort, s h o ws t h e d e gr e e of a p pli c ati o n of 

t h es e m e as ur es i n e a c h p at h w a y; w e h a v e 

a d d e d a si xt h c ol u m n s u m m arisi n g t h eir 

pr a cti c al r e q uir e m e nts.

P oli c y a n d Th n a n c e c o n diti o n s 
Th e r e p ort g o es o n t o m a k e t h e t hr e e c or e 

r e c o m m e n d ati o ns  w hi c h  a d vis e  o n  t h e  

re g ul at or y a n d fi n a nci al c o n diti o ns ne c ess ar y 

t o s u p p ort t h e d e c ar b o nis ati o n p at h w a ys. 

T h e first r e c o m m e n d ati o n – ‘ S et a cl e ar, 

a m biti o us  e missi o ns-r e d u cti o n  t ar g et  t o  

dri v e d e c ar b o nis ati o n of m ariti m e tr a ns p ort’ 

–  h as alr e a d y b e e n c o m pl et e d ( alt h o u g h  

w h et h er it is ‘a m biti o us’ is d e b at e a bl e).

T h e  s e c o n d  r e c o m m e n d ati o n  i s  

‘ S u p p ort  t h e  r e ali s ati o n  of  e mi s si o ns-

r e d u cti o n t ar g ets wit h a c o m pr e h e nsi v e 

s et of p oli c y m e as ur es’. A c c or di n g t o t h e 

r e p o rt,  t h e s e  p oli c y  m e a s u r e s  s h o ul d  

c o v e r  t e c h n ol o g y,  o p e r ati o n s,  a n d  

alt e r n ati v e e n e r g y as m e nti o n e d i n t h e 

d e c a r b o ni s ati o n  p at h w a y s,  ulti m at el y  

e n c o u r a gi n g  t h e  d e v el o p m e nt  a n d  

p u r c h as e b y s hi p o w n e rs of l o w- c ar b o n 

v e s s el s.  Gl o b al  p oli ci e s  e n c o u r a g e d  

i n cl u d e stri ct er e n er g y e ffi ci e n c y t ar g ets, 

s u c h  a s  a n  u p d at e d  E E DI,  a  st a n d ar d 

f o r  l o w - c a r b o n  f u el,  a n d  m a n d at e d  

s p e e d li mits. N ati o n all y, it r e c o m m e n ds 

t h at  g o v e r n m e nt s  s h o ul d  r e s e ar c h  t h e 

d e v el o p m e nt a n d c o m m er ci al a p pli c ati o n 

of  z e r o - c a r b o n  t e c h n ol o gi e s,  p o rt s  

s h o ul d u p d at e t h eir f a ciliti es t o i n cl u d e 

el e ctri c c h ar gi n g s yst e m a n d alt er n ati v e 

b u n k e ri n g, a n d s hi p p e rs s h o ul d ass e ss 

t h eir s u p pl y c h ai n’s c ar b o n f o ot pri nt.

Th e t hir d r e c o m m e n d ati o n – ‘ Pr o vi d e 

s m art fi n a n ci al i n c e nti v es t o a d v a n c e t h e 

d e c ar b o ni s ati o n of m ariti m e s hi p pi n g’ 

– r e c o g ni s e s  t h e  i s s u e  of  c o n v e nti o n al 

f u el s’  c o m p etiti v e n e s s  c o m p a r e d  wit h 

g r e e n f u el s. T o r e ctif y t hi s, t h e r e p ort 

s u g g ests a gl o b al c ar b o n- pri ci n g s c h e m e, 

f o r ci n g  o pti m al  r e c o u r s e  all o c ati o n  

a n d c r e ati n g f u n d s f or g r e e n s hi p pi n g 

r e s e a r c h.  N ati o n all y,  di r e ct  fi n a n ci al  

i n c e nti v e s c o ul d al s o b e a p pli e d, s u c h 

a s  el e ct ri cit y  t a x  e x e m pti o n s,  a n d  

g o v er n m e nts c o ul d ai d b a n ks t o d e v el o p 

fi n a n ci al  i n st r u m e nt s  b a s e d  o n  g r e e n 

s hi p pi n g. P orts mi g ht als o b e e n c o ur a g e d 

t o o ff er r e d u c e d f e es t o e n vir o n m e nt all y-

s o u n d v ess els. 

Gi v e n  t h at  t h e  I T F’s  r e p ort  r e q ui r es 

m assi v e b e h a vi o u r al c h a n g e a c r oss t h e 

i n d ustr y, a n d c o nsi d er a bl e s u p p ort fr o m 

n ati o n al  a n d  i nt e r n ati o n al  r e g ul at or y  

i nstit uti o ns i n t h e n e ar f ut ur e, t h e 2 0 3 5 

d e c a r b o ni s ati o n  s c e n a ri o  i s  u nli k el y.  

H o w e v er, b y a d o pti n g o n e of t h e r e p ort’s 

d e c ar b o nis ati o n p at h w a ys – or cr e ati n g 

it s  o w n  –  a n d  s u p p orti n g  it  wit h  t h e  

n e c ess ar y p oli c y m e as ur es a n d fi n a n ci al 

i n c e nti v es, s hi p pi n g will b e i n a n e x c ell e nt 

p ositi o n t o m e et its i niti al G H G t ar g et, 

a n d li k el y e x c e e d it: s o m et hi n g it m ust 

d o if it w a nts t o b e s e e n as a r es p o nsi bl e 

i n d u st r y  t h at  m e et s  it s  s o ci al  a n d  

e n vir o n m e nt al o bli g ati o ns. N A

Th e r e p ort c a n b e d o w nl o a d e d at:

w w w.itf- o e c d. or g/ d e c ar b o nisi n g-

m ariti m e-t r a ns p ort  

T a bl e 2.

P at h w a y O p er ati o n 

m e a s ur e s

T e c h n ol o gi c al 

m e a s ur e s

C ar b o n f a ct or 

r e d u cti o n d u e t o 

alt er n ati v e f u el s

El e ctri c s hi p 

p e n etr ati o n

E x pl a n ati o n

M a xi m u m 

i nt er v e nti o n

M a xi m u m M a xi m u m 8 0 % 1 0 % Dr a sti c s p e e d r e d u cti o n; i n cr e a s e i n s hi p 

si z e; z er o - c ar b o n f u el s m aj orit y of f u el mi x 

b y 2 0 3 5; f e w r e m ai ni n g e mi s si o n s

Z er o - c ar b o n 

t e c h n ol o g y

M o d er at e M a xi m u m 8 0 % 1 0 % M o d er at e s p e e d r e d u cti o n; m a xi m u m 

p o s si bl e t e c h n ol o g y i m pl e m e nt ati o n; 

wi d e s pr e a d u s e of z er o - c ar b o n f u el s; f e w 

r e m ai ni n g e mi s si o n s

Ultr a - sl o w 

o p er ati o n

M a xi m u m M a xi m u m 5 0 % - Dr a sti c s p e e d r e d u cti o n; l e s s er u pt a k e 

of z er o - c ar b o n f u el s; hi g h er r e m ai ni n g 

e mi s si o n s

L o w - c ar b o n 

t e c h n ol o g y

M o d er at e M a xi m u m 7 5 % - M o d er at e s p e e d r e d u cti o n; str o n g u pt a k e 

of z er o - c ar b o n f u el s ( mi n u s a m m o ni a); l e s s 

r a pi d e mi s si o n s d e cli n e

N A J u n e 1 8 _ 1 8 + 1 9.i n d d   1 9 0 1/ 0 6/ 2 0 1 8   1 6: 1 3: 0 7
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T
he  i d e a  of  usi n g  a m m o ni a  as  a  

f u el s o ur c e c a n h ar dl y b e s ai d t o 

b e n e w. O n e of t h e first a m m o ni a-

p o w ere d c ars w as b uilt i n 1 9 3 5, w hil e d uri n g 

t h e S e c o n d W orl d War b us es i n B el gi u m 

w er e r u n o n a c o m bi n ati o n a m m o ni a a n d 

c o al g as. I n t h e 1 9 6 0’s it f u ell e d t h e N ort h 

A m eri c a  X- 1 5  r o c k et- p o w er e d  air cr aft  

d e v el o p e d b y N A S A a n d i n 1 9 6 7 s et t h e 

air s p e e d r e c or d ( 4, 5 2 0 m p h, or M a c h 6. 7 2) 

w hi c h still st a n ds t o t his d a y. 

B ut its p ot e nti al as a m ari n e f u el h as b e e n 

al m ost c o m pl et el y i g n or e d, f or t h e si m pl e 

re as o n of e c o n o mi cs. Hist ori c all y, a m m o ni a 

( N H3 ) pr o d u cti o n h as b e e n c o nti n g e nt o n 

t h e a v ail a bilit y of h y dr o g e n, w hi c h is t h e n 

c o m bi n e d  wit h  nitr o g e n  s o ur c e d  fr o m  

t h e air, w hi c h o n a n i n d ustri alis e d s c al e is 

a c hi e v e d usi n g t h e H a b er- B os c h pr o c ess. 

Gi v e n  t his  is  its elf  e n er g y  i nt e nsi v e  a n d  

yi el ds a pr o d u ct wit h a l o w er h e ati n g v al u e 

h al v e t h at of H F O i n t er ms of m ass a n d a 

t hir d i n v ol u m e, it’s u n d erst a n d a bl e w h y 

t his w as n ot c o nsi d ere d a prefer a bl e o pti o n. 

M ore o v er, w hil e a m m o ni a c o m b usti o n its elf 

is c ar b o n fr e e, gi v e n t h at m ost h y dr o g e n is 

d eri v e d fr o m t h e cr a c ki n g of n at ur al g as ( or 

t o a l ess er e xt e nt bi o m ass), it d o es n ot hi n g 

t o miti g at e C O2  e missi o ns wit h c o n v e nti o n al 

pr o d u cti o n of h y dr o g e n. 

B ut  t h e  d ri v e  f or  g r e e n e r  s hi p pi n g,  

f urt h er g al v a nis e d b y t h e c o m mit m e nt 

a n n o u n c e d  at  I M O’s  M E P C  7 2  t h at  

s hi p pi n g will c ut G H G e missi o ns b y at l e ast 

5 0 % b y 2 0 5 0, m e a ns s hi p o w n ers will s o o n 

h a v e littl e alt er n ati v e b ut t o st art e x pl ori n g 

ot h er o pti o ns. fi er e w as e n c o ur a g e m e nt 

als o wit h t h e p u bli c ati o n at t h e e n d of l ast 

y e ar of a r e p ort b y Ll o y d’s R e gist er a n d 

U ni v ersit y  M ariti m e  A d vis or y  S er vi c es 

( U M A S), Z er o  E missi o ns  Vess els  2 0 3 0 , 

w hi c h  t e st e d  a  v ari et y  of  t e c h n ol o g y  

o pti o ns a n d c o n cl u d e d t h at a n a m m o ni a-

p o w e r e d  i nt e r n al  c o m b u sti o n  e n gi n e  

c a m e  s e c o n d  o nl y  t o  bi of u els  i n  t er ms 

of r el ati v e pr o fit a bilit y (still w ell b e hi n d 

H F O,  n at u r all y )  a c r o s s  a  r a n g e  of  

o p er ati n g s c e n ari os.

It  m e a ns,  b eli e v e  N et h erl a n ds  C-J o b  

N a v al  Ar c hit e cts,  t h at  as  a  s ust ai n a bl e  

f u el a m m o ni a is v er y m u c h b a c k o n t h e 

r a d ar. C-J o b i d e nti fi e d H y dr o g e n B as e d 

R e n e w a bl e s  as  t h e  b e st  s ol uti o n  a n d  

s e es a m m o ni a ( N H 3 ) as o n e of t h e hi g h 

p ot e nti als  i n  t h e  r ol e  of  r e n e w a bl e  f u el 

f or t h e m ariti m e i n d ustr y. I n 2 0 1 7, C-J o b 

r e v e al e d it h a d st art e d w or k o n a pr oj e ct 

t o e x pl or e a m m o ni a’s pr o p ulsi o n p ot e nti al, 

b ot h as a f u el f or c o m b usti o n e n gi n es a n d 

as a p o w er s o ur c e f or f u el c ells.

“ At t h e m o m e nt w e’r e at t h e pr eli mi n ar y 

c o n c e pt  d esi g n  st a g e  w h e r e  w e  w a nt  

t o  e x pl or e  t h e  p o ssi biliti e s  r e g ar di n g  

t e c h ni c al  f e asi bilit y,”  e x pl ai ns  Ni els  d e  

Vri es, a N a v al Ar c hit e ct wit h C-J o b. “ We’ v e 

i d e nti fi e d s e v er al o pti o ns b ut als o w a nt 

t o u n d erst a n d t h e e n vir o n m e nt al b e n e fits 

a n d cr e at e a br e a k e v e n p oi nt f or w h e n t h e 

m o m e nt c o m es w h e n eit h er cli e nt or t h e 

s hi p o w n er is eit h er willi n g t o p a y m or e 

F e at ur e 1 |  G R E E N S HI P S

T h e N a v al Ar c hit e ct  J u n e 2 0 1 8

Th e Net h erl a n ds- b as e d n a v al arc hit e cts ar e p utti n g t h eir s u p p ort b e hi n d 

r es e arc h i nt o N H3 ’s p ot e nti al as a c ar b o n-fr e e s ol uti o n

C- J o b e x pl or es a m m o ni a’s f u el p ot e nti al 

C- J o b’ s c o n c e pt 

ill u str ati o n f or a n 

a m m o ni a -f u ell e d 

v e s s el

T h e e arli e st 

a m m o ni a - p o w er e d 

c ar i n 1 9 3 5

N A J u n e 1 8 _ 2 0 + 2 1 + 2 3.i n d d   2 0 0 1/ 0 6/ 2 0 1 8   1 6: 1 3: 3 6



2 1T h e N a v al Ar c hit e ct  J u n e 2 0 1 8

F
e

at
ur

e 
1

f or cl e a n tr a ns p ort or w h e n C O2  a n d ot h er 

e missi o ns ar e t a x e d.”

I n  J a n u ar y  2 0 1 8,  C-J o b  a n n o u n c e d  

it w as j oi ni n g f or c es wit h N et h erl a n ds-

b as e d  c h e mi c als  fi r m  Pr ot o n  Ve nt u r es  

a n d E n vi u, a c o m p a n y w hi c h s p e ci alis es i n 

e n vir o n m e nt al st art u ps, i n a c o ns orti u m 

t h at will e x pl or e t h e t e c h ni c al o pti o ns a n d 

c ost e ff e cti v e n ess of a n a m m o ni a t a n k er 

f u ell e d b y its o w n c ar g o. fi e pr oj e ct is 

e x p e ct e d t o l ast t w o y e ars a n d i n v ol v e a 

r a n g e of t h e or eti c al r es e ar c h, l a b or at or y 

t esti n g a n d e v al u ati o n of a pil ot pr oj e ct. 

D e Vri es n ot es t h at w hil e E n vi u’s m ai n 

i nt er est is h y dr o g e n, t h e y s e e a m m o ni a as 

h a vi n g hi g h p ot e nti al as a ‘c arri er’.

U s a g e of s ur pl u s 
r e n e w a bl e e n er g y 
D e Vri es’ i nt er est i n a m m o ni a’s p ot e nti al 

b e g a n s e v er al y e ars a g o w hil e att e n di n g a 

c o urs e at D el Th U ni v ersit y of Te c h n ol o g y. 

Pr of. F. M. M ul d er, a s p e ci alist i n r e n e w a bl e 

e n er g y, s u g g est e d a m m o ni a c o ul d b e us e d 

as  a n  el e ctr o c h e mi c al  st or a g e  m e di u m  

f or p eri o di c s ur pl us e n er g y g e n er at e d b y 

wi n d a n d s ol ar p o w er. W hil e p e a k p o w er 

pr o d u cti o n  c o m es  d uri n g  t h e  s u m m er  

a n d  c o ul d  b e  st or e d  t o  b e  us e d  f or  t h e  

wi nt er  m o nt hs,  d e  Vri es  s u g g ests  t h at  

a m m o ni a c o ul d als o b e i d e al f or c h e mi c all y 

tr a ns p orti n g  r e n e w a bl e  e n er g y  b et w e e n  

diff er e nt  r e gi o ns,  f or  e x a m pl e  b et w e e n  

A ustr ali a ( w hi c h h as a n a b u n d a n c e of e m pt y 

s p a c e s uit a bl e f or s ol ar a n d wi n d p o w er 

g e n er ati o n) a n d Ja p a n. 

Usi n g r e n e w a bl e e n er g y n e g oti at es t h e 

pr e vi o us dr a w b a c k of t h e ass o ci at e d C O 2  

pr o d u cti o n i n v ol v e d i n cr e ati n g a m m o ni a. 

R at h er, t h e s ur pl us el e ctri cit y is us e d f or 

t h e  el e ct r ol ysis  of  w at e r  a n d  nit r o g e n  

pr o d u cti o n a n d t h er e a Th er t o c o n v ert it 

i nt o a m m o ni a. 

I n  s o m e  r e s p e ct s  it’s  a  t h r o w b a c k  

t o  t h e  1 9 5 0’s  a n d  ‘ 6 0’s,  w h e n  t h e  first  

a m m o ni a pl a nts w er e b uilt i n t h e U S a n d 

N or w a y  al o n gsi d e  h y dr o el e ctri c  pl a nts.  

B ut  t h e  i d e a  of  s ust ai n a bl e  a m m o ni a  

pr o d u cti o n  is  g ai ni n g  t r a cti o n  ar o u n d  

t h e w orl d. Te c h n ol o g y gi a nt Si e m e ns l ast 

y e ar p arti ci p at e d i n t h e Gr e e n A m m o ni a 

d e m o n st r at o r  p r oj e ct  i n  O xf o r d,  

w hi c h  ai m e d  t o  pr o v e  t h e  f e asi bilit y  of 

pr o d u ci n g  a m m o ni a  f r o m  wi n d  p o w er  

a n d t h e n t ur ni n g it b a c k i nt o e n er g y a g ai n. 

El s e w h e r e,  t h e  J a p a n e s e  g o v e r n m e nt  

is  a d v a n ci n g  its  SI P  ‘ E n er g y  C ar ri ers’  

pr o gr a m, w hi c h e n vis a g es a m m o ni a as o n e 

of t hr e e m et h o ds f or d eli v eri n g h y dr o g e n 

(t h e  ot h ers  b ei n g  li q ui d  h y dr o g e n  a n d  

or g a ni c  h y dri d es).  T h e  U S  D e p art m e nt 

of  E n er g y  is  si mil arl y  i n v est e d  wit h  its  

A R P A- E R E F U E L pr oj e ct i nt o t h e p ot e nti al 

of utilisi n g e n er g y d e ns e li q ui ds.

Th at a m m o ni a st or a g e a n d tr a ns p ort ati o n 

ris ks ar e alr e a d y fir ml y u n d erst o o d fr o m its 

us e i n t h e f ertilis er i n d ustr y all e vi at es s o m e 

of t h e s af et y c o n c er ns. B ut w hil e a m m o ni a 

h as a v er y di ff er e nt h a z ar d pr o fil e, i n t er ms 

of its st or a g e a n d m a n a g e m e nt, fr o m t h at 

of cr u d e oil or n at ur al g as, its ris k l e v el 

is a p pr o xi m at el y t h e s a m e. M or e o v er, b y 

c o m p aris o n wit h p ure h y dr o g e n, w h et h er i n 

its c o m pr ess e d or li q ui d st at e, a m m o ni a is 

n ot o nl y l ess v ol atil e b ut o ff ers si g ni fi c a ntl y 

hi g h er v ol u m etri c e n er g y d e nsit y a n d c a n 

b e st or e d i n its li q ui d st at e at a f ar m or e 

c ost- e ff e cti v e - 3 4° C (s e e Ta bl e 1). 

Th at s ai d, t h e l o w er f u el d e nsit y, ar o u n d 

a t hir d t h at of H F O, w o ul d p os e c ert ai n 

d esi g n c h all e n g es f or a m m o ni a t o b e c o m e 

vi a bl e  as  a  f u el  f or  l o n g er  v o y a g es.  B ut 

A V E N TI C S G m b H  Ul m e r St r a ß e 4, 3 0 8 8 0 L a at z e n, G e r m a n y 
m a ri n e s al e s @ a v e nti c s. c o m, w w w. m a r e x- s hi p c o nt r ol s. c o m, T el + 4 9 5 1 1 2 1 3 6- 2 5 1

P R E CI SI O N   
N E V E R F E L T S O G O O D

T h e M a r e x 3 D j o y sti c k c o m bi n e s c o n -

v e ni e n c e, p r e ci si o n a n d fl e xi bilit y f o r 

s af e a n d r e s p o n si v e s hi p m a n e u v e ri n g. 

T h e e r g o n o mi c d e si g n m a k e s it e a s y 

f o r a n i nt uiti v e c o nt r ol of t h r u st e r s a n d 

e n gi n e s wit h u p t o si x j o y sti c k s.

I nt elli g e nt 
t e c h n ol o g y f o r  
y o u r s hi p

D o c ki n g i s a j o y  
wi t h M a r e x 3 D

N A J u n e 1 8 _ 2 0 + 2 1 + 2 3.i n d d   2 1 0 1/ 0 6/ 2 0 1 8   1 6: 1 3: 3 7



T h e w or k of n a v al ar c hi t e c t s a n d m ari n e e n gi n e er s dir e c tl y i n fi u e n c e t h e 
o p er a bili t y a n d s af e t y of t h e v e s s el a n d t h e s e af ar er. D e ci si o n s m a d e a t t h e 
d e si g n s t a g e c a n i n Th u e n c e h u m a n b e h a vi o ur a n d h e al t h. A n d a n i m pr o v e d 
u n d er s t a n di n g  of  er g o n o mi c s  b y  e n gi n e er s  c a n  ‘ d e si g n  o u t’  h a z ar d s  a n d 
pr e v e n t i n ci d e n t s, b o t h t o t h e i n di vi d u al a n d t h e v e s s el. 

Wi t h e v er m or e c o m pl e x s y s t e m s a n d t e c h n ol o g y, gr e a t er i m pr o v e m e n t s i n 
s af e t y c a n b e a c hi e v e d t hr o u g h a b e t t er u n d er s t a n di n g of h u m a n / s y s t e m 
d y n a mi c s. A gr e a t er a w ar e n e s s of t h e r ol e pl a y e d b y m a n a g e m e n t s tr u c t ur e s, 
c ul t ur e, pr o c e d ur e s a n d r e g ul a ti o n i n s af e a n d eff e c ti v e o p er a ti o n i s al s o 
i m p or t a n t t o t h e eff e c ti v e r u n ni n g of t h e v e s s el a n d w ell b ei n g of t h e cr e w.

I n t er n a ti o n al C o nf er e n c e:

H u m a n F a c t or s 
2 6- 2 7 S e p t e m b er 2 0 1 8, L o n d o n, U K

T h e R o y al I n s ti t u ti o n of N a v al Ar c hi t e c t s

R e gi s t r a ti o n O p e n

w w w.ri n a. or g. u k / H u m a n _ F a c t or s 2 0 1 8

R e gi s t e r y o u r Pl a c e | Vi e w t h e P r o g r a m m e | S p o n s o r s hi p O p p o r t u ni ti e s
c o nf er e n c e @ri n a. or g. u k    T el: + 4 4( 0) 2 0 7 2 3 5 4 6 2 2     Vi si t t h e w e b si t e

H F H alf p a g e A D.i n d d   1 0 7/ 0 7/ 2 0 1 7   1 3: 2 4: 0 0

I n g e n er al t h er e is a gr o wi n g n e e d i n t h e m ariti m e w orl d f or s hi p p erf or m a n c e 
a n al ysis  o n  f ull  s c al e.  T his  h as  s e v er al  r e as o ns  r el at e d  t o  eit h er  c ost  s a vi n g,  
l e gisl ati o n a n d e n vir o n m e nt al c o n c er ns.

Wit h  t h e  i ntr o d u cti o n  of  t h e  I M O  E n er g y  Effi ci e n c y  D esi g n  I n d e x  ( E E DI)  t h e  
n e e d f or s hi p f ull s c al e p erf or m a n c e m e as ur e m e nt a n d v erifi c ati o ns h as gr o w n 
i n i m p ort a n c e.  T h er e ar e n o w n e w I S O st a n d ar ds f or i niti al s hi p tri als t o v erif y 
t h e  E E DI  c al c ul ati o ns.  I S O  1 9 0 3 0  st a n d ar d  c o ns oli d at es  t h e  l at est  a c a d e mi c  
a n d  i n d ustr y  k n o wl e d g e  r e g ar di n g  a  st a n d ar dis e d  m et h o d  t o  m e as ur e  t h e  
p erf or m a n c e  of  a  v ess el  t hr o u g h  t h e  w at er.  I M O  a n d  E U  r e q uir e  v ess els  t o  
m o nit or  t h eir  effi ci e n c y  i n  t er ms  of  f u el  c o ns u m pti o n  a n d  dist a n c e  tr a v ell e d  
( E U M R V st arts 1st J a n u ar y a n d t h e I M O s yst e m 1st J a n u ar y 2 0 1 9). It is e x p e ct e d 
t h at t h e d at a c oll e ct e d will h el p i nf or m f ut ur e E E DI r e g ul ati o ns.

T o r e gi s t e r vi si t t h e w e b si t e or c o n t a c t t h e RI N A C o nf er e n c e

I n t er n a ti o n al C o nf er e n c e:

F ull S c al e P erf or m a n c e
2 4- 2 5 O c t o b er 2 0 1 8, L o n d o n, U K

T h e R o y al I n s ti t u ti o n of N a v al Ar c hi t e c t s

w w w.ri n a. or g. u k /f ull _ s c al e _ p erf or m a n c e

R e gi s t e r y o u r Pl a c e | Vi e w t h e P r o g r a m m e | S p o n s o r s hi p O p p o r t u ni ti e s
c o nf er e n c e @ri n a. or g. u k    T el: + 4 4( 0) 2 0 7 2 3 5 4 6 2 2     Vi si t t h e w e b si t e

C all f o r p a p e r s

F S P H alf p a g e C F P A D.i n d d   1 0 9/ 0 3/ 2 0 1 8   1 2: 1 2: 3 8

N A J u n e 1 8 _ 2 2.i n d d   2 2 0 1/ 0 6/ 2 0 1 8   1 0: 4 8: 2 2
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D e  Vri es  d r a ws  t h e  c o m p aris o n  wit h  

w h er e L N G w as a d e c a d e a g o, a n d i n d e e d 

s o m e  of  t h e  t e c h n ol o g y  d e v el o p e d  f or  

L N G c o nt ai n m e nt c o ul d b e a d a pt e d f or 

a m m o ni a. “ L N G  m a d e  t h e  first  st e p  i n  

r e q uiri n g m or e s p a c e f or f u el a n d a m m o ni a 

a d ds  t o  t h at.  Li q ui d  a m m o ni a  c a n  b e  

st or e d eit h er at 1 b ar - 3 4° C i n f or e x a m pl e 

a m e m br a n e t a n k or u n d er pr ess ur e i n a 

c yli n dri c al t a n k at 1 0 b ar 2 0° C, w hi c h will 

t a k e m or e s p a c e t h a n a s q u ar e b o x.” 

