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C o u ncil’s vi e ws.
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 1 0  N e ws A n al ysis
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 4 5- 4 8  I c e br e a k er s| T h e m yst er y of t h e first  

   i c e br e a k er

 4 9- 5 0  Pr o p ul si o n | T h e e v ol uti o n of m ari n e  
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S e a w or k i s o p e n f or b u si n e s s – all y e ar

R e s er v e n o w f or 2 0 2 1. M a k e t h e m o st of m ar k eti n g & P R s u p p ort 
fr o m S e a w or k a n d o ur l e a di n g c o m m er ci al m ari n e m a g a zi n e s, i n 
pri nt, o nli n e, e N e w s a n d vi a s o ci al m e di a.

E ur o p e’ s l e a di n g 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.

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, 7 0 0 m ariti m e pr of e s si o n al s.
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T h e f ut ur e of C hi n a’ s s ci e nti fh c r e s e ar c h 
v e s s el s

A si g ni Th c a nt s hi p s n e a k p e e k wit h 
C M A C G M J a c q u e s S a a d é 

Alt er n ati v e lif e b o at 
p o siti o ni n g; i n n o v ati v e 

d e si g n or si m pl y 
d a n g er o u s ? 

1 4

2 0

2 5

 1 6- 4 2  F e at ur e s

F e at ur e 1  C hi n a

 1 6- 1 9  C hi n es e r es e ar c h v ess els: t h e p ast, t h e  
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 2 0- 2 1  C M A C G M’s g as gi a nt
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 2 4  S e af ar ers a n d s hi ps: e n h a n ci n g o n b o ar d  
  c a bi n c o mf ort wit h c o n n e cti vit y

F e at ur e 3  S hi p s af et y

 2 5  Is lif e b o at a c c essi bilit y t a k e n s eri o usl y ?

 2 6- 2 7  S a vi n g li v es t hr o u g h pr e di cti v e m o d elli n g  
  a n d a n o n y m o us d at a s h ari n g
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 3 0- 3 1  A v oi di n g v ess el gr o u n di n g – a p pl yi n g d at a  
  t o l e ar n fr o m p ast o p er ati o ns

 3 1- 3 2  C utti n g o ut t h e w el di n g

F e at ur e 4  C F D & h y dr o d y n a mi c s

 3 3  A c hi e vi n g effi ci e nt s cr u b b er d esi g n wit h  
  t w o- p h as e C F D

 3 4- 3 6  G etti n g t h e m ost o ut of C F D, a s h ort g ui d e

 3 7- 4 1  H o w d o es t h e s urr o u n di n g b uilt  
  e n vir o n m e nt aff e ct t h e wi n d f or c es o n  
  m o or e d s hi ps i n p orts ?

 4 1- 4 2  S hi p pr o p ulsi o n ‘i n b e hi n d’ o pti mis ati o n  
  b y C F D

C o nt e nt s |  F E B R U A R Y 2 0 2 1
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Di git al E diti o n s

fte N a v al Arc hitect  is p u blis h e d i n pri nt a n d di git al e diti o ns.  Th e 

c urre nt a n d arc hi ve d di git al e diti o ns m a y b e re a d o n P C, i Pa d or ot her 

t o u c h p a d. 

Visit htt p: w w w//ri n a. or g. u k/ Na v al- arc hite ct- di git al. ht ml t o re a d t he 
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SI G NI FI C A N T
S M A L L S HI P S  O F  2 0 2 0

C o m prisi n g  ar o u n d  2 5- 3 0  fhrst-i n-

cl ass  v ess els  u n d er  1 0 0 m  i n  l e n gt h 

d eli v er e d  d uri n g  t h e  y e ar,  t h e 

2 0 2 0  e diti o n  of Si g ni Th c a nt  S m all 

S hi ps is  p u blis h e d  i n  F e br u ar y  2 0 2 1. 

F e at uri n g g e n er al arr a n g e m e nts, s hi p 

d es cri pti o ns,  t e c h ni c al  p arti c ul ars 

a n d  p h ot o gr a p hs,  t h e  p u bli c ati o n 

c o v ers  a  wi d e  r a n g e  of  s hi p  t y p es, 

i n cl u di n g:

•  F erri es a n d p ass e n g er v ess els

•  T u gs a n d w or k b o ats

•  Fis hi n g v ess els

•  P atr ol a n d r es c u e b o ats

•  S u p er y a c hts a n d t e n d ers

Or d er y o ur c o p y t o d a y.

2 0 2 0 v e s s el s i n cl u d e:

•  Q u e e n B e etl e

•  VI C T A

•  M a y ft o w er 4 0 0

A v ail a bl e t o 
or d er

Si n gl e c o p y:

RI N A m e m b er £ 4 1 
N o n - m e m b er £ 4 7 

S et ( o n e e a c h of Si g nifi c a nt 
S hi p s of 2 0 2 0 & Si g nifi c a nt 

S m all S hi p s of 2 0 2 0 ):

RI N A m e m b er £ 6 1
N o n - m e m b er £ 6 8

W h e n  or d eri n g  pl e a s e 
a d vi s e  if  pri nt e d  or  U S B 

f or m at i s r e q uir e d.

Fr e e di git al - o nl y a c c e s s 
t o t h e p u bli c ati o n will b e 

a v ail a bl e t o RI N A m e m b er s 
vi a o ur w e b sit e.

SI G NI FI C A N T
S HI P S  O F  2 0 2 0

P u blis h e d  i n  F e br u ar y  2 0 2 1, Si g ni Th c a nt 

S hi ps  of  2 0 2 0   bri n gs  t o g et h er  m or e  

t h a n  3 5  n ot a bl e  n e w b uil di n gs 

d eli v er e d  d uri n g  t h e  pr e vi o us  y e ar. 

As  e v er,  t h e  p u bli c ati o n  will  f e at ur e 

g e n er al  arr a n g e m e nts,  c o n cis e 

d es cri pti o ns, i n- d e pt h p arti c ul ar d et ails 

a n d  p h ot o gr a p hs  of  e a c h  v ess el. 

V ess el t y p es will i n cl u d e:

•  Cr uis e s hi ps

•  R o- p a x a n d r o-r os

•  L N G t a n k ers

•  C o nt ai n er s hi ps

•  Pr o d u ct t a n k ers2 0 2 0 v e s s el s i n cl u d e:

•  C M A C G M J a c q u e s S a a d é

•  H M M Al g e cir a s 

•  S c arl et L a d y

A v ail a bl e t o 
or d er

Si n gl e c o p y:

RI N A m e m b er £ 4 1 
N o n - m e m b er £ 4 7 

S et ( o n e e a c h of Si g nifi c a nt 
S hi p s of 2 0 2 0 & Si g nifi c a nt 

S m all S hi p s of 2 0 2 0 ):

RI N A m e m b er £ 6 1
N o n - m e m b er £ 6 8

W h e n  or d eri n g  pl e a s e 
a d vi s e  if  pri nt e d  or  U S B 

f or m at i s r e q uir e d.

Fr e e di git al - o nl y a c c e s s 
t o t h e p u bli c ati o n will b e 

a v ail a bl e t o RI N A m e m b er s 
vi a o ur w e b sit e.

W e als o m ar k t h e 3 0t h a n ni v ers ar y of t h e Thrst e diti o n of Si g ni Th c a nt 
S hi ps  b a c k i n 1 9 9 1 wit h a s p e ci al r etr os p e cti v e f e at ur e. 
Or d er y o ur c o p y t o d a y.
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E DI T O RI A L C O M M E N T

‘ Fr a n k e nst ei n f u el’ or 
f e ar m o n g eri n g ?

W a k a s hi o ’ s gr o u n di n g i n J ul y 2 0 2 0 h a s r ai s e d s o m e 

u n c o mf ort a bl e q u e sti o n s a b o ut t h e p o s si bl e r ol e of V L S F O. 

S o ur c e: I M O

A  
fe w m o nt hs a g o (T N A  N o v 2 0 2 0) 

I us e d t his c ol u m n t o b e m o a n t h e 

c h all e n g es of b ei n g a m ariti m e 

j o ur n alist a n d I o u g ht t o b e gi n b y t h a n ki n g 

t h os e  r e a d ers  w h o  g a v e  m e  s o m e  v er y  

p ositi v e f e e d b a c k. I m e nti o n e d at t h e ti m e 

t h at a  p u bli c ati o n s u c h as t his o n e e xists 

i n a wi d er e c os yst e m, a s y m bi osis wit h t h e 

wi d er m ari n e i n d ustr y a n d its c o m m u ni -

c ati o n c h a n n els. T h e s a m e d o es n’t t e n d t o 

a p pl y w h e n it c o m es t o m ai nstr e a m m e di a 

c o v er a g e of s hi p pi n g; t h er e’s l ess n e e d f or 

di pl o m a c y a n d t h at c a n h a v e b ot h p ositi v es 

a n d n e g ati v es. 

As m a n y will r e m e m b er, i n J ul y 2 0 2 0 

t h e  J a p a n e s e  b ul k  c a r ri e r  W a k as hi o  

r a n a gr o u n d o ff t h e c o ast of M a uriti us, 

g r a d u all y  br e a ki n g  u p  a n d  s pilli n g  a n  

esti m at e d 1, 0 0 0 m etri c t o n n es of f u el oil. 

fh e i n ci d e nt h as b e e n d es cri b e d as t h e 

w orst e n vir o n m e nt al dis ast er e v er e x p eri -

e n c e d b y t h e isl a n d, c a usi n g h u g e d a m a g e 

t o  m a ri n e  f a u n a,  wit h  s o m e  r e p ort s  

s u g g esti n g  t h e  i ns ur a n c e  p a y o ut  c o ul d  

r e a c h u p t o U S $ 1 0 billi o n. 

A m o n g t h os e w h o st art e d i n v esti g ati n g 

w as Nis h a n D e g n ar ai n, a n e c o n o mist a n d 

r e g ul ar c o ntri b ut or t o t h e b usi n ess j o ur n al 

F or b es . A Th er it e m er g e d t h at W a k as hi o  

w as  c ar r yi n g  v er y  l o w  s ul p h ur  f u el  oil  

( V L S F O), D e g n ar ai n’s c o v er a g e i n cr e as-

i n gl y f o c us e d n ot o nl y o n h o w littl e w as 

k n o w n a b o ut V L S F O’s p ot e nti al e n vir o n -

m e nt al  i m p a ct,  b ut  als o  t h e  r ol e  t his  

“ Fr a n k e nst ei n f u el” mi g ht h a v e pl a y e d i n 

t h e c a us es of t h e gr o u n di n g its elf. 

I n D e c e m b er, wit h t h e h el p of s at ellit e 

a n al ysts  G e oll e ct,  D e g n ar ai n  r e p ort e d  

e vi d e n c e of c h a n g es t o t h e v o y a g e pl a n 

i n  t h e  d a ys  l e a di n g  u p  t o  t h e  i n ci d e nt  

t h at i m pl y W a k as hi o ’s o p er at ors, Mits ui 

O S K Li n es ( M O L), m a y h a v e b e e n a w ar e 

of a pr o bl e m. M or e r e c e ntl y u n e art h e d 

e vi d e n c e f urt h er s u g g ests t h e v ess el dri ft e d 

f or s e v er al h o urs pri or t o t h e gr o u n di n g at 

a 9 0 d e gr e e a n gl e, s o m et hi n g c o nsist e nt 

wit h e n gi n e f ail ur e. Th e c a us e, D e g n ar ai n 

s u g g est e d, m a y h a v e b e e n o ff-s p e c V L S F O. 

L ast m o nt h, B P, w hi c h s u p pli e d W a k as h -

i o’s V L S F O, r ej e ct e d w h at it d es cri b e d as 

“ b as el ess  a c c us ati o ns”,  w hil e  M O L  h as  

c all e d t h e F or bes  r e p ort “s eri o usl y fl a w e d” 

a n d s ai d t h e s hi p’s f u el w as o n-s p e c. 

A n ot h e r  a rti cl e  d et ail e d  a  q u a si  

ti m eli n e t o w h at D e g n ar ai n ( or at l e ast 

a p u bli cit y c o ns ci o us F or b es  e dit or) d u bs 

“ S hi p pi n g- g at e”, l o o ki n g at t h e hist or y of 

t h e s ul p h ur c a p ( as w ell as s o m e t e n u o us 

c o n n e cti o ns t o l ast y e ar’s f u el pri c e cr as h 

i n t h e w a k e of C o vi d- 1 9). I n p arti c ul ar, 

h e is d a m ni n g of I M O f or its pr e v ari c a -

ti o n, a c c usi n g s e cr et ar y g e n er al Kit a c k 

Li m  of  ‘ b etti n g’  o n  V L S F O  b ei n g  t h e  

w a y f or w ar d w h e n t h e s ul p h ur li mit w as 

a p pr o v e d at M E P C 7 3 i n O ct o b er 2 0 1 8. 

V L S F O,  D e g n a r ai n  cl ai ms,  eff e cti v el y  

di d n’t e xist b ef or e t his ti m e.

R e g ul ar r e a d ers ar e pr o b a bl y tir e d of 

h e ari n g  m e  r ef er  t o  t h e  d e b a cl e  of  t h e 

B all ast Wat er M a n a g e m e nt C o n v e nti o n, 

b ut t h er e’s n o q u esti o n t h at t h e criti cis m 

s urr o u n di n g t h e pr otr a ct e d i m pl e m e nt a -

ti o n of t h at r e g ul ati o n g al v a nis e d I M O, 

a n d p arti c ul arl y Li m, w h e n it c a m e t o t h e 

s ul p h ur c a p’s h ar d d e a dli n e of 1 J a n u ar y 

2 0 2 0.  M or e o v er,  v er y  l o w  s ul p h ur  f u el  

bl e n ds h a d b e e n i n r e g ul ar us e f or t h e 

b est p art of fi v e y e ars a n d m a n y of t h e 

pr o bl e ms – v ol atilit y, c at fi n es, vis c osit y 

a n d w a x d e p osits, t o n a m e a f e w – w er e 

alr e a d y w ell- k n o w n a n d wi d el y dis c uss e d 

l o n g  b ef or e  l ast  y e ar.  Mi g ht  I M O  h a v e 

i m p os e d stri ct er r e q uir e m e nts i n t er ms 

of t esti n g a n d v erif yi n g t h e c o m p ati bilit y 

of di ff er e nt V L S F O bl e n ds? P ossi bl y, b ut 

hist ori c all y t h e o n us h as al w a ys b e e n o n 

s hi p pi n g’s a bilit y t o s elf g o v er n a n d t h e 

c o o p er ati o n of all st a k e h ol d ers. 

T h e r e  is,  q uit e  ri g htl y,  a n g e r  at  t h e  

d a m a g e c a us e d o ff t h e M a uriti a n c o ast 

a n d d esir e t o fi n d t h os e a c c o u nt a bl e. At 

t h e ti m e of writi n g, t h e U nit e d N ati o ns 

H u m a n  Ri g ht s  A g e n c y  ( U N O H C R)  is  

i n  t h e  mi d st  of  a n  i n v e sti g ati o n  i nt o  

w h et h er t h e t o xi cit y of c h e mi c als us e d 

i n  V L S F O  mi g ht  c o nstit ut e  a  h u m a n  

ri g hts vi ol ati o n. Th er e is als o, a g ai n q uit e 

ri g htl y,  s u s pi ci o n  t h at  s hi p  o p e r at ors,  

oil m aj ors a n d p ossi bl y e v e n r e g ul at ors 

mi g ht c oll u d e t o c o n c e al t h e f a cts a b o ut 

t h e s af et y of l o w-s ul p h ur f u els, or at t h e 

v er y l e ast b e g uilt y of cri mi n al n e gli g e n c e. 

P ut bl u ntl y, s o m e of t h os e i n v ol v e d h a v e a 

p e n c h a nt f or c o n d u cti n g t h eir a ff airs wit h 

l ess t h a n c o m pl et e tr a ns p ar e n c y. A d d e d 

t o t h at ar e t h e wi d er s o ci et al c o n c er ns 

a b o ut t h e ‘ gr e e n w as hi n g’ u n d ert a k e n b y 

s o m e m aj or c or p or ati o ns.

B ut at t h e s a m e ti m e, t h er e is t h e n e e d 

f or  f air  a n d  i n d e p e n d e nt  i n v esti g ati o n;  

c o nf r o nt e d  wit h  t h e  k a n g ar o o  c o urt  of 

s o ci al m e di a a n d cli c k b ait c ult ur e it’s m or e 

i m p ort a nt t h a n e v er n ot t o gi v e gr o u n d t o 

m o b r ul e ( w e o nl y n e e d t o r e c all t h e s c e n es 

i n Was hi n gt o n D C a f e w w e e ks a g o). 

Fi n all y, l et’s n ot f or g et t h at d es ul p h uri -

s ati o n of f u els is als o h el pi n g t o r e d u c e 

p oll uti o n a n d s a v e li v es. A p a p er p u blis h e d 

l ast  y e ar  b y  t h e  I nt e r n ati o n al  J o u r n al  

of  E n vir o n m e nt al  R es e ar c h  a n d  P u bli c  

H e alt h i nt o t h e i m p a ct of B alti c s hi p pi n g 

e missi o ns c o n cl u d e d t h at t h e 0. 1 % li mit 

i n B alti c S ul p h ur E missi o n C o ntr ol Ar e as 

( S E C As) h a d r e d u c e d pr e m at ur e d e at hs 

i n c o ast al ar e as b y a p pr o xi m at el y a t hir d 

( o v er 1, 0 0 0 c as es) i n 2 0 1 6, o n e y e ar a Th er 

its i ntr o d u cti o n. It h as b e e n pr o v e n m or e 

t h a n o n c e t h at e n vir o n m e nt al p oli ci es c a n 

a n d d o m a k e a di ff er e n c e. N A

T h e N a v al Ar c hit e ct F e br u ar y 2 0 2 1 7
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C o nt ai n er s hi p s

C o nt ai n er s hi ps s uff er 

h u g e c ar g o l oss es 
fh e s af et y of c o nt ai n er s hi ps is a g ai n i n t h e s p otli g ht 

a Th er s e v er al s eri o us i n ci d e nts t hr o u g h o ut D e c e m b er 

a n d J a n u ar y, wit h a m assi v e n u m b er of c o nt ai n er 

l oss es t a ki n g pl a c e d uri n g h e a v y st or ms i n t h e P a ci fi c.

O n  3  D e c e m b e r,  it  w a s  r e p o rt e d  t h at  t h e  

1 4, 0 0 0 T E U  O N E A p us h a d l ost a p pr o xi m at el y 1, 9 0 0 

c o nt ai n e rs  o v e r b o ar d,  s o m e  c ar r yi n g  d a n g e r o us  

g o o ds, w hil e tr a v elli n g fr o m Ya nti a n, C hi n a, t o L o n g 

B e a c h, C alif or ni a. ft e 2 0 1 9- b uilt v ess el, w hi c h is p art 

of O c e a n N et w or k E x pr ess’s ( O N E) F ar E ast P a ci fi c 

2 ( F P 2) s er vi c e, s u ff er e d a st a c k c oll a ps e d uri n g g al e 

f or c e wi n ds a n d l ar g e s w ells. N o cr e w w er e h ar m e d 

a n d o n 8 D e c e m b er, O N E A p us  b ert h e d at K o b e, 

J a p a n, w h er e o ffl o a di n g of c ar g o a n d r e p air w or k 

c o m m e n c e d. I niti al esti m at es b y i ns ur ers p ut t h e 

fi n a n ci al c ost at U S $ 2 0 0 milli o n.

Th e n, o n 1 6 J a n u ar y, a p pr o xi m at el y 7 5 0 c o nt ai n -

ers w er e l ost o v er b o ar d fr o m t h e 1 3, 1 0 0 T E U M a ers k 

Ess e n  ( b uilt 2 0 1 0) d uri n g w h at w as d es cri b e d as a 

“r o u g h s e a e n c o u nt er” w hil e e n r o ut e fr o m Xi a m e n, 

C hi n a, t o L os A n g el es. A g ai n, t h er e w er e n o r e p orts 

of c as u alti es a n d at t h e ti m e of g oi n g t o pr ess M a ers k 

Ess e n  w as h e a di n g f or L a z ar o C ar d e n as, M e xi c o, f or 

a n i niti al c ar g o ass ess m e nt a n d s ur v e y.

F urt h er r e c e nt i n ci d e nts i n cl u d e t h e l oss of 7 6 

c o nt ai n ers fr o m E. R. Ti a n pi n g , o n a c h art er e d v o y a g e 

fr o m S o ut h K or e a a n d N ort h A m eri c a i n J a n u ar y, a n d 

3 6 c o nt ai n ers fr o m E v er gr e e n M ari n e’s E v er Li b er al 

o ff t h e c o ast of J a p a n at t h e e n d of D e c e m b er.

I n 2 0 2 0, t h e W orl d S hi p C o u n cil C o u n cil c al c ul at e d 

t h at a n a v er a g e of 1, 3 8 2 c o nt ai n ers h a d b e e n l ost 

a n n u all y f or t h e l ast 1 2 y e ars. Th e t ot al f or t h e p ast 

t w o m o nt hs al o n e is t h o u g ht t o b e cl os e t o 3, 0 0 0 

c o nt ai n ers.

Cl a s si Th c ati o n s o ci eti e s 

D N V G L r e v erts n a m e t o 

D N V
D N V G L is t o c h a n g e its n a m e t o D N V wit h e ff e ct fr o m 

1 M ar c h, ei g ht y e ars a Th er t h e m er g er w hi c h br o u g ht 

cl assi fi c ati o n s o ci eti es D N V ( D et N ors k e Verit as) a n d 

G L ( G er m a nis c h er Ll o y d) t o g et h er.

I n a st at e m e nt, D N V G L c o m m e nts t h at: “ Th e m o v e 

c o m es a Th er a c o m pr e h e nsi v e r e vi e w of t h e c o m p a n y’s 

str at e g y as it p ositi o ns its elf f or a w orl d i n w hi c h m a n y 

of D N V’s m ar k ets are u n d er g oi n g f u n d a m e nt al c h a n g e.” 

It a d ds: “ fi e 2 0 2 0s h as b e e n c all e d t h e d e c a d e of 

tr a nsf or m ati o n or t h e “e x p o n e nti al d e c a d e”, w h er e 

t h e  p a c e  of  t h e  e n er g y  t r a nsiti o n  will  b e  s et  a n d 

w h er e f o o d, h e alt h a n d tr a ns p ort s yst e ms will c h a n g e 

i m m e ns el y a n d di git al t e c h n ol o gi es u n d er pi n ni n g 

i n d ustr y 4. 0 will m at ur e fr o m e x p eri m e nt ati o n i nt o 

l ar g e-s c al e a p pli c ati o n.”

R e mi Eri ks e n, Gr o u p Pr esi d e nt a n d C E O, j usti fi es 

t h e d e cisi o n b y s a yi n g: “It w as n ot a n a m e t h at r oll e d 

o ff t h e t o n g u e, a n d m a n y c ust o m ers alr e a d y r ef er t o t h e 

c o m p a n y as D N V.” He c o nti n u es: “ A si m pl er n a m e will 

b e a n e v e n str o n g er tr ust m ar k f or o ur c ust o m ers i n 

t h e f ut ur e, b ut still c arri es wit h it all o ur str e n gt hs a n d 

pr o u d 1 5 7- y e ar- ol d l e g a c y wit h a p ur p os e t o s af e g u ar d 

lif e, pr o p ert y a n d t h e e n vir o n m e nt.” 

W hil e still b est k n o w n f or its i n v ol v e m e nt i n t h e 

m ariti m e i n d ustr y, li k e m a n y cl assi fi c ati o n s o ci eti es 

D N V G L h as i n cr e asi n gl y di v ersi fi e d its ass ur a n c e a n d 

ris k m a n a g e m e nt s er vi c es o v er r e c e nt y e ars. 

C o vi d - 1 9

I n d ustr y l e a d ers si g n 

N e pt u n e D e cl ar ati o n t o 

e n d s e af ar er crisis

M or e  t h a n  3 0 0  m ariti m e  c o m p a ni es  a n d  h u m a n  

ri g hts gr o u ps h a v e pl e d g e d t o s u p p ort a n e w Gl o b al 

M ariti m e F or u m-l e d i niti ati v e d esi g n e d t o e n d t h e 

cr e w c h a n g e crisis c a us e d b y t h e C o vi d- 1 9 p a n d e mi c, 

it w as a n n o u n c e d o n 2 6 J a n u ar y.

fi e Ne pt u n e D e cl ar ati o n o n S e af ar er Well b ei n g a n d 

Cr e w C h a n g e c o nsists of f o ur m ai n a cti o ns d e vis e d t o 

f a cilit at e cr e w w hil e m ai nt ai ni n g gl o b al s u p pl y c h ai ns:

• R e c o g nis e s e af ar ers as k e y w or k ers a n d gi v e t h e m 

pri orit y a c c ess t o C o vi d- 1 9 v a c ci n es

• Est a blis h  a n d  i m pl e m e nt  g ol d  st a n d ar d  h e alt h  

pr ot o c ols b as e d o n e xisti n g b est pr a cti c e

• I n cr e as e c oll a b or ati o n a m o n g s hi p o p er at ors a n d 

c h art er ers t o f a cilit at e cr e w c h a n g es

• E ns ur e  air  c o n n e cti vit y  b et w e e n  k e y  m ariti m e  

h u bs f or s e af ar ers

M a er s k E s s e n , pi ct ur e d i n 2 0 1 1. S o ur c e: A n d y N u n n
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It is esti m at e d t h at ar o u n d 4 0 0, 0 0 0 s e af ar ers h a v e 

b e e n l e fh str a n d e d b y t h e c or o n a vir us p a n d e mi c a Th er 

t h eir i niti al c o ntr a cts e x pir e d a n d t h e y w er e u n a bl e 

t o dis e m b ar k. N ot wit hst a n di n g t h e i m p a ct o n t h eir 

w ell b ei n g, it h as c a us e d si g ni fi c a nt disr u pti o n t o t h e 

s af et y a n d l o gisti cs of gl o b al s e a tr a d e. A m o n g t h e 

N e pt u n e D e cl ar ati o n’s si g n at ori es ar e A. P. M øll er 

– M ærs k, B P, B W, C ar gill, C os c o, E ur o n a v, MI S C, 

N Y K, Ri o Ti nt o, S h ell, I nt er M a n a g er a n d Ll o y d’s 

R e gist er ( L R). 

I nt er M a n a g er pr esi d e nt, M ar k O’ N eil, d es cri b e d 

t h e D e cl ar ati o n as a “ h u g e st e p f or w ar d f or s e af ar ers’’, 

a d di n g: “ We h a v e a s h ar e d r es p o nsi bilit y a cr oss t h e 

e ntir e m ariti m e v al u e c h ai n t o r es ol v e t his crisis as 

s o o n as p ossi bl e. It’s pr o misi n g t o h a v e s o m a n y gl o b al 

i n d ustr y a n d h u m a n ri g hts l e a d ers i n v ol v e d i n t h es e 

e ff orts, a n d t h at st e ps t o w ar d e n di n g t h e cr e w c h a n g e 

crisis ar e b ei n g gi vi n g s u c h w ei g ht e d l e v er a g e.”