B u n k eri n g  i nfr astr u ct ur e  w o ul d  als o  

r e pr es e nt a c h all e n g e t o b e o v er c o m e. He 

n otes: “ We h a ve a s e ver al p orts wit h a m m o ni a 

a v ail a bl e w hi c h c o ul d s u p pl y t h e first vess els 

p o were d b y a m m o ni a, pre ve nti n g s o met hi n g 

of a c hic ke n a n d e g g st or y. Of c o urs e, it w o ul d 

h a v e t o b e e x p a n d e d t o s u p pl y a s u bst a nti al 

p art of t h e c o m m erci al fl e et. fi e si g ni fi c a nt 

a d v a nt a g e o v er ot h er t e c h n ol o gi es (s u c h as 

h y dr o ge n) is t h at a m m o ni a alre a d y h as q uite 

s o m e i nfr astr u ct ur e a v ail a bl e as it is b ei n g 

us e d i n v ast q u a ntiti es ar o u n d t h e w orl d f or 

t he fertilis er i n d ustr y.”

A n ot h er c h all e n g e is t h at a m m o ni a is 

l ess c o m b usti bl e t h a n f ossil f u els, m e a ni n g 

t h at  t h e  c o m pr essi o n  r ati o  f or  e n gi n es  

n e e ds  t o  b e  si g nifi c a ntl y  hi g h er  a n d  b y  

e xt e nsi o n r e q uir e e ffi ci e n c y i m pr o v e m e nts. 

It  is  als o  hi g hl y  c orr osi v e  a n d,  fr o m  a  

m e c h a ni c al st a n d p oi nt, will b ur n t hr o u g h 

a n y c o m p o n e nt usi n g c o p p er, zi n c or a n 

all o y t h er e of. H o w e v er, D e Vri es s a ys s af e 

a m m o ni a c o m b usti o n is f e asi bl e as s h o w n 

b y t h e m a n y pr ot ot y p es a n d ot h er e x a m pl es 

i n tr a ns p ort ati o n i n t h e p ast a n d als o i n 

t o d a y’s ti m e b y s e v er al r es e ar c h i nstit ut es 

li k e C SI R O i n A ustr ali a. C-J o b is w or ki n g 

wit h  a  t hir d  p art y  w hi c h  h as  d e v el o p e d  

a n  i m pr o v e d  c o m b usti o n  t e c h n ol o g y  

b ot h s uit a bl e f or c o n v e nti o n al f u els a n d 

a m m o ni a. This is c urr e ntl y b ei n g f urt h er 

e x pl or e d wit h e n gi n e m a n uf a ct ur ers. This 

c o ul d o p e n u p t h e i nt er m e di at e o pti o n of 

a m m o ni a b ei n g us e d as a d u al-f u el a n d als o 

p ur e a m m o ni a c o m b usti o n, p arti c ul arl y i n 

t h e c as e of a m m o ni a c arri ers.

A m m o ni a f u el c ell s i n 
t h e c o mi n g d e c a d e
O n e of t h e o pti o ns b ei n g e x pl or e d b y t h e 

c o ns orti u m  is  t h e  vi a bilit y  of  a m m o ni a  

f u el c ells. D e Vri es s a ys: “ C urr e ntl y o n e of 

t h e m ost d e v el o p e d f u el c ell t e c h n ol o gi es 

is t h e pr ot o n e x c h a n g e m e m br a n e f u el c ell 

( P E M F C). Th e P E M F C o nl y r u ns o n p ur e 

h y dr o g e n,  s o  t h e  a m m o ni a  w o ul d  n e e d  

t o b e f ull y cr a c k e d t o b e utilis e d, w hi c h 

is c osts a b o ut 2 2 % a n d t h er ef or e n ot t h e 

m ost attr a cti v e w a y t o us e a m m o ni a. B ut 

P E M F C h as a hi g h p o w er d e nsit y, o ff ers 

d e c e nt e ffi ci e n c y a n d ar e q uit e a ff or d a bl e at 

ar o u n d E U R 1, 0 0 0 p er k W. Th e s oli d o x y g e n 

f u el c ell ( S O F C) is s o m e w h at b e hi n d t h e 

P E M F C i n t er ms of p o w er d e nsit y a n d c ost 

wit h ar o u n d E U R 1 0, 0 0 0- 1 5, 0 0 0 p er k W b ut 

is als o g oi n g tr o u g h a l ot of d e v el o p m e nt t o 

b e c o m e m or e c o m p etiti v e. 

“ S O F C h as t h e m ai n a d v a nt a g e t h at it 

is a bl e t o c o p e wit h v ari es ki n ds of f u els 

a n d i n g e n er al h as a hi g h er e ffi ci e n c y t h a n 

t h e P E M F C. Th e S O F C w or ks at a hi g h er 

t e m p er at ur e, w hi c h c o ul d b e b e n e fi ci al f or 

ot h er p ur p os es [i. e. h e at st or a g e]. It cr a c ks 

t h e a m m o ni a i nsi d e t h e f u el c ell, w hi c h is 

attr a cti v e i n t er ms of e ffi ci e n c y. We f or es e e 

si g nifi c a nt i m pr o v e m e nts i n t h e c o mi n g 

d e c a d e wit hi n t h e f u el c ell i n d ustr y w hi c h 

will  m a k e  f u el  c ells  m or e  attr a cti v e  t o  

c o m p et e wit h c o m b usti o n e n gi n es. Usi n g 

a m m o ni a wit h eit h er a P E M F C or S O F C 

d o es n ot pr o d u c e N O x e missi o ns w hi c h is 

a bi g a d v a nt a g e o v er a c o m b usti o n e n gi n e. 

C o n v e nti o n al di es el el e ctri c v ess els w o ul d 

b e  t h e  first  t o  us e  f u el  c ells  f or  p o w er  

g e n er ati o n  c o nsi d eri n g  t h at  f u el  c ells  

pr o vi d e el e ctri c al e n er g y. F or di es el dir e ct 

v ess els t h e f u el c ell will h a v e t o o v erc o m e t h e 

l oss es i n t h e el e ctri c al s yst e m t o b e c o m p et e 

wit h c o m b usti o n e n gi n es.” 

I niti al dis c ussi o ns h a v e n o w t a k e n pl a c e 

wit h cl assi fi c ati o n s o ci et y B ur e a u Verit as 

w h o  h a v e  off er e d  t h eir  assist a n c e  wit h  

t h e ris k a n al ysis d uri n g t h e e arl y d esi g n 

st a g es  a n d  r e- e v al u ati o n  w h e n  t h e  fi n al  

d esi g n c o n c e pt is d e ci d e d u p o n. D e Vri es 

is o pti misti c t h at t his d esi g n st a g e of t h e 

pr oj e ct will b e c o m pl et e d l at er t his y e ar.

Ulti m at el y of c o urs e t h e h ar d er c h all e n g e 

will b e c o n vi n ci n g s hi p o w n ers, b ut t h ere are 

e n c o ur a gi n g si g ns of i nt er est. “ C o m p a ni es 

a c k n o wl e d g e t h at e x h a ust g as tre at m e nt a n d 

L N G ar e j ust i nt er m e di at e st e ps t o w ar ds 

a  s ust ai n a bl e  f ut ur e.  Of  c o urs e,  t h e y’r e  

r el u ct a nt  t o  m a k e  m aj or  i n v est m e nts  i n  

t h e a p pli c ati o n of r e n e w a bl e f u els at t h e  

m o m e nt. This is m ai nl y b e c a us e t h e y c a n 

still c h e a pl y b ur n H F O a n d o p er at e i n a 

hi g hl y  c o m p etiti v e  m ar k et,  b ut  o v er  t h e  

n e xt 1 0 y e ars w e will s e e m ore c o nstr u cti v e 

ar g u m e nts l o o ki n g i nt o t h e a p pli c ati o ns of 

w h at w e are l e ar ni n g n o w. N A

T a bl e 1. Li q ui d a m m o ni a off er s s u p eri or f u el d e n sit y t o h y dr o g e n at a m or e c o st - eff e cti v e 

t e m p er at ur e

T h e a d diti o n al 

s p a c e a n d w ei g ht 

r e q uir e m e nt s 

f or st or a g e 

ar e p er h a p s 

a m m o ni a’ s bi g g e st 

dr a w b a c k

V ol u m etri c 

e n er g y d e n sit y 

L H V ( M J / m 3)

Pr e s s ur e ( b ar) T e m p er at ur e (° C)

C o m pr e s s e d H 2 6 9 5 0 7 0 0 2 0

Li q ui d H 2 8 7 9 1 1 - 2 5 3

Li q ui d N H 3 1 2 7 1 4 1 or 1 0 - 3 4 or 2 0

N A J u n e 1 8 _ 2 0 + 2 1 + 2 3.i n d d   2 3 0 1/ 0 6/ 2 0 1 8   1 6: 1 3: 3 7
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W
it hi n  t h e  l ast  d e c a d e,  wi n d  

p r o p ul si o n  t e c h n ol o gi e s  

i nt e n d e d  f o r  m a riti m e  

a p pli c ati o ns h a v e u n d er g o n e a p eri o d of 

d e vel o p m e nt a n d testi n g t h at h as c ul mi n ate d 

i n  a  h a n df ul  of  i nst all ati o ns  o n  b o ar d  

c o m m erci al vess els. W hilst m ost i n n o v ati o ns 

i n s hi p pi n g f oll o w t his p at h, s u c h pr o gress is 

u n e x p e ct e d i n t h e c as e of wi n d pr o p ulsi o n 

gi v e n  t h e  l o n g-st a n di n g  ( a n d  s o m e w h at  

ir o ni c) t e n d e n c y t o s e e m o d er n m ariti m e 

wi n d  pr o p ulsi o n  t e c h n ol o gi es  as  f ut urist  

i m a gi ni n gs: i nt eresti n g t o e n gi n e ers b ut wit h 

littl e pr a cti c al or e c o n o mi c b e n e fit. 

Wi n d’s c h a n ge i n f ort u ne h as b e e n s p urre d 

pri m aril y b y t h e gr o wi n g pr ess ur e o n t h e 

s hi p pi n g  i n d ustr y  t o  r e d u c e  e missi o ns,  

w hi c h  h as  b e c o m e  a  r e g ul at or y  iss u e  

f oll o wi n g t h e I M O’s a gr e e m e nt of its i niti al 

G H G str at e g y, re q uiri n g a 5 0 % re d u cti o n of 

C O 2 e missi o ns ( c o m p are d t o 2 0 0 8 l e v els) b y 

2 0 5 0. As i nt erest i n h y bri d s ol uti o ns t o m e et 

t h e e missi o ns c h all e n g e h as gr o w n, wi n d h as 

c o nti n u e d t o g ai n l e giti m a c y, p arti c ul arl y 

as a pri m ar y r e n e w a bl e t h at is fr e e at t h e 

p oi nt of us e, f a c es n o b u n keri n g iss u es, a n d 

d o es n ot n e e d t o b e ‘g e n er at e d’ as el e ctri cit y, 

h y dr o g e n, a n d bi o g as d o. 

T h e s h a p e of wi n d pr o p ul si o n
T h e m ost visi bl e s y m b ol i n r e c e nt y e ars 

of wi n d’s t e nt ati v e r et ur n t o c o m m er ci al 

s hi p pi n g  is  t h e  t o w eri n g  Fl ett n er  r ot ors  

( als o  k n o w n  as  r ot or  s ails)  t h at  h a v e  

a p p e ar e d o n a n u m b er of n e w b uil d v ess els 

a n d as r etr o fits. fi e t e c h n ol o g y w as first 

d e pl o y e d  i n  1 9 2 4  o n  G er m a n  e n gi n e er  

A nt o n Fl ett n er’s s c h o o n er B u c k a u, b ut w as 

n e v er d e v el o p e d. H o w e v er, Fl ett n er r ot ors 

h a v e  b e e n  r e- e v al u at e d,  ai d e d  b y  C A D  

d esi g n t o ols a n d a d v a n c e d C F D s o Th w ar e 

t h at all o ws f or a hi g h l e v el of o pti mis ati o n. 

T h e  r ot ors  t a k e  t h e  s h a p e  of  a  l ar g e 

c yli n d er, w hi c h is s p u n usi n g a n el e ctri c 

m ot o r  i n  o r d e r  t o  c a pit ali s e  o n  t h e  

M a g n us e ff e ct, w h er e b y t h e air p assi n g 

f ast er ar o u n d o n e si d e of t h e s pi n ni n g 

r ot or pr o d u c es a f or c e p er p e n di c ul ar t o 

t h e dir e cti o n of t h e airstr e a m, r es ulti n g i n 

pr o p ulsi o n. W h e n i nst all e d as a n a u xili ar y 

p o w e r  s o u r c e  o n  v e s s el s  p r o p ell e d  

pri m aril y b y f u el, t h e pr o p ulsi v e e ff e ct of 

t h e r ot ors h el ps t o r e d u c e f u el us a g e a n d 

t h er ef or e c ost a n d e missi o ns. 

Th e first c o nt e m p or ar y i nst all ati o n t o o k 

pl a c e  o n  E n er c o n’s  2 0 1 0-l a u n c h e d  r o-l o  

v ess el E- S hi p 1 , w hi c h f e at ur es f o ur Fl ett n er 

r ot ors  a n d  w as  c o nstr u ct e d  t o  tr a ns p ort  

wi n d  t ur bi n e  c o m p o n e nts.  It  t o o k  u ntil  

2 0 1 4 a n d 2 0 1 5 f or B or e’s r o-r o c ar g o v ess el 

M/ V Estr a de n  t o b e retr o fitt e d wit h t h e n e xt 

r ot ors. This y e ar h as s e e n t w o v ess els utilis e 

r ot ors: Bl u e Pl a n et S hi p pi n g’s b ul k er M/ V 

Afr os , w hi c h f e at ures f o ur, pl us Vi ki n g Li n e’s 

2 0 1 3- b uilt cr uis ef err y Vi ki n g Gr ace , w hi c h 

w as retr o fitt e d wit h a r ot or s ail i n A pril. 

W hil e  Fl ett n er  p erf or m a n c e  is  hi g hl y  

d e p e n d e nt o n c o n diti o ns a n d v ess el t y p e, 

B or e a n d r ot or s u p pli er N ors e p o w er h a v e 

q u ot e d a v er a g e f u el s a vi n gs of j ust o v er 5 % 

w h e n M/ V Estr a de n’s r ot ors are i n us e, wit h 

t h e p ot e nti al t o a c hi e v e 2 0 % usi n g m ulti pl e, 

l ar g er  r ot ors.  At  pr es e nt,  t h e  r ot ors  c a n  

d eli v er 2 M W of e n gi n e- e q ui v al e nt p o w er. 

A n u m b er of n e w pr oj e cts ar e c urr e ntl y 

u n d e r w a y.  F e h n  S hi p  M a n a g e m e nt’s  

4 2 5 0 d wt g e n er al c ar g o s hi p Fe h n- P oll u x  is i n 

t h e pr o c ess of i nst alli n g t w o ‘ E c o- Fl ett n ers’ 

d e v el o p e d  as  p art  of  t h e  ‘ Wi n d  H y bri d  

C o ast er’ s e cti o n of t h e ‘ M ari TI M’ pr oj e ct 

c o- or di n at e d  b y  M ari Gr e e n,  a  G er m a n  

- D ut c h  c o ns orti u m  pr o m oti n g  g r e e n  

s hi p pi n g  i n  t h e  c o u ntri es’  b or d er  ar e a.  

Th e r ot ors ar e o pti mis e d t o o p er at e a cr oss 

a r a n g e of wi n d s p e e ds a n d will h a v e t h e 

p ossi bilit y of m e eti n g 1 0 0 % of pr o p ulsi o n 

d e m a n d if c o n diti o ns all o w. M a ers k is als o 

pl a n ni n g t o i nst all t w o 3 0 m N ors e p o w er 

r ot ors o n a 1 0 9, 0 0 0 d wt t a n k er c h art er e d b y 

S h ell, w hi c h ar e e x p e ct e d t o s a v e u p t o 1 0 % 

i n f u el a n d e missi o ns. 

O n c e t h es e n e w pr oj e cts ar e c o m pl et e d, 

M ari Gre e n o bs er ves t h at ‘ Fl ett ner vess els will 

b e i n o p er ati o n i n m ost of t h e m aj or vess els 

s e g m e nts fr o m g e n er al c ar g o, r o-r o, b ul k er, 

t a n k er, a n d cr uis e/f err y’, d e m o nstr ati n g t h e 

Wi n d pr o p ulsi o n s ol uti o ns ar e b e c o mi n g i n cr e asi n gl y visi bl e, vi a bl e a n d 

e ff e cti v e. N A  s p e a ks t o t h e I nt er n ati o n al Wi n ds hi p Ass o ci ati o n t o g ai n a n 

i nsi g ht i nt o t h e f ut ur e of t his pr o misi n g alt er n ati v e e n er g y s o urc e

Wi n d pr o p ulsi o n g at h ers m o m e nt u m as 
i nst all ati o ns pr o v e s u c c essf ul

Vi ki n g Li n e’ s Vi ki n g Gr a c e  i s Thtt e d wit h a n a ut o m at e d 2 4 m N or s e p o w er r ot or s ail ( p h ot o: 

T u u k k a Er v a sti)

N A J u n e 1 8 _ 2 4 + 2 5 + 2 7.i n d d   2 4 0 4/ 0 6/ 2 0 1 8   1 0: 1 5: 1 8
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wi d es pre a d vi a bilit y of t h e t e c h n ol o g y. Als o 

n ot a ble is t he p e di gre e of t he c o m p a nies, s uc h 

as Maers k, S hell a n d C ar gill, t h at are c h o osi n g 

t o a d o pt t his t e c h n ol o g y. Wi n d pr o p ulsi o n 

m a y b e i n its e arl y st a g es, b ut wit h s u c h bi g 

pl a y ers i n v ol v e d a n d t h e c o nsi d er a bl e f u el 

s a vi n gs it c a n d eli v er, it c a n n o l o n g er b e 

dis miss e d o utri g ht. 

T h e I W S A
At  l e ast,  t h at  is  t h e  m ess a g e  of  t h e  

I nt e r n ati o n al  Wi n d s hi p  As s o ci ati o n,  

f o u n d e d  i n  2 0 1 5,  w hi c h  a c c or di n g  t o  

s e cr et ar y G a vi n All wri g ht is c o m mitt e d t o 

“t h e o v erri di n g i d e a t h at wi n d is a cr e di bl e 

pr o p ulsi o n  s ol uti o n.”  T h e  Ass o ci ati o n’s  

st at e d  g o al  is  t o  ‘f a cilit at e  a n d  pr o m ot e  

wi n d pr o p ulsi o n f or c o m m er ci al s hi p pi n g 

w orl d wi d e a n d bri n g t o g et h er all p arti es i n 

t h e d e v el o p m e nt of a wi n d-s hi p s e ct or t o 

s h a p e i n d ustr y a n d g o v er n m e nt attit u d es 

a n d p oli ci es.’ 

fie N a v al Arc hitect r e c e ntl y s p o k e wit h 

All wri g ht, u ns ur prisi n gl y a k e e n a d v o c at e 

of wi n d pr o p ulsi o n, t o g ai n a s e ns e of t h e 

t e c h n ol o g y’s pr os p e cts a n d u n d erst a n d t h e 

r ol e of t h e I W S A. As f or t h e f or m er, w hilst 

All wri g ht  n ot e d  t h at  Fl ett n er  r ot ors  ar e  

c urre ntl y “t he f orer u n ner of t he te c h bre a ki n g 

i nt o t h e m ar ket,” h e a d vis e d t h e y are j ust o n e 

s ol uti o n o ut of r o u g hl y s e v e n t e c h n ol o g y 

gr o u ps, c o m prisi n g h ar d s ails ( als o k n o w n 

as wi n gs ails), s o Th s ails (i n cl u di n g D y n a Ri gs), 

kit es, t ur bi n es, h y dr of oils a n d s u cti o n wi n gs 

– a “t o ol b o x of s ol uti o ns.” 

Th es e t e c h n ol o gi es ar e at v ar yi n g st a g es 

of d e v el o p m e nt a n d h a v e s o f ar s e e n li mit e d 

c o m m e r ci al  a p pli c ati o n.  D es pit e  t his,  

a m biti o us pr oj e cts a b o u n d, s u c h as S k y S ail’s 

t o wi n g- kit e,  i nst all e d  o n  t w o  Wess els  

R e e d er ei  v ess els  –  M V  Mic h a el  A .  a n d  

M V These us  – wit h a n ot h er i n pr o d u cti o n 

f or a C ar gill/ A n br os M ariti m e S hi p. Wi n g 

s ail  t e c h n ol o g y  ( pr o p ul si o n- a s si sti n g  

a er of oil ri gs si mil ar i n c o n c e pt t o a er o pl a n e 

wi n gs)  h as  als o  s e e n  m u c h  i nt er est  a n d  

c o m p etiti o n, wit h a n u m b er of c o m p a ni es 

r a ci n g  t o  d e v el o p  s ol uti o ns  i n cl u di n g  

L o n d o n- b as e d Wi n ds hi p Te c h n ol o g y a n d 

t h eir c o m p etit or O c e a nf oil, w h os e wi n gs ails 

a c hi e v e d  a n  a v er a g e  of  1 4 %  f u el  a n d  

e missi o ns s a vi n gs o n a 5 0, 0 0 0 d wt P a n a m a x 

o p er ati n g i n t h e n ort h Atl a nti c a c c or di n g 

t o a r e p ort p u blis hi n g b y B M T (r e p ort e d i n 

J a n u ar y’s N a v al Arc hitect ). B o u n d 4 Bl u e is 

a n ot h er pl a y er, a n d is s et t o t est its wi n gs ail 

o n a n O R P A G U fis hi n g v ess el f oll o wi n g a n 

a gr e e m e nt si g n e d i n A pril.

As of y et, t h er e is n’t a cl e ar pr e c e d e nt f or 

w hi c h s ol uti o ns w or k b est f or p arti c ul ar 

v e s s el  s e g m e nt s.  H o w e v e r,  p r a cti c al  

c o nsi d er ati o ns of d e c k l a y o ut, visi bilit y, a n d 

l o a di n g iss u es pl a y a p art i n d et er mi ni n g 

w hi c h t e c h n ol o gi es mi g ht b e m ost vi a bl e i n 

e a c h c as e. F or i nst a n c e, o n c o nt ai n ers hi ps 

w h er e  d e c k  s p a c e  m ust  b e  pr es er v e d,  

kit es o ff er a n u n o btr usi v e c h oi c e, w hilst 

f or v ess els t h at u n d er g o r e g ul ar l o a di n g 

a n d u nl o a di n g, ri gs t h at c a n b e r etr a ct e d 

or m o v e d will h a v e t h e a d v a nt a g e. S o m e 

v ess els  wit h  l ar g e  s u p erstr u ct ur es  s u c h  

as  f er ri es  m a y  p os e  c h all e n g es  t o  t h e  

i nst all ati o n of l ar g e ri gs or r ot ors. 

C o n vi n ci n g t h e i n d u str y
Th e m ariti m e i n d ustr y w o ul d b e f or gi v e n 

f or b ei n g s k e pti c al t o w ar ds t h e i d e a t h at 

wi n d  pr o p ulsi o n  is  t h e  s hi ni n g  h o p e  

f or  e missi o ns  r e d u cti o n,  gi v e n  t h e  ti n y  

p er c e nt a g e of v ess els usi n g t h e t e c h n ol o g y. 

All wri g ht is c ert ai nl y n ot bli n k er e d i n t his 

r e g ar d, b ut is k e e n t o a d d c o nt e xt: “If y o u 

l o o k  at  L N G  t e n  y e ars  a g o,  t h e y  h a d  a  

h a n df ul of s hi ps. Wi n d will b e t h e s a m e. 

Yes, it n e e ds d e v el o p m e nt. We n e e d m or e 

s hi ps  o ut  t h er e  usi n g  wi n d  –  w e  n e e d  

d e m o nstr at or v ess els d oi n g s e a tri als wit h 

all of t h e t e c h n ol o gi es.” 

S h o ul d t h e m aj orit y of wi n d pr o p ulsi o n 

te c h n ol o gi es c urre ntl y b ei n g d e vel o p e d re a c h 

t h e m ar ket, a st u d y o n m ar ket p ot e nti als a n d 

b arri ers t o wi n d pr o p ulsi o n i n m ariti m e – 

c arri e d o ut b y C E D el Th, t h e Ty n d all C e ntre 

f or Cli m at e C h a n g e R es e ar c h, Fr a u n h of er 

I SI a n d C h al m ers U ni v ersit y of Te c h n ol o g y 

– s u g g ests t h at t h e y will s e e a n u pt a k e of 

b et w e e n  3, 7 0 0  a n d  1 0, 7 0 0  i nst all ati o ns  

(t a ki n g i nt o a c c o u nt retr o fits a n d n e w b uil ds) 

b y 2 0 3 0. Th e n u m b er, t h e st u d y s u g gests, will 

d e p e n d o n t h e a bilit y of t h e wi n ds hi p s e ct or 

a n d g o v er n m e nts t o pr o vi d e or f a cilit at e: 

•  ‘ ( Tr u st e d )  i nf o r m ati o n  o n  t h e  

p e rf o r m a n c e,  o p e r a bilit y,  s af et y,  

d ur a bilit y, a n d e c o n o mi c i m pli c ati o ns 

of t h e wi n d pr o p ulsi o n t e c h n ol o gi es.’

•  ‘ A c c ess t o c a pit al f or t h e d e v el o p m e nt 

T h e M ari TI M  

E c o - Fl ett n er a w ait s 

i n st all ati o n at 

S E C S hi p s er vi c e s 

i n L e er ( p h ot o: 

M A RI K O)
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M o d e r n n a vi e s a r e i n c r e a si n gl y h a vi n g t o m a n a g e t h e t r a d e- off b e t w e e n 
c a p a bili t y a n d c o s t. V e r s a tili t y, fi e xi bili t y, a n d aff o r d a bili t y a r e k e y c ri t e ri a 
w hi c h  d e si g n e r s  n e e d  t o  b al a n c e  a s  w a r s hi p s  b e c o m e  a n  e x p o r t a bl e 
c o m m o di t y, w h e r e m a r k e t v al u e m a y b e j u s t a s i m p o r t a n t a s t h e s t r a t e gi c 
v al u e of a n y n e wl y b uil t v e s s el. M a n y n a ti o n s a r e d e si g ni n g v e s s el s wi t h 
e x p o r t a bili t y i n mi n d, t hi s c a n m e a n t h a t t h e N a v y n e e d s t o a c c e p t s o m e 
c o m p r o mi s e s t o a c hi e v e t hi s. O n t h e o t h e r h a n d o t h e r n a ti o n s a r e l o o ki n g 
t o  b uil d  u p  t h ei r  s o v e r ei g n  c a p a bili t y  o r  t o  c r e a t e  j o b s  i n  c o u n t r y  f o r 
n a ti o n al p r o s p e ri t y. I n t hi s s c e n a ri o t h e n a ti o n m u s t s el e c t a p a r t n e r w h o 
c a n p r o vi d e s o m e d e g r e e of t e c h n ol o g y t r a n sf e r a n d t h e k e y d ri v e r m a y 
n o t n e c e s s a ril y b e t h e s hi p s c a p a bili t y. 