Ni c k  Br o w n,  C E O  of  L R  c o m m e nts:  “ D e s pit e  

e ff orts b ei n g m a d e b y i nt er n ati o n al or g a nis ati o ns, 

u ni o ns,  c o m p a ni es  a n d  g o v e r n m e nts  ar o u n d  t h e  

w orl d t o r es ol v e t h e cr e w c h a n g e crisis, f urt h er a cti o n 

is ur g e ntl y r e q uir e d. It is vit al t h at w e s af e g u ar d a n d 

pr ot e ct t h e c o m mitt e d k e y w or k ers w h o m ai nt ai n o ur 

gl o b al m ariti m e s u p pl y c h ai n a n d h a v e b e e n o n t h e 

fr o ntli n e t hr o u g h o ut t his p a n d e mi c.”

S hi p b uil di n g

C hi n a r et ur ns t o ( d wt) 

or d er b o o k t o p s p ot
C hi n e s e  s hi p b uil d e rs  h a v e  g ai n e d  t h e  a d v a nt a g e 

o v er t h eir S o ut h K or e a n ri v als f or t h e first ti m e i n 

t w o y e ars, at l e ast i n t e r ms of d e a d w ei g ht t o n n es 

( d wt), a c c or di n g t o fi g ur es p u blis h e d b y t h e C hi n es e 

Ass o ci ati o n of S hi p b uil di n g I n d ustr y ( C A N SI).

C A N SI s a ys t h at n e w v ess el or d ers t ot alli n g 2 8. 9 

milli o n d wt w er e s e c ur e d d uri n g 2 0 2 0, a dr o p of 0. 5 % 

o n t h e pr e vi o us y e ar, b ut r e pr es e nti n g a 4 8. 8 % s h ar e 

of t h e gl o b al m ar k et. C o m pl et e d t o n n a g e b y C hi n es e 

y ar ds r os e b y 4. 9 % t o 3 8. 5 3 milli o n d wt ( 4 3. 1 %). ft e 

h ol di n g or d er b o o k dr o p p e d b y 1 2. 9 % f r o m a y e ar 

e arli er t o 7 1. 1 1 milli o n d wt ( 4 4. 7 %).

H o w e v er, fi g ur es p u blis h e d b y Cl ar ks o n R es e ar c h 

S er vi c es i n J a n u ar y, b as e d o n c o m p e ns at e d g r oss 

t o n n a g e ( C G T) s u g g est t h at S o ut h K or e a still h as t h e 

u p p er h a n d, t h a n ks i n p art t o a l at e fl urr y of or d ers at 

t h e e n d of t h e y e ar. 

It s a ys t h at K or e a n y ar ds w o n or d ers f or 1 8 7 v ess els 

a m o u nti n g t o 8. 1 9 milli o n C G T ( 4 3 %) d uri n g 2 0 2 0, 

wit h C hi n a c o mi n g s e c o n d at 7. 9 3 milli o n C G T ( 3 5 3 

s hi ps, or 4 1 %). Th e K or e a n fi g ur es w er e b olst er e d i n 

p arti c ul ar b y d e m a n d f or l ar g e L N G c arri ers, wit h 3 6 

s u c h v ess els or d er e d i n D e c e m b er al o n e.

E arli er i n t h e m o nt h, Cl ar ks o ns s ai d t h at t h e gl o b al 

or d er b o o k h a d dr o p p e d t o its l o w est l e v el i n 3 1 y e ars 

c o m p ar e d t o t h e e xisti n g fl e et, f alli n g t o 5 3. 9 milli o n 

d wt, a g ai nst 7 6 milli o n d wt t h e pr e vi o us y e ar (s e e als o 

p 1 4- 1 5). 

Alt er n ati v e f u el s

S hi p F C pr oj e ct t ar g ets 

a m m o ni a f u el c ells
A pr oj e ct t h at h as s e c ur e d a U S $ 1 2 milli o n gr a nt 

fr o m t h e E ur o p e a n U ni o n’s H ori z o n 2 0 2 0 r es e ar c h 

a n d i n n o v ati o n pr o gr a m m e is ai mi n g t o pr o v e t h e 

f e asi bilit y of a m m o ni a f u el c ells f or d e e p-s e a s hi p pi n g.

S hi p F C,  wit h  pr oj e ct  p art n e rs  i n cl u di n g  N C E  

M ariti m e Cl e a nt e c h, t h e U ni v ersit y of Str at h cl y d e 

a n d o p er at or Ei d es vi k, will s e e o ffs h or e v ess el Vi ki n g 

E n er g y  r etr o fitt e d wit h a 2 M W f u el c ell p o w er e d b y 

gr e e n a m m o ni a b y l at e 2 0 2 3, all o wi n g it t o o p er at e 

f or at l e ast 3, 0 0 0 h o urs a n n u all y o n cl e a n f u el. B ut 

t h e l o n g er-t er m ai m is t o s c al e t his u p t o f ar m or e 

a m biti o us 2 0 M W f u el c ell s ol uti o n.

“ O n c e t h e first p h as e of t h e pr oj e ct is c o m pl et e d, 

t h at’s w h e n t h e f u n st arts,” e x pl ai ns Dr Mi c h ail C h eli o-

tis, R es e arc h Ass o ci at e at t h e U ni v ersit y of Str at h cl y d e, 

w hi c h is l e a d p art n er i n t h e pr oj e ct. “ Th e h u g e di ffere n c e 

i n s c o p e m a k es S hi p F C m u c h m or e i nt er esti n g t h a n 

j ust a r e pli c ati o n of Vi ki n g E n er g y … b e c a us e a 2 0 M W 

p o w er pl a nt r e q uir es si g ni fi c a ntl y di ff er e nt tr e at m e nt.” 

C h eli otis s a ys t h e pr oj e ct will als o c o nsi d er a b ul k 

c arri er, o ffs h or e c o nstr u cti o n v ess el a n d c o nt ai n er 

s hi p, w or ki n g cl os el y wit h t h e r es p e cti v e s hi p o w n ers 

t o d et er mi n e t h eir p arti c ul ar r e q uir e m e nts. S hi p F C 

will als o e x a mi n e t h e a m m o ni a s u p pl y c h ai n. B er g e n-

b as e d  t e c h n ol o g y  d e v el o p m e nt  c o m p a n y  Pr ot e c h 

will b e r es p o nsi bl e f or t h e s u p pl y a n d i nst all ati o n of 

Vi ki n g E n er g y ’s 2 M W f u el c ells. N A

Vi ki n g E n er g y . I m a g e: N C E M ariti m e Cl e a nt e c h
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I
t s e e ms m u c h l o n g er t h a n a y e ar si n c e s hi p pi n g w as 

b e gi n ni n g t o a bs or b t h e e ff e cts of t h e I M O S O x c a p 

a n d c or o n a vir us w as u n h e ar d of. fh e o nl y i n kli n g 

of w h at w as t o c o m e w er e r e p orts of a n e w t y p e of 

p n e u m o ni a circ ul ati n g i n C hi n a. Th er e h a v e b e e n s o m e 

iss u es o v er t h e y e ar wit h r e g ar d t o n e w 2 0 2 0 c o m pli a nt 

f u els, b ut o v er all t h e c ar n a g e a n d c at astr o p h es t h at s o m e 

w er e pr e di cti n g h a v e n ot a ct u all y m at eri alis e d. 

ft e vir us, h o w e v er, h as pr o v e n t o b e t h e m ost disr u p -

ti v e t hi n g t o h a v e h a p p e n e d t o s hi p pi n g si n c e t h e 1 9 4 0s, 

a n e v e n bi g g er pr o bl e m t h a n t h e oil cris es of t h e 1 9 7 0s. It 

is h o p e d t h at t h e r olli n g o ut of v a c ci n es m a y e v e nt u all y 

bri n g a n e n d t o t h e iss u es of str a n d e d cre ws a n d tr a v el 

r estri cti o ns. Thr o u g h o ut J a n u ar y, t h er e h a v e b e e n c alls 

f or s e af arers a n d ot h er ess e nti al m ariti m e w or kers t o b e 

gi v e n pri orit y b ut t h at d o es n ot s e e m t o b e h a p p e ni n g 

as y et. I n f a ct, wit h n e w v ari a nts of t h e vir us d e v el o pi n g, 

it w o ul d s e e m t h at m a n y c o u ntri es ar e a ct u all y r aisi n g 

b arri c a d es hi g h er.

Wit h t h e v a c ci n es h as c o m e a ris e i n t h e pri c e of cr u d e 

oil a n d b u n kers. H o we ver, it h as b e e n a st utteri n g u p w ar d 

tre n d r at h er t h a n a s u d d e n gr o wt h. Ne v ert h el ess, s o m e 

are c o n vi n c e d t h at t h e ris e will b e c o m e s ust ai n e d a n d it 

h as p urs u a d e d s o m e o w n ers t o re visit s cr u b b ers. 

F oll o wi n g a n i ncre as e i n s cr u b b er i nst all ati o ns i n 2 0 1 9, 

t h e pr e ci pit o us dr o p i n oil pri c es c a us e d s o m e o w n ers 

t o p ost p o n e or e v e n ret hi n k t h eir retr o fit pr o gr a m m es. 

A Th er M E P C 7 5 i ntr o d u c e d t h e v er y r e al p ossi bilit y i n 

t hre e or f o ur y e ars’ ti m e of a n e w e ffi ci e n c y m e as ure f or 

all e xisti n g s hi ps t o b e s u bj e ct t o stri n ge nt n e w d e c ar b o n -

is ati o n d e m a n ds, m a n y e x p e ct e d t h at s cr u b b er s al es 

w o ul d n os e di v e. 

C ert ai nl y t he E E XI c o nce pt h as c a us e d s e ver al o w ners 

t o hesit ate i n or deri n g ne w vess els, b ut t w o m aj or pl a yers i n 

t he c o nt ai ner li ner s e ct or h a ve b e e n t hi n ki n g bi g. Ja p a nes e 

o p er at or O N E c o m mitte d t o si x ne w 2 4, 0 0 0 T E U s hi ps at 

t he e n d of 2 0 1 9 a n d i n Ja n u ar y, H u d o n g- Z h o n g h u a w o n 

a c o ntr act t o desi g n a n d b uil d a ne w cl ass of U L C S vess els 

w hi c h will h a ve a c a p a cit y f or 2 4, 1 0 0 T E U. Th es e are all 

pl a n ne d t o b e e ner g y e fficie nt, b ut b ot h c o ntr acts c all f or 

t he s hi ps t o b e s cr u b b er fitte d, s u g gesti n g t h at t he o w ners 

are n ot yet re a d y t o a b a n d o n H F O. 

If t h e l ar g est c o nt ai n er s hi ps n o w o n or d er are s et t o 

b e r u n ni n g o n f ossil f u els, ot h er o w n ers ar e e x pl ori n g 

alt er n ati v es. M a ers k’s h e a d S Ø r e n S k o u s ai d d uri n g a 

p o d c ast i n mi d-Ja n u ar y t h at M a ers k w o ul d li kel y c o m e 

wit h a n or d er f or a c ar b o n-fre e vess el wit hi n t hre e ye ars. 

He hi nte d t h at i niti all y it w o ul d b e a s m all s hi p b ut wit h a 

c o nc e pt t h at c o ul d l ater b e s c al e d u p. I ntri g ui n gl y, a d a y or 

s o l ater N or we gi a n s hi p b uil d er Ha v y ar d re p orte d t h at it 

h a d b e e n a p pr o ac he d b y a n u n n a me d E ur o p e a n o w ner t o 

de vel o p a h y dr o ge n-f uelle d c ar g o vess el. I n t he a n n o u nce -

me nt, Ha v y ar d s ai d: “ The g o al is t o d esi g n a l ar ge s hi p t h at 

c a n s ail l o n ger dist a nc es wit h z er o e missi o ns”. 

N ot s o l o n g a g o, h y dr o g e n w as c o nsi d er e d t o b e t h e 

f u el of t h e f ut ure b ut m ore re c e ntl y t h at p ositi o n s e e ms t o 

h a ve b e e n cl ai me d b y a m m o ni a. The m ai n e n gi ne m a kers 

are d e fi nit el y f oll o wi n g t h at r o ut e a n d s o m e s hi p o w n ers 

ar e pr e p ari n g f or it t o o. U S- b as e d cl assi fi c ati o n s o ci et y 

A B S h as alre a d y d e cl are d t h at it will b e cl assi n g t h e first 

a m m o ni a f u el-re a d y v ess el i n t h e w orl d. 

Th e s hi p i n q u esti o n is a S u e z m a x u n d er c o nstr u c -

ti o n f or Avi n I nt er n ati o n al at Ne w Ti m es S hi p b uil di n g 

i n C hi n a. C urre ntl y b ei n g b uilt as c o n v e nti o n all y f u ell e d, 

t h e v ess el c o m pli es wit h t h e A B S A m m o ni a R e a d y L e v el 

1 re q uire m e nts, i n di c ati n g it is d esi g n e d t o b e c o n v ert e d 

t o r u n o n a m m o ni a i n t h e f ut ure. fi ere is n o m e nti o n 

of t h e m a ke of e n gi n e b ut si n c e Wärtsil ä is u n d ert a ki n g 

e x p eri m e nt ati o n o n a f o ur-str o ke e n gi n e a n d as S u e z m a x 

t a n kers n or m all y e m pl o y a l o w-s p e e d t w o-str o ke, it c a n 

b e s p e c ul at e d as b ei n g a n M A N B & W M E- L GI t y p e. 

fi es e e n gi n es are alre a d y i n s er vi c e as M E- L GI P m o d els 

r u n ni n g o n L P G, w hi c h s h ares m a n y c h ar a ct eristi cs wit h 

a m m o ni a, s o c o n v ersi o n s h o ul d b e a r el ati v el y si m pl e 

m att er. fl e alt er n ati v e is a Wi n G D X- D F t y p e b ut t h at 

c o m p a n y h as b e e n l ess p u bli c i n a n n o u n c e m e nts t h a n 

M A N E n er g y S ol uti o ns.

I n l at e 2 0 1 9, Pr o m a n St e n a B ul k, t h e j oi nt v e nt ure 

b et we e n Pr o m a n a n d St e n a B ul k, a n n o u n c e d a n or d er 

f or  t w o  m et h a n ol  f u el-r e a d y  4 9, 9 0 0 d wt  I M OII Me-

M A X c he mic al/ pr o d uct t a n kers. A ye ar l ater a t hir d s hi p 

w as a d d e d t o t he or d er. I n Ja n u ar y, it w as re p orte d t h at 

G u a n gz h o u S hi p y ar d I nter n ati o n al h a d c ut steel f or t he first 

vess el. Si nce t he first or der w as a n n o u nce d, t he met h a n ol-

re a d y d es cri pti o n h as alt ere d t o m et h a n ol-f u ell e d a n d 

m e nti o n is m a d e of t h e s hi ps’ M A N d u al-f u el e n gi n es 

t h at will fe at ure ne w w ater a n d f uel e m ulsi o n tec h n ol o g y,  

w hi c h si g ni fi c a ntl y re d u c es N O x e missi o ns wit h o ut t h e 

nee d f or c ostl y c at al ytic c o n versi o n tec h n ol o g y.

W hil e it is cl e ar t h at o pi ni o n o n f ut ur e f u els is di v er g -

i n g, t h e o n e c o nst a nt is t h at it is i nt er n al c o m b usti o n 

e n gi n es ar e m a ki n g t h e r u n ni n g. N A

C o vi d- 1 9 c o nti n u es t o o v ers h a d o w all as p e cts of lif e, M al c ol m 

L at arc h e writ es, wit h r e c e nt a n n o u n c e m e nts hi nti n g t h at 

s hi p o w n ers ar e l o o ki n g t o w ar ds t h eir f ut ur e o pti o ns

A n e w y e ar arri v es wit h n e w 
r o a ds t o f oll o w
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S e r vi c e wit h p a s si o n

W e at M A N Pri m e S er v u n d er st a n d t h at p erf or m a n c e

a n d r eli a bilit y ar e p ar a m o u nt t o y o ur b u si n e s s. Y o u n e e d 

t e c h ni c al c o m p et e n c e t h at dri v e s y o ur s u c c e s s. M A N 

Pri m e S er v’ s m a n y d e c a d e s of h a n d s - o n e x p eri e n c e a n d 

it s di v er s e p ortf oli o pr o vi d e t hi s. Wit h M A N Pri m e S er v a s 

y o ur p art n er y o u b e n e fi t fr o m st at e - of-t h e - art t e c h ni c al a n d 

di git al s ol uti o n s t h at fi t y o ur i n di vi d u al sit u ati o n. W h at’ s 

m or e, t h e s e b e n e fi t s ar e br o u g ht dir e ctl y t o y o ur b u si n e s s 

t hr o u g h a gl o b al n et w or k of l o c al e x p ert s. W h at e v er t h e 

ti m e a n d w h er e v er y o u ar e i n t h e w orl d, y o u c a n c o u nt o n 

M A N Pri m e S er v a s a str o n g s er vi c e s ol uti o n pr o vi d er f or 

y o ur n e e d s.

T o fi n d o ut m or e a b o ut o ur t e c h ni c al c o m p et e n c e, 

pl e a s e vi sit:

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

T e c h ni c al 
 c o m p et e n c e
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N e w s | E Q UI P M E N T

B all a st w at er tr e at m e nt

I M O a n d U S C G a p pr o v al 

f or C o m p a ct Cl e a n 

b all ast s yst e m

D a nis h b all ast w at er m a n a g e m e nt s yst e m ( B W M S) 

pr o vi d e r  D E S MI  O c e a n  G u ar d  A/ S  h as  r e c ei v e d  

a p pr o v al fr o m b ot h t h e U S C o ast G u ar d a n d D a nis h 

M ariti m e A ut h orit y ( D M A) f or a n e w c o n fi g ur ati o n 

of its C o m p a ct Cl e a n s ol uti o n, t h e l att er m e a ni n g it 

als o h as I M O ( G 8) a p pr o v al.

fh e n e w arr a n g e m e nt, k n o w n as C o m p a ct Cl e a n 

B ul k e r,  is  d esi g n e d  f or  hi g h e r  fl o w  r at es  d u ri n g  

d e b all asti n g, a p arti c ul ar c h all e n g e f or b ul k c arri ers. 

Dr y c ar g o v ess els o Th e n l o a d c ar g o es t wi c e as f ast as 

t h e y u nl o a d, m a ki n g it p arti c ul arl y i m p ort a nt t o h a v e 

a B W M S t h at r e fl e cts t his. 

U nli k e m a n y t y pi c al s yst e ms, w hi c h h a v e b e e n 

a p pr o v e d  wit h  j ust  o n e  m a xi m u m  fl o w  r at e,  t h e  

C o m p a ct Cl e a n B ul k er is s ai d t o o ff er a t ail or- m a d e 

s ol uti o n t h at c a n b e c o n fi g ur e d wit h a n y c o m bi n ati o n 

of its a p pr o v e d filt ers a n d U V u nits. Si n c e t h er e is n o 

n e e d t o filt er t h e w at er d uri n g d e b all asti n g, a hi g h er 

fl o w r at e c a n b e a c c o m m o d at e d b y s el e cti n g a l ar g er 

U V u nit.

R as m us F ols ø, C E O of D E S MI O c e a n G u ar d, cit es 

t h e r e c e nt e x a m pl e of a b ul k er o w n er t h at s el e ct e d a 

C o m p a ct Cl e a n B W M S wit h a filt er wit h a m a xi m u m 

fl o w r at e of 7 5 0 m 3  a n d a U V u nit wit h a fl o w r at e of 

1, 5 0 0 m 3  as e vi d e n c e of t h e s yst e m’s e ffi c a c y. 

H e s a ys: “It m a y s o u n d si m pl e, b ut s u c h s ol uti o ns 

c a n m a k e a w orl d of di ff er e n c e f or t h e c ust o m er, a n d 

t h er ef or e, w e ar e r e a d y t o g o t h e e xtr a mil e t o e ns ur e 

t h at t his is f ull y a p pr o v e d.”

L u bri c a nt s

S h ell s e als l u bri c a nts 

c o ntr a ct wit h C ar ni v al 

C or p

S h ell  M ari n e  h as  s e c u r e d  a  m ulti- y e ar  c o nt r a ct  

t o  pr o vi d e  l u bri c a nts  f or  C ar ni v al  C or p or ati o n’s  

8 9-str o n g fl e et of cr uis e s hi ps.

U n d er t h e t er ms of t h e d e al, C ar ni v al will als o o ffs et 

t h e C O2  e missi o ns of t h e m ari n e l u bri c a nts t hr o u g h 

S h ell’s n at ur e- b as e d c ar b o n cr e dits s c h e m e, b y w hi c h 

S h ell i n v ests i n pr oj e cts w hi c h pr ot e ct, tr a nsf or m or 

r est or e l a n d. ft e c o m p a n y h as st at e d its a m biti o n t o 

b e c o m e a “ n et- z er o” e missi o ns e n er g y b usi n ess b y 

2 0 5 0 or e arli er.

S h ell M ari n e’s g e n er al m a n a g er, J oris v a n Br uss el, 

s a ys: “ Thr o u g h o ur m ari n e l u bri c a nts a n d i nt e gr at e d 

s er vi c e o ff eri n g w hi c h i n cl u d es t e c h ni c al a n d di git al 

s e r vi c e s,  w e’r e  h el pi n g  c u st o m e rs  li k e  C ar ni v al  

o pti mis e e n gi n e effi ci e n c y, t h us r e d u ci n g a s hi p’s 

e n vir o n m e nt al i m p a ct.”

C ar ni v al  C or p or ati o n  h as  its  o w n  a m biti o ns  of  

r e d u ci n g its C O2  e missi o ns b y 4 0 %, i n ali g n m e nt wit h 

I M O’s 2 0 3 0 t ar g ets. Ot h er o n g oi n g i niti ati v es i n cl u d e 

e q ui p pi n g its v ess els wit h a d v a n c e d air q u alit y s yst e ms 

a n d  w at er  tr e at m e nt,  a n d  i n cr e asi n g  t h e  us a g e  of  

s h or esi d e p o w er ( c ol d ir o ni n g) w hil e d o c k e d.

B att eri e s

C or v us l a u n c h es 

c o nt ai n eris e d b att er y 

r o o m s ol uti o n

C a n a di a n  b att e r y  s p e ci ali st  C or v u s  E n e r g y  h a s  

l a u n c h e d a c o nt ai n eris e d s ol uti o n f or B att er y- O n-

B o ar d ( B O B) a p pli c ati o ns n a m e d C or v us B O B. 

Th e st a n d ar dis e d, D N V G L- a p pr o v e d s ol uti o n will 

b e a v ail a bl e i n 1 0-f o ot a n d 2 0-f o ot I S O hi g h- c u b e 

c o nt ai n er si z es. D es cri b e d b y C or v us as a “c o m pl et e 

e n er g y st or a g e s yst e m ( E S S) ”, t h e C or v us B O B will 

c o m e  e q ui p p e d  wit h  b att e r y  m o d ul es,  a  b att e r y  

m o nit ori n g s yst e m ( B M S), c o oli n g, T R e x h a ust, a n d 

fir e fi g hti n g a n d d et e cti o n s yst e m. A ‘ pl u g a n d pl a y’ 

a p pr o a c h will si m plif y t h e b att er y r o o m’s i nt e gr ati o n 

wit h t h e s hi p’s o n b o ar d p o w er m a n a g e m e nt s yst e m. 

Th e first C or v us B O B s ol uti o n will i n c or p or at e t h e 

C or v us Or c a E S S, alr e a d y wi d el y us e d f or m er c h a nt, 

cr uis e a n d o ffs h or e v ess els.

W or k o n t h e c o nt ai n er c o n c e pt b e g a n i n 2 0 1 6, 

dri v e n h e a vil y b y t h e d e m a n ds of C or v us cli e nt S h ell, 

w hi c h b eli e v es s hi p o w n ers a n d o p er at ors will b e n e fit 

fr o m t h e fl e xi bilit y of a m o d ul ar b att er y s yst e m.

B o  J a r di n e,  S h ell  gl o b al  c at e g o r y  m a n a g e r,  

m ari n e, e x pl ai ns: “ T h e b e n efit of a c o nt ai n eris e d 

b att er y s yst e m is t h at y o u c a n a d d m or e c o nt ai n ers 

if a d diti o n al c a p a cit y is n e e d e d or m o v e c o nt ai n ers 

t o a n ot h er v ess el i n y o ur fl e et if c h art er c o ntr a cts 

or o p er ati o n al r e q uir e m e nts r e q uir e it. It is e as y t o 

T h e C or v u s B O B
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1 3T h e N a v al Ar c hit e ct  F e br u ar y 2 0 2 1

e x c h a n g e t h e E S S w h e n n e w t e c h n ol o g y is a v ail a bl e 

a n d t a k e t h e E S S o ff f or a s e c o n d lif e o ns h or e.”

D at a a n al y si s

Y x n e y M ariti m e b e c o m es 

I n m ars at Fl e et D at a a p p 

pr o vi d er

Y x n e y  M ariti m e,  a  N or w e gi a n  c o m p a n y  off eri n g  

d at a- dri v e n  s ol uti o ns  f or  s hi p o w n ers  a n d  e n er g y  

c o m p a ni es, h as j oi n e d t h e c erti fi e d a p pli c ati o n pr o vi d -

ers f or I n m ars at’s Fl e et D at a s er vi c e.

Fl e et  D at a  c oll e cts  d at a  fr o m  o n b o ar d  s e ns ors,  

pr e- pr o c essi n g  it  a n d  u pl o a di n g  t o  a n  A p pli c ati o n  

Pr o c ess I nt erf a c e ( A PI). Y x n e y, w hi c h h as d e v el o p e d 

a s o fh w ar e s ol uti o n n a m e d M ar ess t o h el p s hi p o w n ers 

a n al ys e f u el a n d e missi o ns d at a, will us e t h e Fl e et D at a 

A PI t o pr o vi d e cli e nts wit h a si m pl e a n d r o b ust w a y t o 

c o n n e ct wit h li v e v ess el d at a.

Gj or d Si m e n S a n n a, Y x n e y C E O, s a ys: “ Thr o u g h 

t h e  p art n ers hi p  wit h  I n m ars at,  w e’r e  e x cit e d  t o  

pr o vi d e v ess el o w n ers a n d o p er at ors wit h a pl u g- a n d-

pl a y s ol uti o n t o f e e d a ct u al ass et d at a i nt o t h e M ar ess 

s o ft w ar e t o m a k e b ett er str at e gi c d e cisi o ns o n h o w t o 

r e d u c e e missi o ns f o ot pri nt.”

Di git al s hi p pi n g

K V H: n a v al ar c hit e cts 

gr o wi n g s a v v y t o I o T
B uil di n g I nt er n et of Thi n gs (I o T) i nt o m ari n e d esi g n 

h as b e c o m e a h ot t o pi c of l at e a c c or di n g t o c o m m u ni -

c ati o n e q ui p m e nt s p e ci alist, K V H I n d ust ri es. Th e 

c o m p a n y  h a s  b e e n  c o nt a ct e d  b y  s e v e r al  n a v al  

ar c hit e cts t o dis c uss w a ys of usi n g c o n n e cti vit y t o 

e xt e n d t h eir r el ati o ns hi p wit h a s hi p o n c e it h as b e e n 

d esi g n e d a n d l a u n c h e d. 

As S v e n Br o o ks, s e ni or dir e ct or of I o T b usi n ess 

d e v el o p m e nt f or K V H, e x pl ai ns, s hi p d esi g n ers ar e 

b e gi n ni n g  t o  r e c o g nis e  t h e  i m p ort a n c e  of  di git al 

i nt e gr ati o n: “ Pri m aril y b e c a us e s hi p y ar ds ar e as ki n g 

f or it. S hi p o w n ers ar e g oi n g b a c k t o t h e y ar d a n d 

s a yi n g t h e y w o ul d li k e t o s e e a n ‘I o T-r e a d y s hi p’ a n d 

s hi p y ar ds ar e t h e n r et ur ni n g t o t h eir d esi g n ers s a yi n g 

t h e y n e e d a n ‘I o T-r e a d y d esi g n’.” 

Th e c o m p a n y is e n g a gi n g wit h t h es e ar e as as p art 

of its K V H Wat c h m o v e m e nt, e ns uri n g t h at ar c hit e cts 

u n d erst a n d h o w d at a is b ei n g g at h er e d, c oll e ct e d 

a n d s h ar e d o n t o p of i nfr astr u ct ur es r e q uir e d. K V H 

Wat c h is t h e c o m p a n y’s s ol uti o n f or ‘I o T C o n n e c -

ti vit y  as  a  S e r vi c e’.  It  pr o vi d es  2 4/ 7  m a c hi n e-t o-

cl o u d s at ellit e c o n n e cti vit y f or r e m ot e m o nit ori n g 

of o n b o ar d e q ui p m e nt. Th e pl atf or m als o e n a bl es 

o n- d e m a n d r e m ot e e x p ert i nt er v e nti o ns p erf or m e d 

t hr o u g h  vi d e o,  v oi c e  or  t e xt  usi n g  K V H’s  gl o b al  

hi g h-t hr o u g h p ut s at ellit e ( H T S) n et w or k, w hi c h is 

b ei n g utilis e d b y its n e w est p art n er, KI L O M ari n e. 

E xisti n g p art n ers als o i n cl u d e K o n gs b er g, i o C urr e nts 

a n d T M S M ariti m e S ol uti o ns.

Br o o ks  st r ess es  t h at  w hil e  i n  t r a diti o n al  n a v al  

ar c hit e ct ur e h ull str u ct ur e, h y dr o d y n a mi cs, g e n er al 

a n d i nt eri or d esi g n ar e all t a k e n i nt o a c c o u nt, di git al 

d esi g n als o n e e ds t o b e a d dr ess e d. H e c o m p ar es t h e 

a ut o m ati o n of m o d er n v ess els wit h b uil di n gs, n oti n g 

t h at si mil ar t hi n gs ar e c o nsi d er e d i n b ot h, s u c h as air 

c o n diti o ni n g, w at er or pi pi n g s yst e ms. 

“ W h e n  y o u  d r a w  t h at  p a r all el  a n d  s e e  h o w  

b uil di n gs ar e d esi g n e d, y o u fi n d t h at di git al d esi g n 

is st arti n g t o b e c o m e a h u g e p orti o n of it, a n d I t hi n k 

n a v al ar c hit e cts ar e st arti n g t o u n d erst a n d t h at.”

W a st e tr e at m e nt

W ärtsil ä t o s u p pl y C ar ni v al 

w ast e tr e at m e nt s ol uti o n
Wärtsil ä  h as  si g n e d  a  f r a m e w or k  a gr e e m e nt  wit h  

C ar ni v al C or p or ati o n t o pr o vi d e its a d v a n c e d w ast e 

w at er a n d dr y w ast e tr e at m e nt s yst e ms f or 3 2 v ess els 

a cr oss t h e cr uis e o p er at or’s v ari o us br a n ds.

T h e  c o nt r a ct,  si g n e d  i n  O ct o b e r  2 0 2 0,  c o v e rs  

pr o visi o n of Wärtsil ä’s M e m br a n e Bi or e a ct or ( M B R), 

f or gr e y a n d bl a c k w at er tr e at m e nt, a n d its dr y w ast e 

h a n dli n g s yst e m, d esi g n e d t o mi ni mis e gr e e n h o us e 

g as e missi o ns. Th e M B R s yst e m e x c e e ds I M O r e q uir e -

m e nts f or s e w a g e dis c h ar g e, i n cl u di n g t h e s p e ci al 

ar e as c o v er e d b y p ar a gr a p h 4. 2 of M E P C 2 2 7 ( 6 4).

Art o L e hti n e n, dir e ct or at Wärtsil ä’s w at er a n d w ast e 

di visi o n,  c o m m e nts:  “ T h er e  is  i n cr e as e d  a w ar e n ess  

wit hi n t h e cr uis e i n d ustr y of e n vir o n m e nt al s ust ai n a bil -

it y, a n d Wärtsil ä is pr o u d a n d re a d y t o s u p p ort t his f o c us 

wit h t h e m ost a d v a n c e d a n d c o m pli a nt s ol uti o ns. We 

c o nti n u e t o w or k wit h C ar ni v al t o e n h a n c e t h eir g o als 

f or w ast e r e d u cti o n, i n li n e wit h t h eir i nt er n al str at e g y.”

Th e Wärtsil ä e q ui p m e nt will b e d eli vere d a n d i nst all e d 

o n b o ar d t h e C ar ni v al s hi ps b et w e e n 2 0 2 0 a n d 2 0 2 5. N A

W ärt sil ä’ s M e m br a n e Bi or e a ct or

N A _ F e b 2 0 2 1 _ 1 2 + 1 3.i n d d   1 3N A _ F e b 2 0 2 1 _ 1 2 + 1 3.i n d d   1 3 0 3/ 0 2/ 2 0 2 1   1 0: 0 5: 4 90 3/ 0 2/ 2 0 2 1   1 0: 0 5: 4 9
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V L C C  > = 2 0 0, 0 0 0 3 3 2 0 3 0 2 4 3 5 2 7 2 7 2 2 2 1 9 1 4 1 0 9 1 1 2 3 2 4 2 9 2 1 2 1 1 8 3 9 2 9 2 2 1 5 3 5 3 6 8

S u e z m a x  1 2 5- 2 0 0, 0 0 0 2 3 2 2 2 6 1 1 2 6 1 8 3 0 1 5 2 3 4 4 4 7 3 8 1 9 3 5 2 2 2 5 7 2 3 3 1 1 1 9 2 8 3 1 2

Afr a m a x 8 5- 1 2 5, 0 0 0 6 3 3 3 3 9 3 1 2 8 3 1 3 0 1 5 1 4 6 4 1 3 2 2 1 0 3 1 2 2 3 6 2 8 2 6 2 4 4 1 1 2 1 2 5 6 2 3 0 1 1

P a n a m a x Ta n k ers 5 5- 8 5, 0 0 0 2 6 1 2 1 5 1 6 1 9 1 0 9 6 7 5 3 1 2 1 7 1 1 1 0 1 1 7 6 6 7 6 5 7 3 0

Pr o d u cts 2 5- 5 5, 0 0 0 9 2 6 7 6 5 4 6 4 5 2 8 2 7 3 0 4 9 2 9 4 9 4 9 6 0 5 7 6 0 4 2 3 9 2 5 2 7 2 2 5 0 4 6 4 3 2 9 9 4 2 7 1

Pr o d u cts 1 0- 2 5, 0 0 0 6 5 7 7 8 6 1 3 6 9 4 1 8 4 0 3 2 6 6 1 0 8 5 9 5 4 9 1 0

C h e m & S p e c. 1 0- 5 5, 0 0 0 1 0 6 6 9 7 7 5 9 5 3 4 0 3 8 8 8 1 3 1 2 1 1 3 6 2 9 4 3 3 8 3 8 3 1 4 5 4 1 3 4 2 8 3 2 2 4 5 4 2 8 2

Ta n k ers < 1 0, 0 0 0 7 4 7 7 7 1 5 6 5 6 5 8 7 6 4 0 3 8 3 9 3 2 2 5 1 9 2 3 2 3 1 6 2 5 3 6 4 5 4 3 2 7 2 9 2 6 2 0 5 7 1 0 0

C a p esi z e > 1 0 0, 0 0 0 3 3 7 7 1 0 1 1 1 1 1 2 9 1 2 2 1 4 9 6 5 6 3 4 0 5 6 3 8 4 6 4 2 6 4 3 9 5 5 2 0 3 0 2 1 3 1 4 9 6 4 4 8 8 2 3 5 4

P a n a m a x 8 0- 1 0 0, 0 0 0 2 7 2 1 6 0 6 1 8 1 9 7 1 4 0 9 4 1 0 1 6 8 6 2 3 5 5 7 4 1 7 1 4 0 7 5 2 7 3 9 2 5 6 9 6 4 9 6 4 5 1 2 7 4 2 4

P a n a m a x  6 5- 8 0, 0 0 0 1 8 1 5 1 8 3 3 3 6 4 4 5 3 3 9 3 4 4 2 4 2 2 0 1 9 4 1 2 6 1 2 2 1 4 3 0 1 2 0

H a n d y m a x 4 0- 6 5, 0 0 0 8 4 1 0 0 1 6 8 1 6 6 1 9 9 1 9 8 2 2 8 1 4 6 1 4 7 1 1 9 9 8 1 0 2 1 4 4 1 2 1 1 2 4 9 4 1 2 5 5 4 5 8 3 3 5 6 7 7 9 3 5 9 1 2 3 7 5 0

H a n d ysi z e 1 0- 4 0, 0 0 0 1 7 7 1 9 5 1 8 6 1 8 6 1 8 6 1 7 9 2 2 6 1 1 7 1 1 6 8 3 9 7 6 6 1 0 0 8 3 8 5 4 6 6 9 3 1 4 7 4 4 5 2 4 0 3 8 3 4 9 6 2 5 1

C o m b os > 1 0, 0 0 0 0 0 3 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 2 3 0 0

L N G C arri ers 2 2 1 7 1 5 1 2 5 1 0 1 2 4 1 3 1 4 1 9 1 6 1 6 1 5 1 8 2 0 1 2 3 2 2 3 2 2 2 0 1 6 2 1 7 4 3 3 2 7

L P G C arri ers 2 5 1 8 1 8 1 8 1 6 1 4 1 3 8 2 2 1 6 1 4 1 4 2 5 4 0 4 9 3 3 4 5 1 7 2 6 9 1 6 1 3 2 0 1 4 5 0 3 5 7

C o nt ai n ers > 8, 0 0 0 t e u 2 1 1 4 2 9 3 3 4 8 3 0 5 1 2 8 5 1 3 3 5 9 4 2 5 8 6 2 3 7 2 6 3 4 3 6 4 7 2 3 2 7 2 3 1 3 2 2 6 1 3 1 2 3

C o nt ai n ers 3- 8, 0 0 0 t e u 5 9 5 9 7 6 4 1 3 1 2 1 3 9 1 9 4 6 2 9 2 6 2 5 1 8 6 2 0 2 5 7 3 6 1 1 5 6 3 4

C o nt ai n ers < 3, 0 0 0 t e u 6 9 5 5 5 7 2 6 3 3 3 4 3 7 4 0 2 9 1 9 2 2 2 8 2 7 3 5 3 9 2 7 3 5 4 2 5 0 3 8 4 6 5 5 4 2 5 3 1 2 7 4 4 1

O ffs h or e 1 1 1 9 2 0 2 5 2 6 2 0 2 9 1 0 1 1 1 9 3 2 3 0 2 5 1 3 2 5 1 9 1 8 2 4 2 5 1 3 9 9 5 3 4 6 2 2 1 1

Cr uis e Vess els 3 6 9 4 4 2 6 1 6 0 3 2 5 1 8 2 7 3 8 4 1 2 1 0 6 8 2 8 3 6 1 9

P ass e n g er F erri es 1 1 7 1 0 1 3 1 1 1 0 1 1 8 6 6 1 2 8 1 3 8 6 1 6 2 0 1 0 1 1 1 8 1 6 1 6 1 1 1 3 5 9 1 8 6

Ot h er 1 5 2 1 6 2 1 7 4 1 7 9 1 8 3 1 8 3 1 9 1 9 9 1 0 0 8 4 7 2 6 3 6 9 4 8 5 0 6 0 5 0 5 4 4 9 4 7 5 6 5 3 3 8 4 9 2 1 0 6 1 6
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V L C C  > = 2 0 0, 0 0 0 3 3 2 0 3 0 2 4 3 5 2 7 2 7 2 2 2 1 9 1 4 1 0 9 1 1 2 3 2 4 2 9 2 1 2 1 1 8 3 9 2 9 2 2 1 5 3 5 3 6 8

S u e z m a x  1 2 5- 2 0 0, 0 0 0 2 3 2 2 2 6 1 1 2 6 1 8 3 0 1 5 2 3 4 4 4 7 3 8 1 9 3 5 2 2 2 5 7 2 3 3 1 1 1 9 2 8 3 1 2

Afr a m a x 8 5- 1 2 5, 0 0 0 6 3 3 3 3 9 3 1 2 8 3 1 3 0 1 5 1 4 6 4 1 3 2 2 1 0 3 1 2 2 3 6 2 8 2 6 2 4 4 1 1 2 1 2 5 6 2 3 0 1 1

P a n a m a x Ta n k ers 5 5- 8 5, 0 0 0 2 6 1 2 1 5 1 6 1 9 1 0 9 6 7 5 3 1 2 1 7 1 1 1 0 1 1 7 6 6 7 6 5 7 3 0

Pr o d u cts 2 5- 5 5, 0 0 0 9 2 6 7 6 5 4 6 4 5 2 8 2 7 3 0 4 9 2 9 4 9 4 9 6 0 5 7 6 0 4 2 3 9 2 5 2 7 2 2 5 0 4 6 4 3 2 9 9 4 2 7 1

Pr o d u cts 1 0- 2 5, 0 0 0 6 5 7 7 8 6 1 3 6 9 4 1 8 4 0 3 2 6 6 1 0 8 5 9 5 4 9 1 0

C h e m & S p e c. 1 0- 5 5, 0 0 0 1 0 6 6 9 7 7 5 9 5 3 4 0 3 8 8 8 1 3 1 2 1 1 3 6 2 9 4 3 3 8 3 8 3 1 4 5 4 1 3 4 2 8 3 2 2 4 5 4 2 8 2

Ta n k ers < 1 0, 0 0 0 7 4 7 7 7 1 5 6 5 6 5 8 7 6 4 0 3 8 3 9 3 2 2 5 1 9 2 3 2 3 1 6 2 5 3 6 4 5 4 3 2 7 2 9 2 6 2 0 5 7 1 0 0
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A
n u ps ur g e i n t h e d e v el o p m e nt of 

C hi n es e r es e ar c h v ess els is l asti n g 

l o n g er t h a n e x p e ct e d. I n r e c e nt 

y e ars, w h et h er it b e a c o m pr e h e nsi v e or 

s p e ci alis e d s ur v e y s hi p, n e w c o nstr u cti o n 

a n d m o di fi c ati o n pr oj e cts h a v e c o nti n u e d 

t o e m er g e. F a c e d wit h t his tr e n d, s hi p pi n g 

i n v est ors a n d d e v el o p ers ar e w ei g hi n g i n 

o n h o w l o n g t h e w a v e will l ast. 

At t h e 2 n d M ari n e S ci e n c e R es e ar c h 

Vess el Te c h n ol o g y S u m mit h el d i n l at e 

2 0 2 0,  s o m e  i n d ust r y  i nsi d e rs  b eli e v e d  

t h at t his bl o w o ut p h as e of r es e ar c h s hi p 

pr oj e cts will tr a nsiti o n t o a st e a d y p eri o d, 

b ut t h at’s n ot t o s a y t h at d e v el o p m e nt of 

t his s hi p t y p e will gr a d u all y g o c ol d. O n 

t h e c o ntr ar y, i n or d er t o m e et t h e str at e gi c 

r e q ui r e m e nt s  f o r  b uil di n g  C hi n a’s  

m a riti m e  p o w e r,  r el e v a nt  e q ui p m e nt  

n e e ds  t o  b e  f urt h er  i m pr o v e d  u p o n  i n 

t er ms of q u a ntit y a n d q u alit y. W h et h er it 

is t h e it er ati v e u p gr a di n g of a si n gl e v ess el 

or t h e o pti mis e d c o nstr u cti o n of a fl e et or 

s hi p n et w or k, p a c e n e e ds t o b e pi c k e d u p. 

E x c e e di n g e x p e ct ati o n s 
D u ri n g  a  r el ati v el y  l o w  p e ri o d  i n  t h e  

gl o b al s hi p pi n g m ar k et, t h e p erf or m a n c e 

of C hi n a’s s ci e nti fi c r es e ar c h s hi ps h as 

s ur p ass e d t h e i n d ustr y’s e x p e ct ati o ns i n 

t er ms of s c al e a n d l e v el. As W u G a n g, 

r es e ar c h e r at C hi n a St at e S hi p b uil di n g 

C or p or ati o n’s  ( C S S C)  7 0 8t h  R e s e ar c h  

I nstit ut e, p oi nts o ut: “ W h e n c o m p ari n g 

C hi n a’s D o n g F a n g H o n g s hi p s eri es wit h 

i nt er n ati o n al Tai Ya n g a n d Ta n S u o s eri es, 

o ur s ci e nti fi c r es e ar c h v ess els h a v e c a u g ht 

u p  wit h  a n d  e x c e e d e d  i nt e r n ati o n al  

st a n d a r d s  i n  t e r m s  of  e c o n o m y,  

m a n o e u v r a bilit y,  u n d e r w at e r  r a di at e d  

n oi s e,  c o m p r e h e n si v e  i n v e sti g ati o n  

a bilit y, et c.” 

Sil e nt s hi p s
Sil e n c e is o n e of t h e d e fi ni n g c h ar a ct eristi cs 

of C hi n a’s c o nt e m p or ar y r es e ar c h v ess els. 

A s hi p’s e n gi n e, v e ntil ati o n a n d pi pi n g 

s yst e ms, s ci e nti fi c e q ui p m e nt a n d m or e 

bri n g  a b o ut  vi br ati o n  a n d  n oi s e,  n ot  

o nl y c a usi n g i nt erf er e n c e o n u n d er w at er 

or g a nis ms a n d o n b o ar d p ers o n n el, b ut 

als o  dir e ctl y  eff e cti n g  t h e  r eli a bilit y  of 

s ci e nti fi c d at a. fh er ef or e, vi br ati o n a n d 

n ois e c o ntr ol is vit al i n t h e d esi g n a n d 

c o nstr u cti o n of s u c h v ess els. 

I n M ar c h 2 0 1 7, Xi a m e n U ni v e rsit y’s 

3, 0 0 0 d wt  s ci e ntifi c  r e s e a r c h  v e s s el,  

Ji a  G e n g,  w a s  d eli v e r e d.  It  b e c a m e  

C hi n a’s  fi rst  s hi p  t o  o bt ai n  D N V  G L’s 

SI L E N T  A  a n d  SI L E N T  S  n ot ati o n s,  

hi g hli g hti n g t h e c o u nt r y’s d e v el o p m e nt 

of sil e nt v ess els. I n M a y 2 0 1 9, t h e O c e a n 

U ni v ersit y of C hi n a’s 5, 0 0 0 d wt r es e ar c h 

v ess el D o n g F a n g H o n g 3  w as d eli v er e d, 

t h e  fi rst  s hi p  d o m e sti c all y  a n d  f o u rt h 

s hi p i nt er n ati o n all y t o o bt ai n D N V G L’s 

SI L E N T- R c erti fi c at e, t h e stri ct est l e v el of 

u n d er w at er r a di at e d n ois e r e q uir e m e nts  

i n  t h e  cl a s sifi c ati o n  s o ci et y’s  SI L E N T  

n ot ati o n. At t h e ti m e, D o n g F a n g H o n g 

3 w a s  al s o  t h e  v e ss el  wit h  t h e  l ar g e st 

t o n n a g e  of  t h o s e  w hi c h  att ai n e d  t h e  

c erti fi c at e gl o b all y. 

F e at ur e 1 |  C HI N A

A Th er a bl o w o ut p h as e i n t h e c o nstr u cti o n of C hi n a’s s ci e nti fi c r es e arc h s hi ps 

c o m es t o a cl os e, i n d ustr y e x p erts a n d i n v est ors ar e c o nt e m pl ati n g w h at is o n 

t h e t a bl e f or t h e s e ct or’s f ut ur e

C hi n es e r es e ar c h v ess els: t h e p ast, t h e 
pr es e nt a n d t h e f ut ur e

S ci e nti ft c r e s e ar c h 

v e s s el T a n S u o 1

N A _ F e b 2 0 2 1 _ 1 6 + 1 8 + 1 9.i n d d   1 6N A _ F e b 2 0 2 1 _ 1 6 + 1 8 + 1 9.i n d d   1 6 0 2/ 0 2/ 2 0 2 1   1 6: 2 4: 5 10 2/ 0 2/ 2 0 2 1   1 6: 2 4: 5 1



I n d at a - dri v e n s hi p b uil di n g, di git al d at a 
str e a m s ar e c o n si st e nt, r eli a bl e, a n d 
r e u s a bl e a cr o s s di s ci pli n e s, pr oj e ct 
p h a s e s, a n d s hi p s eri e s.

T hi s si n gl e s o ur c e of tr ut h a s si st s 
s hi p y ar d s i n a c c el er ati n g t h e  
ti m e -t o - m ar k et, dri v e d o w n c o st s,  
s h or t e n l e a d -ti m e s, a n d r e d u c e q u alit y 
i s s u e s i n d e si g n, m a n uf a ct uri n g, a n d 
s u p pl y c h ai n s. It u nl o c k s n e xt -l e v el 
e fh ci e n ci e s, i n cr e a s e s pr o d u cti vit y, a n d 
s e c ur e s pr o Tht a bilit y vi a d at a - dri v e n 
pr o c e s s e s a n d d e ci si o n - m a ki n g

Pr oj e ct c o ur t e s y of W är t sil ä 

S hi p D e si g n N or w a y A S

D at a dri v e s a n d c o n n e ct s t h e e ntir e 
s hi p b uil di n g pr o c e s s i n C A D M A TI C. 
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T h e N a v al Ar c hit e ct  F e br u ar y 2 0 2 11 8

F e at ur e 1 |  C HI N A

Els e w h e r e,  t h e  C hi n es e  A c a d e m y  of  

S ci e n c e’s 3, 0 0 0 d wt g e o p h ysi c al r es e ar c h 

a n d s ur v e y v ess el, E x p eri m e nt 6 , is t h e 

first  i n  C hi n a  t o  a d o pt  h y bri d  c o oli n g 

D- p o d pr o p ulsi o n t e c h n ol o g y a n d t h er e 

ar e pl a ns f or it t o g ai n D N V G L’s SI L E N T 

A a n d SI L E N T S c erti fi c ati o ns (s e e T N A  

S e pt e m b er 2 0 2 0). W h er e as S u n Yat- S e n 

U ni v e r sit y’s  5, 0 0 0 d wt  o c e a n o g r a p hi c  

r es e ar c h a n d tr ai ni n g v ess el, S u n Yat- S e n 

U ni v ersit y , is t h e n ati o n’s first d o m esti c 

s hi p  wit h  a n  L -t y p e  f ull y  r ot ati n g  

l o w- n ois e pr o p ell er, p er m a n e nt m a g n eti c 

b o w  t h r ust e rs,  D C  b us b ar  a n d  e n e r g y  

st or a g e b att er y t e c h n ol o g y a n d f ull s p e e d 

a cti v e fi n st a bilis ers.

fh e a b o v e s eri es of i n n o v ati o ns e n a bl es 

t h e  s hi p  t o  i n cr e as e  its  t est  c o n diti o ns 

t o  ult r a- q ui et  m o d e  a n d  it s  d y n a mi c  

p ositi o ni n g o p er ati o ns c a n m e et C hi n a 

Cl assi fi c ati o n S o ci et y’s C O M F ( N 2 / V 2) 

c o mf ort  l e v el.  It  is  a nti ci p at e d  t h at  it  

will b e c o m e t h e c o u ntr y’s first d o m esti c 

s hi p of its t y p e t o h a v e sil e nt d y n a mi c 

p ositi o ni n g c a p a biliti es a n d o bt ai n a D N V 

G L SI L E N T- F c erti fi c at e. 

D N V  G L,  w hi c h  t o o k  t h e  l e a d  i n  

d e v el o pi n g  s hi p  n ois e  n ot ati o ns,  h as  

p arti ci p at e d  i n  t h e  r a pi d  d e v el o p m e nt  

of  C hi n es e  r es e ar c h  v ess els  i n  r e c e nt  

y e ars. “ M y c oll e a g u es i n N or w a y ar e v er y 

s ur pris e d at t h e e m p h asis o n sil e nt r es e ar c h 

s hi ps i n C hi n a. N o m att er if it’s t h e d esi g n 

c a p a bilit y of a n i nstit ut e, t h e c o nstr u cti o n 

t e c h ni q u e of a s hi p y ar d, or pr oj e ct- b as e d 

or g a nis ati o n, all p arti es i n C hi n a att a c h 

gr e at i m p ort a n c e t o it,” s a ys Li u Xi a of e n g, 

h e a d  of  D N V  G L  C hi n a  Te c h n ol o g y  

C e ntr e’s m ariti m e a d vis or y d e p art m e nt.

“ L o o ki n g at t h e c o m p aris o n b et w e e n 

u n d e r w at e r  n ois e  c o nt r ol  i n  d o m esti c  

a n d i nt er n ati o n al v ess els, C hi n a’s sil e nt 

r es e ar c h s hi ps h a v e alr e a d y r e a c h e d a n 

i nt er n ati o n all y a d v a n c e d st a n d ar d, w hi c h 

is n ot e as y,” h e a d ds.

Fi el d s of i m pr o v e m e nt
T h e  c o n st r u cti o n  a n d  d eli v e r y  of  

s e v e r al  m aj o r  p r oj e ct s  h a s  e n a bl e d  

d e v el o p m e nt i n s p e ci alist ar e as of C hi n a’s 

o c e a n o gr a p hi c r es e ar c h.

D uri n g  2 0 1 7,  t h e  ‘t hr e e  m us k et e ers’  

of  C hi n a’s  g e ol o gi c al  s u r v e y  s hi p s  

w er e  d eli v er e d.  H ai y a n g  Di z hi- 8  is  t h e  

c o u ntr y’s  first  hi g h- pr e cisi o n  s h ort-s e a  

g e o gr a p hi c s ur v e y s hi p, c a p a bl e of cr e ati n g 

hi g h-r es ol uti o n t hr e e- di m e nsi o n al i m a g es 

of t h e s e a b e d’s g e ol o gi c al str u ct ur e, w hi c h 

pl a c es  t h e  c o u nt r y  i n  a  c o m m a n di n g  

p ositi o n  i n  t h e  fi el d  of  i nt e r n ati o n al  

m ari n e  e x pl or ati o n.  H ai y a n g  Di z hi- 9  is  

C hi n a’s o nl y v ess el a bl e t o si m ult a n e o usl y 

c arr y o ut s p e ci alis e d s eis mi c, g e ol o gi c al 

a n d  g e o p h y si c al  w or k,  a n d  H ai y a n g 

Di z hi- 1 0  is  t h e  first  g e ol o gi c al  s ur v e y  

s hi p b uilt i n d e p e n d e ntl y b y C hi n a wit h a 

hi g h- pr e cisi o n drilli n g f u n cti o n. D eli v er y 

of  t h es e  t hr e e  v ess els  m ar ks  t h e  i niti al  

c o m pl eti o n  of  a  t h r e e - di m e n si o n al  

t e c h n ol o g y s yst e m f or d e e p-s e a e x pl or ati o n 

i n C hi n a. 