All  of  t hi s  i s  a g ai n s t  t h e  b a c k d r o p  of  r a pi dl y  a d v a n ci n g  t e c h n ol o gi e s  i n cl u di n g  u n m a n n e d  a n d  a u t o n o m o u s  s y s t e m s,  a 
c h a n gi n g t h r e a t e n vi r o n m e n t a n d a n i n s e c u r e w o rl d;  t h e s e f a c t o r s r e q ui r e e v e r m o r e a d a p t a bl e s hi p s t h a t c a n f ul Thl a 
n u m b e r of diff e r e n t r ol e s a n d s a v e m o n e y t h r o u g h lif e. M o d ul a ri t y m a y b e o n e w a y t o a d d r e s s t hi s a d a p t a bili t y, h o w e v e r 
t hi s a p p r o a c h h a s i t s c o m p r o mi s e s a n d t h e r e a r e o t h e r d e si g n c o n si d e r a ti o n s t h a t m u s t b e i n pl a c e t o m a k e a pl a tf o r m 
t r ul y a d a p t a bl e.
              S u p p or t e d b y:
T o r e gi s t e r , vi si t t h e w e b si t e or c o n t a c t t h e RI N A C o nf er e n c e D e p ar t m e n t:
T el: + 4 4 ( 0) 2 0 7 2 3 5 4 6 2 2 E x t: 3 3 1 e m ail: c o nf er e n c e @ri n a. or g. u k

I n t er n a ti o n al C o nf er e n c e:
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of  wi n d  p r o p ul si o n  t e c h n ol o gi e s,  

es p e ci all y f or b uil di n g a n d t esti n g of 

f ull s c al e d e m o nstr at ors.’

•  ‘ I n c e nti v e s  t o  i m p r o v e  e n e r g y  

effi ci e n c y/ r e d u c e  C O 2  e mi ssi o ns  of  

s hi ps.’

T o m a k e pr o gr ess o n t h es e r e q uir e m e nts, 

t h e  I W S A  is  i n v ol v e d  i n  t h e  cr e ati o n  

of a c oll e cti o n of r e gi o n al h u bs ar o u n d 

t h e  w orl d,  w hi c h  will  all o w  t e c h n ol o g y 

c o m p a ni es t o e n g a g e wit h l o c al i n d ustr y 

cl ust ers a n d c o urt t h e s u p p ort of r e gi o n al 

a n d n ati o n al i nstit uti o ns a n d g o v er n m e nt 

t o s e c ur e f u n di n g. Alr e a d y w ell est a blis h e d 

i n  N a nt es,  wit h  d e ali n gs  wit h  o v er  4 0  

c o m p a ni es, is E ur o p e Atl a nti q u e d e l’I W S A; 

alt h o u g h c urr e ntl y u n o ffi ci al, cl ust ers i n 

t h e s o ut h P a ci fi c a n d i n n ort h er n E ur o p e 

h a v e als o s e e n si g ni fi c a nt a cti vit y, a n d t h er e 

ar e f urt h er pl a ns t o est a blis h h u bs i n N ort h 

A m eri c a a n d Asi a. 

O n c e t h es e h u bs ar e u p a n d r u n ni n g, t h e 

I W S A i nt e n ds t o a ct as a ki n d of u m br ell a 

or g a nis ati o n,  s h ari n g  b est  pr a cti c e  a n d  

or g a nisi n g  e v e nts.  All w ri g ht  s a ys  t h at  

t h er e is e v e n dis c ussi o n a b o ut d e v el o pi n g a 

‘ Wi n d C o d e’, a ki n t o t h e P ol ar C o d e, w hi c h 

will  est a blis h  st a n d ar ds  t o  s m o ot h  t h e  

a d o pti o n of t h e t e c h n ol o g y. F ort u n at el y, 

wi n d  t e c h n ol o gi e s  d o  n ot  f a c e  t h e  

cl assi fi c ati o n c h all e n g e c urr e ntl y l o o mi n g 

o v er ot h er i n n o v ati o ns s u c h as a ut o n o m o us 

s hi p pi n g;  as  All w ri g ht  n ot es,  “ al m ost  

e v er y  t e c h n ol o g y  d e v el o p m e nt  w e  h a v e 

o n t h e b o o ks is cl ass- c erti fi e d,” a v oi di n g 

t h e l e n gt h y d el a ys t h at c a n o fi e n sl o w t h e 

u pt a k e of t e c h n ol o gi c al i n n o v ati o ns.

All w ri g ht  a g r e e s  t h at  t h e  I M O’s  

r e c e nt G H G str at e g y h as c ert ai nl y gi v e n 

wi n d pr o p ulsi o n a b o ost. Wi n d h as t h e 

a d v a nt a g e of b ei n g a pri m ar y r e n e w a bl e, 

w hi c h c a n h a v e c o nsi d er a bl e i m p a ct as a n 

a u xili ar y e n er g y s o ur c e w h e n c o u pl e d wit h 

m or e c o m m o n s e c o n d ar y r e n e w a bl es s u c h 

as h y dr o g e n or bi o g as:

“ T o r e a c h t h e I M O t ar g et, e v er y o n e is 

l o o ki n g at s e c o n d ar y r e n e w a bl es. If  y o u  

l o o k at 1 0 0 % fl e et s wit c h o v er t o s e c o n d ar y 

r e n e w a bl es, t h at’s a bi g n ut t o cr a c k, a l ot of 

f u el. If y o u p ut wi n d assist of pri m ar y wi n d 

i nt o t h e mi x, s u d d e nl y t h at n ut b e c o m es a 

m u c h s m all er o n e t o cr a c k. Wit h wi n d- assist, 

y o u c a n g et 1 0 %- 3 0 % s a vi n gs. S o m et hi n g 

li k e a Fl ett n er r ot or, y o u’r e l o o ki n g at 5- 2 0 %. 

A bi g ri g, y o u m a y b e l o o ki n g at 1 5- 3 0 %. If 

y o u g o wit h a n o pti mis e d n e w b uil d, y o u 

c o ul d b e g etti n g a n y w h er e u p t o 5 0 %. E v e n 

wit h r etr o fits, t h e mi d dl e n u m b er is 2 0 %. 

T h at  m e a ns  y o u  o nl y  h a v e  t o  fi n d  8 0 %  

s e c o n d ar y r e n e w a bl es, w hi c h b e c o m es f ar 

m or e m a n a g e a bl e.”

A n e w m ar k et a p pr o a c h
As t h e a b o v e s u g g ests, t h e dri vi n g f or c e 

b e hi n d wi n d u pt a k e will ulti m at el y b e t h e 

c ost s a vi n gs it d eli v ers a g ai nst e x p e nsi v e 

s e c o n d a r y  r e n e w a bl e s,  a s  w ell  a s  

c o n v e nti o n al f u els, w hi c h ar e e x p e ct e d t o 

i n cr e as e i n pri c e wit h t h e s ul p h ur c a p a n d 

p ossi bl e f ut ur e c ar b o n pri ci n g. As e n gi n e 

m a n uf a ct u r e r s  a c hi e v e  e v e r- s m all e r  

effi ci e n c y g ai ns, t h e p ossi bilit y of 1 0 % 

s a vi n gs ar e a h u g e i n c e nti v e.

H o w e v er, t h e pr o bl e m f a c e d b y t h e I W S A 

u ntil  r e g ul ati o n  ki c ks  i n,  w hi c h  str u c k  

c o n c urre ntl y wit h t h eir f o u n di n g i n 2 0 1 5 as 

b u n k er pri c es dr o p p e d, is t h e c h e a p n ess of 

f u el c o m p are d wit h re n e w a bl es. C h e a p f u el 

stret c h es t h e R OI of a n y wi n d t e c h n ol o gi es, 

p utti n g o ff s hi p o w n ers c a uti o us of fl e d gli n g 

t e c h n ol o g y: “ At c urre nt pri c es, all of t h e wi n d 

s yst e ms h a v e a n R OI of ar o u n d 3- 4 y e ars. 

S hi p pi n g c o m p a ni es, fr o m m y e x p eri e n c e, 

w o n’t g o f or a n yt hi n g a b o v e 3 y e ars u nl ess 

a p oliti c al d e cisi o n is m a d e,” All wri g ht s a ys. 

O n e  r o ut e  t h at  t h e  I W S A  is  k e e n  t o 

e x pl or e  t o  all e vi at e  t h e  pri ci n g  iss u e  is 

l e asi n g. As All wri g ht e x pl ai ns: “ Yo u g o t o 

a c ust o m er a n d s a y y o u d o n’t h a v e t o p a y 

a p e n n y – w e’ll c o m e i n a n d fit it, m o nit or 

it, m ai nt ai n it. Yo u c a n t a k e it o ff a n yti m e. 

Th e w a y y o u p a y f or it is w e ass ess o v er a 

3- m o nt h p eri o d w h at s a vi n g it is gi vi n g, 

a n d w e s plit it i n h alf. Th at c h a n g es t h e 

d y n a mi c  c o m pl et el y  –  t h er e  is  n o  R OI 

a n y m or e. A n d t h at’s al w a ys b e e n a sti c ki n g 

p oi nt. If y o u c o m pl et el y s wit c h t h at m o d el 

ar o u n d a n d s a y it’s all l e as e d, of c o urs e it’ll 

c ost a littl e d o w n t h e r o a d, b ut it’s m a y b e 

p ai d f or c o m pl et el y b y f u el s a vi n gs.”

W h et h er s u c h a s c h e m e w o ul d pr o v e 

p o p ul a r  i s  ulti m at el y  d e p e n d e nt  o n  

s hi p o w n ers, b ut if s o w o ul d r e pr es e nt a 

si g ni fi c a nt m ar k et s hi Th, ali g ni n g s hi p pi n g 

wit h t h e a vi ati o n i n d ustr y, f or i nst a n c e, 

w h er e 4 0 p er c e nt of all n e w b uil d a er o pl a n es 

ar e d eli v er e d t o l e asi n g c o m p a ni es. F or 

wi n d  p r o p ul si o n  d e v el o p e r s,  l e a si n g  

all o ws t h e m t o v ali d at e t h eir t e c h n ol o g y at 

s e a, b ut i n a c o m m er ci al c o nt e xt t h at m a y 

d eli v er a pr o fit. F or t h e s hi p o w n er, l e asi n g 

r e m o v es t h e a n xi et y of t a ki n g a g a m bl e o n 

n e w e q ui p m e nt, b ut all o ws t h e m t o b e n e fit 

fr o m t h e p ossi bl e e ffi ci e n c y g ai ns, as w ell 

as  d e m o nst r at e  t h ei r  c o m mit m e nt  t o  

gr e e n er s hi p pi n g. F urt h er a h e a d, All wri g ht 

e v e n f or es e es – a n d h o p es f or – a s wit c h 

fr o m ti m e c h art ers t o f u el c h art ers, w hi c h 

w o ul d pr o vi d e h u g e i m p et us b e hi n d wi n d 

pr o p ulsi o n as f u el us a g e b e c o m es a n e v e n 

m or e c ar ef ull y s c uti nis e d c ost f a ct or.

All w ri g ht  is  c o nfi d e nt  t h at,  gi v e n  a  

littl e e n c o ur a g e m e nt, c a n n y s hi p o w n ers 

will  c o m e  t o  r e c o g nis e  t h e  b e n efits  of  

wi n d as t h e y b e gi n t h e t as k of c o n v erti n g 

t h eir fl e ets t o alt er n ati v e e n er g y s o ur c es. 

As f or t h e s h a p e of t his e n c o ur a g e m e nt, 

All w ri g ht  a d mit s  t h at  pl a yi n g  o n  

s hi p o w n ers’  c o m m er ci al  a n xi eti es  m a y  

pr o v e m ost e ff e cti v e: “ Th e m ess a g e t h at 

w e p ut o ut is t h at y o u’ v e g ot a pr o bl e m. If 

y o u d o n’t c h e c k [ pri m ar y r e n e w a bl es] o ut, 

y o u’r e g oi n g t o b e l e Th b e hi n d. A n d t h er e’s 

n ot hi n g p e o pl e h at e m or e i n s hi p pi n g t h a n 

t h e f e eli n g t h e y ar e b ei n g l e Th b e hi n d.”

S o m e  o p p o n e nts,  h o w e v er,  s e e m  p ut  

off  b y  a est h eti cs  al o n e:  “ B e c a us e  [t h e  

t e c h n ol o g y] is s o visi bl e, m a n y c a pt ai ns h a v e 

s ai d ‘I d o n’t li k e t h e l o o k of it’,” All wri g ht 

s a ys. “I s h o ul d r e mi n d t h e m t h at t h e y d o n’t 

a ct u all y g et t o c h o os e – if it’s s af e a n d s a vi n g 

m o n e y, it’s y o ur d ut y t o y o ur s h ar e h ol d ers. 

B ut I us u all y a ns w er t h at y o u c a n h a v e it i n 

a n y c ol o ur y o u li k e.” N A

A S k y S ail t o wi n g kit e i n a cti o n a b o ar d t h e 

W e s s el s R e e d er ei v e s s el M V T h e s e u s
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A
s a l o n g-ti m e s u p pli er of c o ati n gs 

t o t h e m ari n e m ar k et, P P G h as 

n ot e d t h e tr e n d of risi n g m ari n e 

f u el c osts, a n d w or ks t o pr o d u c e a d v a n c e d 

p ur e sili c o n e f o uli n g r el e as e s yst e ms i n 

r e s p o ns e.  T h es e  s yst e ms  h a v e  h el p e d  

s hi p o w n e rs  s a v e  m o n e y  o v e r  t h e  l ast  

d e c a d e, a n d will c o nti n u e t o d o s o as n e w 

r e g ul ati o ns will s e e t h e i n d ustr y m o v e t o 

l o w s ul p h ur f u els w h os e c osts c o ul d b e f ar 

hi g h er t h a n c urr e nt l e v els. 

F urt h er, wit h r e g ul at ors e n a cti n g n e w 

r ul es c o v eri n g gr e e n h o us e g as e missi o ns 

fr o m s hi p pi n g, t h er e is a n e n vir o n m e nt al 

n e e d f or f urt h er e ffi ci e n ci es. As a r es ult, 

s hi p o w n ers ar e d e m a n di n g m ari n e c o ati n gs 

w h os e pr o p erti es e xt e n d fr o m i m pr o vi n g 

o p er ati o n al p erf or m a n c e t o t h os e t h at c a n 

r e d u c e gr e e n h o us e g as e missi o ns. 

W h e n  t h e  E c o-f ri e n dl y  S hi p  H ull  

fil m  s yst e m  ( e S H a R K)  pr oj e ct  w as  first  

a n n o u n c e d  i n  2 0 1 6,  its  o bj e cti v e  w as  

a m biti o us  b ut si m pl e: bri n g  t o  m ar k et  a  

f o uli n g pr ot e cti o n t e c h n ol o g y w hi c h n ot 

o nl y  m ai nt ai ns  c urr e nt  st at e- of-t h e- art  

pr ot e cti o n  st a n d ar ds  b ut  is  s u p eri or  t o  

e xisti n g p ai nt- b as e d s ol uti o ns i n ter ms of e c o 

fri e n dli n ess, e as e of a p pli c ati o n, r o b ust n ess 

a n d dr a g re d u cti o n e ffe cts.

T h e  pr oj e ct  t o o k  it s  i ns pi r ati o n  i n  

p a rt  f r o m  r e c e nt  d e v el o p m e nt s  i n  

hi-t e c h  s wi ms uit s  w hi c h  c a n  e n h a n c e  

a  s wi m m er’s  p erf or m a n c e  b y  r e d u ci n g  

dr a g as t h e y m o v e t hr o u g h t h e w at er. I n 

f a ct, t h e e S H a R k p art n ers h a v e d es cri b e d 

t h eir a m biti o n i n cr e ati n g a n e w f o uli n g 

r el e as e s ol uti o n as w a nti n g t o p ull t h e s hi p 

as t h o u g h it w as w e ari n g a hi g h s p e e d 

s wi m mi n g s uit.

B a c k e d b y E ur o p e a n U ni o n-f u n di n g, a 

c o ns orti u m c o nsisti n g of s o m e t h e w orl d’s 

l e a di n g m ari n e e x p erts a n d e n gi n e ers is 

w or ki n g t o cr e at e a n i n n o v ati v e n e w f o uli n g 

pr ot e cti o n s yst e m. e S H a R K c o nsists of a 

s elf- a d h esi v e a n d n o n-t o xi c f o uli n g r el e as e 

f oil, pr o d u c e d b y a p pl yi n g a st at e- of-t h e-

art P P G Si g m a Gli d e 1 2 9 0 f o uli n g r el e as e 

c o ati n g o nt o a s elf- a d h esi v e fil m.

C o n v e nti o n all y  a p pli e d  usi n g  a  s pr a y,  

P P G  Si g m a Gli d e  1 2 9 0  is  n ot e d  f or  its  

d y n a mi c s urf a c e r e g e n er ati o n pr o p erti es. 

fi es e all o w w at er t o a ct as a c at al yst t o 

l o w er  t h e  s urf a c e  e n er g y  of  t h e  c o ati n g  

b a c k t o its ori gi n al st at e a n d t h us r est art its 

b e n e fi ci al s urf a c e c o n fi g ur ati o n pr o p erti es. 

This r e g e n er ati o n pr es er v es t h e c o ati n g’s 

eff e cti v e n ess  o v er  ti m e,  m e a ni n g  t h at  it  

will e x p eri e n c e n o l oss i n p erf or m a n c e a n d 

st a bilit y t hr o u g h o ut its lif eti m e. 

Its  l o w  e n vi r o n m e nt al  i m p a ct  als o  

m e a ns  t h at  it  c a n  b e  a p pli e d  t o  v ess els  

tr a di n g i n s e nsiti v e a n d stri ctl y r e g ul at e d 

e n vir o n m e nts. U n d er t h e e S H a R K pr oj e ct, 

a n e w m et h o d of a p pl yi n g t h e c o ati n g is s et 

t o o ff er f urt h er b e n e fits. 

R e c e nt  d e v el o p m e nts  h a v e  s e e n  t h e  

e S H a R k  pr oj e ct  t e a m,  c o m prisi n g  P P G,  

M A Ct a c,  M e y e r  We rft/ N D  C o ati n gs,  

Verti Dri v e a n d Ha m b ur g S hi p M o d el B asi n 

H S V A, d e v el o p a n d pr o d u c e a pr ot ot y p e 

f or  t h e  e m b oss e d  f o uli n g  r el e as e  f oil,  a  

c o n c e pt  pr o v e n  b y  t ests  p erf or m e d  at  

H S V A t est i nstit ut e. Pr o gr ess h as als o b e e n 

m a d e t o w ar ds pr o d u cti o n of a n a ut o m at e d 

l a mi n ati o n s yst e m t h at will a p pl y t h e f oil t o 

t h e u n d er w at er h ull of a v ess el.

A  n u m b er  of  tri al  a p pli c ati o ns  ar e  

u n d er w a y  i n  or d er  t o  d e m o nstr at e  t h e  

e ffi c a c y of t h e s yst e m. S o f ar, t h e f oil s yst e m 

h as b e e n a bl e t o o ff er cl e ar a d v a nt a g es o n 

n e w b uil d pr oj e cts i n t er ms of mi ni mis e d 

e n vir o n m e nt al  i m p a ct  a n d  pr o d u cti vit y  

i m pr o v e m e nt s  o wi n g  t o  a  o n e- c o at  

a p pli c ati o n o p er ati o n.

O n t h e s m all er v ess els t h at h a v e b e e n 

s el e ct e d as t est b e ds, i n cl u di n g pil ot b o ats 

a n d ot h er h ar b o ur cr a Th, t h e f oil is a p pli e d 

m a n u all y d u e t o h ull si z e a n d s h a p e. F or 

t h es e v ess els P P G h as d e v el o p e d a hi g hl y 

s ust ai n a bl e c o m bi n ati o n of t h e v er y t o u g h 

P P G  Si g m a S hi el d  1 2 0 0  a nti c or r osi o n  

c o ati n g  t o  pr o vi d e  a  b as e c o at  wit h  a n  

e xt e n d e d lif es p a n. Th e f oil is r e m o v e d b y 

h y dr oj etti n g a n d c a n b e r e n e w e d a Th er a 

pr ol o n g e d p eri o d.

T h e  i n d u st ri al  a p pli c ati o n  p r o c e s s  

all o ws f or a n e x a ct a n d o pti m all y s m o ot h 

sili c o n l a y er pr o d u c e d u n d er c o ntr oll e d 

F e at ur e 2 |  P AI N T S & C O A TI N G S

I n or d er t o m e et t h e o p er ati o n al a n d e missi o ns i m pr o v e m e nts d e m a n d e d b y 

s hi p o w n ers, t h e P P G-l e d e S H a R K pr oj e ct h as d e v el o p e d a pi o n e eri n g s elf-

a d h esi v e f o uli n g r el e as e f oil, writ es pr oj e ct l e a d er Pet er S c h o n e v el d

S wi ms uits f or s hi ps: o v er c o mi n g m ari n e 
f o uli n g t hr o u g h c o ati n gs i n n o v ati o n

T h e st at e of t h e 

art e S H a R K f oil i s 

m a d e u p of Th v e 

l a y er s, i n cl u di n g 

M A Ct a c’ s s elf -

a d h e si v e Thl m

S u pr e m e a nti-f o uli n g h er e, 
t h er e a n d e v er y w h er e
W e i ntr o d u c e o ur Gl o bi c 9 5 0 0 s eri e s 
wit h n a n o a cr yl at e t e c h n ol o g y f or 
s u pr e m e a nti-f o uli n g pr ot e cti o n 
e v er y w h er e fr o m o ut fi tti n g 
t o r e- d o c ki n g.

Gl o bi c 9 5 0 0. h e m p el. c o m
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a p pli c ati o n a n d c uri n g c o n diti o ns. fi es e 

t w o  el e m e nts  ar e  ess e nti al  i n  b o osti n g 

f o uli n g r el e as e pr o p erti es as t h e o pti m u m 

s urf a c e c h ar a ct eristi cs of t h e sili c o n e fil m 

ar e p erf e ctl y est a blis h e d.

T h e  s elf- a d h e si v e  pr o p e rti es  all o w  

effi ci e nt  a p pli c ati o n  wit h o ut  r el e as e  of  

s ol v e nts a n d d o n ot res ult i n sili c o n e s pre a d 

t o t h e s urr o u n di n g e n vir o n m e nt. I n d ustri al 

a p pli c ati o n e n a bl es t h e f oil t o m o ul d its elf 

as  cl os el y  as  p ossi bl e  t o  t h e  u n d ul ati n g  

s urf a c e of t h e v ess el’s h ull – si mil ar t o hi-t e c h 

s wi ms uits a n d t h e h u m a n b o d y – l o w eri n g 

dr a g resist a n c e.

Th o u g h t h e e S H a R k pr oj e ct is f ar fr o m 

c o m pl et e, t h e e arl y r es ults s u g g est t h at it 

will m ai nt ai n f o uli n g pr ot e cti o n st a n d ar ds 

a n d  l e a d  t o  f u el  s a vi n gs  a n d  r e d u cti o n  

of  G H G  e missi o ns  g r e at er  t h a n  t h os e  

of e xisti n g p ai nt- b as e d a nti-f o uli n g a n d 

f o uli n g  r el e as e  t e c h n ol o gi es.  T h e  r es ult  

will  b e  a n  i n cr e as e d  r e d u cti o n  i n  dr a g  

c o m p ar e d t o t h e c o n v e nti o n al s pr a y- b as e d 

a p pli c ati o n  of  P P G  Si g m a G li d e  1 2 9 0  

f o uli n g r el e as e c o ati n g.

S o m e  t e c h ni c al  h ur dl es  r e m ai n  t o  b e  

res ol v e d, t h e m ost criti c al b ei n g m e c h a nis e d 

a p pli c ati o n  t o  h ulls  of  l ar g e  c o m m er ci al  

v ess els.  A  p at e nt e d,  v erti c al  l a mi n ati n g  

m a c hi n e  h as  b e e n  e n gi n e er e d;  f urt h er  

m e c h a nis ati o n is n o w re q uire d t o m a ke t h e 

a p pli c ati o n pr o c ess a p pli c a bl e f or s hi p y ar d or 

dr y d o c k c o n diti o ns. N A

W hil st t h e f oil c a n b e a p pli e d m a n u all y o n s m all er v e s s el s, w or k i s u n d er w a y t o 

m e c h a ni s e t h e a p pli c ati o n pr o c e s s f or l ar g er h ull s

S u pr e m e a nti-f o uli n g h er e, 
t h er e a n d e v er y w h er e
W e i ntr o d u c e o ur Gl o bi c 9 5 0 0 s eri e s 
wit h n a n o a cr yl at e t e c h n ol o g y f or 
s u pr e m e a nti-f o uli n g pr ot e cti o n 
e v er y w h er e fr o m o ut fi tti n g 
t o r e- d o c ki n g.

Gl o bi c 9 5 0 0. h e m p el. c o m

T y p 0 2 - Gl o bi c 9 5 0 0 - 2 1 0 x 1 4 8.i n d d   1 2 0 1 7- 1 1- 2 0   1 1: 0 6: 1 3N A J u n e 1 8 _ 2 8 + 2 9.i n d d   2 9 0 1/ 0 6/ 2 0 1 8   1 6: 1 4: 4 5



T h e N a v al Ar c hit e ct  J u n e 2 0 1 83 0

C
y b ers e c u rit y h as b e c o m e a h ot 

t o pi c i n t h e m ariti m e i n d ust r y, 

r es ulti n g i n b ot h p ositi v es a n d 

n e g ati v e s.  It  i s  v e r y  p o siti v e  t h at  t h e  

s u bj e ct  i s  r e c ei vi n g  t h e  att e nti o n  of  

i n d ustr y l e a d ers a n d s p e ci alists. H o w e v er, 

t h at att e nti o n c a n b e a dist r a cti o n a n d 

e v e n l e a d t o c o nf usi o n u nl ess it yi el ds 

cl e a r  a n d  a cti o n a bl e  i d e a s  a n d  t o ol s  

f o c us e d o n m ariti m e r e q uir e m e nts. 

fi e tr e n d t o w ar ds i n cr e asi n g r eli a n c e 

o n  c o m p ut e ri s e d  c o nt r ol  s y st e m s  i s  

e vi d e nt  –  f r o m  c ars  t o  ai r c r aft  t o  ai r  

c o n diti o ni n g s yst e ms – a n d it r e pr es e nts a 

di git all y- dri v e n f ut ur e. W hilst s o m e us ers 

of t his e m er gi n g t e c h n ol o g y m a y n ot f ull y 

a p pr e ci at e t h e e xt e nts of t his i m p a ct, m ost 

ar e b e c o mi n g b ett er pr e p ar e d t o c o ntr ol, 

m ai nt ai n, a n d pr ot e ct c o m pl e x a n d hi g hl y 

i nt e gr at e d c o ntr ol s yst e ms. 