T w o 3, 0 0 0 d wt fis h er y r es e ar c h v ess els, 

L a n h ai  1 0 1  a n d  L a n h ai  2 0 1  of  t h e  

C hi n es e  A c a d e m y  of  Fis h er y  S ci e n c es, 

w er e d eli v er e d i n 2 0 1 9. Th e y b e c a m e t h e 

l e a di n g f or c e i n t h e e x p a nsi o n of C hi n a’s 

s ci e nti fi c i n v esti g ati o n of m ari n e fis h eri es 

a n d pl a y a n i m p ort a nt r ol e i n c ar r yi n g 

o ut  r e s e a r c h  w or k,  s u c h  a s  a ss e ssi n g  

t h e  d e v el o p m e nt  of  fis h e r y  r es o u r c es,  

m o nit ori n g a n d e v al u ati n g t h e e c ol o gi c al 

e n vir o n m e nt of fis h eri es, a p pl yi n g s at ellit e 

r e m ot e s e nsi n g, as w ell as t esti n g fis hi n g 

g e ar a n d m et h o ds. 

ft at s a m e y e ar, C hi n a als o d eli v er e d 

its first i n d e p e n d e ntl y b uilt i c e br e a ki n g 

r es e ar c h v ess el, X u e L o n g 2 . At pr es e nt, t h e 

s hi p h as alr e a d y pr o v e n its i c e br e a ki n g 

a n d m a n o e u vr a bilit y c a p a biliti es i n b ot h 

N ort h a n d S o ut h p ol ar r e gi o ns, a d v a n ci n g 

t h e c o u ntr y’s o v er all c a p a cit y f or o n-sit e 

p ol ar i n v esti g ati o n s u p p ort.

I n  a d diti o n  t o  t h e  a b o v e- m e nti o n e d  

s hi ps f u n d e d b y g o v er n m e nt d e p art m e nts, 

s o m e  s o ci al  p o w e rs  h a v e  als o  d e v ot e d  

t h e ms el v es t o m ari n e s ci e nti fi c r es e ar c h, 

c r e ati n g  s e v e r al  u ni q u e  v e s s el s.  

I n v est m e nts m a d e b y pri v at e e nt er pris es 

i n cl u d e S he n L a n , a n A nt ar cti c krill fis hi n g 

a n d pr o c essi n g v ess el d eli v er e d i n 2 0 2 0, 

S h e n K u o , a 2, 2 0 0 d wt s m all w at er pl a n e 

ar e a  t wi n  h ull  ( S W A T H)  r es e ar c h  s hi p 

d eli v e r e d  i n  2 0 1 8,  a s  w ell  a s  C hi n a’s  

1 0, 0 0 0 m - cl a s s  m a n n e d  s u b m e r si bl e,  

R ai n b o w Fis h , a n d its m ot h er s hi p, Z h a n g 

Ji a n, b ot h d eli v er e d i n 2 0 1 6. 

M e eti n g n e w d e m a n d s 
I n O ct o b er 2 0 1 7, t h e 1st M ari n e S ci e n c e 

R es e ar c h Vess el Te c h n ol o g y S u m mit w as 

h el d  i n  S h a n g h ai,  wit h  r e pr es e nt ati v es  

f r o m  all  m aj or  p arti es  i n v ol v e d  i n  t h e 

i n v est m e nt a n d d e v el o p m e nt of d o m esti c 

s ci e nti fi c r es e ar c h v ess els.

W u  G a n g,  w h o  w a s  i n  att e n d a n c e,  

b eli e v e d t h at t h e bl o w o ut p eri o d of t h es e 

s hi ps w as c o mi n g t o a cl os e a n d n e wl y 

b uilt  s ci e ntifi c  r e s e ar c h  v e ss el s  c o ul d  

alr e a d y f u n d a m e nt all y m e et t h e d e m a n ds 

of t h e c o u ntr y. B ut d uri n g t h e f oll o wi n g 

t h r e e  y e ars,  h e  wit n ess e d  t h e  d e m a n d  

f or t h es e s hi ps at all i n d ustr y l e v els a n d 

g ai n e d a d e e p er u n d erst a n di n g of w h at is 

n e e d e d: “ Th e p a c e of c o nstr u cti n g C hi n a’s 

m a riti m e  p o w e r  i s  still  a c c el e r ati n g,  

w hi c h bri n gs wit h it n e w r e q uir e m e nts 

f or r es e ar c h e q ui p m e nt. I n f a ct, m ariti m e 

c oll e a g u e s  s h o ul d  h a v e  e xt e n si v e  

e x p eri e n c e. Th at is t o s a y t h at o ur c o u ntr y’s 

c urr e nt m ari n e s ci e nti fi c r es e ar c h a bilit y 

is n ot e n o u g h t o pr o vi d e s u ffi ci e nt s u p p ort 

f or t h e n ati o n al m ariti m e str at e g y.

“ O u r  e q ui p m e nt,  t e c h n ol o g y,  t e a m  

a n d  m a n a g e m e nt  m e c h a nis ms  n e e d  a n  

i n- d e pt h r ef or m ati o n a n d o pti mis ati o n, 

e q u all y  t h e  q u alit y  a n d  q u a ntit y  of  

e q ui p m e nt n e e ds t o b e gr e atl y i m pr o v e d, 

s o as t o s u p p ort t h e f urt h er p erf e cti o n a n d 

A br e a k d o w n of D N V G L’ s SI L E N T cl a s s n ot ati o n s I m a g e cr e dit: D N V G L
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d e v el o p m e nt  of  C hi n a’s  m ari n e  s ur v e y  

s yst e m,” h e a d ds.

A c c or di n g t o i n d ustr y e x p erts, C hi n a’s 

r e s e ar c h  v e ss els  h a v e  g o n e  t h r o u g h  a  

p e ri o d  of  r a pi d  pr o g r essi o n,  filli n g  i n  

m a n y l o o p h ol es a n d w e a k n ess es i n t h e 

fi el d of e q ui p m e nt. H o w e v er, t h es e s hi ps 

still h a v e a l o n g w a y t o g o, w h et h er fr o m 

t h e s c al e of t h e g a p b et w e e n C hi n a a n d t h e 

U nit e d St at es, t h e E ur o p e a n U ni o n a n d 

ot h er m aj or e c o n o mi es i n t h e w orl d, or 

fr o m t h e f ut ur e d e m a n d of C hi n a’s m ari n e 

r es o ur c es, e x pl or ati o n a n d d e v el o p m e nt. 

A pl a n of a cti o n 
fh e c o ns e ns us r e a c h e d b y t h e i n d ustr y 

is  t o  st r e n gt h e n  t h e  d esi g n  of  m ari n e  

s ci e nti fi c r es e ar c h e q ui p m e nt n ati o n all y, 

b ut h o w c a n t his b e a c hi e v e d? 

First,  e n h a n ci n g  t h e  o v er all  pl a n ni n g  

of  n e w b uil d s  a n d  p r o m oti n g  t h e  

st a n d ar dis ati o n  of  diff er e nt  s hi p  t y p es.  

W u G a n g b eli e v es t h at a Th er t h e s w ar m of 

c o nstr u cti o n s u bsi d es a n d C hi n a’s r es e ar c h 

s hi p m ar k et tr a nsiti o ns t o a st e a d y p eri o d, 

t h e c o u ntr y n e e ds t o dr a w u p a bl u e pri nt 

f or t h e d e v el o p m e nt of t h e n e xt g e n er ati o n 

of  r es e ar c h  v ess els.  Wit hi n  t his,  t h e  

st a n d ar dis ati o n of s hi p t y p es is k e y. 

“ B uil di n g a s hi p still t a k es t o o l o n g. At 

pr es e nt, it t a k es 5- 1 0 y e ars f or t h e l at est 

s ci e nti fi c r es e arc h s hi p i n C hi n a t o pr o gr ess 

fr o m pl a n ni n g t o pr oj e ct a p pr o v al t o d eli ver y. 

I n t h at p eri o d, t h e a d v a n c e d t e c h n ol o g y a n d 

t ar g ets m a y b e c o m e o ut of d at e b y t h e ti m e 

of d eli v er y,” W u c o m m e nts. H e a d ds t h at 

if t h e st a n d ar dis ati o n of t his s hi p t y p e is 

r e alis e d, t h e e ntir e c o nstr u cti o n p eri o d c a n 

b e e x p e ct e d t o r e d u c e t o 2- 3 y e ars, w hi c h 

is  als o  i nstr u m e nt al  i n  t h e  i n cr e m e nt al  

u p d ati n g of t e c h ni c al e q ui p m e nt.

S e c o n d,  bri n gi n g  i nt o  pl a y  s y n er g y  

wit h  e xi sti n g  s hi p s  a n d  p r o m oti n g  

t h e  d e v el o p m e nt  of  C hi n a’s  s ci e ntifi c  

r es e ar c h fl e et. Est a blis hi n g t his fl e et is n ot 

a  n e w  t o pi c.  T h e  f or m er  St at e  O c e a ni c  

A d mi nistr ati o n pr e vi o usl y s et u p a ‘ C hi n a 

M ari n e R es e arc h Fl e et’, t h e N ati o n al N at ur al 

S ci e n c e F o u n d ati o n of C hi n a ( N S F C) h as 

a  s h ar e d  v o y a g e  pl a n,  a n d  t h e  C hi n es e  

A c a d e m y  of  S ci e n c es  p oss ess es  its  o w n  

s ci e nti fi c r es e arc h fl e et. H o w e v er, c o m p ar e d 

wit h t h e U nit e d St at es’ U ni v ersit y- N ati o n al 

O c e a ni c L a b or at or y S yst e m ( U N O L S) a n d 

t h e U S N ati o n al O c e a ni c a n d At m os p h eri c 

A d mi nistr ati o n ( N O A As) fl e ets, t h e a b o v e 

m e c h a nis ms  ar e  still  n ot  p erf e ct  a n d  

h a v e  i n a d e q u at e  m a n a g e m e nt  a n d  cr oss  

d e p art m e nt al  all o c ati o n  of  r es o ur c es.  I n  

a d diti o n, C hi n a l a c ks fl e et alli a n c e a cr oss 

i n d ustri es a n d u nits.

S u n Yat- S e n U ni v ersit y’s e x e c uti v e vi c e 

pr esi d e nt, S u n D o n g b ai, s a ys t h at C hi n a 

c a n l e ar n fr o m i nt er n ati o n al e x p eri e n c e 

a n d s et u p a ‘ U ni v ersit y M ari n e S ci e n c e 

R es e ar c h Alli a n c e’ a n d ‘ N ati o n al M ari n e 

S ci e n c e R es e ar c h Alli a n c e’. H e a d ds t h at i n 

C hi n a, w h er e t h e t as k of s ci e nti fi c r es e ar c h 

is h e a v y a n d t h e n u m b er of c orr es p o n di n g 

s hi ps is s m all, si g ni fi c a nt g o als a n d l ar g e 

t e a ms s h o ul d b e est a blis h e d t o c oll e cti v el y 

b uil d a n i n d ustr y pl atf or m.

ftir d, pr o m oti n g t h e l o c alis ati o n of k e y 

m ari n e s ur v e y t e c h n ol o g y a n d e q ui p m e nt. 

As it st a n ds, a n u m b er of s hi ps a n d s ci e nti fi c 

d e vi c es  i nst all e d  o n  C hi n a’s  a d v a n c e d  

r es e ar c h s hi ps, s u c h as a zi m ut h t hr ust ers, 

s p e ci alis e d wi n c h es, hi g h- pre cisi o n a c o usti c 

e q ui p m e nt, s e ns ors a n d s o o n, ar e hi g hl y 

d e p e n d e nt u p o n i m p orts. If t his sit u ati o n 

d o es n ot c h a n g e, it will b e c o m e t h e bi g g est 

p ai n  p oi nt  r estri cti n g  t h e  gr o wt h  of  t h e  

c o u ntr y’s r es e arc h e q ui p m e nt.

It  h as  b e e n  r e p ort e d  t h at,  at  pr es e nt, 

C hi n a  h as  alr e a d y  b e g u n  i n d e p e n d e nt  

d e v el o p m e nt  of  f ull y  r ot ati n g  t hr ust ers  

( a zi m ut h  t h r u st e r s),  L A R S  s y st e m s,  

s ci e ntifi c  r es e ar c h  wi n c h es  a n d  ot h e r  

e q ui p m e nt,  w h e r e a s  t e c h n ol o gi c al  

br e a kt hr o u g hs i n s p e ci al a c o usti c d et e cti o n 

e q ui p m e nt, s e ns ors a n d ot h er s yst e ms ar e 

r eli a nt u p o n i n- d e pt h c oll a b or ati o n i nsi d e 

a n d o utsi d e of t h e i n d ustr y. F urt h er, t h e 

l o c alis ati o n of s u c h hi g h- e n d s hi ps a n d 

r e s e ar c h  a p p ar at u s  r e q ui r e s  t o p-l e v el  

pl a n ni n g a n d s u p p ort. N A

C hi n e s e s ci e nti Th c r e s e ar c h v e s s el 

Xi a n g Y a n g H o n g 1
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P
er h a ps  t h e  bi g g est  t al ki n g  p oi nt  

f or c o nt ai n er s hi ps si n c e M a ers k’s 

‘ Tri pl e  E’  d e si g n  w as  u n v eil e d  

i n 2 0 1 1, C M A C G M J ac q u es S a a d é  m a y 

e v e nt u all y  b e  e cli ps e d  i n  si z e  b ut  will  

al w a ys  b e  a bl e  t o  cl ai m  t h e  titl e  of  t h e 

w orl d’s  first  L N G- p o w er e d  ult r a  l ar g e  

c o nt ai n er s hi p ( U L C S). S o it s h o ul d c o m e 

as n o s ur pris e t h at it’s o n e of t h e v ess els 

i n cl u d e d i n RI N A’s Si g ni fic a nt S hi ps of 2 0 2 0  

p u bli c ati o n, w hi c h will b e p u blis h e d l at er 

t his m o nt h.

Fr e n c h o p er at or C M A C G M ori gi n all y 

si g n e d  t h e  c o ntr a ct  f or  t h e  s hi p  a n d  its  

ei g ht sist ers wit h C hi n a St at e S hi p b uil di n g 

C or p or ati o n ( C S S C) i n S e pt e m b er 2 0 1 7, 

wit h t h e w or k b ei n g s plit a cr oss s u bsi di ari es 

H u d o n g- Z h o n g h u a S hi p b uil di n g ( Gr o u p) 

C o.,  Lt d.  (fi v e  v ess els)  a n d  S h a n g h ai  

Ji a n g n a n- C h a n g xi n g  S hi p b uil di n g  (f o ur  

v ess els). D eli v er y of t h e s eri es w as s u p p os e d 

t o c o m m e n c e i n N o ve m b er 2 0 1 9, b ut n eit h er 

y ar d h a d gre at e x p eri e n c e i n b uil di n g v ess els 

wit h t w o-str o k e L N G pr o p ulsi o n s yst e ms 

a n d it s e e ms li k el y t his c o ntri b ut e d t o d el a ys, 

w hi c h w er e t h e n f urt h er e x a c er b at e d b y t h e 

C o vi d- 1 9 p a n d e mi c. 

C M A  C G M  J ac q u es  S a a d é  w as  fi n all y  

d eli v er e d  b y  H u d o n g- Z h o n g h u a  o n  2 2  

S e pt e m b er 2 0 2 0, wit h S h a n g h ai Ji a n g n a n-

C h a n g xi n g d eli v eri n g t h e n e xt v ess el, C M A 

C G M C h a m ps El ys e es , a m o nt h l at er. T o 

d at e, f o ur s hi ps h a v e e nt er e d s er vi c e. fh e 

s eri es w as d esi g n e d b y t h e M ari n e D esi g n 

a n d R es e arc h I nstit ut e of C hi n a ( M A RI C).

Wit h its l e n gt h a s h a d e u n d er 4 0 0 m, 

b e a m  of  6 1. 3 m  a n d  m o ul d e d  d e pt h  of  

3 3. 5 m, C M A  C G M  J a c q u es  S a a d é  h as  

a t ot al c a p a cit y of 2 3, 1 1 2 T E U of w hi c h 

1 3, 3 2 8 T E U  ar e  o n  d e c k  a n d  9, 7 8 4 T E U  

u n d er d e c k. C M A C G M b o asts t h at t h e 

v ess el’s “ o utst a n di n g d esi g n” m e a ns t h at 

it is p ossi bl e t o st a c k c o nt ai n ers of o v er 

1 0t o n n e s  i n  a  1 0- hi g h  st a c k.  D u ri n g  

t h e  s hi p’s  m ai d e n  c all  at  Si n g a p or e  i n  

O ct o b e r  2 0 2 0,  a  w orl d  r e c or d  2 0, 7 2 3  

“f ull c o nt ai n ers” w er e l o a d e d i n a pr o c ess 

c o nsisti n g of s o m e 4, 0 0 0 s e p ar at e cr a n e 

l o a d-i n g a n d u nl o a di n g m o v e m e nts ( b ef or e 

c o m m e n ci n g a 1 3- c all j o ur n e y t o E ur o p e). 

H o w e v er, as wit h all c o nt ai n er s hi ps, t h e 

t ot al c a p a cit y is si g ni fi c a ntl y r e d u c e d w h e n 

usi n g a h o m o g e n o us l o a di n g of 1 4t o n n es 

p er  T E U.  U n d er  t his  m e as ur e,  c a p a cit y 

f alls t o 1 4, 1 8 0 T E U at s c a ntli n g dr a u g ht 

of  1 6 m.  T h er e  ar e  2, 2 0 0  el e ctri c  p oi nts 

f or r e ef er b o x es. C ar g o l o a di n g a bilit y h as 

b e e n o pti mis e d usi n g s p e ci fi c all y d esi g n e d 

l as hi n g bri d g es a n d a l o os e l as hi n g s yst e m. 

B ut, of c o urs e, it’s t h e c h oi c e of L N G as f u el 

t h at h as b e e n t h e m ai n t o pi c of c o n v ers ati o n 

f or C M A C G M J ac q ues S a a dé  e v er si n c e its 

first a n n o u n c e m e nt. W hil e ot h er b o xs hi p 

o p er at ors, s u c h as H a p a g- Ll o y d, h a v e si n c e 

o pt e d f or L N G, t h e m aj orit y of or d ers f or 

si mil ar  si z e d  n e w b uil di n gs  still  f a v o ur  

H F O  a n d  s cr u b b ers  as  d o u bts  p ersist  

a b o ut  g as.  B y  c o ntr ast,  C M A  C G M  h as  

str e n gt h e n e d its c o m mit m e nt a n d e x p e cts 

t o h a v e 2 6 d u al-f u ell e d c o nt ai n ers hi ps b y 

2 0 2 2, i n cl u di n g t h e s eri es of si x 1 4, 8 0 6 T E U 

s hi ps c urr e ntl y b ei n g b uilt at t h e H y u n d ai 

S a m h o s hi p y ar d i n S o ut h K or e a.

C M A  C G M  J ac q u es  S a a d é  is p o w er e d 

b y  a  si n gl e  Wi n G D  1 2 X 9 2 D F  d u al-f u el  

e n gi n e, r at e d at 6 3, 8 4 0 k W, w hi c h utilis es 

Wi n G D’s  s u c c essf ul  X- D F  l o w- pr ess ur e  

c o n c e pt  f or  pr o p ulsi o n.  Wei g hi n g  i n  at  

2, 1 4 0t o n n es,  i n  J a n u ar y,  f oll o wi n g  t ests  

c arri e d o ut b y b uil d er C S S C- M E S Di es el 

C o, it w as o ffi ci all y d e cl ar e d b y G ui n n ess 

W orl d R e c or ds t o b e t h e m ost p o w erf ul 

m ari n e i nt er n al c o m b usti o n e n gi n e ( Ott o 

c y cl e)  c o m m er ci all y  a v ail a bl e.  T h e  s hi p  

c o ul d als o r u n o n V L S F O or M D O, b ut t h e 

o w n er h as s p e ci fi e d a l ar g e 1 8, 7 6 2 m³ G T T 

M ar k III t a n k f or L N G, all o wi n g t h e s hi p 

t o c o m pl et e a F ar E ast – E ur o p e r o u n d tri p 

o n o n e b u n k eri n g. B y c o ntr ast, t h e H F O 

t a n k w o ul d o nl y pr o vi d e f or 1 0 or 1 1 d a ys 

of s aili n g. It is li n k e d t o a 1 0. 1 m di a m et er 

pr o p ell er  r ot ati n g  at  8 0r p m,  gr a nti n g  a  

s er vi c e s p e e d of 2 1. 9 7 k n ots at 9 0 % M C R.

E v e n t h e v ess el’s i n a u g ur al b u n k eri n g 

r e p r e s e nt e d  a  l a n d m a r k,  a  1 6 - h o u r  

o p er ati o n  at  t h e  P ort  of  R ott er d a m  i n  

N o v e m b er 2 0 2 0 i n v ol vi n g a n ot h er of l ast 

y e ar’s  n e w b uil ds,  G as  A gilit y ,  its elf  t h e  

w orl d’s l ar g est L N G b u n k eri n g s hi p a n d 

s p e ci all y b uilt t o s er vi c e t h e a nti ci p at e d 

n e xt g e n er ati o n of U L C S’s. N A

F e at ur e 1 |  C HI N A

T h e N a v al Ar c hit e ct  F e br u ar y 2 0 2 1

As a s p e ci al pr e vi e w of o ur f ort h c o mi n g Sig ni fic a nt S hi ps of 2 0 2 0 , The N a v al 

Arc hitect  t a k es a l o o k at ar g u a bl y t h e m ost hi g h- pr o fil e v ess el d eli v er e d b y a 

C hi n es e y ar d l ast y e ar: C M A C G M J ac q ues S a a dé

C M A C G M’s g as gi a nt

C M A C G M 

J a c q u e s S a a d é ’ s 

c ol o urf ul li v er y 

pr o cl ai m s it s g a s 

pr o p ul si o n. I m a g e: 

C M A C G M

 
 

V ess el t y p e:  ..................................C o nt ai n er s hi p

L e n gt h ( o a):  .............................................. 3 9 9. 9 m

Br e a dt h m o ul d e d:  ..................................... 6 1. 3 m

D e pt h, t o m ai n d e c k:  ............................... 3 3. 5 m

D e a d w ei g ht, d esi g n:  ................... 1 8 9, 2 6 0. 5 d wt

T E U c a p a cit y:  .............................................2 3, 1 1 2

C o m pl e m e nt: ............9 of ft c ers, 2 0 cr e w ( m a x)

T E C H NI C A L  P A R TI C U L A R S

C M A C G M J a c q u e s S a a d é
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G e n er al arr a n g e m e nt of C M A C G M 

J a c q u e s S a a d é
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T h e N a v al Ar c hit e ct  F e br u ar y 2 0 2 12 2

P
ass e n g e r s  o n  c r ui s e  s hi p s  li k e  

t o  w a n d e r  i n  a n d  o ut  m u c h  as  

t h e y  w o ul d  o n  d r y  l a n d,  i. e.  

wit h o ut h a vi n g t o n e g oti at e d o ors t h at 

o p e n a n d s h ut as t h e y p ass. B ut cr e ati n g 

s u c h  i n d o or/ o ut d o or  s p a c e s  o n b o a r d  

s hi ps is d e m a n di n g gi v e n t h e p arti c ul ar 

r e q uir e m e nts of h e ati n g, v e ntil ati o n a n d 

air c o n diti o ni n g ( H V A C).

H u mi dit y is a m aj or s o ur c e of t h os e 

c h all e n g es e. g. cr e ati n g c a bi ns t h at f e at ur e 

d o ors  w hi c h  c a n  b e  o p e n e d  a n d  t h us  

r e m o v e a n e ntir e w all t o t h e b al c o n y, s a ys 

U w e J a k u b o ws k y, e n gi n e eri n g m a n a g er at 

A eri us, t h e G er m a n H V A C s p e ci alist. 

If  t h e  t e m p e r at u r e  i nsi d e  t h e  c a bi n  

is k e pt l o w a n d t h e air o utsi d e h ot a n d 

h u mi d, as is o fh e n t h e c as e w h e n t h e s hi p 

o p er at es i n w ar m cli m at es, c o n d e ns ati o n 

st arts  t o  b uil d  wit hi n  t h e  s p a c e.  O v er  

pr ess urisi n g t h e c a bi n o ff ers a w a y t o t a c kl e 

t h e pr o bl e m, h e t ells The N a v al Arc hitect .

A eri us s u p pli es H V A C s yst e ms t o t h e 

E d g e cl ass s hi ps of C el e brit y Cr uis es, w hi c h 

ar e b ei n g b uilt at C h a nti ers d e l’ Atl a nti q u e 

i n Fr a n c e. ft es e v ess els f e at ur e I n fi nit e 

Ver a n d a c a bi ns, i n w hi c h t h e w all t o t h e 

b al c o n y sli d es t o t h e si d es a n d tr a nsf or ms 

o n e si d e of t h e c a bi n i nt o o ut d o or s p a c e. 

O n t h e ot h er h a n d, a gl ass p a n el c a n 

b e r ais e d t o t ur n t h e b al c o n y i nt o i nsi d e 

s p a c e,  wit h  a  fl o or  t o  c eili n g  wi n d o w  

f a ci n g t h e s e a. Si mil ar c a bi ns ar e f o u n d 

o n  ot h er  r e c e nt  n e w b uil di n gs,  s u c h  as 

P & O Cr uis es’ I o n a, w h er e t h e y ar e c all e d 

C o ns er v at or y Mi ni S uit es.

B u ff et ar e as ar e a n ot h er l o c ati o n w h er e 

s u c h  a n  ar r a n g e m e nt  w o ul d  b e  q uit e  

w el c o m e. I n m ost c as es, t h e m ai n p o ol 

ar e a li es i n f r o nt of t h e r est a ur a nt a n d 

a n o p e n d e c k a Th of it. P e o pl e w a nt t o sit 

o utsi d e, s o t h er e is a h e a v y fl o w i n a n d 

o ut. A ut o m ati c sli di n g d o ors ar e us e d t o 

s e p ar at e t h e i n d o or ar e a f r o m o ut d o or 

o n es, a n d m a ki n g t h es e i n d o or/ o ut d o or 

ar e as s e a ml ess p os es its o w n c h all e n g es.

“I n li d o b u ff et z o n es, y o u n e e d t o us e air 

l o c ks, o v er pr ess urisi n g t h e i nsi d e ar e as 

d o es  n ot  w or k,”  J a k u b o ws k y  s a ys.  T h e  

s hi p’s f or w ar d m oti o n cr e at es a wi n d a n d 

if d o ors ar e o p e n t o a d e c k a Th of t h e b u ff et, 

t h e air fl o w t hr o u g h t h e s p a c e b e c o m es s o 

str o n g t h at it c a n n ot b e s e al e d o ff wit h j ust 

o v er pr ess urisi n g t h e ar e a, h e e x pl ai ns.

H u mi dit y a n d s af et y
J o e p H o p m a n, C E O of t h e D ut c h H V A C 

s y st e m  s u p pli e r  H ei n e n  &  H o p m a n,  

c o m m e nt s  t h at  ai r  c a n  o nl y  b e  bl o w n 

i n  b y  t h e  H V A C  s y st e m  i n  i n d o o r/

o ut d o or ar e as, ot h er wis e h u mi dit y a n d 

c o n d e ns ati o n b e c o m es a pr o bl e m. This 

l e a ds  t o  a  l o ss  of  s y st e m  effi ci e n c y  i n 

t h es e ar e as, w hi c h h e s a ys a m o u nts t o t h e 

r e gi o n of 2 5- 3 0 %.

T w o q u esti o ns h a v e h a m p er e d e ff orts 

t o  b ett e r  m e r g e  i n d o o r  a n d  o ut d o o r  

a r e a s  o n b o a r d  c r ui s e  s hi p s,  s a y s  Ve s a 

M artti n e n, s e ni or a d vis or at t h e Fi n nis h 

c o ns ulti n g c o m p a n y M ari n e C y cl es. “ Th e 

fi r st  o n e  i s  fi r e  s af et y:  w h at  c at e g or y  

s p a c es ar e w e t al ki n g a b o ut i n S O L A S 

t e r m s.  T h e  s e c o n d  o n e  r el at e s  t o  ai r  

c o n diti o ni n g.  R e m o vi n g  h u mi dit y  

f r o m t h e ai r i n ar e as i nsi d e h as b e e n a 

pr o bl e m,” h e t ells Th e N a v al Arc hit ect .

Cr uis e s hi ps o p er at e i n v ari o us cli m at e 

c o n diti o ns, wit h si g ni fi c a nt fl u ct u ati o ns i n 

o utsi d e air t e m p er at ur e, y et t h e e x p eri e n c e 

f or  p ass e n g ers  s h o ul d  al w a ys  r e m ai n  a 

pl e as a nt o n e. ‘ Air c urt ai ns’ pr o d u c e d b y 

t h e air c o n diti o ni n g s yst e m o n b o ar d h a v e 

b e e n d e v el o p e d t o t a c kl e t h es e pr o bl e ms 

as w ell as i n d o or h u mi dit y iss u es, a n d t h e 

r es ults h a v e i m pr o v e d o v er t h e y e ars.

H o w e v e r,  w h e n  c o n si d e ri n g  t hi s  

m et h o d,  o p er ati n g  c osts  fr o m  i n cr e as e d  

us e of air c o n diti o ni n g c a p a cit y a n d c a pit al 

e x p e n dit ur e li n k e d t o t h e i n cr e as e d c a p a cit y 

r e q uir e d fr o m t h e air c o n diti o ni n g pl a nt 

e nt er t h e pi ct ur e as w ell. 

“I n r e c e nt ti m es, t h er e h as b e e n a l ot of 

e ff ort i n t h e d e v el o p m e nt of H V A C t o all o w 

air circ ul ati o n wit h o ut c o oli n g it. Ulti m at el y, 

t h e q u esti o n is a b o ut w h et h er p ass e n g ers 

ar e a bl e a n d willi n g t o p a y f or a n y n e w 

e x p eri e n c e o n b o ar d,” M artti n e n s a ys.

I n  t h e  c r uis e  i n d ust r y,  i n n o v ati o ns  

o n b o ar d s hi ps ar e o Th e n b as e d o n c o ns u m er 

tr e n ds t h at ar e t a ki n g pl a c e as h or e. As t h e 

d e m a n d  f or  a  n e w  i n n o v ati o n  c o n c e pt  

gr o ws, cr uis e li n es will n e e d t o i ntr o d u c e 

o n es o n b o ar d, h e c o n cl u d es.

E s k o  N o u si ai n e n,  w h o  h e a d s  t h e  

cr uis e b usi n ess ar e a at t h e fi n nis h H V A C 

s p e ci alist K oj a, c o m m e nts t h at c o m m er ci al 

r e as o ns dri v e t h e i n d ustr y t o i ntr o d u c e 

n e w  f e at ur es,  i n cl u di n g  c a bi ns  t h at  c a n 

b e c o n v ert e d i nt o i n d o or/ o ut d o or ar e as. 

“ fi er e ar e q uit e a f e w n e w s hi ps o n or d er 

a n d m a n y of t h e m ar e d u e t o e nt er s er vi c e 

i n  t h e  n e ar  f ut ur e.  T h er e  is  a  n e e d  f or  

s p e ci al f e at ur es t o m a k e v ess els st a n d o ut,” 

h e a d ds.

H o w e v er, gi v e n t h e f a ct t h at f e at ur es s u c h 

as t h es e t y p es of c a bi ns i n v ol v e b ot h hi g h er 

o p er ati n g e x p e ns es as a r es ult of i n cr e as e d 

e n er g y c o ns u m pti o n of t h e H V A C s yst e m 

a n d a ris e i n c a pit al e x p e n dit ur e as w ell, 

t h e y will b e i ntr o d u c e d i n li mit e d n u m b ers 

a n d at hi g h er e n d c a bi n c at e g ori es. N A

F e at ur e 2 |  I N T E RI O R S & A C C O M M O D A TI O N

K ari R ei ni k ai n e n s p e a ks t o H V A C pr o vi d ers a b o ut t h e i n cr e asi n gl y 

s o p histi c at e d v e ntil ati o n s ol uti o ns t h e y ar e b ei n g c all e d u p o n t o d e v el o p

I n d o or / o ut d o or s p a c es p os e o p er ati o n al 
c h all e n g es o n cr uis e s hi ps

T h e ‘I n fi nit e V er a n d a’ f o u n d o n c a bi n s i n 

C el e brit y Cr ui s e s’ E d g e cl a s s s eri e s

A C o n s er v at or y Mi ni S uit e o n b o ar d P & O’ s 

I o n a
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A
s t h e w orl d st art e d t o i m pl e m e nt 

n ati o n al  l o c k d o w ns  i n  2 0 2 0  d u e  

t o  t h e  p a n d e mi c,  t h e  r ol e  of  t h e  

m er c h a nt s hi p pi n g i n d ustr y b e c a m e e v e n  

m or e  ess e nti al.  Wit h  b or d ers  cl os e d  a n d  

m ost p e o pl e st u c k at h o m e, we i n cre asi n gl y 

r eli e d o n t h e i n d ustr y f or t h e d eli v er y of  

c o ns u mer g o o ds, f o o d a n d me dic al s u p plies. 

H o w e v er,  t h e  p a n d e mi c  als o  hi g hli g ht e d  

t h e sit u ati o n of s e af ar ers w h o w er e f e eli n g 

stress e d, a n xi o us a n d e x h a uste d. I n d e e d, t he 

S e af arers Ha p pi ness I n d e x re p ort, p u blis he d 

i n Ma y, re ve ale d cle ar c o ncer ns a b o ut c urre nt 

s af et y  a n d  w elf ar e  pr o visi o n,  wit h  cr e w  

ur g e ntl y c alli n g f or i m pr o v e d c o n n e cti vit y 

b et we e n s h ore a n d s e a. O fhe n c o nsi d ere d as 

t h e f or g ott e n o n es, t h e 1. 6 milli o n s e af arers 

e m pl o ye d ar o u n d t he w orl d pl a y a cr uci al r ole 

i n s hi p pi n g c o m p a nies’ d a y-t o- d a y o p er ati o ns, 

i n c h ar g e of diffi c ult t as ks s u c h as v ess el  

m ai nte n a nce, m a n a ge me nt of g o o ds a n d t heir 

u nl o a di n g. As a res ult, cre w t ur n o ver r ate c a n 

b e hi g h w hile re cr uit me nt re m ai ns di ffic ult.

T h e  i n d ustr y  h as  st art e d  e v al u ati n g  

t e c h n ol o gi c all y  a d v a n c e d  pr o d u cts  a n d  

l o o ki n g at f ut ure pr oj e cts t h at will m o der nis e 

n a vi g ati o n,  s u c h  as  r e m ot el y  o p er at e d  

a ut o n o m o us s hi ps. Yet, w hile i nteresti n g, t his 

ki n d of i n n o v ati o n is still a w or k i n pr o gress 

a n d will li k el y t a k e y e ars t o d e v el o p. I n t h e 

me a nti me, s hi p pi n g c o m p a nies m ust i ncre as e 

t h eir  pr o d u cti vit y  t o  r es p o n d  t o  gr o wi n g  

gl o b al n e e ds; s e af ar ers pl a y a cr u ci al r ol e  

i n t his str at e g y. Th eref ore, re cr uit m e nt a n d 

r et ai n m e nt p oli ci es ar e k e y a n d m ust t a k e 

i nt o acc o u nt t he I M O’s re g ul ati o ns. Acc or di n g 

t o s ai d r ul es, re g ar dl ess of t h eir n ati o n alit y, 

s e af arers c a n st a y o n t h e s a m e vess el f or u p 

t o  1 1  m o nt hs.  E x h a ust e d  cr e w  m e m b ers  

c a n c a us e p ot e nti al a c ci d e nts a n d s p e n di n g 

m o nt hs a w a y fr o m t h e m ai nl a n d c a n h a v e 

s o ci al a n d m or al re p erc ussi o ns o n t he m.

ft e attr a cti v e n ess of t h es e j o bs is ess e nti al 

f or t h e s ust ai n a bilit y of a s e ct or t h at h as 

u n d er g o n e pr of o u n d c h a n g es f or t h e p ast 

3 0  y e ars.  I n cr e as e d  w or k,  c o m m er ci al  

c o nstr ai nts, m a n a g eri al r e q uir e m e nts a n d 

e m pl o y m e nt c o n diti o ns of s e af ar ers h a v e 

h a d a n i m p a ct o n c o m p a ni es’ or g a nis ati o n. 

I n or d er t o k e e p t h e cre w s pirits hi g h, e v e n 

w h e n  t h e y  n e e d  t o  w or k  2 4/ 7,  e ns uri n g  

t h eir w ell b ei n g m ust b e at t h e h e art of t h e 

str at e g y, es p e ci all y si n c e t h e C o vi d crisis h as 

r estri ct e d s ail ors fr o m g oi n g h o m e b e c a us e 

of q u ar a nti n es or b or d er cl os ur es. I n t his 

s e nsiti v e  c o nt e xt, t h e a c c o m m o d ati o n of  

cre w is a pri orit y a n d s h o ul d b e re vi e w e d t o 

c o ntri b ut e t o t h eir w ell- b ei n g o n b o ar d s hi ps. 

M o d es of tr a ns p ort ati o n ar e c h a n gi n g 

wit h t e c h n ol o g y. W hil e a vi ati o n h as alr e a d y 

e m br a c e d t his t o pr o vi d e a d v a n c e d s er vi c es 

a n d  a n  e n h a n c e d  p ass e n g er  e x p eri e n c e  

w hil e  o pti misi n g  fli g ht  o p er ati o ns,  t h e  

m ariti m e i n d ustr y h as b e e n e v al u ati n g h o w 

t o d e v el o p o n b o ar d s er vi c es. C o n c er ni n g 

t h e m erc h a nt s hi p pi n g s e ct or, di git alis ati o n 

c a n bri n g r e al a d d e d v al u e b y i m pr o vi n g t h e 

st a n d ar d of li vi n g. 

Di git al pl atf or ms pr o vi d e a n a ns w er t o 

t his iss u e as t h e y e n h a n c e o n b o ar d li vi n g b y 

e n a bli n g s e af ar ers t o a c c ess e nt ert ai n m e nt 

s er vi c es,  hi g h- q u alit y  c o nt e nt,  Wi Fi  or  

i nf ot ai n m e nt.  C o n n e cti vit y  als o  all o ws  

c o m m u ni c ati o n  wit h  f a mil y,  as  w ell  as  

a c c ess  t o  h e alt h  a n d  e d u c ati o n  r e m ot e  

s er vi c es.  S hi p b uil d ers  a n d  o p er at ors  c a n  

l e a n o n t h es e s ol uti o ns t o pr o vi d e i n n o v ati v e 

s er vi c es o n b o ar d, a c c essi bl e fr o m t h e cr e w 

a c c o m m o d ati o n. Fl e xi bl e a n d p erf or m a nt, 

di git al pl atf or ms h a v e t h e a d v a nt a g e of n ot 

re pres e nti n g h e a v y i nst all ati o ns as t h e y c a n 

f u ncti o n i n a n o ffli n e e n vir o n m e nt. B as e d o n 

wir el ess s yst e ms, pl atf or ms g e n er at e a l o c al 

Wi- Fi n et w or k a c c essi bl e t o t h e a p p ar at us o n 

t h e s hi p. Av ail a bl e fr o m p ers o n al el e ctr o ni c 

d e vi c es,  t h e  di git al  p ort al  cr e at es  a  ri c h  

e x p eri e n c e o n b o ar d. 

B e y o n d e nt ert ai n m e nt, di git al s ol uti o ns 

c a n  als o  e n a bl e  I nt er n et  of  T hi n gs  (I o T)  

t e c h n ol o g y,  a n  i n cr e asi n gl y  i nt er esti n g  

o p p ort u nit y f or t he m ariti me i n d ustr y w hi c h 

e n a bl es a d v a n c e d s er vi c es, hi g h er l e v el of 

c o mf ort,  a n d  o p er ati o n al  i m pr o v e m e nts.  

P o w erf ul s er vi c e a n d a ut o m ati o n t o ols c a n 

als o b e d e vel o p e d t o e xte n d cre w c a p a citi es. 

T h e  d e pl o y m e nt  of  a  di git al  p ort al  

c a n  c o ntri b ut e  t o  u p gr a di n g  o n b o ar d  

a c c o m m o d ati o n a n d i m pr o vi n g t h e li v es 

of s e af ar ers. F or s hi p o p er at ors, t h at m e a ns 

a m or e e n g a g e d a n d c o m mitt e d cr e w, as 

w ell as a hi g h er ret e nti o n r at e.  Th e c urre nt 

p a n d e mi c h as hi g hli g ht e d h o w i m p ort a nt 

t h e i n d ustr y is a n d h o w its r ol e h as b e e n 

a c k n o wl e d g e d as ess e nti al t o k e e p gl o b al 

c o m m erc e r u n ni n g. I n n o v ati o n will b e k e y 

t o a c c el er at e t h e i n d ustr y’s d e v el o p m e nt as it 

s e e ks t o res p o n d t o t h e gl o b al tr a d e d e m a n ds 

a n d cre w ret e nti o n will b e o n e of t h e pill ars 

t o its s u c c ess. N A

htt ps:// m o m e nt.t e c h
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Wit h t h e s hi p pi n g s e ct or b ei n g i m p a ct e d b y C o vi d- 1 9, m a n uf a ct ur ers a n d 

o p er at ors m ust r e vi e w t h e o n b o ar d c o n diti o ns of cr e w m or e t h a n e v er, s a ys 

Ta n g u y M or el, c o-f o u n d er a n d C E O of M o m e nt

S e af ar ers a n d s hi ps: e n h a n ci n g o n b o ar d 
c a bi n c o mf ort wit h c o n n e cti vit y

T h e pr o vi si o n 

of o n b o ar d 

c o n n e cti vit y 

i s pl a yi n g a n 

i n cr e a si n gl y 

i m p ort a nt r ol e 

i n cr e w c o mf ort 

a n d, ulti m at el y, 

r et e nti o n
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L
ife b o at a n d lifer a fh pr o visi o n h as b e e n 

at t he he art of t he S afet y of Life at S e a 

( S O L A S) c o n v e nti o n e v er si n c e t h e 

first tre at y w as si g ne d i n 1 9 1 4, i n t he a Ther m at h 

of Tit a nic . Wit h re g ar d t o w h ere t h es e cr a ft 

s h o ul d b e sit u ate d, t he c urre nt r ules st ate:

1.  “[ T h e y]  s h all  b e  st o w e d  as  cl os e  t o  

a c c o m m o d ati o n a n d s er vi c e s p a c es as  

p ossi bl e”

2.  “ M ust e r  a n d  e m b ar k ati o n  st ati o ns  

s h all  b e  r e a dil y  a c c essi bl e  fr o m  t h e  

a c c o m m o d ati o n a n d w or k are as.”

3.  “ E a c h s ur vi v al cr a Th s h all b e st o w e d, as f ar 

as pr a cti c a bl e, i n a s e c ur e a n d s h elt er e d 

p ositi o n a n d pr ot e ct e d fr o m d a m a g e b y 

fire a n d e x pl osi o n.”

S u c h  w or di n g  i nt e nti o n all y  all o ws  f or  

s o m e l atit u d e i n i nt er pr et ati o n, b ut is t h er e 

a d a n g er t h at m o d er n s hi p d esi g ns c o ul d b e 

t a ki n g t h at li c e ns e t o o f ar? 

Th at’s t h e o pi ni o n of J a n B a bi c z, a n a v al 

arc hit e ct, s ur v e y or, f or m er c hi ef d esi g n er of 

G d a ns k S hi p y ar d a n d a ut h or of S hi p Desig n 

i n Pr actice (s e e T N A  M arc h 2 0 2 0), w h o h as 

re c e ntl y b e e n hi g hli g hti n g s o me of t he m ore 

e gr e gi o us a n d p ot e nti all y u ns af e e x a m pl es 

of  lif e b o at  p ositi o ni n g.  A m o n g  t h es e  ar e  

t w o n e w m ulti p ur p os e ( M P P) D P 2 B-t y p e 

vess els c urre ntl y b ei n g b uilt f or S pli et h o ff at 

M a wei S hi p y ar d, C hi n a, t he d esi g n f or w hi c h 

h as t h e fre e-f all lif e b o at l o c at e d e xtre m e a Th 

a b o ar d s hi p wit h t h e s u p erstr u ct ure l o c at e d 

f ore (s e e Fi g. 1). 

Lif e b o at arr a n g e m e nts of t his n at ur e ar e 

n ot u n c o m m o n p arti c ul arl y w h er e fr e e-f all 

lif e b o ats  ar e  i n v ol v e d.  I n  a  si mil ar  c as e,  

Wa g e n b or g’s E as y M a x M P P t w e e n d e c k er 

s eri es  (st arti n g  wit h  t h e  2 0 1 7- d eli v er e d  

Eg bert Wage n b or g ) r e q uir es cr e w l o c at e d i n 

t h e s u p erstr u ct ur e t o tr a v el t h e l e n gt h of t h e 

v ess el vi a a c orri d or u n d er t h e d e c k t o r e a c h 

t h e lif e b o at. 

W h y is t his all o w e d? Alt h o u g h lif e b o ats 

s h o ul d b e st or e d ‘as cl os e as p ossi bl e’ t o 

t h e s hi p’s a c c o m m o d ati o n, t h er e is als o a 

m a n d at e  u n d er  S O L A S  III/ 3 1. 1. 2. 1  t h at  

lif e b o ats  c a n  o nl y  b e  l a u n c h e d  fr o m  t h e  

v ess el’s st er n. M or e o v er, at t h e fl a g st at e’s 

dis cr eti o n,  s hi ps  e q ui p p e d  wit h  fr e e-f all  

lif e b o ats m a y als o b e e x cl u d e d fr o m t h e  

S O L A S re q uire m e nt f or m erc h a nt v ess els t o 

h a v e 2 0 0 % life b o at c a p a cit y. I n ot h er w or ds, 

t h er e  is  n o  n e e d  t o  s u p pl e m e nt  lif e b o at  

pr o visi o n wit h a d diti o n al c o n v e nti o n al d a vit 

lif e b o ats o n t h e p ort a n d st ar b o ar d.

Neit h er C o n os hi p, n a v al arc hit e cts f or t h e 

u n d er- c o nstr u cti o n S pli et h o ff v ess els, n or 

Ll o y d’s R e gist er, t h e a p p oi nt e d cl assi fi c ati o n 

s o ci et y, w er e a v ail a bl e f or c o m m e nt w h e n 

a p pr o a c h e d b y T N A . H o w e v er, o n e s o ur c e 

e x pl ai n e d t h at a d et er mi ni n g f a ct or i n s u c h 

d e cisi o ns is S O L A S III/ 3 1. 1. 5, w hi c h st at es: 

“ All  s ur vi v al  cr aft  r e q uir e d  t o  pr o vi d e  

f or a b a n d o n m e nt b y t h e t ot al n u m b er of 

p ers o ns o n b o ar d s h all b e c a p a bl e of b ei n g 

l a u n c h e d  wit h  t h eir  f ull  c o m pl e m e nt  of  

p ers o ns a n d e q ui p m e nt wit hi n a p eri o d of 

1 0 mi n ut es fr o m t h e ti m e t h e a b a n d o n s hi p 

si g n al is gi v e n.”

Th er ef or e, o n e h as t o ass u m e t h at, i n t h e 

af or e m e nti o n e d e x a m pl es, t h e cl assi fi c ati o n 

s o ci eti es ar e s atis fi e d t h at t h e v ess els c o ul d 

b e  c o m pl et el y  e v a c u at e d  i n  1 0  mi n ut es.  

I n miti g ati o n, it s h o ul d als o b e n ot e d t h at 

si n c e t h e e n gi n es ar e l o c at e d a Th, o ffi c ers a n d 

cr e w w or ki n g i n t h e e n gi n e r o o m w o ul d b e 

e x p e ct e d t o r e a c h t h e lif e b o ats i n a m u c h 

q ui c k er ti m e ( alt h o u g h t h e bri d g e is cl e arl y 

q uit e a n ot h er m att er).

B a bi c z t ells T N A  t h at h e h as i n q uir e d 

wit h a n u m b er of cl assi fi c ati o n s o ci eti es a n d 

r e g ul at ors wit h littl e s u c c ess. He e x pl ai ns: 

“I r e c ei v e d t hr e e a ns w ers: fr o m D N V G L, 

R ussi a n  R e gist er  a n d  I M O.  All  of  t h e m  

d efe n d e d t h e s ol uti o n of fre e-rel e as e a Th wit h 

a c c o m m o d ati o n f ores hi p. D N V G L s e es t his 

as m o d er n d esi g n.”

He b eli e v es h a vi n g a fr e e-r el e as e lif e b o at 

wit h a c c o m m o d ati o n f or e is si m pl y p o or 

d esi g n t h at i g n ores cre w s afet y. F urt h er m ore, 

h e d o es n’t t hi n k t h ere is a n y t e c h ni c al re as o n 

w h y  a  fr e e-r el e as e  lif e b o at  c o ul d n’t  b e  

sit u at e d b e hi n d t h e s u p erstr u ct ur e ( Fi g. 2) 

or e v e n at t h e fr o nt w all.

“I n m y o pi ni o n ‘as f ar as p ossi ble’ me a ns t h at 

desi g ners s h all c he c k all re as o n a ble s ol uti o ns 

t o pl ace life b o ats ne ar cre w acc o m m o d ati o n. 

fieir e x pl a n ati o ns I tre at as a n i n a d missi bl e 

c o m pr o mis e,” he c o ncl u des. N A

S O L A S s a ys lif e b o ats s h o ul d b e l o c at e d cl os e t o a c c o m m o d ati o n s p a c es, b ut a 

gr o wi n g n u m b er of d esi g ns ar e o pti n g f or fr e e-r el e as e lif e b o ats at t h e st er n

I s lif e b o at a c c essi bilit y t a k e n s eri o usl y ? 

C o n c e pt ill u str ati o n f or S pli et h off’ s D P 2 

B -t y p e. S o ur c e: S pli et h off

B a bi c z t hi n k s 

a fr e e -r el e a s e 

lif e b o at c o ul d b e 

st or e d b e hi n d t h e 

s u p er str u ct ur e. 

S o ur c e: J a n B a bi c z
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T
h e s af et y of s e af ar ers h as al w a ys 

b e e n  i m p ort a nt  t o  t h o s e  of  us  

w h o w or k i n t h e i n d ustr y, b ut t h e 

w a y w e a c hi e v e it is c h a n gi n g. Pr e di cti v e 

m o d elli n g  is  e n a bli n g  m or e  a n d  m or e 

s hi p pi n g c o m p a ni es t o s ail o ur s e as s af el y. 

E v e r y  si n gl e  d a y,  i n ci d e nt s  a r e  b ei n g  

a v oi d e d a n d ris ks ar e b ei n g eli mi n at e d, 

t h a n ks t o a n o n y m o us d at a s h ari n g a n d 

t h e us e of s o p histi c at e d d at a a n al ysis a n d 

pr e di cti v e m o d elli n g.  

W h at i s pr e di cti v e 
m o d elli n g ?
E v e r y  m a riti m e  v o y a g e  g e n e r at e s  

m o u nt ai n s  of  v al u a bl e  d at a.  T hi s  

i nf or m ati o n  is  k e pt  i n  m a n y  diff e r e nt  

f o r m at s  a n d  s p r e a d  a c r o s s  d at a b a s e s  

a n d d e p art m e nts. O n c e t his is c oll at e d, 

it  i s  r u n  t h r o u g h  a  pr e di cti v e  m o d el  

t o  hi g hli g ht  r e al  t h r e at s  t o  s e af a r e r s.  

Pr e di cti v e m o d elli n g w or ks b y c o m bi ni n g 

t h e d a y-t o- d a y e x p eri e n c es of s e af ar ers – 

t h e ‘ w e a k si g n als’ – wit h st atisti c al a n al ysis 

t o s e e w h er e s m all iss u es ar e li k el y t o l e a d 

t o c at astr o p hi c i n ci d e nts. fhis m o d elli n g 

all o ws s hi p pi n g m a n a g e rs t o a ct m u c h 

e arli er a n d m a k e s m all a dj ust m e nts wit h 

a bi g i m p a ct.

L et’s  l o o k  at  s o m e  r e al  e x a m pl e s  of  

pr e di cti v e  m o d elli n g  i n  a cti o n.  It  h as  

o nl y b e e n us e d i n s hi p pi n g f or t h e p ast 

f e w y e ars, b ut it h as b e e n m a ki n g its m ar k 

o n  ot h e r  i n d ust ri e s  ar o u n d  t h e  w orl d  

f or d e c a d es. A Th er t h e L a d br o k e Gr o v e 

r ail cr as h i n 1 9 9 9, t h e i n d ust r y f or m e d 

t h e R ail S af et y St a n d ar ds B o ar d ( R S S B) 

t o  i m pl e m e nt  eff e cti v e  d at a  s h a ri n g.  

ft e i n ci d e nt w as c a us e d b y iss u es wit h 

si g n al visi bilit y, w hi c h h a d b e e n fl a g g e d 

n u m e r o u s  ti m e s  b ut  h a d  n ot  b e e n  

a d dr ess e d. Th e r ail s e ct or s a w t h e n e e d t o 

cr e at e a c e ntr al s af et y d at a b as e t o pr e v e nt 

f ut ur e a c ci d e nts.

Th e R S S B c oll e cts d at a fr o m e v er y r ail 

c o m p a n y i n t h e U K a n d us es it t o a c hi e v e 

s af e r  pr a cti c e  a c r oss  t h e  i n d ust r y.  Th e 

or g a nis ati o n pi n p oi nts t h e iss u es c a usi n g 

s eri o us i n ci d e nts a n d e q ui ps c o m p a ni es 

wit h t h e r es o ur c es t h e y n e e d t o r e d u c e 

ris k s.  As  a  r e s ult,  a c ci d e nt  r at e s  h a v e  

dr o p p e d si g ni fi c a ntl y. 