T h e  m ariti m e  i n d ust r y  is  s o m e w h at 

u ni q u e i n its t ot al d e p e n d e n c e o n a n d 

u s e  of  t h e s e  c o m p ut e ri s e d  c o nt r ol  

s yst e ms.  U nli k e  l a n d- b as e d  i n d ust ri es, 

m ariti m e a p pli c ati o ns of c o ntr ol s yst e ms 

ar e l o c at e d o n v ess els t h at ar e a fl o at f or 

e xt e n d e d p eri o ds of ti m e. 

This ‘ disl o c ati o n’ fr o m t h e s u p pli ers a n d 

I T d e p art m e nts w h o cr e at e a n d m ai nt ai n 

m ariti m e c o ntr ol s yst e ms m a k es s hi p-t o-

s h or e c o n n e cti vit y i n cr e asi n gl y criti c al. 

Si n c e t his c o n n e cti vit y is m ai nt ai n e d o v er 

p r o p ri et a r y  wi r el e s s  c o m m u ni c ati o n s  

li n k s,  t h o s e  n e c e s s a r y  li n k s  t h at  a r e  

criti c al f or v ess el pr o d u cti vit y, r eli a bilit y, 

a n d  s af et y  o p e n  u p  di git al  m a riti m e  

s yst e ms a n d ass ets t o c y b ers e c urit y ris ks. 

I n 2 0 1 6, A B S r e c o g nis e d c y b ers e c urit y 

a s  a  k e y  e n a bl e r  f o r  r eli a bl e  v e s s el  

c o n n e cti vit y, a n d t h at c o ntr olli n g c y b er 

ris k  is  t h e  h e art  of  c y b e rs e c u rit y.  T h e 

cl e ar tr e n d t o w ar d i n cr e as e d c o n n e cti vit y 

of c o m pl e x m ariti m e o p er ati n g s yst e ms is 

r el e ntl essl y es c al ati n g t h e p ot e nti al i m p a ct 

of c y b er i n ci d e nts a n d c o m pli c ati n g t h e 

t as k of d ef e n di n g a g ai nst t h e m.

A B S  al s o  r e c o g ni s e d  t h at  u ntil  

c y b e r  ri s k  i s  w ell  u n d e r st o o d  a n d  

a p pr o a c h e d  i n  c o nsi st e nt  e n gi n e e ri n g  

t e r ms,  c y b e r s e c u rit y  i m pl e m e nt ati o ns  

w o ul d  a r g u a bl y  i n c r e a s e  i n  c o st,  b ut  

b e  i n c o n si st e nt  i n  t h ei r  eff e ct.  T h at  

r e c o g niti o n  l e d  t o  t h e  c r e ati o n  of  a n  

A B S  c y b e r s e c u rit y  t e a m  t h at  f o c u s e d  

o n  cl a rif yi n g  m a riti m e  c y b e r s e c u rit y  

r e q ui r e m e nts  a n d  d es c ri bi n g  m ariti m e 

ri s k  i n  r e a dil y  r e c o g ni s a bl e  a n d  

m e as ur e a bl e t er ms. 

A n e w m o d el
I n  a n  i n c r e a si n gl y  c o m pl e x  m a riti m e  

o p e r ati n g  e n vi r o n m e nt,  t r a diti o n al,  

I T- b a s e d  p r e s c ri pti v e  m et h o d s  of  

ass e ssi n g o p e r ati o n al t e c h n ol o g y ( O T) 

c y b e r  ri s k s  h a v e n’t  p r o vi d e d  a s s et  

o w n ers wit h cl e ar dir e cti o n a b o ut w h er e 

t h eir li mit e d s e c urit y r es o ur c es ar e b est 

a p pli e d. Th e pri m aril y d ef e nsi v e m et h o ds 

a v ail a bl e i n 2 0 1 6 w er e l ar g el y d esi g n e d 

t o i d e ntif y, pr ot e ct, d et e ct a n d r e c o v e r 

f r o m c y b e r i n ci d e nts b as e d o n a s et of 

a cti viti es pr es e nt e d i n NI S T a n d r el at e d 

m et h o d ol o gi es. 

Th e m et h o ds w er e s o u n d b ut n e e d e d 

t ail ori n g  f or  m ariti m e  us e.  C y b e r  ris k 

r e c o g niti o n a n d r es p o ns e r e q uir e d a n e w 

m o d el  t h at  gi v e s  ass et  o w n e rs  a  cl e ar  

pi ct ur e of t h e s o ur c es of m ariti m e ris k 

a n d t o ols t o g ui d e t h eir ris k miti g ati o n 

a cti o n s.  Ri s k  n e e d e d  t o  b e  o b s e r v e d  

a n d  m e a s u r e d,  s p e cifi c all y  d efi ni n g  

t h e i n di vi d u al ris ks i n h er e nt i n m ari n e 

o p e r ati n g  s y st e m s  s o  c y b e r s e c u rit y  

m a n a g ers w o ul d h a v e e n gi n e eri n g “ k n o bs 

t o t ur n” t o r e d u c e t h e m. 

Hist ori c all y, t h e m ost c o m m o n m o d el 

us e d  t o  r e pr es e nt  c y b er  ris k  is  Ris k  =  

T hr e at  x  V ul n er a bilit y  x  C o ns e q u e n c e. 

C y b ers e c urit y pr a ctiti o n ers fr e q u e ntl y r el y 

o n t his e x pr essi o n t o u n d erst a n d t h at ris k 

h as t hr e e c o nstit u e nt f a ct ors, a n d it i nf ers 

t h at ris k c a n b e r e d u c e d or eli mi n at e d b y 

r e m o vi n g o n e of t h os e f a ct ors. H o w e v er, 

t his  e x pr essi o n  is  l ess  a  m at h e m ati c al  

e q u ati o n t h a n a m o d el f or u n d erst a n di n g 

t h e f u n d a m e nt al n at ur e of c y b ers e c urit y 

ris k. Its t hr e e c or e el e m e nts ar e di ffi c ult t o 

c a pt ur e usi n g st a n d ar d u nits of m e as ur e, 

w hi c h  pr es e nts  pr o bl e ms  w h e n  t r yi n g  

t o e n gi n e er a s ol uti o n a n d/ or c al c ul at e  

a r es ol uti o n. 

F or t o d a y’s m ariti m e ris k pr a ctiti o n er, 

t h e m ai n c h all e n g e is t o cr e at e a m o d el 

t h at d e fi n es c al c ul a bl e ris k f or m ariti m e 

o p e r ati n g s yst e ms t h at c a n b e c o u nt e d, 

m e a s u r e d,  c o m p ut e d  a n d  c o m p a r e d  

a g ai nst k n o w n-s u ffi ci e nt C y b e rs e c u rit y 

M a n a g e m e nt  S y st e m s  ( C M S ).  T hi s  

m o d el  w o ul d  p r o vi d e  d efi niti o n  

a n d  d e pt h  t o  ri g o r o u sl y  e n gi n e e r e d  

c y b e r s e c u rit y  m a n a g e m e nt  pl a n s  a n d  

s yst e m ar c hit e ct ur es.
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S hi p pi n g l a c ks a ris k m o d el t h at a c c o u nts f or its u ni q u e c y b er s e c urit y 

r e q uir e m e nts. T o r e ctif y t his, A B S pr o p os es a q u a ntit ati v e m o d el b as e d o n 

c al c ul a bl e f a ct ors, writ es s e ni or t e c h ni c al a d vis or Ri c k S c ott

C h a n gi n g t h e i n d ustr y c o n v ers ati o n o n 
c y b er s e c urit y

A B S s e ni or t e c h ni c al a d vi s or Ri c k S c ott 

b eli e v e s t h at m ariti m e ri s k m u st b e 

e x pr e s s e d i n m e a s ur a bl e t er m s
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Wit h  t h e s e  g a p s  a n d  n e e d s  i n  i n  

mi n d, A B S r e c e ntl y j oi n e d f or c e s wit h 

t h e H o b o k e n- b as e d r es e ar c h u ni v ersit y 

St e v e ns I nstit ut e of Te c h n ol o g y, t o t ail or 

t h e c o m m o n ris k m o d el b y r e d e fi ni n g 

it  a s  a  t r u e  m at h e m ati c al  e q u ati o n  i n 

t er ms t h at ar e c o u nt a bl e, o bs er v a bl e a n d 

e asil y u n d e rst o o d. fi e r e s ult is a n e w 

m o d el a n d t h at e n a bl es t r u e ris k- b as e d 

c y b ers e c urit y a p pr o a c h dri v e n b y s p e ci fi c 

q u a nti fi a bl e ris ks t h at s p otli g ht s p e ci fi c 

r e m e di ati o n r e q uir e m e nts. 

This e n a bl es e n gi n e er e d C M S d esi g ns 

b uilt  o n  i d e ntifi e d  s ol uti o ns  t h at  a r e  

c o m p ut ati o n all y  e n gi n e e r e d,  hi g hl y  

d et ail e d,  a n d  t r a c e a bl e  t o  s p e cifi c  

ris ks. O n e of t h e m aj or fi n di n gs of t h e 

r es e ar c h w as t h at t h e n at ur e of m ariti m e 

c y b e rs e c u rit y  ris k  is  n ot  w ell  d efi n e d, 

u n d e rst o o d,  or  m a n a g e d.  As  a  r e s ult,  

a ris k- b as e d a p pr o a c h, pr o vi di n g ass et 

o w n ers wit h u n d erst a n d a bl e c o ntr ols f or 

r es p o n di n g t o c y b er ris ks, is ess e nti al t o 

f ut ur e c y b ers e c urit y pr o gr a ms.

W hil e  s hifti n g  i n d u st r y  c y b e r- ri s k  

p r a cti c e s  a w a y  f r o m  t h e  d ef e n si v e  

a p p r o a c h e s  t o  a  ri s k- b a s e d  p r o a cti v e  

m et h o d  r e q ui r e s  t h e  i n d u st r y  t o  

c h a n g e  t h e  c o n v e r s ati o n,  it  m o st  

i m p ort a ntl y  r e q ui r e s  a  c h a n g e  i n  h o w 

ris k pr a ctiti o n ers t hi n k a b o ut m ariti m e 

O T Ris k. Th e r es e ar c h ass e rts t h at t h e 

b asi c ‘ C o ns e q u e n c es, V ul n er a biliti es, a n d 

Thr e ats’ Ris k f a ct ors c a n b e a ut h e nti c all y 

r e pl a c e d wit h c al c ul a bl e f a ct ors i n a ris k 

e q u ati o n f or O T Ris k, a n d r e pr es e nt e d as 

‘ F u n cti o ns, C o n n e cti o ns, a n d I d e ntiti es’ 

( F CI), r es p e cti v el y. 

F u n cti o n s, C o n n e cti o n s 
a n d I d e ntiti e s
‘ F u n cti o ns’ i n t h e c o nt e xt of t h e r e vis e d 

Ris k  M o d el  ar e  c o m p ut e ris e d  c o nt r ol  

s yst e ms all o wi n g t h e cr e w t o m a n o e u v er 

a v ess el or p erf or m its missi o n, w hi c h c a n 

b e a n yt hi n g fr o m drilli n g oil, t o c arr yi n g 

fl ui d, b u n dl e d c ar g o or e v e n p e o pl e. I n 

t his M ariti m e-s p e ci fi c F CI Ris k E q u ati o n, 

F u n cti o ns  r e pr es e nt  a n y  c o ns e q u e nti al  

c o ntr ol s yst e m t h at a c y b er i n ci d e nt c o ul d 

s e e k t o c orr u pt, m a k e f ail, or ill e giti m at el y 

c o m m a n d e er, s u c h as st e eri n g, n a vi g ati o n, 

pr o p ulsi o n, or c o m m u ni c ati o ns.

Si mil arl y,  ‘ C o n n e cti o ns’  i n  t h e  n e w  

m o d el r e pr es e nt t h e di git al c o n n e cti o ns 

( e. g.  di git al  m ess a g e  p at hs)  a n d  r el at e d  

a c c ess  n o d es  t h at  e n a bl e  F u n cti o n-t o-

F u n cti o n c o m m u ni c ati o ns, s u p pli er r e m ot e 

a c c ess, a n d s hi p b o ar d a c c ess b y t h e cr e w. 

I m pli citl y, t h es e C o n n e cti o ns r e pr es e nt t h e 

di git al e n vir o n m e nt t h at i n h er e ntl y m a k es 

all c o n n e ct e d F u n cti o ns v ul n er a bl e. 

L astl y, ‘I d e ntiti es’ ar e eit h er h u m a ns or 

di git al d e vi c es – t y pi c all y m o bil e di git al 

d e vi c e s  t h at  c a n  b e  r e a dil y  ass o ci at e d  

wit h a h u m a n i d e ntit y. I n t h e c o nt e xt of 

t h e F CI m o d el p e o pl e a n d t h eir s urr o g at e 

di git al  d e vi c e s  c a n  b e  ass o ci at e d  wit h  

a n a g e n d a t h at m a k es t h e m p ot e nti all y 

t hr e at e ni n g. 

T h e  a g e n d a s  c a n  r a n g e  f r o m  c y b e r  

i g n or a n c e or l a zi n ess – “I’ m n ot g oi n g 

t o a d h er e t o c o m p a n y r ul es a n d p erf or m 

m y d uti es i n a s e c ur e w a y ” – or c a n b e 

m ali ci o us a cti o ns s u c h as t h e hij a c ki n g of 

n a vi g ati o n al s yst e ms t o st e al or d estr o y 

a v ess el, disr u pt n or m al o p er ati o ns f or 

m o n et ar y g ai n or t o a d v a n c e a p oliti c al 

a g e n d a, or f or s elf- a g gr a n dis e m e nt. 

A n I d e ntit y c a n als o b e as si m pl e as a 

U S B m e m or y d e vi c e c arri e d b y a s u p pli er 

r e p r e s e nt ati v e,  o r  a  m o bil e  p h o n e  o r  

i P a d. R e c o g niti o n t h at p e o pl e a n d t h eir 

di git al d e vi c es ar e t h e r e al t hr e ats, a n d 

t h at  s p e cifi c  vi r u s e s  a n d  m al w a r e  a r e  

m er el y t hr e at m o d es, is a r e v ol uti o n ar y 

c o n c e pt i n Ris k ass ess m e nt. B y r e pl a ci n g 

‘ Th r e ats’ wit h ‘I d e ntiti es,’ t h e n oti o n of 

t h r e at s c a n b e o b s e r v e d, c o u nt e d, a n d 

ulti m at el y m e as ur e d.

C o n v e rti n g  t h e  c o n c e pts  u n d e rl yi n g 

tr a diti o n al c y b ers e c urit y t er mi n ol o g y as 

d es cri b e d, Ris k b e c o m es b ot h o bs er v a bl e 

a n d c o u nt a bl e, a n d s u p p orts cr e ati n g a 

m at h e m ati c al Ris k E q u ati o n, a p pli c a bl e 

t o a n y ass ets b y e xt e n di n g e a c h c o u nt a bl e 

ris k el e m e nt. 

T h e  c al c ul a bl e  Ri s k  d at a  m a d e  

a v ail a bl e b y o bs er vi n g a n d c o u nti n g t h e 

F u n cti o ns,  C o n n e cti o ns  a n d  I d e ntiti es  

d es cri b e d c a n t h e n b e us e d t o p o p ul at e a 

w or ks h e et t h at c o m p ut es a Ris k I n d e x t o 

d e m o nstr at e h o w s p e ci fi c F CI alt er ati o ns 

or c y b ers e c urit y c o ntr ols w o ul d c h a n g e 

t h e r el ati v e ass et Ris k c o ntri b ut e d b y e a c h 

F u n cti o n, i n cl u di n g i nt e gr ati o n n et w or k 

c o n fi g ur ati o n; e a c h C o n n e cti o n a v ail a bl e 

f or  di git all y  c o m m u ni c ati n g  wit h  e a c h  

F u n cti o n; a n d e a c h I d e ntit y p er mitt e d t o 

a c c ess e a c h c o n n e cti o n. 

Th e F CI Ris k M o d el q u a nti fi es t h e ris k 

ass o ci at e d  wit h  O T  ar c hit e ct ur e  d esi g n  

d e cisi o ns. It all o ws t h e us er t o c o nsi d er 

w h et h er  t h e  n o d es  (t h e  a c c ess  p oi nts)  

ar e a d e q u at el y pr ot e ct e d, w h et h er or n ot 

n et w or ks t o w hi c h F u n cti o ns ar e c o n n e ct e d 

ar e s e g m e nt e d t o r e d u c e ris k ass o ci at e d 

wit h  c as c a di n g  F u n cti o n  f ail ur es,  a n d  

w h et h e r  or  n ot  t h e  ass et  o w n e r  h as  

s u ffi ci e ntl y c o ntr oll e d t h e a c c ess of h u m a n 

a n d di git al d e vi c e I d e ntiti es t o c o n n e cti o n 

n o d es i n t h e O T ar c hit e ct ur e.

Th e m et h o d d es cri b e d h er e is si m pli fi e d, 

b ut t h e r es ulti n g Ris k I n d e x ulti m at el y 

pr o vi d es a q u a ntit ati v e vi e w of t h e r el ati v e 

ri s k  a ss o ci at e d  wit h  t h e  ar c hit e ct u r al  

d esi g n of t h e s yst e ms o n b o ar d t h e v ess el, 

w hi c h u ntil n o w h as b e e n missi n g i n t h e 

m ariti m e c y b er-s e c urit y s p a c e. 

Th e F CI Ris k I n d e x all o ws t h e o w n er 

t o e x a mi n e t h e ris k ass o ci at e d wit h a n 

e ntir e fl e et t o d et er mi n e t h e r el ati v e ris k 

ass o ci at e d wit h e a c h v ess el b as e d o n t h e 

w a y it s O T s y st e m is c o nst r u ct e d, t h e 

w a y p e o pl e a n d t h eir di git al d e vi c es ar e 

all o w e d t o a c c ess t h at s yst e m, a n d t h e 

w a y  c o n n e cti o ns  a n d  t h ei r  n o d e s  a r e  

p r ot e ct e d.  T hi s  a p p r o a c h  i s  p r a cti c al  

as it gi v es o w n ers c o n cr et e a cti o ns t h at 

c a n  r e d u c e  c y b e r  ri s k,  a n d  al s o  h el p s 

o w n e r s  d e ci d e  w h e r e  t o  d e pl o y  t h ei r  

o ft e n-li mit e d c y b er- d ef e ns e r es o ur c es.

Th er e is a n ol d a d a g e i n t h e m a n a g e m e nt 

s yst e ms i n d ustr y: y o u c a n’t m a n a g e w h at 

y o u d o n’t m e as ure. As t h e m ariti m e i n d ustr y 

c o nti n u es its j o ur n e y t o w ar d a ut o m ati o n, 

t h e a bilit y t o m e as ure c y b er ris k will b e c o m e 

f o u n d ati o n al f or o p er ati o n al r eli a bilit y a n d 

s af et y, a n d a c o m p etiti v e a d v a nt a g e i n t h e 

m ar k et pl a c e. N A

I n M ar c h, A B S’ Gl o b al C y b er s e c urit y 

dir e ct or, P a ul W alt er s pr e s e nt e d a 

c erti Th c at e of c y b er s af et y c o m pli a n c e t o 

S a m s u n g H e a v y I n d u stri e s f or t h eir S m art 

S hi p S ol uti o n 
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W
it h all t h e dis c ussi o n ar o u n d 

w h at will h a p p e n c o m e o n 1 

Ja n u ar y 2 0 2 0, o n e t hi n g t h at is 

a b u n d a ntl y cl e ar is t h e c o m mit m e nt t o dri v e 

d o w n h ar mf ul s ul p h ur e missi o ns fr o m t h e 

s hi p pi n g i n d ustr y o n a gl o b al b asis. W hilst 

t h e 2 0 2 0 s ul p h ur c a p will pl a c e a 0. 5 % li mit 

o n all v ess els, t h e c urr e nt 0. 1 % E missi o ns 

C o ntr ol  Ar e as  ( E C A)  z o n es  will  r e m ai n  

i n f or c e aff e cti n g a s m all p orti o n of t h e 

gl o b al m er c h a nt fl e et, wit h f urt h er E C As 

e x p e ct e d t o e m er g e i n t h e c o mi n g y e ars. 

As s hi p o w n ers e v al u at e w hi c h c o m pli a n c e 

s ol uti o n  t h e y  will  a d o pt,  si g nifi c a nt  

q u esti o ns re m ai n ar o u n d h o w t h e re g ul ati o n 

b e  e nf or c e d  a n d  w h at  t h e  c o m m er ci al  

i m p a ct  will  b e,  wit h  m a n y  c alli n g  f or  a  

h ar m o nis e d a p pr o a c h t o e nf or c e m e nt t h at 

will e ns ur e a l e v el pl a yi n g fi el d.

A r e c e nt re p ort fr o m c o ns ult a n c y W o o d 

M a c ke nzi e st ates t h at o ne re as o n s hi p o w ners 

m a y n ot c o m pl y wit h t he gl o b al s ul p h ur c a p is 

t h e l a c k of a r o b ust e nf orc e me nt me c h a nis m 

fr o m t h e I M O. D es pit e t his, t h e I M O h as 

re a ffir m e d its c o m mit me nt t o i m pl e me nt t h e 

re g ul ati o n i n 1 9 m o nt hs. A ke y c o nsi d er ati o n 

f or s hi p o w n ers is t h e c o m m erci al i m p a ct of 

t h e gl o b al s ul p h ur c a p, a n d h o w t h e y will 

s af e g u ar d  t h eir pr ofit a bilit y. At its r e c e nt  

A G M, t h e Asi a n S hi p o w n ers’ Ass o ci ati o n, 

w h os e m e m b ers o p er at e al m ost h alf of t h e 

gl o b al m erc h a nt fl e et, st ate d t h at ‘ m u c h w or k 

h a d t o b e d o ne at I M O t o d eter mi n e e x a ctl y 

h o w t h e s ul p h ur c a p will b e r e g ul at e d a n d 

e nf orc e d s o as t o e ns ure a l e vel pl a yi n g fi el d’. 

Wit h t h e i n d ustr y f or gi n g a h e a d t o w ar ds 

1st Ja n u ar y 2 0 2 0, t h e l a c k of cl arit y ar o u n d 

c o m pli a n c e t esti n g a n d e nf orc e m e nt of t h e 

re g ul ati o n h as r ais e d si g ni fi c a nt q u esti o ns. 

W h o is r es p o nsi bl e f or e ns uri n g t h at t h e 

f u el o n b o ar d t h e vess el is c o m pli a nt? W h at 

i m p a ct will t his h a v e o n i ns ur a n c e p oli ci es? 

Will t h er e b e f or m al pr o c ess es i n pl a c e t o 

e ns ure b ot h s hi p o w ners a n d p ort a ut h oriti es 

c a n eff e cti v el y t est a n d pr o v e c o m pli a n c e 

wit h t h e s ul p h ur c a p re g ul ati o n? W h at ot h er 

m e as ur es ar e b ei n g d e v el o p e d t o pr o m ot e 

c o nsiste nt i m pl e me nt ati o n?

E nf or c e m e nt f aili n g s
fie l ac k of e nf orc e me nt me c h a nis ms a n d t he 

v ari a n c e i n fi n es h a n d e d o ut t o s hi p o w n ers 

s er ve as little i nce nti ve f or c o m pli a nce, le a vi n g 

r ul e- a bi di n g s hi p o w n ers at a dis a d v a nt a g e 

gi v e n t h e a d diti o n al i n v est m e nts a n d c osts 

ass o ci at e d  wit h  m e eti n g  t h e  s ul p h ur  c a p  

re g ul ati o n. At pres e nt, fi nes a n d p e n alti es f or 

n o n- c o m pli a n c e wit h s ul p h ur r e g ul ati o ns 

v ar y si g ni fi c a ntl y. I n t h e c urr e nt E ur o p e a n 

E C A,  t h e  hi g h est  fi n e  i n  D e n m ar k  is  

U S $ 6 0, 0 0 0,  w h er e as  a  r e c e ntl y  r e p ort e d  

br e a c h b y a cr uis e v ess el i n Fr a n c e c o ul d 

r es ult i n a fi n e of u p t o U S $ 2 0 0, 0 0 0 a n d a 

p ote nti al pris o n s e nte nc e f or t he m aster. 

A n  a d diti o n al  c o nsi d er ati o n  is  t h e  

f ut ur e  f u els  m ar k et,  a n d  t h e  o p er ati o n al  

i m p a ct of f u el s wit c hi n g, bl e n d e d f u els a n d 

c o m p ati bilit y. A re c e nt c o m m e nt fr o m I C S 

C h air m a n Es b e n P o ulss o n s ai d t h at ‘i n t h e 

a bs e n c e  of  gl o b al  st a n d ar ds  f or  m a n y  of  

t h e n e w bl e n d e d f u els t h at oil re fi n ers h a v e 

pr o mis e d, t h ere are s o me p ote nti all y s eri o us 

s af et y iss u es d u e t o t h e us e of i n c o m p ati bl e 

b u n k ers’. O n e c ert ai nt y is t h at, re g ar dl ess of 

w hi c h  s ol uti o n  s hi p o w n ers  d e ci d e  u p o n,  

t h e wi d er f u els m ar ket will b e a ffe cte d. Wit h 

a n i ncre as e i n v ari et y of f u els i n t h e m ar ket, 

o p er at ors will e n c o u nt er f u el c o m p ati bilit y 

a n d st a bilit y iss u es, i n cl u di n g i n cre as e d c at 

fi n es  a n d  diff eri n g  p ar a m et ers  r e g ar di n g  

vis c osit y,  fl as h  p oi nt,  a n d  p o ur  p oi nts.  

F u el q u alit y h as a dir e ct i m p a ct o n v ess el 

p erf or m a n c e, effi ci e n c y a n d m ai nt e n a n c e 

c osts, a d di n g f urt her t o t he fi n a nci al b ur d e n 

of c o m pli a n c e f or s hi p o w n ers. 9 5 % of t h e 

ne w l o w s u p h ur f u els b u n kere d i n Si n g a p ore 

f or e x a m pl e will b e bl e n ds.