S o, w h o pr o vi d e s t h e d at a ?
O v er 5 0 of t h e w orl d’s l e a di n g s hi p pi n g 

c o m p a ni e s  a n o n y m o u sl y  s h a r e  t h ei r  

d at a  wit h  Hi L o  i n  r et u r n  f or  i n- d e pt h 

ri s k  a n al y si s.  S o m e  of  t h e  bi g g e st  

n a m es i n t h e i n d ustr y ar e c o m mitt e d t o 

m a ki n g o u r s e as s af e r f or e v e r y o n e b y 

pr o vi di n g t h eir f ull i nt er n al s af et y d at a, 

i n cl u di n g i n ci d e nt l o gs, a u dit r e p orts a n d 

u ns c h e d ul e d w or k or d ers. This s yst e m is 

a ut o m ati c, wit h n o n e e d f or cl assi fi c ati o n 

or st a n d ar dis ati o n, s o Hi L o r e c ei v es e v er y 

pi e c e of s af et y d at a c oll e ct e d f r o m o v er 

4, 0 0 0 s hi ps.

P r e di cti v e  m o d elli n g  i s  u s e d  t o  

ass ess d at a a n d c al c ul at e ris ks, e n a bli n g 

s hi p pi n g c o m p a ni es t o t a k e a cti o n a n d 

li mit d a n g er t o li v es, t h e e n vir o n m e nt a n d 

t h eir b ott o m li n es. Th e m or e b usi n ess es 

w h o  off e r  t h ei r  d at a,  t h e  g r e at e r  t h e  

b e n e fit f or t h e i n d ustr y. A n o n y m o us d at a 

s h ari n g all o ws c o m p a ni es t o l e ar n f r o m 

o n e a n ot h er, t ur ni n g e v er y d a y d at a i nt o 

i n v al u a bl e i nsi g hts t h at c a n s a v e li v es. 

I n  r et u r n,  Hi L o  Ri s k  M a n a g e m e nt  

d eli v e r s  t ail o r e d  r e p o rt s  t o  s hi p pi n g  

c o m p a ni es, p oi nti n g o ut p ot e nti al ris ks 

t o  t h ei r  fl e et s.  T o  gi v e  a n  e x a m pl e,  

b as e d o n t h e ris k a n d si z e of it s fl e et, 

F e at ur e 3 |  S HI P S A F E T Y

A n o n- pr o fit d at a s h ari n g or g a nis ati o n p art n eri n g wit h s o m e of t h e w orl d’s 

l e a di n g s hi p pi n g c o m p a ni es is h el pi n g t h e m ariti m e i n d ustr y a nti ci p at e t h e 

ris ks of hi g h i m p a ct, l o w fr e q u e n c y i n ci d e nts

S a vi n g li v es t hr o u g h pr e di cti v e m o d elli n g 
a n d a n o n y m o us d at a s h ari n g

M a nit C h a n d er

N A _ F e b 2 0 2 1 _ 2 6 + 2 7.i n d d   2 6N A _ F e b 2 0 2 1 _ 2 6 + 2 7.i n d d   2 6 0 2/ 0 2/ 2 0 2 1   1 6: 2 7: 5 00 2/ 0 2/ 2 0 2 1   1 6: 2 7: 5 0



2 7T h e N a v al Ar c hit e ct  F e br u ar y 2 0 2 1

F
e

at
ur

e 
3

Hi L o  pr e di ct e d  f or  o n e  c o m p a n y  t h at 

1 5 i n di vi d u al fi r es w o ul d o c c u r, w hi c h 

w e r e  li k el y  t o  b e  a  r e s ult  of  v a ri o u s  

di ff e r e nt l e a di n g e v e nt s. S u b s e q u e ntl y, 

t h e c o m p a n y r a n a s af et y c a m p ai g n t o 

m a n a g e t h e ris ks hi g hli g ht e d b y Hi L o, 

a n d  fi r e s  w e r e  r e d u c e d  f r o m  1 5  t o  

j u st  t w o.  I n  ot h e r  w or d s,  b e c a u s e  t h e 

c o m p a n y  a ct e d  o n  t h e  l e a di n g  e v e nt s  

i d e nti fi e d, t h e y st o p p e d t h e w e a k si g n als 

fr o m b e c o mi n g fir es. 

W h at m a k e s Hi L o diff er e nt ?
Wit h 2 0 ti m es m or e d at a t h a n t h e l e a di n g 

i n ci d e nt  d at a b a s e s,  Hi L o  M a riti m e  

Ris k  M a n a g e m e nt  ar e  a  n ot-f or- pr ofit  

or g a nis ati o n d e di c at e d t o i m pr o vi n g t h e 

s af et y of t h os e w h o w or k at s e a. 

Hi L o w as f o u n d e d i n 2 0 1 6 as a J oi nt 

I n d ustr y Pr oj e ct t o a ns w er t h e q u esti o n 

‘is t h er e a n yt hi n g w e c a n d o t o pr e di ct 

a n d pr e v e nt s hi p pi n g a c ci d e nts ?’ fh es e 

hi g h  i m p a ct,  l o w  f r e q u e n c y  ( h e n c e  

Hi L o)  e v e nt s  ar e  n ot ori o u sl y  diffi c ult 

t o  pr e di ct  a n d  ar e  r e s p o nsi bl e  f or  t h e 

d e at hs of t h o us a n ds of s e af ar e rs. Hi L o 

r e v ol uti o nis e d ris k a n al ysis, usi n g n e v er 

b ef o r e  e x pl oit e d  d at a  a n d  a  fi r st - of -

it s- ki n d  m a riti m e  st ati sti c al  m o d el  t o  

e m p o w er s hi p pi n g c o m p a ni es t o s a v e t h e 

li v es of t h eir cr e w.

B e c a u s e  Hi L o  a r e  n o n - r e g ul at o r y,  

m ariti m e c o m p a ni es c a n a n o n y m o usl y 

s h ar e  t h ei r  d at a  wit h o ut  t h e  t h r e at  of 

p e n alis ati o n f or mist a k es. Hi L o’s s e c ur e 

p ort al  gi v e s  b u si n e s s e s  t h e  c h a n c e  t o  

l e a r n  f r o m  n e a r  mi s s e s  a n d  i n ci d e nt s  

i n  t h e  i n d u st r y  wit h o ut  ri s ki n g  t h ei r  

o w n c o n fi d e nti al d at a. I n t h e l ast f o u r 

y e a r s  al o n e,  t h e  t e a m  h a v e  a n al y s e d  

ris ks f or a p pr o xi m at el y 4, 8 0 0 s hi ps a n d  

1 5 0, 0 0 0 e v e nts. 

H o w Hi L o s a v e li v e s at s e a
Hi L o’s  C E O,  M a nit  C h a n d e r,  h a s  

b e e n wit h t h e c o m p a n y si n c e t h e v e r y 

b e gi n ni n g.  C h a n d e r  s p e nt  al m o st  2 0  

y e ars w or ki n g at s e a a n d h as d e di c at e d 

his c ar e e r t o t h e s af et y of s e af ar e rs. As 

Hi L o  a r e  i n d e p e n d e nt,  t h e y  a r e  f r e e  

t o  f o c u s  e x cl u si v el y  o n  w h at’s  al w a y s  

b e e n  t h ei r  mi ssi o n  –  u si n g  pr e di cti v e 

m o d elli n g a n d d at a s h ari n g t o r e d u c e t h e 

ris ks f or s e af ar ers. 

Hi L o M ariti m e Ris k M a n a g e m e nt is 

s a vi n g li v es i n t h e s hi p pi n g i n d ust r y b y 

c h a n gi n g t h e w a y c o m p a ni es u n d erst a n d 

a n d a d d r e ss ris k. Hi L o t r a nsl at e s n e ar 

miss, a c ci d e nt a n d i n ci d e nt d at a f r o m 

it s  c u st o m e r s  i nt o  a  c o m p r e h e n si v e  

ris k pr o fil e f or e a c h c o m p a n y a n d t h e 

Hi L o  fl e et  a s  a  w h ol e.  A r m e d  wit h  

t hi s  i nf o r m ati o n,  c o m p a ni e s  u si n g  

Hi L o a n al ysis c a n st o p c at ast r o p h es i n  

t h eir tr a c ks.

Hi L o  h a s  al s o  l a u n c h e d  C U P I D  

[ C o m m u nit y P o w er e d I d e as D as h b o ar d], 

a s u bs cri b er f or u m f or m ari n ers t o s h ar e 

tri e d a n d t est e d s ol uti o ns t o t h e hi g h est 

ri s k s  i n  t h e  i n d u st r y.  B y  c o n n e cti n g  

t h e  i n d u st r y  wit h  hi g h  q u alit y  s af et y  

i nf o r m ati o n,  Hi L o  h a s  e m p o w e r e d  a  

c o m m u nit y of p e o pl e p assi o n at e a b o ut 

s a vi n g t h e li v es of s e af ar ers a n d pr o vi d es 

t h e m wit h t h e r es o u r c es t o d o s o. This 

is a u ni q u e i n n o v ati o n w hi c h b uil ds o n 

P r e di cti v e  M o d elli n g,  u si n g  bi g  d at a  

a n d v al u a bl e i nsi g hts f r o m e x p eri e n c e d 

m ari n e rs w h o h a v e f a c e d n e ar miss e s, 

i n ci d e nts or a c ci d e nts i n s hi p pi n g.  N A

w w w. hil o m r m. c o m
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Y
et, S ur vit e c’s l at est d e v el o p m e nts 

i n  s hi p  e v a c u ati o n  t e c h n ol o g y  

a r e  a  f a r  c r y  f r o m  t h e  fi r st  

e x p eri m e nts of i n fl at a bl e lif er a fhs c arri e d 

o ut i n 1 9 1 9 b y R e gi n al d F ost er D a g n all 

o n  Wisl e y  l a k e.  D a g n all  e x pl or e d  t h e  

p ot e nti al of r u b b eris e d cl ot h as a fl ot ati o n 

m at eri al a n d, a y e ar l at er, g a v e his i niti als 

t o t h e c o m p a n y h e f o u n d e d i n 1 9 2 0 t o 

d e v el o p his i d e as: R F D. 

Th at b usi n ess l at er w e nt o n t o b e c o m e 

S u r vit e c as it’s k n o w n t o d a y. ftis y e ar 

m a r k s  it s  c e nt e n a r y,  a  p e ri o d  d u ri n g  

w hi c h m a n y ot h er l e g a c y c o m p a ni es h a v e 

a d d e d t h eir e n er g y a n d e x p ertis e t o gi v e 

S ur vit e c a vit al, br o a d er m ariti m e s af et y 

r ol e  as  r e q ui r e m e nts  a n d  t e c h n ol o gi es 

h a v e e v ol v e d.

D a g n all di d n ot i niti all y f o c us o n t h e 

m ariti m e  m ar k et.  His  e x p eri e n c e  c a m e  

fr o m m a ki n g o bs er v ati o n b all o o ns s o, wit h 

t h e Gr e at War a n d t h e p art pl a y e d i n it b y 

e arl y air cr a Th as his i ns pir ati o n, his i niti al 

w or k l e d t o t h e pr o d u cti o n of fl ot ati o n 

d e vi c es f or d o w n e d air cr a Th. 

H e d e v el o p e d a li g ht w ei g ht i n fl at a bl e 

ri n g  t o  pr e v e nt  a  dit c h e d  pl a n e  f r o m  

si n ki n g, all o wi n g t h e cr a Th t o b e r e c o v er e d. 

D a g n all s o o n r e alis e d t h at, b y a d di n g a 

fl o or t o t h e ri n g, it w as p ossi bl e t o s a v e t h e 

air cr a Th’s o c c u p a nts. This l e d, i n 1 9 2 8, t o 

a n i n fl at a bl e b o at – w hi c h w o ul d l at er b e 

k n o w n as t h e lif er a Th w e k n o w t o d a y. A n d 

i n t h e f oll o wi n g y e ar, fl ot ati o n b a gs w er e 

s u p pli e d f or pl a n es l a u n c hi n g fr o m air cr a fi 

c arri ers a n d l o n g-r a n g e air cr a fi m a ki n g t h e 

j o ur n e y fr o m t h e U K t o Afri c a.

I n  1 9 3 0,  c oll a p si bl e  di n g hi e s  w e r e  

dis pl a y e d at a n air cr a fl e x hi biti o n, m ar ki n g 

t h e st art of lif er a ft d e v el o p m e nt, a n d i n 

1 9 3 2, R F D p at e nt e d a n a ut o m ati c i n fl ati o n 

s yst e m. Th e n e xt y e ar, fi v e tri als w er e m a d e 

usi n g  a ut o m ati c all y  i nfl at e d  di n g hi e s  

i n  P orts m o ut h  i n  c o nj u n cti o n  wit h  t h e 

air cr a ft c arri er H M S Ar k R o y al .

E x p a n di n g p ortf oli o
B ut it w as 1 9 5 0 b ef or e R F D d e v el o p e d a 

f ull r a n g e of a vi ati o n a n d m ari n e lif er a fts 

a n d t h er e w as p arti c ul arl y hi g h d e m a n d 

f or t h os e wit h c a n o pi es. F o ur y e ars l at er, 

t h es e w er e a p pr o v e d b y t h e U K’s Mi nistr y 

of Tr a ns p ort f or us e o n tr a wl ers a n d s m all 

m e r c h a nt  v ess els  s aili n g  u n d e r  Britis h  

r ul es i n Britis h w at ers.

Th eir us e s pr e a d a n d i n 1 9 5 5, n a vi es 

f r o m  H oll a n d,  D e n m a r k,  B el gi u m,  

C a n a d a,  A u st r ali a,  N e w  Z e al a n d  a n d  

S o ut h Afri c a all c arri e d R F D lif er a fts.

A ft er w ar ds, d e v el o p m e nts w er e br o u g ht 

a b o ut  q ui c kl y.  I n  1 9 5 6,  t h e  c ar ri a g e  of 

i n fl at a bl es b e c a m e m a n d at or y f or all U K 

fis hi n g cr a ft a n d i n 1 9 5 7, R F D i ntr o d u c e d 

a 2 5/ 2 6- p ers o n lif er a ft t h at w as li g ht er a n d 

s m all er t h a n its pr e d e c ess ors. 

T h e n,  i n  1 9 5 8,  c a m e  a n  i m p ort a nt  

br e a kt hr o u g h, w h e n R F D i ntr o d u c e d its 

2 0- p ers o n M C-t y p e lif er a ft. This c o ul d b e 

l o w er e d f ull y l a d e n f r o m a s hi p wit h a n 

1 8 m fr e e b o ar d b y a si n gl e- ar m d a vit. 

M ost i m p ort a ntl y it c o ul d b e r el e as e d 

a ut o m ati c all y.  T hi s  o v e r c a m e  o n e  of  

t h e  pr o bl e ms  wit h  lif er afts:  p ass e n g ers 

us u all y h a d t o b o ar d t h e m b y cli m bi n g 

d o w n l a d d ers or j u m pi n g f r o m h ei g ht. 

N ot o nl y di d t his n e w d esi g n r e m o v e t h at 

di ffi c ult y b ut it als o pr o vi d e d a m e a ns b y 

w hi c h  it  c o ul d  b e  r e c o v er e d,  c o m pl et e 

wit h s ur vi v ors, b y a r es c ui n g v ess el.

F e at ur e 3 |  S HI P S A F E T Y

W h e n e v er t h e hist or y of lif er a fts is m e nti o n e d, f e w c o m p a ni es c a n cl ai m a 

l o n g er h erit a g e or a str o n g er l e g a c y t h a n S ur vit e c

A l e g a c y of s a vi n g li v es at s e a

Briti s h e n gi n e er R e gi n al d F o st er D a g n all f o u n d e d R F D, t h e c o m p a n y w hi c h w o ul d b e c o m e 

S ur vit e c

A n e arl y a d v ert f or R F D’ s ‘lif er aft’ c o n c e pt
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A m o n g  t h e  si g nifi c a nt  pr o d u ct s  i n  

S ur vit e c’s r a n g e t h at d at e b a c k t o its e arli er 

y e ars is B a b y c ot, w hi c h w as d e v el o p e d b y 

B e a uf ort  Ai r- S e a  E q ui p m e nt,  a n ot h e r  

S ur vit e c c o m p a n y est a blis h e d m or e t h a n 

a c e nt ur y a g o. B e a uf ort a n d R F D m er g e d 

i n 2 0 0 3 t o b e c o m e R F D B e a uf ort, w hi c h is 

n o w a s u bsi di ar y of S ur vit e c.

fh at pr o d u ct – n o w i n its M k I V v ersi o n 

– r e m ai ns u ni q u e i n pr o vi di n g pr ot e cti o n 

f or i nf a nts a n d is wi d el y s u p pli e d t o t h e 

a vi ati o n i n d ustr y. 

Si n c e  t h e  1 9 7 0s,  as  cr uis e  s hi ps  h a v e 

st e a dil y gr o w n u ntil n o w, wit h t h e l ar g est 

a c c o m m o d ati n g  p ass e n g e rs  a n d  c r e w  

t ot alli n g n e arl y 9, 0 0 0, lif er a Th c a p a cit y a n d 

t h eir o p er ati o n h a v e b e e n cr u ci al f a ct ors 

i n b ot h t h at i n d ustr y’s d e v el o p m e nt a n d 

S ur vit e c’s r es e ar c h.

R e c o g niti o n of lif er a fts’ i m p ort a n c e t o 

s hi p pi n g s af et y w as s e al e d w h e n, i n 1 9 6 5, 

it b e c a m e m a n d at or y u n d er S O L A S f or 

s hi ps t o c arr y i n fl at a bl e lif er a Ths. R F D w as 

t h e first m a n uf a ct ur er t o g ai n a p pr o v al 

u n d er t h e n e w r e q uir e m e nts, c o n fir mi n g 

its cr a Th t o b e b ot h s af e a n d r eli a bl e. Th at 

r e p ut ati o n w as f urt h er c e m e nt e d i n 1 9 7 6, 

w h e n t h e c o m p a n y pr o d u c e d t h e w orl d’s 

first w el d e d lif er a Th. 

M ari n e E v a c u ati o n S y st e m
J ust t hr e e y e ars l at er, it l a u n c h e d t h e w orl d’s 

first  m ari n e  e v a c u ati o n  s yst e m  ( M E S), 

i nt r o d u ci n g  t h e  c o n c e pt  t h at  s ur vi v ors 

c o ul d l e a v e a s hi p r a pi dl y, i niti all y d o w n a 

sli d e dir e ctl y i nt o a l a n di n g lif er a Th. L at er 

d e v el o p m e nts i ntr o d u c e d a v erti c al c h ut e 

s yst e m t o o ff er v ess el o p er at ors a c h oi c e. 

I r r e s p e cti v e  of  w h et h e r  d e s c e nt  i s  

b y  sli d e  or  c h ut e,  a n  M E S  s a v es  s p a c e 

a n d  s p e e d s  u p  t h e  e v a c u ati o n  ti m e  

e n o r m o u sl y  c o m p a r e d  wit h  p r e vi o u s  

b o ar di n g s yst e ms – vit al i n a n e m er g e n c y. 

Th e y als o m a d e it p ossi bl e t o a b a n d o n 

s hi p wit h o ut g etti n g w et f e et – a f e at ur e 

t er m e d ‘ dr y-s h o d’ e v a c u ati o n.

T h at  M E S  w a s  t h e  fi rst  g e n e r ati o n  

of  R F D’s  M ari n- A r k  s yst e m,  w hi c h  is  

still a v ail a bl e a n d c o nsists of f o ur l ar g e 

e n cl os e d  lif e r afts  off e ri n g  a  c o m bi n e d  

c a p a cit y  of  4 3 0  p e o pl e.  A  si g nifi c a nt  

d e si g n  f e at u r e  is  t h at  t h e  lif e r afts  ar e  

f ull y  r e v e rsi bl e,  s o  t h e r e  is  n o  ris k  of  

t h e m  l a u n c hi n g  u psi d e  d o w n.  F u rt h e r  

o v er- c a p a cit y  lif er afts  c a n  b e  a d d e d  t o 

b o ost c a p a cit y.

A s e c o n d- g e n er ati o n s yst e m, M ari n- Ar k 

II,  c a n  b e  e x p a n d e d  t o  h ol d  u p  t o  8 6 0  

p e o pl e. It us es a d u al s pir al sli d e t h at s p e e ds 

u p e v a c u ati o n a n d i n c or p or at es a f e at ur e 

t h at all o ws cr e w t o as c e n d if n e c ess ar y.

A n ot h er  si g nifi c a nt  d e v el o p m e nt  is  

S ur vit e c’s r e c e ntl y r e br a n d e d R a fi X C h a n g e 

lif er a fi re nt al s er vi c e, i ntr o d u c e d f oll o wi n g a 

S O L A S a m e n d m e nt t h at c a m e i nt o f orc e i n 

2 0 0 8.  T h e  r e g ul ati o n  all o ws  e xt e n d e d  

s er vi ci n g i nt er v als of lif er a fls f or s o m e s hi p 

t y p es, t a ki n g t h e n or m al 1 2- m o nt h i nt er v al 

a n d i n cr e asi n g it t o 3 0 m o nt hs. 

U n d er t h e r uli n g, t h e lif er a fts h a v e t o b e 

m ai nt ai n e d wit hi n t h eir c o nt ai n ers at t h e 

c orr e ct a m bi e nt c o n diti o ns. Th e s ol uti o n 

S ur vit e c d e v el o p e d w as t o h er m eti c all y 

s e al t h e lif er a fts i n w at erti g ht sil v er f oil 

b a gs  a n d  t o  i n c or p or at e  h u mi dit y  a n d 

C O 2  s e ns ors t h at d eli v er r e a di n gs vi a a 

U S B p ort o n t h e si d e of t h e c o nt ai n er.

S u r vit e c,  o n e  of  t h e  fi r st  m a riti m e  

s af et y c o m p a ni es t o o ff e r t h e e xt e n d e d 

s e r vi c e  s ol uti o n  c o n c e pt,  h a s  c a r ri e d  

o ut a c o m bi n ati o n of m or e t h a n 5 0, 0 0 0 

lif er a ft e x c h a n g es a n d i ns p e cti o ns u n d er 

t h e R a Th X C h a n g e pr o gr a m m e si n c e 2 0 1 2, 

wit h  t e c h ni ci a ns  r e c or di n g  lif e r aft s  i n 

p erf e ct c o n diti o n e v e n a ft er 3 0 m o nt hs 

of s er vi c e. 

T h e e n d of t h e lif e b o at ?
As it l o o ks t o t h e f ut ur e, S ur vit e c’s l at est 

a d v a n c e d e v a c u ati o n s yst e m b uil ds o n 

t h e  i n n o v ati o ns  d e v el o p e d  b y  D a g n all 

all t h os e y e ars’ a g o a n d s e e ms s et, o n c e 

m or e, t o r e v ol uti o nis e m ariti m e s af et y. 

S u r vit e c’s  a w a r d- wi n ni n g  S e a h a v e n  i s  

c a p a bl e  n ot  o nl y  of  p r o vi di n g  c r ui s e  

s hi ps wit h a m e a ns of tr a ns p orti n g 1, 0 6 0 

p e rs o ns  p e r  c r aft  t o  s af et y,  b ut  c o ul d  

al s o  m a k e  it  u n n e c e ss ar y  f or  s hi p s  t o 

c arr y c o n v e nti o n al lif e b o ats. ftis w o ul d 

fr e e u p l ar g e a m o u nts of s p a c e f or m or e 

c a bi ns or e nt ert ai n m e nt ar e as a n d o p e n 

u p t h e vi e w fr o m ar e as of a s hi p c urr e ntl y 

o b s c u r e d  b y  d a vit- m o u nt e d  lif e b o at s.  

S e a h a v e n  u s e s  t w o  i nfl at a bl e  sli d e s  t o 

t r a nsf e r p ass e n g e rs di r e ctl y i nt o a p ai r 

of p o w e r e d i n fl at a bl e lif e b o ats. O n e of 

its n o v el f e at ur es is t h at it all o ws f a mili es 

t o d es c e n d as a g r o u p, r e d u ci n g st r ess 

a n d i n cr e asi n g l e v els of s af et y d uri n g t h e 

e v a c u ati o n pr o c ess.

R e gi n al d  F ost er  D a g n all,  w h o  b e g a n 

his d e v el o p m e nt w or k i n a s m all s h e d, 

a p pl yi n g  hi s  o w n  i n v e nti v e  z e al  t o  a  

p arti c ul ar pr a cti c al n e e d, w o ul d s ur el y 

a p pr o v e of t his n o v el i n n o v ati o n. R F D a n d 

S ur vit e c h a v e b e e n p o w er e d b y his dri vi n g 

f or c e t hr o u g h o ut t h e p ast 1 0 0 y e ars a n d 

f or as l o n g as t h er e ar e s hi ps, t h er e will 

b e lif er a fts. A n d S ur vit e c will c o nti n u e 

t o pr ot e ct li v es a n d b e at t h e f or efr o nt of 

t h eir d e v el o p m e nt. N A

S ur vit e c’ s pr e s e nt - d a y S ur vi v a lif er aft

S ur vit e c’ s a w ar d -

wi n ni n g S e a h a v e n 

c o n c e pt
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I
n a d diti o n t o t h e gl o b al p a n d e mi c, 2 0 2 0 

pl a y e d h ost t o si g nifi c a nt gr o u n di n g 

dis ast ers, wit h c ollisi o ns a n d gr o u n di n g 

t h e m ost c o m m o n c a us e of i n ci d e nts i n t h e 

p ass e n g er s e ct or. fhis is n ot n e w; a r e vi e w 

of r e c or ds i n t h e B alti c S e a h as s h o w n t h at 

i n t er ms of a c ci d e nt o c c urr e n c e, c ollisi o ns 

a n d  gr o u n di n gs  ar e  t h e  m ost  c o m m o n,  

wit h c ollisi o ns a c c o u nti n g f or al m ost 3 2 % 

o f i n ci d e nts, a n d gr o u n di n g/str a n di n g f or 

al m ost 2 5 %,  b et w e e n 2 0 1 4 – 2 0 1 7. M or e 

r e c e ntl y, t h e J a p a n Tr a ns p ort S af et y B o ar d 

f o u n d c ollisi o ns a n d gr o u n di n gs t o b e t h e 

m ost pr e v al e nt c a us e of a c ci d e nts f or all 

v ess els. Al o n gsi d e ot h er c o nt a ct i n ci d e nts, 

t h e y  a c c o u nt e d  f or  6 2 %  of  o c c ur a n c es  

d uri n g 2 0 2 0, as of 3 0 N o v e m b er.

W h e n  w e  l o o k  at  t h e  p ot e nti al  s af et y  

a p pli c ati o ns  of  Bi g  D at a,  r es e ar c h  i nt o  

gr o u n di n g  a n d  c ollisi o ns,  a n d  h o w  b est  

t o pr e v e nt t h e m, is a n at ur al pri orit y. Th e 

c o nti n u o us  a d v a n c e m e nt  i n  s hi p pi n g’s  

d at a b as es  a n d  gr e at er  u n d erst a n di n g  of  

Bi g  D at a  a n al ysis  e n a bl es  us  t o  d esi g n  

s af er v ess els, o pti mis e v o y a g e r o ut es a n d  

u n d erst a n d p ast i n ci d e nts b ett er t o pre v e nt 

f ut ure a c ci d e nts. 