N e w g ui d eli n e s
M uc h is b ei n g d o ne t o a d dress i nc o nsiste nc es 

i n  e nf or c e m e nt.  T h e  I M O’s  P oll uti o n  

Pre v e nti o n a n d R es p o ns e ( P P R) c o m mitt e e 

is w or ki n g t o d e v el o p g ui d eli n es t h at will 

c o ver s hi p o w ner’s pl a ns f or i m pl e me nt ati o n, 

veri fi c ati o n a n d c o ntr ol iss u es, as well as f u el 

n o n- a v ail a bilit y re p orti n g. The P P R h as als o 

a gr e e d t o t h e pr o p os e d dr a Th a m e n d m e nts 

t o M A R P O L A n n e x VI t h at will pr o hi bit 

t h e  c arri a g e  of  n o n- c o m pli a nt  f u el  oil.  

F urt h er m ore, C hi n a h a d re c e ntl y s u b mitte d 

its pr o p os al t o I M O’s M E P C 7 2, s u g g esti n g 

t h at t he a n al ysis of s ul p h ur c o nte nt i n f u el oil 

s h o ul d b e m a d e m a n d at or y t o a v oi d dis p utes, 

a n d t h at testi n g met h o ds s h o ul d b e me as ure d 

a g ai nst I S O 8 7 5 4 or I S O 1 4 5 9 6 st a n d ar ds. 

C hi n a’s pr o p os al n ote d t h at t he test r a n ge of 

I S O 8 7 5 4 o nl y v ari es fr o m 0. 0 3 % t o 5 % a n d 

d o es n ot c o ver s hi ps w h o re c ei ve a n d us e f u el 

oil wit h s ul p h ur c o nt e nt l o w er t h a n 0. 0 3 %. 

T o e ns ur e a u nif or m a p pr o a c h t o t esti n g 

s ul p h ur c o nte nt i n f u el, C hi n a h as pr o p os e d 

a d di n g I S O 1 4 5 9 6 w hi c h c o vers f u els i n t h e 

0. 0 0 1 % t o 2. 5 % s ul p h ur r a n ge. M ore re c e ntl y, 

t h e P aris M o U h as a gre e d t o iss u e a “ L ett er 

of War ni n g” fr o m P ort St at e C o ntr ol ( P S C) 

i ns p e ct ors,  b e gi n ni n g  1  J a n u ar y  2 0 1 9,  t o  

e nc o ur a ge ti mel y c o m pli a nc e. 

W hil e  t h es e  m e as ur es  ar e  p us hi n g  

t h e gl o b al s hi p pi n g i n d ustr y i n t h e ri g ht  

dir e cti o n, it is e q u all y i m p ort a nt t o e q ui p 

P S C a n d s hi p o w n ers wit h e as y a c c ess t o t h e 

d at a t he y ne e d t o a c c ur atel y c he c k a n d pr o ve 

c o m pli a nc e. It is w ort h n oti n g t h at tr a diti o n al 

m et h o ds f or c o n fir mi n g c o m pli a n c e h a v e 

r eli e d o n p a p er w or k r e q uir e m e nts s u c h as 

t he B u n ker D eli ver y N ote ( B D N). H o we ver, 

t his n ot o nl y si g ni fi c a ntl y i n cre as es t h e ris k 

of n o n- c o m pli a nc e a n d s u bs e q u e nt p e n alti es 

f or  s hi p o w n ers,  b ut  als o  h ei g ht e ns  t h e  

e n vir o n m e nt al i m p a ct of b ur ni n g f u el wit h 

F e at ur e 3 |  R E G U L A TI O N & C L A S SI FI C A TI O N

T h e N a v al Ar c hit e ct  J u n e 2 0 1 8

Th e 2 0 2 0 s ul p h ur c a p will n ot b e e ff e cti v e u nl ess b a c k e d u p b y r e g ul ar 

i ns p e cti o ns. L arr y R u m b ol, m ari n e c o n diti o n m o nit ori n g m a n a g er, P ar k er 

Kitti w a k e, b eli e v es o n b o ar d t esti n g c o ul d b e k e y

A d dr essi n g t h e e nf or c e m e nt g a p

L arr y R u m b ol
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a hi g h er s ul p h ur c o nt e nt. F urt h er m ore, t h e 

d el a y i n c urre d b y l a b or at or y t esti n g cre at es 

t he ris k t h at t he vess el m a y h a ve l e fi p ort wit h 

n o n- c o m pli a nt f u el o n b o ar d, or m a y re q uire 

n o n- c o m pli a nt  f u el  t o  b e  d e- b u n k er e d  

a n d c o m pli a nt f u el r e- b u n k er e d, i n c urri n g 

si g ni fi c a nt d el a ys a n d a d diti o n al c osts. 

S p ot- c h e c k s
Ac c ur at e p ort a bl e s ul p h ur t esti n g pr o vi d es 

t h e a bilit y t o c o n d u ct a s p ot- c h e c k a n al ysis 

of t h e s ul p h ur c o nt e nt i n f u el o n b o ar d a 

vess el, all o wi n g P S C t o as c ert ai n c o m pli a nc e 

al m ost i nst a ntl y, a n d all o wi n g s hi p o w ners t he 

o p p ort u nit y t o a v oi d fi nes, pl us t he i m p a ct of 

h a vi n g t o d e- b u n k er n o n- c o m pli a nt f u el i n 

or d er t o t a k e o n c o m pli a nt f u el a g ai n. This 

m et h o d als o pr o vi d es a vess el o p er at or wit h 

t h e  c o nfi d e n c e  t h at  t a n k  a c c u m ul ati o ns  

a n d c o nt a mi n ati o n h a ve n ot re n d ere d t h e m 

u n witti n gl y n o n- c o m pli a nt as h as r e c e ntl y 

h a p p e ne d. Par ker Kitti w a ke, f or i nst a nc e, h as 

re c e ntl y l a u nc h e d its p ort a bl e X R F a n al ys er, 

w hi c h  pr o vi d es  a n  a c c ur at e  i n di c ati o n  

of  s ul p h ur  c o nt e nt  t hr o u g h  t h e  a n al ysis  

of a s m all f u el s a m pl e i n l ess t h a n t hr e e  

mi n utes. Wit h si g ni fi c a nt c o nf usi o n o ver t he 

sti p ul ati o ns i n t he w a y s ul p h ur me as ure me nts 

are m a d e – it is p ossi bl e, f or e x a m pl e, f or f u el 

t o p ass I S O 4 2 5 9 c o m m er ci al t ests b ut f ail 

a g ai nst M A R P O L st a n d ar ds – it is cl e ar t h at 

b ot h s hi p o w ners a n d P S C re q uire e as y a c c ess 

t o t he d at a t he y ne e d t o a c c ur atel y c he c k a n d 

pr o ve c o m pli a nc e

Th e X R F a n al ys er is f a ct or y c ali br at e d 

a c c or di n g t o t h e I S O 8 7 5 4 st a n d ar d, a n d is 

c a p a bl e of c o n d u cti n g fi el d m e as ur e m e nts 

t h at  c orr el at e  str o n gl y  wit h  l a b or at or y  

m e as ur e m e nts. F u el c a n b e s a m pl e d at a n y 

st a g e of t h e b u n k eri n g pr o c ess, a n d t h es e 

t est  r es ults  c a n  b e  st or e d  el e ctr o ni c all y,  

all o wi n g o p er at ors t o m a n a g e c o m pli a n c e 

a u dits  m or e  effi ci e ntl y  a n d  t o  dis pl a y  

t h e  ut m ost  i n  d u e  dili g e n c e  t o  P S C  or  

ot h er r e g ul at or y s ur v e y ors. I n a d diti o n t o 

s ul p h ur t esti n g, t h e X R F a n al ys er c a n b e 

us e d t o m e as ur e a r a n g e of w e ar m et als i n 

l u bri c ati n g oil, all o wi n g o p er at ors t o q ui c kl y 

i d e ntif y p ot e nti al d a m a g e i n c yli n d er li n ers, 

b e ari n gs, pist o n ri n gs, g e ars, st er n t u b es a n d 

h y dr a uli c s yst e ms. 

E ffe cti ve e nf orc e me nt is at t he he art of t he 

s ul p h ur c a p, a n d o n b o ar d testi n g is t he m ost 

e ffici e nt me a ns of est a blis hi n g c o m pli a nc e f or 

b ot h e nf orc ers a n d f u el us ers. The i n d ustr y is 

m a ki n g si g ni fi c a nt pr o gress t o w ar ds e ffe cti ve 

e nf or c e m e nt, b ut m or e n e e ds t o b e d o n e. 

S hi p o w n ers a n d o p er at ors ar e fi g hti n g a n 

u p hill b attl e t o n ot o nl y e ns ure t he y c a n pr o ve 

c o m pli a nc e, b ut als o t o mi ni mis e t he i m p a ct 

of c o m pli a n c e o n t h eir o p er ati o ns. R o b ust 

i m pl e m e nt ati o n of t h e r e g ul ati o n is l ar g el y 

d e p e n d e nt  o n  pr o vi di n g  P S C  i ns p e ct ors  

wit h t h e ri g ht t o ols a n d a c c ess t o r eli a bl e 

d at a t o c h e c k a n d pr o ve c o m pli a nc e q ui c kl y 

o nsite. B ut t his m ust b e d o ne i n c o nj u ncti o n 

wit h pr o vi di n g s u p p ort t o s hi p o w n ers i n  

a c hi e vi n g c o m pli a n c e w hilst miti g ati n g t h e 

ris k of a d diti o n al c ost, i ncre as e d m ai nte n a nce 

r e q uir e m e nts, p ot e nti al d el a ys, a n d m or e  

i m p ort a ntl y, a m ar ket s ke we d t o f a v o ur t h os e 

w h o d u c k t he r ul es. N A

RI N A - Qi n eti Q

M ariti m e I n n o v ati o n A w ar d

I n n o v ati o n i s k e y t o s u c c e s s i n all s e ct or s of t h e m ariti m e 
i n d u str y  a n d  s u c h  i n n o v ati o n  will  st e m  fr o m  t h e  
d e v el o p m e nt  of  r e s e ar c h  c arri e d  o ut  b y  e n gi n e er s  a n d  
s ci e nti st s  i n  u ni v er siti e s  a n d  i n d u str y,  p u s hi n g  f or w ar d  t h e  
b o u n d ari e s  of  d e si g n,  c o n str u cti o n  a n d  o p er ati o n  of  
m ari n e v e s s el s a n d str u ct ur e s

T h e  M ariti m e  I n n o v ati o n  A w ar d  s e e ks  t o  e n c o ur a g e  
s u c h  i n n o v ati o n  b y  r e c o g nisi n g  o utst a n di n g  s ci e nti fi c  or 
t e c h n ol o gi c al  r es e ar c h  i n  t h e  ar e as  of  h y dr o d y n a mi cs,  
pr o p ulsi o n,  str u ct ur es  a n d  m at eri al  w hi c h  h as  t h e  
p ot e nti al t o m a k e a si g ni fi c a nt i m pr o v e m e nt i n t h e d esi g n, 
c o nstr u cti o n a n d o p er ati o n of m ari n e v ess els a n d str u ct ur es

T h e  A w ar d  is  m a d e  a n n u all y  t o  eit h er  a n  i n di vi d u al  or  a n  
or g a nis ati o n,  i n  a n y  c o u ntr y.  N o mi n ati o ns  f or  t h e  A w ar d  
m a y  b e  m a d e  b y  a n y  m e m b er  of  t h e  gl o b al  m ariti m e  
c o m m u nit y, a n d ar e j u d g e d b y a p a n el of m e m b ers of t h e 
I nstit uti o n  a n d  Qi n eti Q.  T h e  a w ar d  will  b e  a n n o u n c e d  at  
t h e I nstit uti o n’s A n n u al Di n n er.

N o mi n ati o ns ar e n o w i n vit e d f or t h e 2 0 1 8 M ariti m e I n n o v ati o n 
A w ar d. I n di vi d u als m a y n ot n o mi n at e t h e ms el v es, alt h o u g h 
e m pl o y e es m a y n o mi n at e t h eir c o m p a n y or or g a nis ati o n.

N o mi n ati o n s  m a y b e u p t o 7 5 0 w or d s 
a n d s h o ul d d e s cri b e t h e r e s e ar c h a n d it s 
p ot e nti al c o ntri b uti o n t o i m pr o vi n g t h e d e si g n, 
c o n str u cti o n a n d o p er ati o n of m ariti m e 
v e s s el s a n d str u ct ur e s.

N o mi n ati o n s  m a y b e f or w ar d e d o nli n e at
w w w.ri n a. or g. u k/ m ariti m ei n n o v ati o n a w ar d

or b y e m ail t o:
m ariti m ei n n o v ati o n a w ar d @ri n a. or g. u k

N o mi n ati o n s  s h o ul d arri v e at RI N A 
H e a d q u art er s b y 3 1 st D e c e m b er 2 0 1 8.

Q u eri e s a b o ut t h e a w ar d s h o ul d b e 
f or w ar d e d t o t h e C hi ef E x e c uti v e at 
h q @ri n a. or g. u k
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I
n t h e pr e vi o us arti cl e [ 1] s o m e of t h e 

l o n g- st a n di n g  t e c h ni c al  pr o bl e ms  

a s s o ci at e d  wit h  d e m o n st r ati n g  a  

t a n k e r’s  c o m pli a n c e  wit h  t h e  d a m a g e  

st a bilit y r e g ul ati o ns i n M A R P O L [ 2], t h e 

I B C C o d e [ 3], t h e B C H C o d e [ 4], t h e I G C 

C o d e [ 5], t h e G C C o d e [ 6] a n d t h e E G C 

C o d e [ 7] w er e o utli n e d. O n 2 2 n d M a y 

2 0 1 4 M A R P O L A n n e x 1 w as a m e n d e d b y 

t h e a d diti o n of C h a pt er 4, P ar a gr a p h 2 8( 6) 

a n d  C h a pt e r  1,  P ar a g r a p h  3( 6),  w hi c h 

st at es t h at all oil t a n k ers c o nstr u ct e d o n 

or a fi er 1st J a n u ar y 2 0 1 6 s h all b e fitt e d 

wit h  a  st a bilit y  L o a di n g  I n st r u m e nt  

c a p a bl e  of  v e rif yi n g  c o m pli a n c e  wit h  

n ot o nl y i nt a ct b ut als o d a m a g e st a bilit y 

r e q ui r e m e nt s.  Oil  t a n k e rs  c o nst r u ct e d  

b ef or e  1st  J a n u ar y  2 0 1 6  s h all  b e  fitt e d 

wit h s u c h a L o a di n g I nst r u m e nt at t h e 

fi rst  s c h e d ul e d  r e n e w al  s u r v e y  of  t h e  

s hi p o n or a Th er 1st J a n u ar y 2 0 1 6 b ut n ot 

l at e r  t h a n  1 st  J a n u ar y  2 0 2 1,  alt h o u g h  

t his r e q uir e m e nt m a y b e w ai v e d if it c a n 

b e  s h o w n  t h at  t h e  e xisti n g  s yst e m  f or 

v erif yi n g d a m a g e st a bilit y is s atisf a ct or y. 

Si mil a r  a m e n d m e nt s  w e r e  m a d e  t o  

s hi ps c o nst r u ct e d u n d e r t h e r e m ai ni n g 

C o d e s list e d a b o v e e x c e pt f or t h e I G C 

C o d e  w h e r e  t h e  a m e n d m e nt s  a p pl y  

t o  s hi p s  c o nst r u ct e d  pri or  t o  1 st  J ul y  

2 0 1 6  wit h  c o m pli a n c e  r e q ui r e d  at  t h e 

fi r st  r e n e w al  s u r v e y  aft e r  t hi s  d at e  

a n d  n o  l at e r  t h a n  1 st  J ul y  2 0 2 1.  I n  

a d diti o n, t h e I nt er n ati o n al Oil P oll uti o n 

P r e v e nti o n  ( I O P P )  C e rtifi c at e  i n  

M A R P O L A p p e n di x II ( F or m B) a n d t h e 

C erti fi c at es of Fit n ess i n t h e r e m ai ni n g 

C o d e s  w e r e  a m e n d e d  wit h  st at e m e nt s 

t o t h e e ff e ct t h at eit h e r t h e t a n k e r h as 

b e e n  fitt e d  wit h  a n  a p pr o v e d  st a bilit y 

L o a di n g I nstr u m e nt i n a c c or d a n c e wit h 

R e g ul ati o n 2 8( 6) ( or e q ui v al e nt i n t h e 

r e m ai ni n g  C o d e s)  o r  t h at  t h e  fitti n g  

h a s  b e e n  w ai v e d  i n  a c c o r d a n c e  wit h  

R e g ul ati o n 3( 6) ( or e q ui v al e nt).

T h e I M O g ui d eli n e s o n t a n k er 
d a m a g e st a bilit y c o m p ut er s
Fr o m t h e a b o v e a m e n d m e nts t o M A R P O L 

et c. it c a n b e s e e n t h at it w as c o n cl u d e d 

at I M O t h at t h e s ol uti o n t o t h e t e c h ni c al 

pr o bl e ms of d e m o nstr ati n g c o m pli a n c e wit h 

t h e d a m a ge st a bilit y re g ul ati o ns, as dis c uss e d 

i n  t h e  pr e vi o us  arti cl e  [ 1],  is  t o  e m pl o y  

s uit a bl e d a m a ge st a bilit y c o m p uters eit h er o n 

b o ar d as a L o a di n g I nstr u m e nt or at a s h ore 

st ati o n wit h s uit a bl e c o m m u ni c ati o n li n ks. 

R e c o g nisi n g t h e n e e d f or a f ull er e x pl a n ati o n 

a n d m or e b a c k gr o u n d i nf or m ati o n, I M O 

p r o d u c e d  ci r c ul a r  M S C. 1/ Ci r c. 1 4 6 1  

‘ G ui d eli n es  f or  Verifi c ati o n  of  D a m a g e  

St a bilit y  R e q uir e m e nts  f or  Ta n k ers’  [ 8],  

w hi c h w as a p pr o v e d at M S C 9 2 o n 8 J ul y 

2 0 1 3. Th e G ui d eli n es are i n t w o p arts.

P art 1 d e fi n es h o w a p pr o v al of d a m a g e 

st a bilit y c al c ul ati o ns or st a bilit y L o a di n g 

I nstr u m e nts f or n e w oil t a n k ers, c h e mi c al 

t a n k e rs  a n d  g as  c ar ri e rs  c o nst r u ct e d  

o n  or  aft er  1 4t h  J u n e  2 0 1 3  s h o ul d  b e  

c o n d u ct e d.  Alt h o u g h  it  dir e ctl y  a p pli es  

t o n e w a p pr o v als, P art 1 s u m m aris es all 

pr e- e xisti n g  g ui d a n c e  wit h  w hi c h  a n y  

pr e vi o us d a m a g e st a bilit y a p pr o v als s h o ul d 

h a v e ori gi n all y b e e n m a d e, h e n c e it m a y 

als o b e us e d t o ass ess t h e v ali dit y of a n 

e xisti n g a p pr o v al. Te c h ni c all y, a n e xisti n g 

st a bilit y a p pr o v al w hi c h d o es n ot f oll o w t h e 

G ui d eli n es is d e fi ci e nt, as it d o es n ot f oll o w 

t h e ori gi n al I nstr u m e nts a g ai nst w hi c h it 

is a p pr o v e d e. g. M A R P O L A n n e x 1. P art 1 

als o i n cl u d es d et ails of t h e q u ali fi c ati o ns of 

t h e p ers o n n el i n v ol v e d, t h e pl a ns a n d d at a t o 

b e s u p pli e d, t h e c al c ul ati o n pr o c e d ur es a n d 

a d vi c e r e g ar di n g t h e n e e d t o c o nsi d er all 

rel e v a nt d a m a g e c as es, i n cl u di n g l ess er c as es 

of d a m a g e t o b ot h si d es a n d b ott o m of t h e 

s hi p. It als o d es cri b es t h e p er missi bl e li mits 

wit hi n w hi c h d a m a g e st a bilit y c al c ul ati o ns 

or a d a m a g e st a bilit y L o a di n g I nstr u m e nt 

m ust li e w h e n c h e c k e d f or a c c ur a c y. 

P art  2  is  m ai nl y  i nt e n d e d  f or  t h e  

g ui d a n c e  of  t hir d  p arti es,  s u c h  as  s hi p  

o p er at ors,  s hi p’s  offi c ers  a n d  P ort  St at e  

C o nt r ol  Offi c e r s  ( P S C O).  S e cti o n  6  

d es cri b es t h e r e c or ds r e q uir e d t o b e k e pt 

o n b o ar d all t a n k ers a n d g as c arri ers i n 

or d er  t o  d e m o nst r at e  d a m a g e  st a bilit y  

c o m pli a n c e  f or  t h e  a p pr o v e d  m et h o ds  

of  v erifi c ati o n  list e d  i n  S e cti o n  4.  T h e  

pr o c ess es  a n d  r e c or ds  d es c ri b e d  h e r e  

ar e als o a p pli c a bl e t o e xisti n g s hi ps a n d 

S e cti o n 6 s h o ul d b e c o nsi d er e d m a n d at or y 

o n c e r e- c erti fi c ati o n of e xisti n g t a n k ers is 

c o m pl et e d u n d er t h e r e vis e d I nstr u m e nts. 

P art 2 pr o vi d es g ui d a n c e f or o p er at ors a n d 

s hi p’s  offi c ers  t o  m e et  t h eir  o bli g ati o ns  

F oll o wi n g M ar c h’s arti cl e o n hist ori c al pr o bl e ms ass o ci at e d wit h 

d e m o nstr ati n g a t a n k er’s d a m a g e st a bilit y c o m pli a n c e, Keit h H ut c hi ns o n 

a n d A n dr e w S c ott dis c uss h o w c o nsist e nt a p pli c ati o n of t h e r e g ul ati o ns 

mi g ht b e a c hi e v e d

T a n k er d a m a g e st a bilit y: a s ol uti o n t o 
t h e hist ori c al pr o bl e ms

O n b o ar d -l o a di n g 

i n str u m e nt s ar e 

pr ef err e d t o 

m a n u al m et h o d s 

f or v erif yi n g 

d a m a g e st a bilit y 

c o m pli a n c e 

( p h ot o: K h al e d 

A b d el m o u m e n)
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u n d er t h e I S M C o d e, a n d t o r el at e d t hir d 

p arti es s u c h as P S C O a n d I nt er n ati o n al 

S af et y M a n a g e m e nt (I S M) a u dit ors.

T o  e ns ur e  t h at  t a n k ers  c a n  h a v e  t h eir  

d a m a g e st a bilit y r eli a bl y v eri fi e d o n b o ar d 

t h e y m ust eit h er b e fitt e d wit h a n a p pr o v e d 

st a bilit y L o a di n g I nstr u m e nt (t h e d ef a ult 

p ositi o n  f or  n e w  s hi ps  u nl ess  t h er e  ar e  

c o m p elli n g r e as o ns n ot t o c o m pl y) or, f or 

e xisti n g t a n kers, c erti fi e d t o c o nti n u e t o us e 

a v ali d at e d a n d a p pr o v e d e xisti n g m et h o d. 

All e xisti n g d a m a g e st a bilit y a p pr o v als i n 

pl a c e at t h e ti m e t h e g ui d eli n es c a m e i nt o 

f or c e  r e m ai n  v ali d  pr o vi d e d  t h e y  m e et  

t h e st a n d ar ds fr o m P art 1 ( as t his r e p e ats 

t h e  r e q uir e d  pr a cti c e  at  t h e  ti m e  of  t h e  

ori gi n al a p pr o v al) a n d o n c o n diti o n t h at a n y 

g ui d a n c e is b ei n g c orre ctl y f oll o w e d. 

T h e g ui d eli n es w er e d e v el o p e d b y t h e  

I M O w ell b ef ore t h e a p pli c a bl e e nf orc e m e nt 

d at e f or t h e c h a n g es t o M A R P O L a n d t h e 

ot h er C o d es, n a m el y 1st Ja n u ar y 2 0 1 6. fiis 

w as t o all o w ti m e f or o p er at ors t o ass ess w h at 

c h a n g es, if a n y, w ere re q uire d t o t h e st a bilit y 

v eri fi c ati o n m et h o ds us e d o n t h eir e xisti n g 

t a n k ers a n d, if d e e m e d n e c ess ar y, t o or d er 

n e w c o m p ut er s yst e ms ( o n- b o ar d L o a di n g 

I nstr u m e nts) a n d h a v e t h e m a p pr o v e d i n 

ti m e t o c o m pl y wit h t h e n e w r e g ul ati o ns 

wit hi n t h e p h as e-i n p eri o d. 

F oll o wi n g t h e p h as e-i n of c h a n g es t o t h e 

a p pli c a bl e I nstr u m e nts a n d r e- c erti fi c ati o n, 

t h e  d ef a ult  m et h o d  of  d a m a g e  st a bilit y  

v eri fi c ati o n s h all b e c arri a g e of a Ty p e 3 

st a bilit y  L o a di n g  I nstr u m e nt,  w hi c h  is  

dis c uss e d b el o w, c a p a bl e of v eri fi c ati o n b y 

dire ct c al c ul ati o n. Ot h er a c c e pt a bl e m et h o ds 

of  v erifi c ati o n,  if  r et ai n e d  fr o m  b ef or e  

r e- c erti fi c ati o n, m ust b e v ali d at e d a g ai nst 

t h e G ui d eli n es a n d t h e n a ut h oris e d u n d er 

a w ai v er o n t h e I O P P F or m B or C erti fi c at e 

of Fit n ess. Th es e a c c e pt e d m et h o ds i n cl u d e 

o p er ati n g t h e t a n k er cl os el y i n a c c or d a n c e 

wit h, b ut n ot o utsi d e t he r a n ge of, t he l o a di n g 

c o n diti o ns gi v e n i n t h e a p pr o v e d St a bilit y 

I nf or m ati o n B o o k ( Tri m a n d St a bilit y B o o k).

 

T y p e 3 t a n k er d a m a g e 
st a bilit y c o m p ut er s
T h e  I nt e r n ati o n al  A s s o ci ati o n  of  

Cl assi fic ati o n S o cieties (I A C S) h a d pre vi o usl y 

i ntr o d u c e d  a  U nifi e d  R e q uir e m e nt  ( U R)  

r el ati n g  t o  st a bilit y  c o m p ut ati o n  u n d er  

U R L 5, wit h t h e o bj e cti v e t h at a n y L o a di n g 

I nstr u m e nt fitt e d o n a s hi p cl ass e d wit h a n 

I A C S me m b er c o ntr a cte d a Ther 1st J ul y 2 0 0 5, 

w hic h i nc or p or ates a st a bilit y ele me nt, s h o ul d 

b e a p pr o v e d f or v eri fi c ati o n of all st a bilit y 

re q uire me nts t h at a p pl y, i ncl u di n g d a m a ge. 

U n d er  t h es e  r e q uir e m e nts,  a  L o a di n g  

I nstr u m e nt  utilisi n g  Ty p e  3  s oft w ar e  is  

c a p a bl e of a ut o m ati c all y c al c ul ati n g b ot h 

i nt a ct  a n d  d a m a g e  st a bilit y  b y  dir e ct  

a p pli c ati o n  of  pr e- pr o gr a m m e d  d a m a g e  

c as es f or e a c h l o a di n g c o n diti o n. A cl e ar 

w ar ni n g of n o n- c o m pli a nc e s h all b e gi ve n o n 

s cre e n a n d i n h ar d c o p y pri nt o ut if a n y of t h e 

l o a di n g li mit ati o ns ar e n ot c o m pli e d wit h. 