C oll a b or ati o n i s k e y t o 
u nl o c ki n g p ot e nti al
At  N A P A,  w e  ar e  d ri vi n g  i n d u st r y  

a d v a n c e m e nt i n t his ar e a – a p pl yi n g o ur 

e x p ertis e o n pr oj e cts a n d c oll a b or ati n g wit h 

a c a d e mi cs, s hi p o w n ers a n d cl ass s o ci eti es, 

t o i n cre as e o p er ati o n al s afet y o ut at s e a. F or 

e x a m pl e, w e re c e ntl y p art n ere d wit h Mits ui 

O S K Li n es ( M O L) a n d Cl ass N K t o d e v el o p 

a n e w s o ft w are t o i nt elli g e ntl y m o nit or a n d 

miti g at e gr o u n di n g ris ks. 

Th e s yst e m will b e b as e d o n N A P A Fl e et 

I nt elli g e n c e, a pl atf or m f or s hi p p erf or m a n c e 

m o nit ori n g a n d v o y a ge pl a n ni n g; it c o m bi nes 

re al-ti m e d at a wit h p erf or m a n c e al g orit h ms 

a n d  m o d elli n g  t o  o pti mis e  v o y a g es  f or  

s af et y a n d e ffi ci e n c y. M or e s p e ci fi c all y, t h e 

s yst e m us es p ositi o n d at a, s e a d e pt h a n d 

w e at h er d at a al o n gsi d e n a vi g ati o n al c h arts 

t o pr o vi d e us ers wit h a r o b ust a n d a c c ur at e 

pl atf or m f or b ett er m o nit ori n g of t h eir fl e et. 

Al erts will b e gi v e n if v ess els d e vi at e fr o m a 

s afe r o ut e, or fr o m a refere n c e r o ut e – f urt h er 

str e n gt h e ni n g  s hi p-s h or e  c o n n e cti vit y  t o  

l o w er t h e ris k of v ess el gr o u n di n g. 

F oll o wi n g t h e v eri fi c ati o n of t h e pr o of- of-

c o n c e pt b y M O L i n its t esti n g p h as e, t h e 

s oft w ar e’s d e pl o y m e nt will n ot o nl y h el p 

r e d u c e gr o u n di n g i n ci d e nts, b ut als o will 

b e a criti c al c o m p o n e nt i n s hi p pi n g’s di git al 

e v ol uti o n. Si g ni fi c a ntl y, w e are re a c hi n g t h e 

p oi nt w h ere a ut o m ati c v o y a g e o pti mis ati o n 

c a n fi n d t h e m ost f u el- e ffi ci e nt r o ut es – a n d 

als o pr o vi d e w e at h er a n d ris k u p d at es b as e d 

o n a w e alt h of re al-life d at a. This c a n f urt h er 

h el p cre w a n d s h oresi d e t e a ms b ett er ass ess 

a n d a v oi d ris k.

A criti c al p art of a 
bi g g er pi ct ur e
Ma ki n g t his w or k re q uires cl os e c oll a b or ati o n, 

al o n gsi d e  s o p histi c at e d  s oft w ar e  a n d  Bi g  

D at a e x p ertis e. Wit h t his i n mi n d, w e h a v e 

b e e n w or ki n g i n p art n ers hi p wit h i n d ustr y 

l e a d ers i n t he E ur o p e a n C o m missi o n-f u n d e d 

F L o o di n g  A c ci d e nt  R Es p o ns e  ( F L A R E)  

pr oj e ct, w hi c h ai ms t o i m pr o v e p ass e n g er 

s hi p s afet y t hr o u g h c o n d u cti n g vit al res e arc h 

i nt o fl o o di n g a c ci d e nt res p o ns e. 

N A P A  is  l e a di n g  r e s e ar c h  i n  t h e  

w or ks p a c e  of  fl o o di n g  ris k  miti g ati o n;  

usi n g  m e as u r e m e nts  a n d  pr e di cti o ns  

of  pr o gr essi v e  fl o o di n g  t o  e n h a n c e  t h e  

pr o visi o n of v ul n er a bilit y m o nit ori n g a n d 

s ur vi v a bilit y ass ess m e nts. I n c oll a b or ati o n 

wit h t h os e h e a di n g u p t his fi el d, w e ar e  

a p pl yi n g t h e si m ul ati o n c a p a biliti es of t h e 

N A P A E m er ge nc y C o m p uter, w hi c h ass ess es 

t h e v ul n er a bilit y of a n i nt a ct s hi p as well as its 

s ur vi v a bilit y i n c as e of a fl o o di n g e m er ge n c y. 

This res e arc h will pr o vi d e cre w wit h a gre ater 

u n d erst a n di n g of h o w t heir a cti o ns will a ffe ct 

t h e s afet y a n d v ul n er a bilit y of a v ess el i n a n y 

gi v e n sit u ati o n a n d a c c el er at e s hi p-s h or e 

res p o ns e wit h s h are d sit u ati o n al a w are n ess.

M ost re c e ntl y, w e h a v e b e e n a bl e t o a p pl y 

o ur l e ar ni n gs fr o m t h e F L A R E pr oj e ct t o 

miti g at e  gr o u n di n g  ris k;  usi n g  Bi g  D at a  

a n al ysis  t o  cr e at e  a  u ni q u e  m o d el  t h at  

will e n a bl e cr e w a n d s h or e-si d e o p er at ors 

t o b ett er ass ess a n d m a n a g e t h e ris ks of  

gr o u n di n g i n re al-ti m e. 

Wit h c ollisi o ns a n d gr o u n di n g c o m m o n 

c a us es of m ariti m e a c ci d e nts, o ur s ol uti o n 

c o ul d h el p s u p pl y a n i n v al u a bl e s yst e m t o 

i nf or m cr e w, a n d s h or e-si d e t e a ms, of t h e 

n a vi g ati o n al c o m pl e xiti es a n d v ul n er a bilit y 

of a v ess el. Th e a d diti o n of s u c h i nf or m ati o n, 

if a p pli e d str at e gi c all y, h as t h e p ot e nti al t o 

h el p us b ett er d e v el o p f urt h er m o d els t o 

m o nit or a n d a v oi d a c ci d e nts. 

Al o n gsi d e t h os e l e a di n g i n t h e F L A R E 

pr oj e ct, w e d e ci d e d t o p ut t his t h e or y t o 

t h e  t est;  a p pl yi n g  t h e  Bi g  D at a  a n al yti cs  

m et h o d ol o g y  cr e at e d  i n  t h e  pr oj e ct  t o  

a n al ys e t h e gr o u n di n g a v oi d a n c e b e h a vi o ur 

of a s el e ct e d r o- p a x s hi p. We t o o k d et ail e d 

tr affi c d at a o bt ai n e d fr o m t h e AI S f or a  

t hr e e- y e ar p eri o d of o p er ati o ns i n t h e G ulf 

of  Fi nl a n d.  T h e  d e v el o p e d  m et h o d ol o g y  

e n a bl e d  us  t o  i d e ntif y  t h e  cr u ci al  st a g es  

l e a di n g u p t o p ot e nti al v ess el gr o u n di n g 

F e at ur e 3 |  S HI P S A F E T Y

Te e m u M a n d er b a c k a, l e a d R & D e n gi n e er, N A P A S hi p pi n g S ol uti o ns, 

e x pl ai ns h o w a r e c e nt p art n ers hi p wit h M O L a n d Cl ass N K h as gi v e n ris e t o a 

s m art s ol uti o n f or miti g ati n g t h e ris k of gr o u n di n g

A v oi di n g v ess el gr o u n di n g – a p pl yi n g 
d at a t o l e ar n fr o m p ast o p er ati o ns

T e e m u M a n d er b a c k a
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a n d pr o vi d e d us wit h t h e i nf or m ati o n t o 

d et er mi n e s u bs e q u e nt fl o o di n g ris k. 

L o o ki n g t o t h e h ori z o n
F oll o wi n g o n fr o m t h e F L A R E pr oj e ct, w e 

b eli e v e t his vit al a n al ysis will pl a y a ke y r ol e 

i n  i m pr o vi n g  m ariti m e  s af et y  st a n d ar ds  

a n d c ult ur e. fh e i m pl e m e nt ati o n of s u c h 

r es e ar c h  will  e n a bl e  b ett er  s hi p-s h or e  

c o m m u ni c ati o n; t h e re al-ti m e d at a a n al ysis 

a n d i n cre as e d a ut o m ati o n n ot o nl y re d u ci n g 

t h e ris k of h u m a n err or, b ut als o i d e ntif yi n g 

pr o bl e ms b ef ore t h e ris k is u n a v oi d a bl e. 

Li ke wis e, t h e c o nti n u o us d e v el o p m e nt of 

a n all- e n c o m p assi n g d at a dri v e n s ol uti o n 

d e pl o y e d a cr oss l ar g e fl e ets a n d c o m bi ni n g a 

m ultit u d e of f a ct ors, li ke w e at h er, gr o u n di n g 

ris k, s hi p st a bilit y, f u el e ffi ci e n c y a n d c ar g o 

o p er ati o ns, w o ul d all o w f or gr e at er h olisti c 

d e cisi o n m a ki n g. Th e m o d el will pr o vi d e 

cre w wit h a m e a ns t o t a ke a cti o n t o miti g at e 

t h e  d a n g er  b y  r e d u ci n g  v ul n er a bilit y  i n  

hi g h-ris k  ar e as,  w hilst  at  t h e  s a m e  ti m e  

i nf or mi n g o p er ati o n c e ntr es o n t h e v ess el 

o p er ati o ns a n d s u bs e q u e nt d a n g ers.

T h e  s hi p pi n g  i n d ustr y  r eli es  o n  its  

s af et y  cr e d e nti als  t o  e ns ur e  e c o n o mi c  

st a bilit y a n d pr o gr ess. Alt h o u g h t h er e ar e 

i m pr o v e m e nts still t o b e m a d e, w e b eli e v e 

t h at t h e a p pli c ati o n of Bi g D at a, c o nti n u e d 

p urs uit  of  vit al  r es e ar c h  a n d  i n d ustr y  

c oll a b or ati o n will c o ntri b ut e t o dri vi n g u p 

s afet y st a n d ar ds. N A

T h e m o v e m e nt s 

of a r o - p a x w er e 

m o nit or e d a cr o s s a 

t hr e e - y e ar p eri o d 

t o s e e h o w it 

m a n a g e d t h e ri s k s 

of gr o u n di n g

F ass m er S hi p y ar d m a k es R o xt e c pi p e fitti n gs its n e w st a n d ar d, eli mi n ati n g 

ti m e- c o ns u mi n g a n d c ostl y w el di n g

C utti n g o ut t h e w el di n g

R
e c e ntl y,  F a s s m e r  S hi p y a r d  i n  

G er m a n y o pt e d t o m a k e R o xt e c 

pi p e p e n etr ati o n s e als t h eir n e w 

st a n d ar d, r e pl a ci n g l e n gt h y a n d e x p e nsi v e 

w el di n g o p er ati o ns as a m att er of c o urs e, 

a n d i m pr o vi n g fir e s af et y i n t h e pr o c ess. 

T h e  m o v e  w a s  d e e m e d  t o  b e  hi g hl y  

b e n efi ci al.  “ D u ri n g  c o n st r u cti o n,  w e  

e nt er m ulti pl e pi p es t hr o u g h t h e o p e ni n g 

a n d t h e n a d a pt t h e s e al t o t h e di a m et ers,” 

s a ys All a Kl att, s e ni or 3 D c o or di n at or at 

F ass m er S hi p b uil di n g Di visi o n. “ We c a n 

e v e n a d d pi p es l at er,” h e n ot es. 

Wel di n g  i s  a  h u g el y  c o stl y  a n d  

ti m e- c o ns u mi n g  pr o c ess  f or  s hi p y ar ds, 

a n d i ntr o d u c es a pl et h or a of f a ct ors. It 

r e q uir es si g ni fi c a nt t e c h ni c al e x p ertis e, as 

w ell as att e n d a nt fir e a n d s af et y p ers o n n el, 

a n d t hir d- p art y i ns p e cti o n.

W hilst  w el di n g  will  r e m ai n  i nt e g r al  

t o  s hi p b uil di n g,  r e p ai r,  m ai nt e n a n c e  

a n d  r et r ofit  pr o g r a m m es,  t h e r e  is  o n e  

ar e a i n p arti c ul ar w h er e m et h o ds st a n d 

t o i m pr o v e. U p t o t his p oi nt, m a n y pi p e 

p e n et r ati o ns h a v e b e e n c o n n e ct e d t o a 

tr a nsiti o n pi e c e ( b ul k h e a d u ni o n) w hi c h 

is s u bs e q u e ntl y w el d e d dir e ctl y t o b ot h 

si d es of t h e str u ct ur e, h e n c e d o u bli n g t h e 

i nst all ati o n  w or k.  T h e  i n cr e as e d  l e v els 

of e x p os ur e t o ‘ h ot w or ks’, p arti c ul arl y 

d uri n g r e p airs or r etr o fit pr oj e cts, r es ult 

i n a n yt hi n g d e e m e d r e m ot el y fl a m m a bl e 

h a vi n g t o b e stri p p e d a w a y fr o m t h e ar e a of 

o p er ati o n. F urt h er, fir e fi g hti n g p ers o n n el 

a n d e q ui p m e nt h a v e t o b e o n- h a n d at all 

ti m es i n or d er t o pr e v e nt dis ast er.

C utti n g o ut t h e mi d dl e m a n
B y  s etti n g  R o xt e c  pi p e  s e al s  a s  it s  

n e w  st a n d a r d,  F a s s m e r  S hi p y a r d  h a s  

f or e g o n e  t hi s  c o stl y,  ti m e- c o ns u mi n g  

a n d  ris k y  pr o c ess  e nti r el y.  I nst e a d,  b y  

st r ai g htf o r w a r dl y  d rilli n g  a  h ol e  i n  

t h e b ul k h e a d, F ass m er c a n r o ut e pi p es 

t hr o u g h a n d fill t h e g a p wit h a R o xt e c 

r u b b er s e al. 

“ Wel d e rs  ar e  s kill e d  t r a d e s m e n  b ut  

d es pit e  t his,  it  still  t a k es  a  si g nifi c a nt  

a m o u nt of ti m e t o c orr e ctl y w el d a pi p e 

Will H off m a n, R o xt e c
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or tr a nsiti o n pi e c e dir e ctl y t o t h e s hi ps 

str u ct ur e – a n d t h e l ar g er t h e pi p e, t h e 

l o n g er t h e w el d e d s e a m,” e x pl ai ns Will 

H o ff m a n, R o xt e c k e y a c c o u nt m a n a g er, 

Gl o b al  Pi p e  S e ali n g  S ol uti o ns,  M ari n e  

& O ffs h or e. “It’s n ot a j o b w hi c h c a n b e 

fi n alis e d i n o n e g o, as c o oli n g i nt er v als 

ar e r e q uir e d t o c o m pl et e a l ar g e di a m et er 

w el d. E v e n g etti n g ‘ h ot w or k p er mits’ o n 

r e p air or r etr o fit pr oj e cts c a n a m o u nt t o a 

m att er of d a ys.”

F urt h er m or e, t h er e ar e ti m es d uri n g a 

n e w b uil d pr oj e ct or dr y d o c k w h e n a l ast 

mi n ut e alt er ati o n or a d diti o n is r e q uir e d. 

“ Alt h o u g h [ pi p e] i nst all ati o ns ar e d esi g n e d 

a n d pr e- pr e p ar e d i n a d v a n c e, t h er e ar e 

o fh e n i nst a n c es w h er e t h e pr oj e ct is cl os e 

t o  c o m pl eti o n,  a n d  s o m e o n e  r e ali s e s  

t h e r e  h a s  b e e n  a  mi st a k e,”  H off m a n  

e x pl ai ns. “ B y t his ti m e, t h e b ul k h e a d is 

li k el y pri m e d a n d p ai nt e d – n o w, t h e y 

h a v e t o t a k e a w a y t h at p ai nt, r e- w el d, t h e n 

r e- pri m e a n d r e- p ai nt t h at d a m a g e d ar e a.”

R o xt e c S P M pi p e s e als ar e c o m pris e d 

of a cir c ul ar r u b b er- b as e d el e m e nt t h at 

e x p a n ds vi a c o m pr essi o n b olts t o cr e at e a 

ti g ht s e al b et w e e n t h e o utsi d e of t h e pi p e 

a n d t h e i nsi d e of t h e str u ct ur e o p e ni n g. 

Th e ti g ht s e al pr o vi d es c erti fi e d pr ot e cti o n 

a g ai nst  fi r e,  g a s  a n d  w at e r  pr e s s u r e.  

C o m pl et e d  i n  m o m e nts,  o nl y  o n e  si d e 

of  t h e  b ul k h e a d  n e e d s  b e  a c c e s si bl e  

t o  c o m pl et e  t h e  w or k,  i d e al  i n  r et r ofit 

s etti n gs wit h i n a c c essi bl e or p ot e nti all y 

fir e- h a z ar d o us e q ui p m e nt s p a c es. “I n a 

r e p air or r etr o fit s c e n ari o wit h e v er yt hi n g 

al r e a d y  i nst all e d,  a c c ess  b e c o m es  v e r y  

di ffi c ult,” H o ff m a n a d ds. 

E v er yt hi n g - pr o of
ft e ris k f r o m fir es is of m aj or c o n c er n 

t o R o xt e c, si n c e all p arts of a b ul k h e a d 

i n cl u di n g  t h e  pi p e  p e n et r ati o ns  m u st  

b e  c a p a bl e  of  c o nt ai ni n g  a  bl a z e.  

T hi s  i s  o n e  of  t h e  m o st  c h all e n gi n g  

as p e cts of t esti n g, w hi c h t a k es pl a c e at 

R o xt e c’s  h e a d q u art e rs  i n  S w e d e n.  T h e 

fi r e  r e si st a nt  p e rf or m a n c e  of  R o xt e c’s  

R o x yl o n c o m p o u n d ( a v ari a nt of E P D M 

r u b b e r  wit h  a d diti o n al  fill e rs  a n d  fi r e 

r et a r d a nt s)  i s  c o nti n u o u sl y  t e st e d  t o  

v ari o us l e v els of fir e r ati n g st a n d ar ds. It 

is c erti fi e d b y D N V G L a n d all ot h er cl ass 

s o ci eti e s  a r o u n d  t h e  w orl d;  b ut  w or k  

c o nti n u es t o e x pl or e t h e u p p er li mits of 

t h e b as e r u b b er c o m p o u n d’s c a p a biliti es. 

“ T h e r e  a r e  t w o  p a rt s  of  o u r  l a b,”  

H o ff m a n e x pl ai ns. “I n t h e fir e l a b, R o xt e c 

is b ur ni n g r u b b er t hr e e or f o ur d a ys a 

w e e k. We als o p erf or m e xt e nsi v e w at er, 

g as, str ess a n d e x p os ur e t esti n g h er e. A 

f e w y e ars a g o w e i n v est e d v er y h e a vil y t o 

i m pr o v e t h e f a ciliti es a n d c a p a biliti es at 

o ur r u b b er l a b or at or y t o m a k e it a w orl d 

cl ass t esti n g f a cilit y.”

W h e n it c o m es t o pi p e p e n etr ati o ns, 

o n e  e y e  s h o ul d  b e  k e pt  o n  t h e  f ut ur e, 

H off m a n  i n di c at es  –  t h at  is,  l o n g e vit y. 

A s e al t h at is w at er a n d g as-ti g ht t o d a y 

mi g ht n ot b e t o m orr o w, u nl ess t h e ri g ht 

s ol uti o ns ar e us e d. “ All pi p es vi br at e, a n d 

a n y w h er e y o u h a v e f or c es m o vi n g i n t w o 

di ff er e nt dir e cti o ns – s a y, a pi p e – a n d t h e 

str u ct ur e it is w el d e d i nt o t h at f or ms a 

p ot e nti al str ess p oi nt,” h e e x pl ai ns. 

“ E v e n a ti n y h airli n e cr a c k i n t h at w el d 

c a n tr a p m oist ur e or c o n d e ns ati o n; t h at’s 

h o w r ust st arts t o h a p p e n. B ut if t h e pi p e 

is n ot i n dir e ct c o nt a ct wit h t h e str u ct ur e 

b e c a us e of a r u b b er ri n g a bs or bi n g t h at 

i m p a ct, t h e l o n g-t er m b e n e fits ar e l ess 

dir e ct str ess o n t h os e pi p e p e n etr ati o ns 

a n d r e d u c e d l o n g-t er m ris ks of c orr osi o n.

R es o ur c e a n d a d mi nistr ati v e-i nt e nsi v e, 

w el di n g is a fi nit e pr o c ess t h at c a n n ot b e 

e asil y alt er e d or a dj ust e d. D es pit e t his, 

w el di n g will al w a ys n e e d t o b e d o n e a n d 

t h e  pr of e ssi o n  is  n ot  g oi n g  a n y w h e r e.  

H o w e v e r,  s wit c hi n g  o ut  t hi s  p r o c e s s  

i n  o n e  p a rti c ul a r  a p pli c ati o n  –  pi p e  

p e n etr ati o ns – i m pr o v es y ar d e ffi ci e n c y 

a n d s af et y, a n d m a xi mis es fl e xi bilit y f or 

s hi p o p er at ors as w ell. N A
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F a s s m er S hi p y ar d, B er n e, G er m a n y

T h e R o xt e c S P M 

s e al
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M
ari ne s cr u b b ers are t y pi c all y us e d 

t o  r e m o v e  S O x  fr o m  e n gi n es.  

T his  all o ws  s hi ps  t o  c o ntr ol  

t h eir e missi o ns a n d t h er ef or e c o m pl y wit h 

e n vir o n m e nt al re g ul ati o ns. 

W h e n  it  c o m es  t o  t h e  o p er ati o n  of  

s cr u b b ers, t h e f o c us is pl a c e d o n g etti n g t h e 

b est r ati o b et w e e n pri c e a n d f u n cti o n alit y. 

A n o pti m al w a y of a d dr essi n g t his is b y 

p erf or mi n g a C F D a n al ysis i n t h e d esi g n 

p h a s e  e n s u ri n g  m a xi m u m  e mi s si o n  

r e d u cti o n, w hil e:

•  mi ni misi n g  t h e  a m o u nt  of  w at er  a n d  

li m est o n e sl urr y us e d t o cl e a n t h e fl u e g as

•  re d u ci n g t h e m ari n e s cr u b b er si z e

•  mi ni misi n g press ure dr o p

O pti m al d esi g n of t h e m ari n e s cr u b b er 

r es ults  i n  c ost  r e d u cti o n  b ot h  i n  t h e  

i niti al  i n v est m e nt  a n d  d uri n g  o p er ati o n.  

A d diti o n all y, o p er ati o n d o w nti m e d u e t o 

tr o u bl es h o oti n g is mi ni mis e d. 

D et ail e d u n d er st a n di n g 
of g a s - w at er i nt er a cti o n 
T w o- p h as e C o m p ut ati o n al Fl ui d D y n a mi cs 

( C F D) si m ul ati o ns a c c o u nt f or g as- w at er 

i nt er a cti o n, a n d t h e y pr o vi d e a n a c c ur at e 

pr e di cti o n  of  w h at  e x a ctl y  is  h a p p e ni n g  

i nsi d e  t h e  s cr u b b er.  T his  is  cr u ci al  t o  

pr o p erl y  q u a ntif y  b ot h  g as- w at er  a n d  

fl u e  g as  v el o cit y  distri b uti o n,  as  w ell  as  

s yst e m pr ess ur e dr o p, si n c e si n gl e p h as e 

si m ul ati o ns d o n ot a c c o u nt f or t h e e ff e ct of 

i nj e ct e d m at eri al o n t h e g as, w hi c h w o ul d 

l e a d t o err o n e o us r es ults.

U n d erst a n di n g s u c h fl o w d et ails i nsi d e 

t h e s cr u b b er e n a bl es e ff e cti v e d esi g n a n d 

si m ul ati o n t esti n g of:

•  p att er n l a y o ut of i nj e cti o n n oz zl es

•  tr a ys

•  p a c ke d b e ds

O pti m al d e si g n pri or 
t o m a n uf a ct uri n g
D et ail e d  t w o- p h as e  i nf or m ati o n  all o ws  

f or t h e cr e ati o n of a d esi g n t h at f u n cti o ns 

o pti m all y  b ef or e  m a n uf a ct uri n g.  T his  

si m ul ati o n- dri ve n d esi g n a p pr o a c h is m u c h 

m ore a ff or d a bl e t h a n t h e tr a diti o n al pr o c ess 

b as e d o n tri al a n d err or of n u m er o us b uilt 

a n d  t est e d  pr ot ot y p es.  A d diti o n all y,  t h e  

i nf or m ati o n o bt ai ne d t hr o u g h me as ure me nts 

is  t y pi c all y  li mit e d  t o  a  f e w  d at a  p oi nts,  

m a ki n g it h ar d t o u n d erst a n d a n d o pti mis e 

t he i nter n al pr o c ess es of t he s cr u b b er. 

D e si g n & tr o u bl e s h o oti n g
If  e n o u g h  c o m p ut ati o n al  r es o ur c es  ar e 

n ot a v ail a bl e, t w o- p h as e si m ul ati o ns c a n 

b e ti m e c o ns u mi n g. F urt h er, e x p eri e n c e d 

e n gi n e e rs  wit h  k n o wl e d g e  o n  m ari n e  

s cr u b b ers, C F D a n d t w o- p h as e fl o w ar e 

n e c ess ar y n ot o nl y t o pr e p ar e a c c ur at e 

m o d el s,  b ut  al s o  t o  a n al y s e  r e s ult s  

c orr e ctl y a n d pr o p os e v ali d i m pr o v e m e nts 

f or t h e e q ui p m e nt. 

F or w et s cr u b b ers, t w o- p h as e m o d els are 

m u c h m ore re alisti c t h a n o n e- p h as e m o d els. 