‘ Dir e ct c al c ul ati o n’ m e a ns t h at t h e st a bilit y 

L o a di n g I nstr u m e nt utilis es a f ull 3- D m o d el 

of t h e s hi p i n cl u di n g t h e h ull a n d all b u o y a nt 

a p p e n d a g es, all d a m a g e a bl e c o m p art m e nts / 

t a n ks / s p a c es d o w n fl o o di n g p oi nts et c., a n d 

is pr o gr a m m e d t o a n al ys e all t h e p ot e nti al 

d a m a g e s c e n ari os r e q uir e d b y t h e r el e v a nt 

C o d e or I nstr u m e nt.

C o n cl u si o n s
Alt h o u g h  c al c ul ati o n  of  t h e  d a m a g e  

st a bilit y  of  t a n k ers  is  c o m pl e x,  r e c e nt  

a d v a n c es  i n  c o m p ut er  h ar d w ar e  a n d  

s oft w ar e  h a v e  e n a bl e d  c o m pr e h e nsi v e  

a n d r o b ust ass ess m e nts t o b e p erf or m e d 

q ui c kl y a n d e c o n o mi c all y o n b o ar d, w hi c h 

is c o nsi d er e d pr ef er a bl e t o pl a ci n g r eli a n c e 

u p o n s h or e- b as e d st ati o ns. Th e a m e n d e d 

I M O R e g ul ati o ns pr o m ot e t h e us e of t h es e 

i m pr o v e d  c o m p ut er  s yst e ms  ( o n- b o ar d  

L o a di n g  I nstr u m e nts)  i n  pr ef er e n c e  t o  

usi n g si m pli fi e d m a n u al a n d s e mi- m a n u al 

m et h o ds  f or  v erif yi n g  c o m pli a n c e  wit h  

d a m a g e st a bilit y re g ul ati o ns.

T h e  U nit e d  Ki n g d o m’s  M ariti m e  a n d  

C o ast g u ar d  A g e n c y’s  ( M C A)  pr ef er e n c e  

is f or t h e us e of o n- b o ar d st a bilit y L o a di n g 

I nstr u m e nts r u n ni n g Ty p e 3 s o Th w are o n all 

t a n k ers s u bj e ct t o t h e a m e n d e d R e g ul ati o ns 

e v e n  t h o u g h  t h es e  still  p er mit  e xisti n g  

m et h o ds of v eri fi c ati o n t o b e r et ai n e d o n 

t a n k ers c o nstr u ct e d b ef ore 1st Ja n u ar y 2 0 1 6. 

N e w g ui d eli n es i n t h e f or m of a M ari n e 

G ui d a n c e N oti c e ( M G N) are c urre ntl y b ei n g 

pr o d u c e d i n c o ns ult ati o n wit h st a ke h ol d ers. 

It is h o p e d t h at t his will b e a bl e t o b e o utli n e d 

a n d dis c uss e d wit h r e a d ers of Th e N a v al 

Arc hit e ct i n t h e n e ar f ut ure o n c e t h e M G N 

is p u blis h e d.

Di s cl ai m er
T h e vi e ws e x pr ess e d i n t his arti cl e ar e 

t h os e of t h e a ut h ors a n d d o n ot n e c ess aril y 

r e p r e s e nt  t h o s e  of  t h e  o r g a ni s ati o n s  

wit h  w hi c h  t h e y  ar e  affili at e d  a n d  t h e  

pr of essi o n al i nstit uti o ns of w hi c h t h e y ar e 

m e m b ers. N A

R ef er e n c e s
1.  H U T C HI N S O N,  K. W.,  a n d  S C O T T,  

A. L., ‘ Ta n ker d a m a g e st a bilit y: hist oric al 

pr o bl e ms ’  T h e  N a v al  Ar c hit e ct,  T h e  

R o y al I nstit uti o n of N a v al Ar c hit e cts, 

L o n d o n, U nit e d Ki n g d o m, M ar c h 2 0 1 8, 

p a g es 3 4 t o 3 9. I S S N 0 3 0 6- 0 2 0 9

2.  M A R P O L  C o ns oli d at e d  E diti o n  2 0 0 6  

Arti cl es,  Pr ot o c ols,  A n n e x es,  U nifi e d  

I nt er pr et ati o ns  of  t h e  I nt er n ati o n al  

C o n v e nti o n  f or  t h e  P r e v e nti o n  of  

P oll uti o n fr o m S hi ps, 1 9 7 3 , as m o di fie d 

b y t he Pr ot oc ol of 1 9 7 8 rel ati n g t heret o,  

I nt er n ati o n al  M ariti m e  Or g a ni z ati o n,  

L o n d o n, U nit e d Ki n g d o m, 2 0 0 6. I S B N 

9 7 8- 9 2- 8 0 1- 4 2 1 6- 7

3. I B C C o d e 2 0 0 7 E diti o n I nt er n ati o n al 

C o d e  f o r  t h e  C o n st r u cti o n  a n d  

E q ui p me nt of S hi ps C arr yi n g D a n g er o us 

C h e mi c als  i n  B ul k ,  I nt e r n ati o n al  

M a riti m e  O r g a ni z ati o n,  L o n d o n,  

U nit e d Ki n g d o m, 2 0 0 7. I S B N 9 7 8- 9 2-

8 0 1- 4 2 2 6- 6

4. B C H C o d e 2 0 0 9 E diti o n C o d e f or t h e 

C o nstr ucti o n a n d E q ui p m e nt of S hi ps 

C arr yi n g D a n g er o us C he mic als i n B ul k , 

I nt er n ati o n al M ariti m e Or g a ni z ati o n, 

L o n d o n, U nit e d Ki n g d o m, 2 0 0 9. I S B N 

9 7 8- 9 2- 8 0 1- 1 5 0 9- 3

5. I G C C o d e 1 9 9 3 E diti o n I nt er n ati o n al 

C o de f or t he C o nstr ucti o n a n d E q ui p me nt 

of S hi ps C arr yi ng Li q ue fie d G asses i n B ul k,  

I nt er n ati o n al M ariti m e Or g a ni z ati o n, 

L o n d o n, U nit e d Ki n g d o m, 1 9 9 3. I S B N 

9 7 8- 9 2- 8 0 1- 1 2 7 7- 1

6.  G C  C o d e  1 9 8 3  E diti o n  C o d e  f or  t h e  

C o nstr ucti o n a n d E q ui p m e nt of S hi ps 

C ar r yi n g  Li q u efi e d  G ass es  i n  B ul k , 

I nt er n ati o n al M ariti m e Or g a ni z ati o n, 

L o n d o n, U nit e d Ki n g d o m, 1 9 8 3. I S B N 

9 7 8- 9 2- 8 0 1- 1 1 6 5- 1

7. E G C C o d e 1 9 7 6 E diti o n C o de f or E xisti n g 

S hi ps C arr yi n g Li q ue fie d G ass es i n B ul k , 

I nt er n ati o n al M ariti m e Or g a ni z ati o n, 

L o n d o n, U nit e d Ki n g d o m, 1 9 7 6. I S B N 

9 7 8- 9 2- 8 0 1- 1 0 5 1- 7

8. M S C. 1/ Circ. 1 4 6 1 G ui deli nes f or Veri fic ati o n 

of  D a m a g e  St a bilit y  R e q uir e m e nts  

f or  T a n k ers,  I nt er n ati o n al  M ariti m e  

Or g a ni z ati o n, L o n d o n, U nit e d Ki n g d o m, 

2 0 1 3.

N A J u n e 1 8 _ 3 4 + 3 5.i n d d   3 5 0 1/ 0 6/ 2 0 1 8   1 6: 1 5: 5 8
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M
illi o ns  of  t o ns  of  g r ai n  ar e  

tr a ns p ort e d  b y  s e a  a n n u all y.  

L e gisl ati o n g o v er ni n g t h e s af e 

c arri a g e  of  gr ai n  is  t h er ef or e  vit al  a n d  

r e g ul at e d b y stri ct crit eri a as sti p ul at e d 

i n  t h e  I nt er n ati o n al  C o d e  f or  t h e  S af e  

C arri a g e of Gr ai n i n B ul k (I nt er n ati o n al 

Gr ai n C o d e – I G C), w hi c h w as a d o pt e d 

b y r es ol uti o n M S C. 2 3 ( 5 9) a n d b e c a m e 

m a n d at or y u n d er S O L A S C h. VI fr o m 1 

J a n u ar y 1 9 9 4. 

T h e  s p e cifi c  st a bilit y  r e q ui r e m e nt s  

f or  s hi ps  w hi c h  c arr y  gr ai n  ar e  s et  o ut 

i n S e cti o n 7 ( St a bilit y R e q uir e m e nts) of 

t h e I G C. fi es e ar e ill ustr at e d i n Fi g. 1, 

c o m prisi n g  t h e  st ati c  st a bilit y  di a gr a m  

( Ri g hti n g  M o m e nt  Ar m  G Z  / m/  as  a  

f u n cti o n of t h e a n gl e of h e el Θ/ d e g/).

M a n y  n ati o n al  b o di es  als o  r ef e r  t o  

t h e  C o d e  a n d  as k  f or  a  stri n g e nt  w a y  

of  d e m o nstr ati n g  t h e  a bilit y  of  a  v ess el 

c a r r yi n g  g r ai n  t o  m e et  t h e  st a bilit y  

r e q uir e m e nts at all st a g es of t h e i nt e n d e d 

v o y a g e. Th e N ati o n al C ar g o B ur e a u ( N C B) 

of U S A h as a s p e ci al f or m t o b e c o m pl et e d 

pri or  t o  l o a di n g  g r ai n  as  a  m e a ns  of  

d e m o nst r ati n g  t h at  t h e  v ess el  is  I G C  

c o m pli a nt ( a v ail a bl e at n at c ar g o. or g/ gs cf.

p df ). A M S A a n d Tr a ns p ort C a n a d a h a v e 

d o n e li k e wis e (fill a bl e f or m A M S A 2 2 6 

( 1 2/ 1 2), C a n a di a n St a bilit y F or m 8 2- 0 5 7 9 

( 0 2 1 1- 0 4)), w hil e ot h er m ariti m e a g e n ci es 

F e at ur e 4 |  B U L K C A R RI E R S

Gr ai n is a tri c k y c ar g o a n d li a bl e t o s hi Th d uri n g tr a nsit. C a pt. Pet ar S a y d e n o v 

hi g hli g hts a fl a w i n t h e st a bilit y r e q uir e m e nts of t h e I nt er n ati o n al Gr ai n C o d e 

a n d p uts f or w ar d a p ossi bl e s ol uti o n

Gr ai n st a bilit y: t h e missi n g li n k

Fi g ur e 1. 

I nt er n ati o n al Gr ai n 

C o d e St a bilit y 

R e q uir e m e nt s

Fi g ur e 2. C e ntr e of 

Gr a vit y

N A J u n e 1 8 _ 3 6 + 3 8 + 3 9 + 4 0 + 4 1.i n d d   3 6 0 1/ 0 6/ 2 0 1 8   1 6: 1 7: 0 4
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O P TI MI SI N G C A R G O V O L U M E 
O N L N G- F U E L L E D V E S S E L S I S A M U S T.  

T h e G T T t e c h n ol o gi e s s a v e v al u a bl e s p a c e f or c o m m er ci al v e s s el s: 

a f ull y i nt e gr at e d a n d pr ot e ct e d t a n k s ol uti o n pr o vi d e s a p erf e ct  t i n t h e h ull, 

a n d a v oi d s l o s s of c ar g o s p a c e.
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F e at ur e 4 |  B U L K C A R RI E R S

ar o u n d t h e w orl d si m pl y m a k e a dir e ct 

r ef er e n c e t o t h e I G C r e g ul ati o ns.

All t h e f or ms s h o ul d b e pr o p erl y fill e d i n 

wit h t h e c orre ct d at a, b ut v er y fe w P ort St at e 

C o ntr ol i ns p e ct ors a p pre ci at e t h e n u m er o us 

h ur dl es  t h at  c hi ef  offi c ers  a n d  c a pt ai ns  

m ust n e g oti at e i n or d er t o c o m e t o a c hi e v e 

t h os e s af e l o a di n g c o n diti o ns. fi e pr o c ess 

is t e di o us a n d i n cl u d es m a n y it er ati v e st e ps 

t hr o u g h t h e rel e v a nt fl o w c h arts ( us u all y a n 

i nt e gr al p art of Th e Gr ai n St a bilit y M a n u al 

( G S M),  f o u n d  o n  b o ar d  of  e v er y  b ul k  

c arri er). W hil e Met a c e ntri c Hei g ht ( G M) is 

c o m p ar ati v el y e as y t o c al c ul at e, t h e s e c o n d 

vit al crit eri a – t h e a n gl e of h e el d u e t o gr ai n 

s hi Th – is a v a g u er c o nc e pt b ot h t o u n d erst a n d 

a n d t o c o p e wit h i n t h e e v e nt t h at y o u fi n d 

t h at y o ur v ess el d o es n ot m e et it. 

Pr e p ari n g t h e c ar g o pl a n f or a t y pi c al 

g r ai n - c a r r yi n g  v e s s el,  w e  l o c at e  t h e  

gr a vit y  p oi nt  ( G)  a b o v e  t h e  k e el  p oi nt  

( K), w h er e all t h e m ass es o n b o ar d t h e 

v ess el c a n b e ass u m e d t o a ct ( Fi g. 2). This 

m e as ur e m e nt ( K G) is a f u n cti o n of t h e 

v erti c al distri b uti o n of c ar g o es ( m ass es) o n 

b o ar d a n d is c o nsi d er e d t o b e t h e v ess el’s 

‘c e nt r e  of  m ass’.  All  t h e  dis pl a c e m e nt  

of t h e v ess el c a n b e t h o u g ht of as a cti n g 

d o w n w ar ds fr o m t his i m a gi n ar y p oi nt G. 

W h e n c al c ul ati n g t h e st a bilit y of t h e s hi p, 

w e ar e m or e c o n c er n e d a b o ut t h e v erti c al 

dist a n c e of t his c e ntr e of gr a vit y a b o v e t h e 

k e el ( K G), r at h er t h a n t h e l o n git u di n al 

st a bilit y a n d c al c ul ati o n of t h e tri m of t h e 

v ess el, w hi c h o n e w o ul d c o nsi d er t o b e t h e 

L o n git u di n al C e ntr e of Gr a vit y ( L C G).

T h e  I G C  p r o vi d e s  f o r  a  s p e ci all y  

d esi g n e d t a bl e i n e v er y G S M, u p o n w hi c h 

w e c o m p ar e (f or c ert ai n Dis pl a c e m e nt Δ 

/ mt/ a n d C e nt er of Gr a vit y K G / m/) t h e 

M a xi m u m All o w a bl e/ P er missi bl e Gr ai n 

H e eli n g M o m e nt ( G H M m a x. per missi ble /t m/) t o 

t h e c o m bi n e d a n d c orr e ct e d Gr ai n He eli n g 

M o m e nt of all t h e l o w er h ol ds of o ur v ess el 

( ∑ G H M all h ol ds /t m/) f or p arti al l o a d a n d 

u ntri m m e d/tri m m e d e n ds. M a n y G S Ms 

e v e n  st at e  t h at  all  t h e  st a bilit y  crit eri a  

of t h e I G C h as b e e n t a k e n i nt o a c c o u nt 

w h e n c o m pili n g s u c h a t a bl e. S o m e h o w, 

a n d q uit e i n e x pli c a bl y i n t h e I G C, m ost 

of t h e G S Ms si m pl y a n d fi n all y pr es cri b e 

t h at  w h e n  t h e  v ess el  is  c ar r yi n g  g r ai n,  

t h e m ast er h as t o e ns ur e t h at t h e s u m of 

t h e h e eli n g m o m e nt d u e t o gr ai n s hi Th is 

s m all er t h a n t h e v al u e o bt ai n e d fr o m t h e 

li miti n g t a bl es. 

This mi g ht o n f a c e v al u e s o u n d e as y, 

si m pl e  a n d  c o n v e ni e nt,  b ut  i n  pr a cti c e  

it’s n ot s o str ai g htf or w ar d, b e c a us e w h at 

n e xt  if  t h e  v ess el  f ails  t o  m e et  t h es e  

crit eri a? L a c k of st a bilit y l e a ds t o t a ki n g 

a d e cisi o n t o b all ast, b ut if w e t a k e a wil d 

g u ess  t h e n  w e  m ust  r e p e at  t h e  w h ol e  

c h e c ki n g  pr o c ess  a g ai n  a n d  a g ai n  u ntil  

w e fi n d a s atisf a ct or y dis pl a c e m e nt a n d 

K G f or w hi c h o ur u n c h a n g e d ( G H M d o es 

n ot c h a n g e wit h t h e i n cr e as e of dr a u g ht)  

Σ G H M all h ol ds < G H M m a x. per missi ble .

T h u s,  t h e  w h ol e  p r o c e s s  l a c k s  

u n d erst a n di n g of t h e a ct u al p h ysi cs of t h e 

r e q uir e m e nts, s h o ots bli n dl y at di ff er e nt 

c o n diti o ns a n d si m pl y g u ess es w h et h er 

or n ot w e will b e ‘st a bl e’ as p er t h e I G C 

r e q uir e m e nts. It’s m y h u m bl e o pi ni o n t h at 

t h e missi n g li n k is a n e x pl a n ati o n of h o w 

w e c o m e b y t h e n u m b ers i n t h e Ta bl es 

Fi g ur e 3 a. U n st a bl e 

I G C c o n diti o n s

Fi g ur e 3 b. St a bl e 

I G C c o n diti o n s

G Z 1 2 d e g  < λ 1 2 d e g  – v e s s el i s I G C u n st a bl e a s Θ st  > 1 2  d e g

G Z 1 2 d e g  > λ 1 2 d e g  – v e s s el i s I G C st a bl e a s Θ st < 1 2  d e g

Fi g ur e 3 c.  St a bl e 

m ar gi n al I G C 

c o n diti o n s

N A J u n e 1 8 _ 3 6 + 3 8 + 3 9 + 4 0 + 4 1.i n d d   3 8 0 1/ 0 6/ 2 0 1 8   1 6: 1 7: 0 5
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f or M a xi m u m All o w a bl e Gr ai n H e eli n g 

M o m e nts. S o f ar n o b o d y h as pr o p os e d 

a n y f or m ul a t o f oll o w i n p urs uit of t h e I G C 

c o m pli a nt v ess el. fi e d e fi niti o n of s u c h a n 

e q u ati o n w o ul d n ot o nl y m a k e t h e w h ol e 

pr o c ess m or e tr a ns p ar e nt, u n d erst a n d a bl e 

a n d e as y t o f oll o w, b ut bri n g us q ui c kl y 

a n d u n a m bi g u o usl y t o a q u a ntit ati v e a n d 

pr o v e n s ol uti o n o n h o w m u c h b all ast t o 

t a k e m e eti n g I G C r e q uir e m e nts; i n ot h er 

w or ds, e x p a n d e d pr o gr a m mi n g o pti o ns 

a n d s ol uti o ns.

Diff er e nt st a bilit y s c e n ari o s
L et’s l o o k m or e cl os el y at t h at r e q uir e m e nt 

a n d its l o gi c: it h as b e e n d et er mi n e d t h at 

t h e v ess el, at e v er y st a g e of t h e v o y a g e, 

s h o ul d n ot h e el t o a st ati c list of m or e 

t h a n 1 2° f oll o wi n g a n ass u m e d gr ai n s hi Th. 

W h at d o es t his m e a n i n pr a cti c al t er ms? 

Br o a dl y s p e a ki n g t h er e ar e t hr e e p ossi bl e 

s c e n ari os. Th e first a n d l e ast f a v o ur a bl e of 

t h es e ( Fi g 3 a) is w h er e o ur v ess el w o ul d 

l a c k  st a bilit y  a s  p e r  t h e  G r ai n  C o d e  

r e g ul ati o n – i. e. o ur v ess el w o ul d h e el t o 

m or e t h a n 1 2° o n a n ass u m e d gr ai n s hi Th 

( Θ _st > 1 2 d e g).

I n t h e s e c o n d s c e n ari o ( Fi g 3 b) o ur v ess el 

h e els t o a list l ess t h a n 1 2 d e g o n ass u m e d 

gr ai n s hi Th i. e. ( Θ _st < 1 2 d e g).

Th e t hir d s c e n ari o, a n d m ost i m p ort a nt 

fr o m a s ci e nti fi c p oi nt of vi e w, is w h er e w e 

h a v e m ar gi n al st a bilit y i. e. o ur v ess el h e els 

t o a list of e x a ctl y 1 2 d e g o n ass u m e d gr ai n 

s hi Th i. e. ( Θ _st = 1 2 d e g) ( Fi g 3 c).

It t ur ns o ut t h at if t h e li n e, r e pr es e nti n g 

t h e gr ai n h e eli n g m o m e nt ar m λ, cr oss es t h e 

c ur v e of t h e st ati c st a bilit y (ri g hti n g m o m e nt 

ar m G Z) at 1 2 d e g, t h e n w e h a v e e q u ati o n: 

Ri g hti n g  m o m e nt  a r m  at  1 2  d e g  =   

Gr ai n h e eli n g m o m e nt ar m at 1 2 d e g 

or,  G Z 1 2  = λ1 2

L et us r e mi n d o urs el v es w h at is b e hi n d 

G Z 1 2 d e g  ( Fi g. 4) a n d λ1 2 d e g  ( Fi g. 5) a n d m a k e 

t h e m e q u al.

O n Fi g. 5, t h e p oi nt ‘ K’ re pres e nts t h e ke el 

of t h e s hi p. If at a n y a n gl e of h e el ( θ), a li n e 

p ar all el t o t h at of G Z w ere t o b e dr a w n fr o m 

‘ K’, t h e n t h e p oi nt of i nt ers e cti o n of t his li n e 

wit h t h e v erti c al li n e of a cti o n of b u o y a n c y, 

is re pres e nt e d as ‘ N’. S o, a c o m p ut ati o n all y-

d eri v e d pl ot of K N v al u es f or a r a n g e of 

dis pl a c e m e nts  is  o bt ai n e d  f or  diff er e nt  

h e el a n gl es, a n d t h e r es ult a nt c ur v es ar e 

c oll e cti v el y c all e d K N C ur v es, Cr oss C ur v es 

of St a bilit y, or P a nt o c are n es. 

Na v al s cie nce pr o ves he eli n g ar m de cre as es 

wit h h e el o n a c osi n e l e v el. B ut I G C R e g. 7 

sti p ul at es f or a li n e ar a p pr o xi m ati o n of t h e 

gr ai n he eli n g ar m, d e fi ne d b y t he t w o p oi nts: 

 ;  

T h er ef or e,  t h e  li n e  λ 0 λ 4 0  r e pr es e nts  

t h e  gr ai n  h e eli n g  ar m  li n e.  F oll o wi n g  

t h e  si mil arit y  of  t h e  tri a n gl es  Δ A B C  ~   

Δ A B _ 1 C _ 1 ( Fi g. 5) w e c o ul d d e fi n e:

( e q. 1)

or G Z 1 2  ( fig. 4) = λ1 2  ( fig. 5)

( e q. 2)

If w e i n p ut o ur dis pl a c e m e nt ( Δ) ( K G v 

a n d K N) fr o m t h e cr oss c ur v es of st a bilit y 

w e c o ul d d e fi n e G H M m a x. p er missi bl e . I n ot h er 

w or ds, w e h a v e f o u n d t h e e q u ati o n u p o n 

w hi c h all t h e d at a, t a b ul at e d i n t h e r el e v a nt 

Ta bl es  of  M a xi m u m  All o w a bl e  Gr ai n  

H e eli n g M o m e nt, is b ei n g c al c ul at e d. Yo u 

c a n t a k e t his f or m ul a a n d tr y e a c h a n d 

Fi g ur e 4. G Z 1 2 d e g  = ?

G Z = K N - K S

G Z = K N - K G v x si n θ

G Z 1 2° = K N 1 2° -  K Gv  

x si n 1 2°

Fi g ur e 5. λ 1 2 d e g

 = ?

N A J u n e 1 8 _ 3 6 + 3 8 + 3 9 + 4 0 + 4 1.i n d d   3 9 0 1/ 0 6/ 2 0 1 8   1 6: 1 7: 0 6
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F e at ur e 4 |  B U L K C A R RI E R S

e v er y s hi p Gr ai n L o a di n g M a n u al – t h at is 

h o w t h e y c al c ul at e t h os e ‘ m a gi c’ n u m b ers, 

w hi c h  y o u  m u st  c o m pl y  wit h.  T h e  

m a xi m u m d e vi ati o n y o u c o ul d o bs er v e is 

l ess t h a n 0. 1 p er c e nt i n t h e G H M, b ut w e 

c a n n ot b e s ur e u p o n t h os e t a b ul at e d fi g ur es 

u ntil r el e v a nt Cl ass a ut h oriti es r e v e al t h e 

m et h o d t h e y us e i n d e fi ni n g t h os e li mits.

B y  w a y  of  e x a m pl e  l et’s  l o o k  at  t h e  

b ul k c arri er M/ V K o z nit z a  ( Dis pl. 2 7 5 0 0 

mts, K G v = 8. 5 0 m, li fi e d G H M m a x. p er missi bl e  

=  5 5 5 1. 2  t m).  Fi g  6.  s h o ws  t h e  v ess el’s  

st a bilit y b o o kl et.

M ost of t h e ti m e, w e h a v e t o c o m p ar e 

o ur l o a di n g c o n diti o n wit h dis pl a c e m e nt 

( Δ = 2 7 5 0 0) a n d c ert ai n c ar g o distri b uti o n, 

r es ulti n g i n a p arti c ul ar v erti c al gr a vit y 

c e nt r e  at  K G ( 8. 5 0 m ).  F o r  s u c h  a  

c o m bi n ati o n  w e  fi n d  M/ V  K o z nit z a’ s  

G H M m a x. p er missi bl e  i n t h e s p e ci all y d esi g n e d 

t a bl e: t his li miti n g v al u e is 5 5 5 1. 2 t m. We 

h a v e t o c o m p ar e t his v al u e t o t h e c o m bi n e d 

gr ai n h e eli n g m o m e nt of t h e gr ai n i n all 

t h e h ol ds of t h e v ess el. Th e c o m p aris o n is 

vit al f or t h e c o m pli a n c e of t h e v ess el t o t h e 

Gr ai n C o d e r e q uir e m e nts. B ut if w e p ut t h e 

gr ai n st a bilit y e q u ati o n t o w or k, w e c o ul d 

e asil y  fi n d  t h e  G H M m a x. p er missi bl e  wit h o ut  

e nt eri n g t h e a b o v e t a bl e, o bt ai ni n g t h e K N 

v al u e f or 1 2 d e gr e es fr o m t h e v ess el’s cr oss 

c ur v es of st a bilit y or p a nt o c ar e n es. I n t his 

p arti c ul ar c as e f or K o z nit z a ’s dis pl a c e m e nt 

( 2 7, 5 0 0) a n d t h e li miti n g a n gl e of h e el 1 2 

d e gr e es, w e li Th K N = 1. 9 5 7 m.

F oll o wi n g o ur gr ai n st a bilit y e q u ati o n:

( e q. 3)

= >  G H M m a x. p er missi bl e  =  5 5 5 1. 2  t m  –   

i. e.  e x a ct  m at c h  of  t h e  t a b ul at e d  v al u e  

G H M m a x. per missi ble  = 5 5 5 1. 2 t m

T h e r ef or e,  all  t h e  t a bl e  d at a  i n  t h e  

r el e v a nt t a bl es f or m a xi m u m p er missi bl e 

gr ai n h e eli n g m o m e nts, as f o u n d i n t h e 

s hi p’s  g r ai n  l o a di n g  m a n u als,  is  b ei n g  

c al c ul at e d usi n g t h e a b o v e e q u ati o n.

A n ot h er  s ur prisi n g  b o n us  is  t h at  if  

w e pl a y wit h t h e f or m ul a i n a di ff er e nt 

m a n n er, usi n g a ct u al G H M of t h e gr ai n i n 

t h e h ol ds a n d tr yi n g t o d e fi n e K G at w hi c h 

t his  w o ul d  h a p p e n,  t h e  f or m ul a  t a k es  

a n ot h er s uit:

( e q. 4)

Th er ef or e, w e w o ul d b e a bl e t o c al c ul at e 

K G  at  w hi c h  w e  c o ul d  m e et  t h e  I G C  

r e q uir e m e nt  f or  st a bilit y  i. e.  t o  d efi n e   

K G v m a x. per missi ble .

Fi n di n g K G v m a x. per missi ble  a ns w ers t w o vit al 

q u esti o ns:

•  Is  m y  s hi p  st a bl e ?  ( K G v  m u st  b e   

≤ K G v m a x. p er missi bl e )

•  If  it  is  n ot  st a bl e,  h o w  m u c h  b all ast 

m ust w e t a k e i n or d er t o m e et t h e I G C 

r e q uir e m e nts (K G v - K Gv m a x. p er missi bl e ).

O n e  w o ul d  fi n d  it  a  bit  t ri c k y  a n d  

v a g u e h o w t his di ff e r e n c e w o ul d g ui d e 

us o n t h e b all ast q u a ntit y t o b e t a k e n, 

i n or d e r t o m e et I G C st a bilit y c rit e ri a. 

H o w e v er, w e c a n us e a m o di fi c ati o n of 

t h e Vari g n o n’s Th e or e m, w hi c h w e us e o n 

a d ail y b asis o n s hi ps. I n f a ct, all t h e t a bl es 

wit h w ei g hts a n d m o m e nts w e c al c ul at e 

ar e r e pr es e nt ati o ns of t his t h e or e m as w e 

fi n all y c o m e t o a c o m bi n e d dis pl a c e m e nt 

(s u m of all w ei g hts) a n d w ei g ht e d c e nt er 

of gr a vit y ( at w hi c h p oi nt all t h e w ei g hts 

o n  b o a r d  c o ul d  b e  a s s u m e d  t o  a ct).  

F oll o wi n g t h e l o gi c of t his t h e or e m, if w e 

d e fi n e o ur pri m ar y c o n diti o n ( u nst a bl e) 

a n d  s u m  it  wit h  t h e  c h a n g e  ( d u e  t o  

b all a sti n g),  t hi s  m u st  b e  e q u al  t o  o u r 

d esir e d fi n al c o n diti o n (st a bl e, b all ast e d).

If w e p ut t his t o w or k:

I niti al  c o n diti o n  +  B all asti n g  =  Fi n al  

( d esir e d a n d st a bl e) c o n diti o n

( e q. 5)

Of c o urs e, h er e, K G v m a x. per missi ble  is d e fi n e d 

f or o ur i niti al dis pl a c e m e nt a n d n ot f or t h e 

i m pr o v e d c o n diti o n, b ut t his is b e n e fi ci al, 

b e c a us e wit h t h e i n cr e as e of dis pl a c e m e nt, 

G H M m a x. p er missi bl e  will  i n cr e as e  t o o,  t h us  

l o w eri n g t h e gr ai n h e eli n g m o m e nt ar m λ. 

If w e d e fi n e Q b all ast  fr o m t h e a b o v e e q u ati o n, 

t his  w o ul d  b e  t h e  b all ast  q u a ntit y  t o  b e  

t a k e n i n or d er t o m e et t h e I G C st a bilit y 

r e q ui r e m e nts.  M ulti pl e  it e r ati o ns  ar e  

Fi g ur e 6. M / V K o z nit z a  st a bilit y b o o kl et
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n ot  n e e d e d;  wit h  j ust  o n e  p ass  t hr o u g h  

t h e fl o w c h art, t h e e ntir e l o a di n g pl a n is 

c h e c k e d, i m pr o v e d a n d m e ets I G C crit eri a. 

fi e o nl y t hi n g l e Th t o d o is t o fill i n t h e 

r el e v a nt a p pli c a bl e f or m (if a n y) or si m pl y 

d e m o nstr at e t h at t h e v ess el m e ets all t h e 

t hr e e crit eri a of R e g. 7 I G C, at all st a g es of 

t h e i nt e n d e d v o y a g e.

Usi n g t h e e x a m pl e of K oz nit z a  a g ai n, l et 

us ass u m e t h at t h e G H M of t h e gr ai n i n 

t h e h ol ds of t h e v ess el h as b e e n c al c ul at e d 

t o r e a c h 6, 1 4 3 t m. Cl e arl y t his e x c e e d t h e 

5, 5 5 1. 2 t m li mit s p e ci fi e d a b o v e a n d as s u c h 

d o es n ot c o m pl y wit h t he Gr ai n C o d e. At t his 

st a g e w e m ust t a ke a d e cisi o n t o i m pr o v e t h e 

st a bilit y b y b all asti n g t h e vess el, b ut wit h h o w 

m u c h b all ast? We m ust g u ess a n d re p e at t h e 

c al c ul ati o ns a Th er e a c h a n d e v er y b all asti n g 

w e m a ke. 

H o w e v e r,  w e  c o ul d  m a k e  a  m aj or  

br e a kt hr o u g h b y usi n g n e wl y d e fi n e d gr ai n 

st a bilit y f or m ul a, w h er e: 

( e q. 6)

i. e. K Gv m a x. p er missi bl e  = 8. 4 0 m

C o m p ari n g t o o ur r e al distri b uti o n of 

c ar g o wit h pr es e nt K G v = 8. 5 0 m, w e c o ul d 

s a y t h at o ur s hi p is n ot st a bl e I G C – wis e 

a n d w e m ust l o w er t h e v erti c al c e ntr e of 

gr a vit y b y 1 0 c m ( K G v m a x. p er missi bl e  – K G v 

= 8. 4 0 – 8. 5 0 = - 0. 1 m – h er e t h e si g n 

“ mi n us” i n di c at es f or l o w eri n g t h e c e ntr e 

of gr a vit y.)

This g ui d es us o n t h e b all ast q u a ntit y t o 

b e t a k e n i n t h e f oll o wi n g m a n n er ( k e e pi n g 

i n mi n d t h at t h e b all ast t a n ks ar e wit h a n 

a p pr o xi m at e c e nt r e of g r a vit y [ Z b all ast 

t a n ks] 1. 4 m et ers a b o v e t h e k e el):

∆ x K G v + Q b all ast  x Zb all astt a n ks  = ( ∆ + Qb all ast ) x K Gv  m a x. per missi bl e

2 7 5 0 0 x 8. 5 0 + Q b all ast  x 1. 4 =( 2 7 5 0 0 + Qb all ast ) x 8. 4 0

2 3 3 7 5 0 + Q b all ast  x 1. 4 = 2 3 1 0 0 0 + Qb all ast  x 8. 4 

2 7 5 0 = Q b all ast  x 7

Q b all ast = 3 9 2 mts

T hi s  b all a st  q u a ntit y  i s  c o nsi d e r e d  

e n o u g h  f or  pr o vi n g  t h at  o u r  v ess el  is  

st a bl e  Gr ai n  C o d e- wis e.  T his  c o ul d  b e 

v er y e asil y c h e c k e d:

O ur  n e w  dis pl a c e m e nt  is  Δ  =  2 7 5 0 0 

+ 3 9 2 = 2 7 8 9 2 mts; a n d o ur n e w K G is 

e x a ctl y 8. 4 0 m 

( e q. 7)

O ur v ess el is st a bl e as p er t h e Gr ai n C o d e, 

b e c a us e t h e m a xi m u m a n gl e of h e el d u e t o 

a n ass u m e d gr ai n s hi Th w o ul d n ot b e m or e 

t h a n 1 2 d e gr e es.

F or t h os e of y o u o n t h e pr a cti c al si d e, 

it w o ul d b e m u c h c o n v e ni e nt t o f oll o w a 

s e p ar at e, o n e-ti m e- p ass fl o w c h art ( Fi g. 7) 

t o m e et t h e I G C St a bilit y R e q uir e m e nts. 

G o o d l u c k! N A

A b o ut t h e a ut h or
C a pt. S a y d e n o v w o ul d b e gr at ef ul f or y o ur 

c o m m e nts  a n d  f e e d b a c k  o n  his  e m ail  

a d dr ess: s a y d e n o v @ pr ot o n m ail. c o m

Fi g ur e 7.

= 8. 4 0 m
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W
e  r e c e ntl y  r e mi nis c e d  a b o ut  

t h e pr a cti c al j o k e I pl a y e d o n a 

s e ni or M ast er M ari n er w h o is 

v er y w ell res p e ct e d f or his ti m e at s e a a n d his 

el o q u e nt e x p ertis e i n t h e c o urt of ar bitr ati o n 

i n  L o n d o n.  T h e  m a n  is  a n  a ut h orit y  o n  

e v er yt hi n g t h at fl o ats, n a vi g at es or st e ers.

T o  e nli g ht e n  his  lif e,  I  r e gist er e d  hi m  

f or m all y as a s u p p orti n g m e m b er of t h e 

Fl at- E art h  S o ci et y.  T h er e aft er,  C a pt ai n  

Fl at- E art h er w o ul d n e v er a g ai n b e all o w e d 

t o br a g a b o ut his s kills wit h a s e xt a nt or his 

a bilit y t o fi n d t h e o pti m u m r h u m b li n e t o t h e 

w at eri n g h ol e.

Dr a wi n g o n t his tr u c ul e nt m et a p h or, I 

n ot e a g ai n t h at it is at t h e b o u n d ar y of t h e 

s ci e n c e ( or c o m m o nl y a c c e pt e d k n o wl e d g e) 

t h at l a y t h e p erils of o ur i n d ustr y. 

S p e ci fi c all y, t h e ‘t err a i n c o g nit a’ of n a v al 

ar c hit e ct ur e is t h e sit u ati o n w h er e t h e h ull 

is i n c o nt a ct wit h t h e h ar d st u ff: d o c ki n g 

a gr o u n d, o n a sli p w a y, or i n sli n gs. 

fi e a b n or m al st at e of r est is o n e w hi c h 

is  pr o n e  t o  a n xi et y;  it  is  a  ti m e  w h e n  

t h e  m ast er  s urr e n d ers  his  v ess el  t o  t h e  

s hi p y ar d,  t h e  cr a n e  o p er at or,  or  m er el y 

all o ws t h e ti d e es c a p e fr o m u n d er his k e el 

( h o p ef ull y, n ot a c ci d e nt all y).

S e p ar at el y fr o m w hit e y a c hts a n d b e hi n d 

t h e c urt ai ns of liti gi o us cir c u mst a n c es, w e 

h a v e e x a mi n e d a n u m b er of v ess els t h at h a d 

s ust ai n e d d a m a g e at N A A B S A b ert h: N ot 

Al w a ys A fl o at B ut S af el y A gr o u n d. Th es e 

ar e m o ori n gs w h er e t h e ti d al r a n g e h as t h e 

visiti n g s hi p t o u c hi n g t h e b ott o m.

Th e ‘ S af el y’ h er e is g o v er n e d b y b ot h t h e 

s hi p a n d t h e b ert h’s pr o p e nsit y t o m e et o n e 

a n ot h er, a n d u nf ort u n at e s ur pris es o c c ur 

w h e n t h at is n ot t h e c as e. Th e pres u m pti o n 

of g uilt is wit h t h e b ert h as it is di ffi c ult t o 

pr o v e t h at t h e b ert h w as fre e of o bstr u cti o n.

As it t ur ns o ut, fr o m a d esi g n p oi nt of vi e w, 

t h e cl ass n ot ati o n ‘l o a di n g a n d u nl o a di n g 

a gr o u n d’ is gr a nt e d o n s o m e v er y c o ars e 

c h e c ks, a n d t h e pr e c a uti o ns i m pl e m e nt e d 

b y  d esi g n  t o  pr e p ar e  a  v ess el  f or  sitti n g  

o n  u n k n o w n  s e di m e nts  ar e  s ur prisi n gl y  

r u di m e nt ar y, s u c h as a d di n g 2 0 % o n t h e 

st e el pl ati n g t hi c k n ess a n d a littl e bit e xtr a f or 

t h e i n n er str u ct ure. Th ere is n o c h e c k of t h e 

q u a ntit y of c ar g o c arri e d, n o c h e c k t o re fl e ct 

t h e t h e l oss of h y dr ost ati c s u p p ort a w a y fr o m 

t h e fl at b ott o m, a n d n o a d diti o n al t hi n- pl at e-

b u c kli n g criti c al stress c h e c k.

Wit h  g e n er al  c ar g o  s hi ps  t h at  h a v e  a  

d o u bl e  b ott o m  a n d  w h os e  l o n git u di n al  

str e n gt h is g o v er n e d b y t h e str ess es i n t h e 

d e c k m or e t h a n t h e str ess i n t h e b ott o m 

pl ati n g, m u c h of t h e att e nti o n is d e v ot e d t o 

t h e d e c k a n d h at c h c or n ers, wit h e c o n o m y 

a p pli e d  wit h  r e g ar d  t o  t h e  i ntri nsi c all y  

r o b ust  cl os e- c ell  b ott o m  a n d  t a n k  t o p  

c o m bi n ati o n. As s u c h, t h e b ott o m pl ati n g is 

n ot f u n d a m e nt all y v er y t hi c k. Th eref ore, t h e 

ris k of b ott o m d a m a g e i n t h e dr y d o c k h as 

b e e n tr a diti o n all y m a n a g e d b y t h e c ar ef ul 

a p pli c ati o n of ti ns a n d bl o c ks u n d er t h e 

k e el  a n d  s el e ct e d  l o n git u di n al  m e m b ers.  

Th e m ast er a n d t h e s hi p y ar d a gr e e o n t h e 

i m p ort a n c e of t h e d o c ki n g pl a n.

We h a v e o bs er v e d t h at s o m e s hi ps ar e 

b ett er  s uit e d  f or  N A A B S A  o p er ati o ns  

a n d t his is n ot n e c ess aril y r e fl e ct e d i n t h e 

c erti fi c ati o n. It is t h e re mit of Cl ass t o ass ess 

t h e s e a w ort hi n ess of a s hi p. As f or t h eir 

s e di m e nt- w ort hi n ess, it is, i n m y o pi ni o n, a 

gre y are a.

It  is  t h er ef or e  v ali d  t o  c o nsi d er  s o m e  

ki n d  of  a g r e e m e nt  b et w e e n  t h e  p ort  

o p er at or a n d t h e s hi p o w n er b ef or e t h e s hi p 

e nt ers t h e ti d al b ert h. This c a n pr ot e ct all 

p arti es a g ai nst a n u n pl e as a nt s ur pris e a n d 

a c c us ati o ns a ft er w ar d.

I n t h es e m o d er n ti m es, t h e d e b at e a b o ut 

t h e fl at n ess of t h e e art h is still r a gi n g a n d t h e 

fl at- e art h ers h a v e a v ali d p oi nt t o m a ke! N A

A b o ut t h e a ut h or
Val M arti n h as w or ke d v ari o usl y as a n a v al 

arc hitect, as p art of a cl assi fic ati o n s ociet y’s 

e merge nc y res p o nse te a m, a n d as a n o ffs h ore 

re ne w a ble e nerg y a d vis or f or t he E U a n d U K. 

At N a v al m arti n, Val acts as a n e x pert wit ness 

o n desi g n-rel ate d cl ai ms, a n d as a n o n-site 

s al v age e ngi neer.

w w w. n a v al m arti n. c o m

C urre nt d esi g n pre c a uti o ns t a ke n t o pre ve nt d a m a ge t o vess els a gr o u n d i n ti d al 

b asi ns are n ot r o b ust e n o u g h, writes Na v al m arti n’s Val M arti n  

N ot al w a ys afl o at b ut ( h o p ef ull y) s af el y 
a gr o u n d o n a fl at e art h

I n- d e pt h | H U L L S T R U C T U R E

C o m m o n 

pr e c a uti o n s s u c h 

a s a d di n g 2 0 % 

o n st e el pl ati n g 

t hi c k n e s s will n ot 

pr ot e ct e v er y 

v e s s el r e q uir e d t o 

sit o n s e di m e nt

N a v al m arti n’ s V al M arti n

N A J u n e 1 8 _ 4 2.i n d d   4 2 0 1/ 0 6/ 2 0 1 8   1 6: 1 7: 3 5



4 3T h e N a v al Ar c hit e ct J u n e 2 0 1 8              

A D V E R TI S E R S’ I N D E X

If y o u w o ul d li k e t o r e c ei v e f urt h er i nf or m ati o n o n t h e a d v ertis ers’ f e at ur e d wit hi n T h e N a v al Ar c hit e ct pl e as e c o nt a ct

J P M e di a S er vi c es: j p a yt e n @j p m e di as e r vi c es. c o m

Cli e nt  p a g e  Cli e nt  p a g e  Cli e nt               p a g e  

C o urs e s
C orr o si o n, F a fi g u e a n d Fr a ct ur e  

2 2- 2 4 A u g ust 2 0 1 8, Gl as g o w

Str u ct ur al I nt e grit y A n al ysi s ( F a Th g u e a n d Fr a ct ur e)  
2 3- 3 4 A u g ust 2 0 1 8, Gl as g o w

B a si c N a v al Ar c hit e ct ur e  
3- 4 S e pt e m b er 2 0 1 8, Gl as g o w

A d v a n c e d D e si g n of S hi p Str u ct ur e s  
& C o m m o n Str u ct ur al R ul e s  
8- 9 O ct o b er 2 0 1 8, Gl as g o w 

          A d v a n c e d A n al ysi s & D e si g n of O Ths h or e Str u ct ur e s  
1 5- 1 6 O ct o b er  2 0 1 8, Gl as g o w

F o u n d a Th o n D e si g n of O Ths h or e Wi n d T ur bi n e Str u ct ur e s  
2 2- 2 3 O ct o b er 2 0 1 8, Gl as g o w

A n al ysi s a n d D e si g n of  S u b m ari n e Str u ct ur e s  
5- 9 N o v e m b er 2 0 1 8, Gl as g o w

C o nf er e n c e s   
3r d I nt er n a Th o n al C o nf er e n c e o n  

S m art & Gr e e n T e c h n ol o g y – S M A T E C H 2 0 1 9  
1 8- 1 9 M ar c h 2 0 1 9, Gl as g o w  

( A bstr a ct D e a dli n e – 1 5t h S e pt e m b er 2 0 1 8)

F o r M or e d et ail s c o nt a ct: 

A S R A N et Lt d.
P h o n e: 0 0 4 4 1 4 1 2 7 5 4 8 0 1  / e- m ail: i nf o @ a sr a n et. c o. u k

W e bsit e: w w w. a sr a n et. c o. u k

( A M ari Th m e C o m p a n y f or C o urs es, C o nf er e n c es a n d R es e ar c h)

A S R A N E T J u n e 2 0 1 8.i n d d   1 1 4/ 0 5/ 2 0 1 8   0 8: 1 4: 2 5

A S R A N e t L t d.  4 3

A v e n ti c s M ari n e  1 9

Cl a s s N K  9

F a s t s tr e a m R e cr ui t m e n t L t d.  4 3

Gr e e n Oil  1 7

G T T  3 7

H e m p el A S  2 5

I n t er n a ti o n al P ai n t L t d. F C

J a n s s e n P M P  1 3

L o a dt e c E n gi n e eri n g S y st e m s Lt d.  B C

M a n Di e s el & T ur b o  1 5

M E T S T R A D E  4

Mi s si o n t o S e af ar er s  2 6

N R G M ari n e  I F C 

P al Th n g er M ari n e G m b H  1 1

R u s si a n M ari ti m e R e gi s t er  1 7

S e a w or k I n t er n a ti o n al 2 0 1 8  I B C

V e t h Pr o p ul si o n B V  2 6

T el: + 4 4 ( 0) 2 3 8 0 2 0 8 7 6 2 

E m ail: k ati e. d u n b ar @f a st str e a m. c o m

M o r e j o b s a v ail a bl e o nli n e a t: 

w w w.f a st str e a m. c o m   @ s hi p pi n gj o b s

S N R N A V A L A R C HI T E C T - U K ( S o u t h) £ 4 0- 7 0 K D O E

A str at e gi c r ol e wit hi n a n i n d e p e n d e nt c o n s ult a n c y 
w h o s p e ci ali s e i n c o m m er ci al & t e c h ni c al st u di e s i n 
t h e O & G m ar k et. W or ki n g o n a v ari et y of pr oj e ct s fr o m 
c o n c e pt d e v el o p m e nt t o pr oj e ct s u p p ort a n d n e w 
t e c h n ol o g y d e v el o p m e nt, y o u will n e e d t o b e C h art er e d 
wit h e x p eri e n c e wit h F P S O s. B a s e d i n H a m p s hir e a n d 
L o n d o n wit h o pti o n s f or r e m ot e w or ki n g.

N A V A L A R C HI T E C T - U K ( S o u t h) H o url y R a t e D O E

A k e y cli e nt i n H a m p s hir e i s s e e ki n g a N a v al Ar c hit e ct 
wit h pr e vi o u s e x p eri e n c e u si n g N a p a. T hi s i s a fl e xi bl e 
c o ntr a ct r ol e d u e t o a str o n g pr oj e ct pi p eli n e o v er 
t h e c o mi n g m o nt h s. A br o a d b a c k gr o u n d w o ul d b e 
a d v a nt a g e o u s, all o wi n g y o u t o b e a d a pt a bl e a n d a bl e 
t o t hi n k o n y o ur f e et.   

N A V A L A R C HI T E C T - U K ( L o n d o n) - £ 5 0- 6 0 K D O E

A w ell-r e s p e ct e d n a m e i n t h e i n d u str y s e e k s a N a v al 
Ar c hit e ct wit h fr o nt- e n d F P S O a n d F L N G e x p eri e n c e. 
M o st i m p ort a nt i s y o ur a bilit y t o li ai s e wit h cli e nt s, b ei n g 
pr e s e nt a bl e a n d a d a pt a bl e. Pri or e x p eri e n c e wit h bi d s 
a n d F E E D st u di e s i s d e sir a bl e, a s w ell a s a br o a d r a n g e 
of e x p eri e n c e. Q u ali fi c ati o n a n d C h art er s hi p e s s e nti al.

N A J u n e 1 8 _ 4 3.i n d d   2 3 0/ 0 5/ 2 0 1 8   0 7: 5 4: 0 6



Pl e a s e n o t e all p ri c e s i n cl u d e p o s t a g e & p a c k a gi n g

B o o k s

RI N A p u bli c ati o n s

J o u r n al s

P u bli s h e d 1 0 ti m e s a y e ar

• Pr o vi di n g u p-t o- d at e t e c h ni c al i nf or m ati o n o n c o m m er ci al s hi p  
 d esi g n, c o nstr u cti o n a n d e q ui p m e nt.
• R e g ul ar r e p orts o n c e ntr es of s hi p b uil di n g
 a cti vit y w orl d wi d e.
• C o m pr e h e nsi v e, t e c h ni c al d es cri pti o ns
 of t h e l at est n e w b uil di n gs.
• N e ws, vi e ws, r ul es &
 r e g ul ati o ns, t e c h n ol o g y,
 C A D/ C A M, i n n o v ati o ns.

• I n  d e pt h  c o v er a g e  of  all  a s p e ct s  of  s hi pr e p air  a n d   
 c o n v er si o n  w or k  a n d  c o m pr e h e n si v e  t e c h ni c al   
 d es cri pti o ns of m aj or c o n v ersi o n pr oj e cts.
• R e g ul ar r e gi o n al s ur v e ys o n t h e 
 m aj or s hi pr e p air c e ntr es.
• D e v el o p m e nts i n s hi p b o ar d a n d
 s hi p y ar d e q ui p m e nt t e c h n ol o g y.
• C o ntr a ct n e ws, a p p oi nt m e nts, i n d ustr y vi e ws, 
 n e w r e g ul ati o ns.

P u bli s h e d Q u ar t erl y

• I n  d e pt h  c o v er a g e  of  s m all  cr aft/s m all  s hi p  d esi g n,  b uil di n g  &  
 t e c h n ol o g y.
• S p e ci alist  s e cti o ns  i n cl u d e:  f ast  f erri es,  t u gs,  s al v a g e  &  offs h or e,
 p atr ol  &  p ar a milit ar y  cr aft,  c o ast al  &  i nl a n d  w at er w a y  v ess els,
 pil ot b o ats, pr o p ulsi o n a n d tr a ns missi o ns.
• A d v a n c es i n c o nstr u cti o n m at eri als, el e ctr o ni cs,
 m ari n e e q ui p m e nt.
• C o ntr a ct n e ws a n d t h e l at est
 m ar k et d e v el o p m e nts.

P u bli s h e d 6 ti m e s a y e ar

2 0 1 8   S u b S c ri p ti o n

1 2 m o nt hs  P ri nt o nl y †  Di git al O nl y *  P ri nt + Di git al
U K  £ 1 9 0  £ 1 9 0  £ 2 4 2
R est of E u r o p e  £ 1 9 9  £ 1 9 0  £ 2 5 1
R est of W o rl d  £ 2 1 3  £ 1 9 0  £ 2 6 6
†I n c u d es p + p

*I n cl usi v e of V A T

bi- m o nt hl y p u bli c ati o n

q u art erl y p u bli c ati o n

2 0 1 8   S u b S c ri p ti o n

1 2 m o nt hs  P ri nt o nl y †  Di git al O nl y *  P ri nt + Di git al
U K  £ 6 5  £ 6 5  £ 8 5
R est of E u r o p e  £ 7 1  £ 6 5  £ 9 2
R est of W o rl d  £ 7 9  £ 6 5  £ 1 0 1
†I n c u d es p + p

*I n cl usi v e of V A T

2 0 1 8   S u b S c ri p ti o n

1 2 m o nt hs  P ri nt o nl y †  Di git al O nl y *  P ri nt + Di git al
U K  £ 1 4 0  £ 1 4 0  £ 1 7 1
R est of E u r o p e  £ 1 4 8  £ 1 4 0  £ 1 8 0
R est of W o rl d  £ 1 6 9  £ 1 4 0  £ 2 0 0
†I n c u d es p + p

*I n cl usi v e of V A T

E a c h m o nt h RI N A off er s u p t o 5 0 % di s c o u nt o n t h e n or m al pri c e of it s p u bli c ati o n s. Pl e a s e vi sit t h e w e b sit e at 

w w w.ri n a. or g. u k / b o o k s h o p - b ar g ai n s 
t o s e e t hi s m o nt h s s p e ci al s.

L A M E N T A B L E I N T E L LI G E N C E F R O M 
T H E A D MI R A LI T Y
B y C h ris T h o m as 
H M S  Va n g u ar d  s a n k  i n  t hi c k  f o g  i n  D u bli n  B a y  
i n S e pt e m b er 1 8 7 5 r a m m e d b y h er sist er s hi p. N o 
li v es w er e l ost ( e x c e pt p er h a ps t h at of t h e C a pt ai n's 
d o g)  b ut  t his  o n e  e v e nt  pr o vi d es  v al u a bl e  i nsi g ht  
i nt o  n a v al  hist or y  of  t h e  l at e  ni n et e e nt h  c e nt ur y.  
C hris  T h o m as  e x a mi n es  w h at  h a p p e n e d,  s etti n g  it  
i n t h e c o nt e xt of n a v al lif e, t h e s o ci al a n d e c o n o mi c 
sit u ati o n  of  offi c ers  a n d  r ati n gs.  H e  d es cri b es  t h e  
f ur or e  c a us e d  b y  t h e  u nj ust  v er di ct  of  t h e  C o urt  
M arti al,  vi vi dl y  ill ustr ati n g  t h e  j o ys  a n d  tri als  of  
t h e s e a g oi n g lif e i n t h e Vi ct ori a n er a, a n d t h e tr a gi c 
eff e ct o n t h e lif e of C a pt ai n Ri c h ar d D a w ki ns a n d 
his f a mil y.
P ri c e: U K £ 9. 0 0 E U R £ 1 0. 0 0 O V S £ 1 2. 0 0

A M A Z O N P RI C E: £ 1 2. 7 4

S HI P S A N D S HI P B UI L D E R S:
PI O N E E R S O F S HI P D E SI G N A N D 
C O N S T R U C TI O N
B y F r e d W al k e r F RI N A 
S hi p s  a n d  S hi p b uil d er s  d e s cri b e s  t h e  li v e s  a n d  
w or k of m or e t h a n 1 2 0 gr e at e n gi n e er s, s ci e nti st s, 
s hi p wri g ht s  a n d  n a v al  ar c hit e ct s  w h o  s h a p e d  
s hi p  d e si g n  a n d  s hi p b uil di n g  w orl d  wi d e.  T ol d  
c hr o n ol o gi c all y,  s u c h  w ell- k n o w n  n a m e s  a s  
A nt h o n y  D e a n e,  P et er  t h e  Gr e at,  J a m e s  Watt,  
a n d I s a m b ar d Ki n g d o m Br u n el s h ar e s p a c e wit h 
l e s s er k n o w n c h ar a ct er s li k e t h e l u c kl e s s Fr e d eri c 
S a u v a g e,  a  pi o n e er  of  s cr e w  pr o p ul si o n  w h o,  
u n a bl e t o i nt er e st t h e Fr e n c h n a v y i n hi s t e st s i n 
t h e  e arl y  1 8 3 0 s,  w a s   b a n kr u pt e d  a n d  l a n d e d  i n 
d e bt or’s pri s o n. Wit h t h e i n cl u si o n of s u c h n a m e s 
a s B e n L e x c e n, t h e A u str ali a n y a c ht d e si g n er w h o 
d e v el o p e d  t h e  c o ntr o v er si al  wi n g e d  k e el  f or  t h e 

1 9 8 3  A m eri c a’s  C u p,  t h e  st or y  i s  br o u g ht  ri g ht  
u p t o d at e.
P ri c e U K £ 1 2. 5 0 E U R £ 1 6 O V S £ 1 8

A M A Z O N P RI C E: £ 2 1. 2 5  

 

T H E R O Y A L I N S TI T U TI O N O F N A V A L 
A R C HI T E C T S 1 8 6 0- 2 0 1 0
P u blis h e d  t o  c o m m e m or at e  t h e  1 5 0t h  a n ni v ers ar y  of  
t h e f o u n di n g of t h e I nstit uti o n, T h e R o y al I nstit uti o n of 
N a v al Ar c hit e cts 1 8 6 0- 2 0 1 0 pr o vi d es a hist or y of t h e  
I nstit uti o n as r efl e ct e d i n t h e d e v el o p m e nt of t h e n a v al 
ar c hit e ct ur e pr of essi o n a n d t h e m ariti m e i n d ustr y o v er 
t h at  ti m e.   I n  t h e  b o o k,  m e m b ers  gi v e  t h eir  p ers o n al  
vi e ws o n t h e d e v el o p m e nt of t h eir s e ct or of t h e m ariti m e 
i n d ustr y a n d h o w it will d e v el o p i n t h e f ut ur e.
P ri c e U K £ 5. 5 0 E U R £ 6 O V S £ 7 

N O T O N A M A Z O N

2 0 1 8     

M e m b ers P art R ef: I J M E 1 8 S et R ef: S T 1 8  
P a rt A 1  P a rt A 2  P a rt A 3  P a rt A 4  S et            
£ 1 8  £ 1 8  £ 1 8         £ 1 8  £ 5 1

 N o n- M e m b ers P art R ef:I J M E 1 8 S et R ef: S T 1 1 8 
P a rt A 1  P a rt A 2  P a rt A 3  P a rt A 4  S et
£ 2 5  £ 2 5        £ 2 5  £ 2 5  £ 8 3  

I nt e r n ati o n al J o u r n al of M a riti m e 
E n gi n e e ri n g (IJ M E)

I nt e r n ati o n al J o u r n al of S m all 
C r aft T e c h n ol o g y (IJ S C T)  

2 0 1 8
  

M e m b ers P art R ef: I J S C T 1 8 S et R ef: S S 1 8  
P a rt B 1  P a rt B 2  S et  
£ 1 8    £ 1 8  £ 3 2

N o n- M e m b ers P art R ef: I J S C T 1 8 S et R ef: S S 1 1 8  
P a rt B 1  P a rt B 2  S et

£ 2 5  £ 2 5        £ 4 5      

T h e T r a n s a c T i o n s o f 

T h e r o y al in s ti t u ti o n of 
n a v al a r c hi t e c t s

 

 

I n t e r n a ti o n al J o u r n al of 
S m all C r af t Te c h n ol o g y

U ntitl e d- 2   1 1 7/ 0 9/ 2 0 1 0   0 9: 5 3: 3 9

T h e T r a n s a c T i o n s o f 

T h e r o y al in s ti t u ti o n of 
n a v al a r c hi t e c t s

  

 

I n t e r n a ti o n al J o u r n al o f 
M a ri ti m e E n gi n e e ri n g

U ntitl e d- 1   1 1 7/ 0 9/ 2 0 1 0   0 9: 5 2: 5 2

I J M E - i s p u bli s h e d i n M ar c h, J u n e, S e pt e m b er & D e c e m b er. T h e 
I J M E pr o vi d e s a f or u m f or t h e r e p orti n g a n d di s c u s si o n of t e c h ni c al 
a n d  s ci e nti fi c  i s s u e s  a s s o ci at e d  wit h  t h e  d e si g n,  c o n str u cti o n  a n d 
o p er ati o n of m ari n e v e s s el s & off s h or e str u ct ur e s

I J S C T - i s p u bli s h e d i n J u n e & D e c e m b er. T h e I J S C T pr o vi d e s 
a f or u m f or t h e s p e ci ali st r e p orti n g & di s c u s si o n o n t e c h ni c al 
& s ci e ntifi c i s s u e s a s s o ci at e d wit h r e s e ar c h & d e v el o p m e nt 
of r e cr e ati o n al & c o m m er ci al s m all cr aft.

N A RI N A P u b s 2 p a g e s.i n d d   1 3 1/ 0 5/ 2 0 1 8   1 0: 4 5: 5 2



C o nf e r e n c e P a p e r s

O R D E R F O R M

P a y m e nt  D et ails:   P a y m e nts  m ust  b e  m a d e  i n  p o u n ds  st erli n g  t o  RI N A  b y  st erli n g  c h e q u e  
dr a w n o n a U K b a n k, I nt er n ati o n al M o n e y Or d er or Cr e dit C ar d, w e a c c e pt Vis a, M ast er c ar d, or 
A M E X. 

I e n cl os e a c h e q u e f or                                                                     p a y a bl e t o RI N A.

Pl e as e c h ar g e m y Cr e dit C ar d N o:

E x pir y d at e:                   S e c urit y c o d e:             Si g n at ur e:                                                       

Pri nt n a m e:                                                                                                                            

N a m e:                                                                                                                                             

A d dr ess:                                                                                                                                          

C o u ntr y:                                                          P ost c o d e:                                                                  

Tel:                                           F a x:                                     E m ail:                                                                      

Pl e as e all o w 3 0 d a ys f or dis p at c h a n d d eli v er y.  P ost t o:   

T h e P u bli c ati o ns D e p a rt m e nt, RI N A, 8- 9 N o rt h u m b e rl a n d St r e et, L o n d o n W C 2 N 5 D A, U K.   

Tel: + 4 4 ( 0) 2 0 7 2 3 5 4 6 2 2  or F a x: + 4 4 ( 0) 2 0 7 2 5 9 5 9 1 2.

Pl e a s e s e n d m e t h e f oll o wi n g :

                                                                    R E F J u n e 1 8

R E F E R E N C E Q U A N TI T Y P RI C E

T O T A L:

2 0 1 7  P o wer a n d Pr o p ulsi o n Alter n ati ves f or S hi ps  Ref: P P A 1 7             £ 1 3 5    £ 1 1 5  

 P acific 2 0 1 7  Ref: Pacific 1 7                                £ 1 3 5    £ 1 1 5

 I C C A S 2 0 1 7  Ref: I C C A S 1 7                                 £ 1 3 5    £ 1 1 5

 I nfl ue nce of E E DI o n S hi p Desi g n a n d O per ati o n  Ref: E E DI 1 7              £ 1 3 5    £ 1 1 5

 Wars hi p  2 0 1 7  Ref: W S 1 7         £ 1 3 5    £ 1 1 5

 Desi g n a n d C o nstr ucti o n of S u per a n d Me g a Yac hts  Ref: M S Y 1 7              £ 1 3 5    £ 1 1 5

 Desi g n a n d C o nstr ucti o n of Wi n d F ar m S u p p ort Vessels  Ref: W F V 1 7            £ 1 3 5    £ 1 1 5

 S m art S hi ps 2 0 1 7  Ref: S S T 1 7                        £ 1 3 5    £ 1 1 5

 Wars hi p 2 0 1 7: N a v al S u b m ari nes & U n m a n ne d U n der w ater Ve hicles  Ref: W S 1 7   £ 1 3 5    £ 1 1 5

 Desi g n & C o nstr ucti o n of  Wi n d F ar m S u p p ort Vessels  2 0 1 7 Ref: W F V 1 7     £ 1 3 5    £ 1 1 5

 S m art S hi ps  Ref:  S S T 1 7         £ 1 3 5    £ 1 1 5

2 0 1 6  Hist oric S hi ps   Ref: HI S T 1 6          £ 1 3 5    £ 1 1 5

 E ner g y Efficie nt S hi ps   Ref: E E S 1 6           £ 1 3 5    £ 1 1 5

    Desi g n & C o nstr ucti o n of L N G S hi ps  L N G 1 6          £ 1 3 5    £ 1 1 5

 H u m a n F act ors   Ref: H F 1 6                                                                                                                        £ 1 3 5    £ 1 1 5

                 E d uc ati o n & Pr ofessi o n al De vel o p me nt of E n gi neers i n t he M ariti me I n d ustr y  Ref: E D U 1 6      £ 1 3 5    £ 1 1 5

 Wars hi p 2 0 1 6: A d v a nce d Tec h n ol o gies i n N a v al Desi g n Ref:  W S 1 6     £ 1 3 5    £ 1 1 5

 Desi g n & O per ati o n of Ferries & R o- P a x vessels  Ref:  F R V 1 6     £ 1 3 5    £ 1 1 5

 I n n o v ati o ns i n S m all Cr aft Tec h n ol o g y  Ref: I S C T 1 6      £ 1 3 5    £ 1 1 5  

 Desi g n & C o nstr ucti o n of  Wi n d S u p p ort Vessels 2 0 1 6 Ref: W S V 1 6      £ 1 3 5    £ 1 1 5

 S m art S hi ps Ref: S T 1 6         £ 1 3 5    £ 1 1 5

 M ariti me Pr oject M a n a ge me nt Ref: M P M 1 6               £ 1 3 5    £ 1 1 5    

 

N o n- M e m b ers M e m b ers

If t h e C D R O M  f o r m a t i s r e q ui r e d pl e a s e a d d C D af t e r t h e r ef e r e n c e n u m b e r.

Pl e a s e n o t e all p ri c e s i n cl u d e p o s t a g e & p a c k a gi n g

RI N A p u bli c ati o n s

F or m or e i nf or m ati o n o n pr e vi o us c o nf er e n c e pr o c e e di n gs or a p u bli c ati o ns c at al o g u e,  pl e as e c o nt a ct t h e P u bli c ati o ns 
d e p art m e nt o n: Tel: + 4 4 ( 0) 2 0 7 2 3 5 4 6 2 2, E m ail: p u bli c ati o ns @ri n a. or g. u k or We bsit e: htt p:// w w w.ri n a. or g. u k

P RI V A C Y
P ers o n al d at a h el d b y RI N A will o nl y b e us e d i n c o n n e cti o n wit h RI N A a cti viti es, a n d will n ot b e p ass e d t o t hir d  p arti es f or ot h er 
us e. F ull d et ails of RI N A’s Pri v a c y P oli c y ar e a v ail a bl e o nli n e. 

I wis h t o r e c ei v e i nf or m ati o n o n t e c h ni c al d e v el o p m e nts i n or r el at e d t o t h e m ariti m e i n d ustr y a n d o n f ut ur e RI N A e v e nts. 
        I u n d erst a n d t h at I m a y st o p r e c ei vi n g  s u c h i nf or m ati o n at a n y ti m e.

N A RI N A P u b s 2 p a g e s.i n d d   2 3 1/ 0 5/ 2 0 1 8   1 0: 4 5: 5 3



4 6

DI A R Y

T h e N a v al Ar c hit e ct J u n e 2 0 1 8

J u n e 1 2 - 1 3, 2 0 1 8

F ut u r e F u el s f o r 2 0 2 0 C o m pli a n c e

S e mi n ar, L o n d o n, U K

m ariti m e. k n ect 3 6 5.c o m/f ut ure-f u els-f or-

s hi p pi n g

 

J u n e 1 8 - 1 9, 2 0 1 8

A d v a n c e d D e si g n of S hi p St r u ct u r e s

Tr ai ni n g c o urs e, Gl as g o w, U K

htt ps:// asr a n et.c o. u k/ C o urs es/

A d v D esi g n of S hi p Str uct ures C S R S  

 

J u n e 1 9, 2 0 1 8

M a riti m e 2 0 2 0

I nt er n ati o n al c o nf er e n c e,  

C o p e n h a g e n, D e n m ar k

htt ps:// w w w. m ariti m e 2 0 2 0.c o m/  

 

J u n e 2 0 - 2 1, 2 0 1 8

Wa r s hi p 2 0 1 8: F ut u r e S u rf a c e Ve s s el s

I nt er n ati o n al c o nf er e n c e, L o n d o n, U K

w w w.ri n a. or g. u k/ e v e nts _ pr o gr a m m e

 

J u n e 2 0 - 2 2, 2 0 1 8

N A V  1 9t h  I nt e r n ati o n al  C o nf e r e n c e   

o n S hi p s a n d M a riti m e R e s e a r c h

I nt er n ati o n al c o nf er e n c e, Tri est e, It al y

w w w. ate n a n a zi o n al e. or g/ n a v/ n a v 2 0 1 8/

 

J u n e 2 7 - 2 9, 2 0 1 8

A u t o n o m o u s  S h i p  T e c h n ol o g y  

S y m p o si u m

I nt er n ati o n al c o nf er e n c e,  

A mst er d a m, fi e N et h erl a n ds

w w w. a ut o n o m o uss hi ps y m p osi u m.c o m  

 

J ul y 3 - 5, 2 0 1 8

S e a w o r k I nt e r n ati o n al

I nt er n ati o n al e x hi biti o n a n d c o nf er e n c e, 

S o ut h a m pt o n, U K

w w w.s e a w or k.c o m

 

J ul y 2 5 - 2 7, 2 0 1 8

I n d o n e si a M a riti m e F o r u m

I nt er n ati o n al c o nf er e n c e,  

J a k art a, I n d o n esi a

w w w.i n a m ari n e- e x hi biti o n. n et/c o nfere nc e  

 

A u g u st 2 2 - 2 4, 2 0 1 8

C o r r o si o n, F ati g u e a n d F r a ct u r e

Tr ai ni n g c o urs e, Gl as g o w, U K

asr a n et.c o. u k/ C o urs es/ C orr osi o n F ati g u e -

Fr act ure

 

A u g u st 2 9 - 3 0, 2 0 1 8

O c e a n s Tr e n d s 2 0 1 8

S e mi n ar, M al m Ö , S w e d e n

htt p://sc h ol ar. w m u.s e/ oc e a nstre n ds  

S e pt e m b er 3 - 5, 2 0 1 8

B a si c N a v al A r c hit e ct u r e 

Tr ai ni n g c o urs e, Gl as g o w, U K

asr a n et.c o. u k/ C o urs es/ B asic N a v al

 

S e pt e m b er 4 - 7, 2 0 1 8

S M M 2 0 1 8

I nt er n ati o n al e x hi biti o n,  

H a m b ur g, G er m a n y

w w w.s m m- h a m b ur g.c o m

 

S e pt e m b er 9 - 1 3, 2 0 1 8

I n t e r n a ti o n al  S hi p  &  O f f s h o r e  

St r u ct u r e s C o n g r e s s

I nt er n ati o n al c o nf er e n c e,  

Li e g e/ B el gi u m, A mst er d a m/ N et h erl a n ds

w w w.issc 2 0 1 8. or g  

 

S e pt e m b er 1 6 - 2 1, 2 0 1 8

I nt e r n ati o n al M a riti m e C o nf e r e n c e o n 

D e si g n f o r S af et y

I nt er n ati o n al c o nf er e n c e,  

K o b e, J a p a n

dfs 2 0 1 8. n a o e. e n g. os a k a- u. ac.j p  

 

S e pt e m b er 2 5 - 2 6, 2 0 1 8

S hi p pi n g 2 0 3 0 Asi a

I nt er n ati o n al c o nf er e n c e, Si n g a p or e

m ariti m e. k n ect 3 6 5.c o m/s hi p pi n g 2 0 3 0-

asi a/

 

S e pt e m b er 2 6 - 2 7, 2 0 1 8

H u m a n F a ct o r s

I nt er n ati o n al c o nf er e n c e, L o n d o n, U K

w w w.ri n a. or g. u k/ H u m a n _ F act ors 2 0 1 8

 

O ct o b er 2, 2 0 1 8

I nt e r n ati o n al G r e e n S hi p pi n g S u m mit

I nt er n ati o n al c o nf er e n c e,  

A mst er d a m, Th e N et h erl a n ds

w w w. gss u m mit. or g

 

O ct o b er 2 4 - 2 5, 2 0 1 8

F ull S c al e P e rf o r m a n c e

I nt er n ati o n al c o nf er e n c e, L o n d o n, U K

w w w.ri n a. or g. u k/ F ull _ Sc al e _ Perf or m a nc e

 

O ct o b er 2 6 - 2 8, 2 0 1 8

N A O M E 2 0 1 8

I nt er n ati o n al c o nf er e n c e,  

S e o ul, S o ut h K or e a  

htt p:// w w w.ic n a o m e. or g/

O ct o b er 2 9 - 3 1, 2 0 1 8

S e at r a d e M a riti m e Mi d dl e E a st

I nt er n ati o n al e x hi biti o n,  

D u b ai, U nit e d Ar a b E mir at es

w w w.s e atr a d e m ariti m e e v e nts.c o m/st m m e

N o v e m b er 1 4 - 1 5, 2 0 1 8

E d u c ati o n & P r of e s si o n al D e v el o p m e nt 

of E n gi n e e r s i n t h e M a riti m e I n d u st r y

I nt er n ati o n al c o nf er e n c e, L o n d o n, U K

w w w.ri n a. or g. u k/ E P D _ 2 0 1 8

 

N o v e m b er 2 6 - 2 7, 2 0 1 8

C o m p ut ati o n al  a n d  E x p e ri m e nt al  

M a ri n e H y d r o d y n a mi c s

I nt er n ati o n al c o nf er e n c e, C h e n n ai, I n di a

htt ps:// w w w.ri n a. or g. u k/ C o m p ut ati o n al _

E x p eri m e nt al _ M ari n e _ H y dr o d y n a mics  

 

D e c e m b er 5, 2 0 1 8

L N G/ L P G S hi p s 2 0 1 8

I nt er n ati o n al c o nf er e n c e, At h e ns, Gr e e c e

htt ps:// w w w.ri n a. or g. u k/ L N G _ L P G 2 0 1 8.

ht ml

 

D e c e m b er 5 - 6, 2 0 1 8

Hi st o ri c S hi p s

I nt er n ati o n al c o nf er e n c e, L o n d o n, U K

w w w.ri n a. or g. u k/ Hist oric _ S hi ps _ 2 0 1 8

 

J a n u ar y 2 2 - 2 3, 2 0 1 9

P o w e r  a n d  P r o p ul si o n  Alt e r n ati v e s   

f o r S hi p s

I nt er n ati o n al c o nf er e n c e, L o n d o n, U K

w w w.ri n a. or g. u k/ e v e nts _ pr o gr a m m e

F e br u ar y 2 7 - 2 8, 2 0 1 9

D esi g n a n d O p e r ati o n of I c e Cl ass Vess els

I nt er n ati o n al c o nf er e n c e, L o n d o n, U K

w w w.ri n a. or g. u k/Ic e _ Cl ass _ 2 0 1 9

 

M ar c h 2 7 - 2 8, 2 0 1 9

P r o p ell e r s  –  R e s e a r c h,  D e si g n,   

C o nst r u cti o n & A p pli c ati o n

I nt er n ati o n al c o nf er e n c e, L o n d o n, U K

htt ps:// w w w.ri n a. or g. u k/ Pr o p ell ers _ 2 0 1 9

 

J u n e 0 4 - 0 7, 2 0 1 9

N o r- S hi p pi n g 2 0 1 9

I nt er n ati o n al e x hi biti o n, Osl o, N or w a y

n or-s hi p pi n g.c o m  

 

S e pt e m b er 2 4 - 2 6, 2 0 1 9

I nt e r n ati o n al C o nf e r e n c e o n 

C o m p ut e r A p pli c ati o n s i n 

S hi p b uil di n g s (I C C A S)

I nt er n ati o n al c o nf er e n c e,  

R ott er d a m, Th e N et h erl a n ds

w w w.ri n a. or g. u k/I C C A S _ 2 0 1 9  

 

N o v e m b er 5 - 8, 2 0 1 9

E u r o p o rt 2 0 1 9

I nt er n ati o n al e x hi biti o n, R ott er d a m

w w w. e ur o p ort. nl

N A J u n e 1 8 _ 4 6.i n d d   4 6 0 1/ 0 6/ 2 0 1 8   1 6: 1 7: 5 4



J oi n u s f or t h e 2 1 st y e ar of S e a w or k!

E ur o p e’ s l ar g e st a n d o nl y 
o n - w at er c o m m er ci al 

m ari n e a n d w or k b o at e x hi biti o n.
 

O v er 7 0 v e s s el s a n d fi o ati n g pl a nt . 

E ur o p e a n C o m m er ci al M ari n e A w ar d s 
( E C M A s)  a n d I n n o v ati o n s S h o w c a s e.

S h o w y o ur l at e st i n n o v ati o n s i n v e s s el s, 
e q ui p m e nt a n d s er vi c e s t o o v er 7, 6 0 0 

m ariti m e pr of e s si o n al s. 

F or m or e i nf or m ati o n c o nt a ct 

t h e e v e nt s t e a m: + 4 4 1 3 2 9 8 2 5 3 3 5  

or e m ail  i nf o @ s e a w or k. c o m

w w w. s e a w or k. c o m

3
5

T O
J U L Y
2 0 1 8

M a y Th o w er P ar k
S o ut h a m pt o n U K

Or g a ni s er :

B O A TI N G B U SI N E S S
B O A TI N G B U SI N E S S & M A RI N E T R A D E N E W S

M e di a p art n er s:

S u p er y a c ht B uil d, R e p air a n d R e Tht Tr ail
M ariti m e Tr ai ni n g & S kill s Tr ail
B e st M ariti m e Pr oj e ct A w ar d
Y o u n g P er s o n’ s D e v el o p m e nt A w ar d
C o m p o sit e s P a vili o n

N E W f or 2 0 1 8!

S p e e d @ S e a w or k
S e a Tri al s  & C o nf er e n c e

E ur o p e 2 0 1 8

2 - 3 J ul y 2 0 1 8

R E GI S T E R

N O W A T

S E A W O R K. C O M

S WI _ A 4 M a st er _ S C R A T C H D R A F T.i n d d   1 1 9/ 0 4/ 2 0 1 8   1 6: 5 6N A J u n e 1 8 _ 4 7.i n d d   5 3 0/ 0 5/ 2 0 1 8   0 7: 4 4: 4 3



 
 

 
 

 

  

 
 

 

N A J u n e 1 8 _ 4 8.i n d d   5 3 0/ 0 5/ 2 0 1 8   0 7: 4 5: 0 8


	NA June18_01
	NA June18_02
	NA June18_03
	NA June18_04
	NA June18_05
	NA June18_06
	NA June18_07
	NA June18_08
	NA June18_09
	NA June18_10
	NA June18_11
	NA June18_12
	NA June18_13
	NA June18_14
	NA June18_15
	NA June18_16
	NA June18_17
	NA June18_18+19
	NA June18_20
	NA June18_21
	NA June18_22
	NA June18_23
	NA June18_24
	NA June18_25
	NA June18_26
	NA June18_27
	NA June18_28+29
	NA June18_30+31
	NA June18_32+33
	NA June18_34+35
	NA June18_36
	NA June18_37
	NA June18_38
	NA June18_39
	NA June18_40
	NA June18_41
	NA June18_42
	NA June18_43
	NA June18_44+45
	NA June18_46
	NA June18_47
	NA June18_48