T w o- p h as e C F D si m ul ati o ns a c c o u nt b ot h 

f or t h e fl u e g as i nsi d e t h e s cr u b b er a n d t h e 

w at er i nj e ct e d t o cl e a n t h e g as, all o wi n g 

a n a c c ur at e pr oj e cti o n of h o w t h e fl u e g as 

is a ff e ct e d b y t h e w at er. O n t h e c o ntr ar y, 

o n e- p h as e si m ul ati o ns o nl y c o nsi d er t h e g as 

i nsi d e t h e s cr u b b er a n d will t h eref ore pre di ct 

i n c orr e ct  fl o w,  t e m p er at ur e  distri b uti o n  

a n d pr ess ur e dr o p, si n c e t h e y n e gl e ct t h e 

e ff e ct of t h e w at er o n t h e g as. I n or d er t o 

d esi g n a s cr u b b er of m a xi m u m e ffi ci e n c y 

usi n g C F D, o n e m ust us e m o d els t h at will 

c a pt ure i nt er n al p h e n o m e n a c orre ctl y w h e n 

c o m p ar e d t o r e alit y. fhis is w h y t w o- p h as e 

m o d els  ar e  m or e  s uit a bl e  f or  s cr u b b er  

o pti mis ati o n. N A

T w o- p h as e C F D si m ul ati o n, o pti misi n g m ari n e s cr u b b ers f or hi g h er 

p erf or m a n c e at t h e l o w est c ost. This t y p e of si m ul ati o n pr o vi d es d et ail e d 

u n d erst a n di n g of g as- w at er i nt er a cti o n i nsi d e t h e cl e a ni n g u nit, m a ki n g it 

p ossi bl e t o u n d erst a n d h o w t o r e a c h m a xi m u m e ffi ci e n c y

A c hi e vi n g ef ft ci e nt s cr u b b er d esi g n wit h 
t w o- p h as e C F D

Fi g ur e 1. G a s - w at er i nt er a cti o n i n si d e t w o - p h a s e C F D si m ul ati o n of s cr u b b er

Fi g ur e 2. M a s s fr a cti o n of w at er at diff er e nt pl a n e s i n si d e t w o- p h a s e C F D si m ul ati o n of a s cr u b b er
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G
etti n g  t h e  m o st  o ut  of  a n y  

e n gi n e eri n g  t o ol  r e q uir es  s o m e  

k n o wl e d g e of its li mit ati o ns a n d 

c a p a biliti es. C F D is n o di ff er e nt, b ut w h er e 

it d o es di ff er fr o m m ost t o ols is i n t h e hi g hl y 

s p e ci alis e d  k n o wl e d g e  a n d  s kill  n e e d e d  

t o h ar n ess its p ot e nti al. As a r es ult, s hi p 

d esi g n ers  a n d  o p er at ors  hir e  s p e ci alis e d  

C F D e n gi n e ers, w h o o fh e n s p e a k a di ff er e nt 

t e c h ni c al l a n g u a g e. This cr e at es a pr o bl e m 

i n  c o m m u ni c ati o n  a n d  u n d erst a n di n g  

b et w e e n t h e t w o p arti es, w hi c h c a n l e a d a 

C F D pr oj e ct i n t h e wr o n g dire cti o n, w asti n g 

ti m e  a n d  m o n e y.  I n  a d diti o n,  ot h er wis e  

us ef ul e n gi n e eri n g i nt uiti o n c a n s o m eti m es 

g et us i n tr o u bl e w h e n it c o m es t o a c c ur a c y 

of t h e C F D m et h o d.

ft er e ar e m a n y a p pli c ati o ns of C F D i n 

t h e m ari n e i n d ustr y, h o w e v er m ost st u di es 

c a n b e r e d u c e d t o t w o b asi c c at e g ori es of 

si m ul ati o ns:  c al m  w at er  r esist a n c e  a n d  

s elf- pr o p ulsi o n. F or s hi p d esi g n C F D c a n 

off er  a c c ur at e r esist a n c e ass ess m e nts of 

hi g h  q u alit y,  es p e ci all y  w h e n  r el ati v el y  

s m all c h a n g es t o t h e g e o m etr y n e e d t o b e 

st u di e d, w hi c h c a n n ot b e a c c o u nt e d f or 

wit h e m piri c al r el ati o ns. I n c ert ai n c as es, 

s elf- pr o p ulsi o n si m ul ati o ns ar e m or e us ef ul 

si n c e t h e y pr o vi d e t h e s h a Th p o w er dir e ctl y, 

wit h o ut  a p pl yi n g  e m pi ri c al  m et h o d s  

t o  d e ri v e  t h e  pr o p ulsi o n  c o effi ci e nts.  

F or s hi p o p er ati o ns C F D c a n h el p s a v e 

f u el usi n g a d at a b as e of s elf- pr o p ulsi o n 

r es ults at di ff er e nt tri ms, all o wi n g f or tri m 

o pti mis ati o n. Of c o urs e, C F D is a g e n er al 

m et h o d,  a n d  m a n y  m or e  a p pli c ati o ns  

c a n b e f o u n d. Th e a b o v e is j ust a s h ort 

cr oss-s e cti o n of t h e m ost fr e q u e nt pr oj e cts 

e n c o u nt er e d i n t h e i n d ustr y.

I n  t h e  t e xt  b el o w,  w e  t r y  t o  gi v e  a  

s h ort g ui d e f or i nt er pr eti n g s o m e as p e cts 

of  a  C F D  pr oj e ct  t h at  oft e n  l e a d  t o  

mis u n d erst a n di n gs a n d w ast e of r es o ur c es.

Pr e ci si o n a n d a c c ur a c y: 
k n o w t h e diff er e n c e
O Th e n c o nf us e d a n d us e d as a s y n o n y m, 

pr e cisi o n a n d a c c ur a c y m e a n t w o di ff er e nt 

t hi n gs,  a n d  b ot h  ar e  i m p ort a nt  w h e n  

a n al ysi n g  C F D  r es ults.  Pr e cisi o n  is  t h e  

pr o p ert y of a m et h o d r el at e d t o u n c ert ai nt y, 

i. e. t h e gre at er t h e u n c ert ai nt y of t h e m et h o d 

t h e s m all er t h e pre cisi o n. I n t h e c as e of C F D, 

w e  ar e  m ostl y  i nt er est e d  i n  u n c ert ai nt y  

r el at e d t o t h e c h a n g e of t h e r es ol uti o n of 

t h e c o m p ut ati o n al gri d, i. e. if w e c h a n g e 

t h e n u m b er of c ells. Ac c ur a c y, o n t h e ot h er 

h a n d, is h o w w ell t h e r es ult of a m et h o d or 

m o d el c orr es p o n ds t o t h e p h e n o m e n a it is 

s u p p os e d t o d es cri b e. I n o ur c as e, h o w cl os e 

d o es o ur C F D r es ult c o m e t o e x p eri m e nt al 

or s e a tri al m e as ur e m e nts.

I n t h e f oll o wi n g t e xt w e will d e al wit h 

b ot h pr e cisi o n a n d a c c ur a c y, as b ot h o Th e n 

l e a d C F D pr oj e cts i n a wr o n g dir e cti o n. 

Pr e ci si o n: gri d c o n v er g e n c e 
a n d u n c ert ai nt y
Alt h o u g h C F D st a n ds f or C o m p ut ati o n al 

Fl ui d D y n a mi cs, a n d t h er e b y r e pr es e nts 

a n y  n u m eri c al  m et h o d  t h at  d e als  wit h 

fl ui d d y n a mi cs, c oll o q ui all y C F D st a n ds 

f or  t h e  Fi nit e  V ol u m e  m et h o d.  I n  t h e  

Fi nit e V ol u m e a p pr o a c h, t h e fl ui d d o m ai n 

i s  di s c r eti s e d  u si n g  si m pl e  g e o m et ri c  

b o di es s u c h as h e x a h e dr a, p yr a mi ds, or 

pris ms, k n o w n as c ells, w hi c h m a k e u p t h e 

c o m p ut ati o n al gri d ( Fi g ur e 1 a n d Fi g ur e 

2). Th e c o m pl e x a n d n o nli n e ar fl ui d fl o w 

e q u ati o ns  ar e  t h e n  si m plifi e d  i n  t h es e  

i n di vi d u al u nits i n a w a y t h at all o ws us t o 

s ol v e t h e m usi n g a c o m p ut er. Th e s m all er 

t h e c ells ar e, t h e gr e at er t h eir n u m b er a n d 

t h e b ett er t h e r es ol uti o n of t h e fl o w.

O n e of t h e q u esti o ns o fi e n p os e d t o a 

C F D e n gi n e er, fr o m his C F D c oll e a g u es as 

w ell as fr o m ot h er e n gi n e ers, is: “ H a v e y o u 

c o n d u ct e d a gri d u n c ert ai nt y/ c o n v er g e n c e 

st u d y? ”. fi e tr a p h er e is t h at wit hi n t h es e 

t w o v ari a nts of t h e s e nt e n c e l a y t w o v er y 

diff er e nt,  b ut  r el at e d,  q u esti o ns.  If  t h e 

wr o n g v ersi o n of t h e q u esti o n is p os e d 

t o a C F D e x p ert, a l ot of r es o ur c es c a n b e 

w ast e d f or n ot hi n g. B ef or e pr es e nti n g t his 

q u esti o n t o y o ur C F D e n gi n e er, m a k e s ur e 

y o u k n o w e x a ctl y w h at y o u n e e d.

I d e nti c al  p r o c e d u r e  i s  r e q ui r e d  

t o  c al c ul at e  g ri d  u n c e rt ai nt y  a n d  

c o n v e r g e n c e.  T h e  a p p r o a c h  i n v ol v e s  

r e p e ati n g  t h e  s a m e  c al c ul ati o n  wit h  at 

l e ast f o ur di ff er e nt c o m p ut ati o n al gri ds. If 

y o u n e e d t o c o n d u ct t h e st u d y f or m or e 

c o n diti o ns ( e. g. m ulti pl e s hi p s p e e ds or 

dr a fls), t h e a m o u nt of c al c ul ati o ns q ui c kl y 

g r o w s  t o  a  v e r y  hi g h,  a n d  t h e r ef or e  

e x p e nsi v e, n u m b er. R o u g hl y s p e a ki n g, t h e 

gri d c o n v er g e n c e or u n c ert ai nt y st u d y, if 

d o n e ri g ht, i n cr e as es t h e c ost of t h e C F D 

st u d y b y at l e ast f o ur ti m es.

G ri d  c o n v e r g e n c e  i s  u s e d  i n  v e r y  

di ff er e nt cir c u mst a n c es c o m p ar e d t o gri d 

u n c e rt ai nt y  st u di es.  Gri d  c o n v e r g e n c e  

st u d y is m ai nl y p erf or m e d o nl y o n c e f or 

F e at ur e 4 |  C F D & H Y D R O D Y N A MI C S

C F D is m ost us ef ul if y o u as k t h e ri g ht q u esti o ns, a n d if y o u k n o w h o w 

t o a v oi d g oi n g i n t h e wr o n g dir e cti o n wit h a pr oj e ct, writ es I n n o G ati n of 

c o ns ult a n c y Cl o u d T o wi n g Ta n k

G etti n g t h e m ost o ut of C F D, a s h ort g ui d e

Fi g ur e 1. D e pi cti o n of a Fi nit e V ol u m e c ell 

fr o m ( V u k č e vi ć, J a s a k, a n d G ati n 2 0 1 7)

Fi g ur e 2. C o m p ut ati o n al gri d of t h e O N R 

T u m bl e h o m e s hi p
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a gi v e n n u m eri c al m et h o d, w h er e as gri d 

u n c ert ai nt y st u d y c a n b e c o n d u ct e d f or 

e v er y pr oj e ct. I n s h ort, t h e f or m er st u d y 

t ells y o u a b o ut t h e q u alit y of t h e n u m eri c al 

m et h o d,  i. e.  t h e  C F D  s oft w ar e,  w hil e  

t h e l at er st u d y gi v es y o u a n u n c ert ai nt y 

esti m at e f or y o ur s p e ci fi c pr o bl e m, e. g. 

t h e u n c ert ai nt y i nt er v al of t h e r esist a n c e 

f or c e f or t h e s p e ci fi c s hi p at h a n d. R e a d 

b el o w f or m or e d et ails o n c o n v er g e n c e 

a n d u n c ert ai nt y.

W h e n a n e w C F D m et h o d is d e v el o p e d, 

it is n e c ess ar y t o c h e c k w h et h er t h e s ol uti o n 

b e c o m es m or e pr e cis e wit h i n cr e asi n g t h e 

r es ol uti o n  of  t h e  gri d.  I n  ot h er  w or ds,  

t h e s ol uti o n is s u p p os e d t o b e c h a n gi n g 

l ess  a n d  l ess  b et w e e n  t w o  gri ds  as  t h e  

c o m p ut ati o n al c ells b e c o m e s m all er. fhis 

pr o c ess is k n o w n as s ol uti o n v eri fi c ati o n or 

gri d c o n v er g e n c e st u d y ( E ç a & H o e kstr a, 

2 0 1 4). Th e m ai n p ur p os e of t his st u d y is 

c o n fir mi n g t h at t h e d e v el o p e d c o d e s ol v es 

t h e p h ysi c al pr o bl e m i n a m at h e m ati c all y 

c o nsist e nt w a y. It o nl y n e e ds t o b e d o n e 

o n c e  f or  a  cl ass  of  pr o bl e ms,  s u c h  as  

c al m w at er r esist a n c e or s e a k e e pi n g. ftis 

m e a ns t h at if y o u ar e i nt er est e d i n w h et h er 

t h e  s oft w ar e  t h at  y o ur  C F D  pr o vi d er/

e m pl o y e e us es is of g o o d q u alit y, y o u n e e d 

t o as k t h e m f or a gri d c o n v er g e n c e st u d y. 

I n m a n y c as es, t his st u d y h as alr e a d y b e e n 

p erf or m e d f or y o ur cl ass of pr o bl e ms, si n c e 

t his is t y pi c all y a first st e p t h e s ci e nti fi c 

c o m m u nit y p erf or ms a Th er d e v el o pi n g or 

p ur c h asi n g a n e w c o d e. T h e r es ults ar e 

o Th e n p u blis h e d i n t h e f or m of s ci e nti fi c 

p a p ers w hi c h ar e r e a dil y a c c essi bl e. Th e 

t hi n g is, if y o u fi n d a p u bli c ati o n w h er e t h e 

s o Th w ar e t h at y o ur C F D pr o vi d er is usi n g 

is v eri fi e d, y o u d o n ot n e e d t o c o n d u ct t h e 

gri d  c o n v er g e n c e  st u d y  y o urs elf.  Gi v e n  

t h at y o u c a n tr ust t h e s o ur c e of t h e st u d y, 

y o u c a n ass u m e t h at t h e gri d c o n v er g e n c e 

r es ults a p pl y t o y o urs as w ell.

E v e n  t h o u g h  gri d  c o n v er g e n c e  st u d y  

i n di c at es  t h e  u n c ert ai nt y  i nt er v als  f or  

t h e cl ass of pr o bl e ms at h a n d, t h es e ar e 

n ot s p e ci fi c t o y o ur pr o bl e m, i. e. s hi p. If, 

h o w e v er, y o u r e q uir e u n c ert ai nt y i nt er v als 

f or y o ur s p e ci fi c pr o bl e m, t h e n a n d o nl y 

t h e n i nsist t h at y o ur C F D e x p ert c o n d u cts 

a gri d u n c ert ai nt y st u d y.

W h e n t o c o n d u ct a gri d 
u n c ert ai nt y st u d y ?
If y o u n e e d t o k n o w r o u g hl y h o w pr e cis e 

t h e C F D r es ults ar e, y o u c a n s a v e ti m e 

b y c o ns ulti n g r es ults of gri d c o n v er g e n c e 

st u di e s  f or  y o u r  t y p e  of  pr o bl e m  i n  

lit e r at u r e,  o r  y o u r  o w n  u n c e rt ai nt y  

st u d y fr o m a pr e vi o us pr oj e ct. G e n er all y 

s p e a ki n g, t his will gi v e y o u a g o o d i d e a o n 

w h at t o e x p e ct.

T h er e  ar e  sit u ati o ns,  h o w e v er,  w h er e  

y o u  n e e d  t o  k n o w  e x a ctl y  w h at  y o ur  

u n c e rt ai nt y  i nt e r v als  ar e,  a n d  i n  t his  

c as e  t h e  gri d  u n c ert ai nt y  st u d y  c a n  b e  

us ef ul ( Fi g ur e 3). F or e x a m pl e, if y o u ar e 

c o m p ari n g t w o v ari a nts of t h e s a m e v ess el’s 

h ull i n t er ms of r esist a n c e, y o u mi g ht w a nt 

t o  c o m p ar e  t h e  diff er e n c e  i n  r esist a n c e 

b et w e e n t h e t w o v ari a nts wit h u n c ert ai nt y 

i nt er v als. If t h e di ff er e n c e is s m all er t h a n 

t h e u n c ert ai nt y, t h e n t h e r es ults d o n ot t ell 

y o u cl e arl y w hi c h o pti o n is b ett er. 

A c c ur a c y: c o m p ari s o n 
of C F D t o e x p eri m e nt s 
a n d s e a tri al s
Th e si n gl e m ost i m p ort a nt i nf or m ati o n 

y o u  n e e d  a b o ut  t h e  C F D  r e s ult s  y o u  

r e c ei v e  i s  a c c u r a c y:  h o w  w ell  d o  t h e  

r es ults d es cri b e t h e p h e n o m e n a t h e y ar e 

s u p p os e d t o m o d el ? C F D is a r el ati v el y 

y o u n g m et h o d w h e n it c o m es t o m ari n e 

h y dr o d y n a mi cs, a n d it still n e e ds t o pr o v e 

its elf  t o  t his  v e r y  t r a diti o n al  i n d ust r y. 

Aft e r  all,  s hi p s  h a v e  b e e n  s aili n g  f or  

t h o u s a n d s  of  y e a r s  a n d  m at u r e  C F D  

s ol uti o ns  f or  t h e s e  t y p e s  of  pr o bl e ms  

h a v e  b e c o m e  a c c e ssi bl e  o nl y  r e c e ntl y.  

T h e r ef or e,  m a n y  C F D  pr oj e ct s  i n  t h e  

m ari n e i n d ust r y b e gi n wit h a r ef er e n c e 

r u n, w h er e a C F D si m ul ati o n is p erf or m e d 

f or a s hi p t h at h as b e e n d esi g n e d i n t h e 

p ast, a n d f or w hi c h e x p e ri m e nt al d at a 

e xists t o all o w f or a c o m p aris o n. O n c e 

t h es e fi g ur es c o m e i n, t h e q u arr el b e gi ns. 

I n m a n y c as es, a g a p of 5 % i n r esist a n c e 

b et w e e n  C F D  a n d  t o wi n g  t a n k  r es ults 

will n ot b e t ol er at e d. O Th e n t h e all o w e d 

di ff er e n c e is i n t h e r a n g e of 1- 2 %, a n d w e 

h a v e o ur e n gi n e eri n g i nt uiti o n t o bl a m e 

f or  t his.  W h e n  pr e s e nt e d  wit h  a  v e r y  

m o d er n, hi g h fi d elit y m et h o d li k e C F D, 

Fi g ur e 3. E x a m pl e of C F D a n d E x p eri m e nt al Fl ui d D y n a mi c s ( E F D) r e s ult s wit h 

u n c ert ai nt y i nt er v al s fr o m ( G ati n et al. 2 0 1 8). T h e C F D u n c ert ai nt y i nt er v al s ar e 

o bt ai n e d b y p erf or mi n g a gri d u n c ert ai nt y st u d y. T h e gr a p h c o m p ar e s p e a k pr e s s ur e 

d uri n g a gr e e n w at er e v e nt

Fi g ur e 4. C F D si m ul ati o n of a f ull - s c al e s e a 

tri al
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m ost e n gi n e ers e x p e ct b ett er t h a n 5 %. I n 

t h e f oll o wi n g t e xt, w e will tr y t o d e pi ct 

h o w t his s ort of a c c ur a c y g o al l e a ds t o 

f r u st r ati o n  a n d  w a st e  of  r e s o u r c e s  i n  

m a n y c as es, a n d w h y.

U n c ert ai nti e s: t o wi n g t a n k 
e x p eri m e nt s a n d s e a tri al s
T o wi n g  t a n k  e x p e ri m e nt s  ar e  t r u st e d  

wit hi n t h e m ari n e i n d ust r y f or a g o o d 

r e a s o n:  t h e y  h a v e  b e e n  i n  u s e,  v e r y  

s u c c essf ull y, f or a c e nt ur y. fh e m et h o ds 

us e d i n e x p eri m e nt al f a ciliti es ar e t est e d 

r e p e at e dl y, a n d t h e i nstr u m e nts o nl y g et 

m or e pr e cis e as t e c h n ol o g y e v ol v es. This is 

als o w h y t o wi n g t a n k r es ults ar e e v er y o n e’s 

f a v orit e w h e n it c o m es t o v ali d ati n g C F D 

r es ults. It is us ef ul, h o w e v er, t o p ut t hi n gs 

i n  p ers p e cti v e,  a n d  t o  r e m e m b er  w h at 

b ot h  e x p eri m e nts  a n d  C F D  ar e  t r yi n g  

t o  pr e di ct.  T h e  e n d  g o al  is  t o  pr e di ct  

h y dr o d y n a mi c c h ar a ct eristi cs of a n a ct u al 

v ess el i n f ull s c al e. H a vi n g t his i n mi n d, 

t h e a c c ur a c y of b ot h f a mil y of m et h o ds 

c a n o nl y b e ass ess e d b y c o m p ari n g t h e m 

t o s e a tri als.

All e n gi n e eri n g m et h o ds s u ff er f r o m 

u n c e rt ai nti e s,  t h e r e  is  n o  w a y  ar o u n d  

t h at, b ut it is v er y i m p ort a nt t o k n o w t h eir 

a p pr o xi m at e m a g nit u d e a n d s o ur c es. F or 

v ali d ati n g C F D r es ults, it is i m p ort a nt 

t o p ut t h e e r r ors of C F D c o m p ar e d t o 

t o wi n g t ests or s e a t ri als i n p ers p e cti v e 

wit h t h eir u n c ert ai nti es.

I n  t h ei r  p a p e r  p r e s e nt e d  at  t h e  

H ull PI C  2 0 2 0  c o nf e r e n c e,  ( We r n e r  

a n d  G u st af s s o n,  2 0 2 0 )  r e p o rt e d  a n  

u n c e rt ai nt y  a n al y sis  of  a  c oll e cti o n  of 

s p e e d tri al d at a a n d c orr es p o n di n g m o d el 

t e st s  c o n d u ct e d  at  S S P A,  S w e d e n.  ft e 

st u d y e n c o m p ass e d 1 4 s e ri e s wit h fi v e 

or m or e sist er v ess els i n e a c h, w h er e t h e 

a n al ys e d q u a ntit y is t h e d eli v er e d p o w er 

m e as ur e d at t h e s e a t ri al. Th e or eti c all y, 

si st e r  s hi p s  a r e  s u p p o s e d  t o  h a v e  t h e  

s a m e  d eli v e r e d  p o w e r  si n c e  t h e y  a r e  

g e o m et ri c all y  i d e nti c al.  A n y  c h a n g e s  

b et w e e n t h e p o w e r m e as u r e d o n b o ar d 

i d e nti c al v ess els pr es e nts t h e u n c ert ai nt y 

of t h e s e a tri al m e as ur e m e nt a n d d u e t o 

b uil di n g di ff er e n c es. A Th er all, s hi ps ar e 

f ai rl y c o m pl e x a n d it’s r e all y o pti misti c 

t o e x p e ct t h at all t h e pi e c es of t h e p u z zl e 

s h o ul d c o m e t o g et h er i n e x a ctl y t h e s a m e 

w a y. Wer n er a n d G ust afss o n r e p ort t h at 

o n a v er a g e t h e pr e cisi o n err or is 8. 5 % i n 

d eli v er e d p o w er, r a n gi n g fr o m 5 % t o 1 2 % 

f or i n di vi d u al s eri es. F or o n e s hi p s eri es, 

t h e l ar g est di ff er e n c e of m e as ur e d p o w er 

wit h r es p e ct t o t h e a v er a g e of m e as ur e d 

p o w ers f or all v ess els, w as as hi g h as 1 5 % 

( Fi g ur e 1 f r o m [ Wer n er a n d G ust afss o n, 

2 0 2 0]). This d at a is i n li n e wit h ot h e r 

si mil ar st u di es; (I ns el, 2 0 0 8) r e p orts a 7 % 

pr e cisi o n err or f or a s eri es of f erri es. B ut 

t h e st or y d o es n ot e n d at t h es e 7- 8. 5 %, 

b e c a us e bi as n e e ds t o b e s u p eri m p os e d 

wit h pr e cisi o n u n c ert ai nt y t o g et t h e t ot al 

u n c e rt ai nt y.  ( We r n e r  a n d  G u st af s s o n,  

2 0 2 0) n ot e t h at a d di n g t h e esti m at e d bi as 

r es ults i n o v er all u n c ert ai nt y of 1 0 %.

W h e n  it  c o m e s  t o  t o wi n g  t a n k  

e x p e ri m e nt s,  t h ei r  p r e ci si o n  a n d  

u n c ert ai nt y is v er y l o w, a n d t h er e is a hi g h 

l e v el of c o n fi d e n c e pr es e nt w h e n it c o m es 

t o r esist a n c e m e as ur e d i n e x p eri m e nt al 

f a ciliti es i n m o d el s c al e. Th e u n c ert ai nt y, 

h o w e v er, c o m es f r o m s c ali n g t h e r es ults 

t o  f ull  s c al e.  A c c or di n g  t o  ( B o s e  a n d  

M oll o y, 2 0 0 9), t h e t hr e e l ar g est s o ur c es 

of u n c e rt ai nt y w h e n s c ali n g r es ults ar e 

m o d el-s hi p c orr el ati o n li n e, f or m f a ct or 

e sti m ati o n  a n d  c or r el ati o n  all o w a n c e.  

T h e  m o d el - s hi p  c o r r el ati o n  li n e  i s  a  

f or m ul a b as e d o n e m piri c al d at a all o wi n g 

t h e  e sti m ati o n  of  vi s c o u s  r e si st a n c e  

of  a  fl at  pl at e,  w hi c h  i s  e s s e nti al  f o r  

s c ali n g  t h e  m o d el  s c al e  r e s ult s  t o  f ull 

s c al e.  M oll o y  n ot e s  t h at  t h e  a s s e s s e d  

u n c e rt ai nt y of t h e c or r el ati o n li n e c a n 

r es ult i n d eli v er e d p o w er u n c ert ai nt y i n 

f ull s c al e of 6. 6 %. F or m f a ct or esti m ati o n 

c a n l e a d t o u n c ert ai nti es of ar o u n d 7. 6 %, 

a n d c orr e cti o n all o w a n c e u p t o 6. 1 %. 

I n t h e li g ht of t h e pr es e nt e d u n c ert ai nti es, 

it  c a n  b e  c o n cl u d e d  t h at  at  t h e  c urr e nt  

l e v el  of  pr e cisi o n  e x hi bit e d  b y  s e a  tri al  

d at a, n o pr e di cti o n m et h o d (t o wi n g t a n k 

e x p eri m e nts or C F D) c a n b e v ali d at e d t o 

a pr e cisi o n s m all er t h a n 1 0 % ( Wer n er a n d 

G ust afss o n,  2 0 2 0).  It  m a k es  littl e  s e ns e,  

t h er ef or e, t o i nsist o n 1- 2 % of di ff er e n c e 

b et w e e n C F D a n d e x p eri m e nt al d at a. This 

is es p e ci all y tr u e f or C F D si m ul ati o ns w hi c h 

ar e p erf or m e d dir e ctl y i n f ull s c al e, si n c e 

t h e e x p eri m e nt al d at a n e e ds t o b e s c al e d 

t o all o w c o m p aris o n, a n d t his i n v ol v es t h e 

a b o v e- m e nti o n e d u n c ert ai nti es. N A

S u m m ar y
B ef or e c o m m e n ci n g a C F D pr oj e ct wit h 

y o ur e m pl o y e e or c o ns ult a nt, h er e ar e t h e 

t hi n gs y o u s h o ul d k n o w:

•  K n o w t h e di ff er e n c e b et w e e n pr e cisi o n 

a n d a c c ur a c y of t h e C F D m et h o d.

•  If  y o u  ar e  i nt e r e st e d  i n  t h e  o v e r all  

v ali dit y of t h e C F D m et h o d, as k f or gri d 

c o n v er g e n c e  d at a  f r o m  p ast  st u di es.  

This will s a v e pr e ci o us r es o ur c es.

•  If  y o u  n e e d  t o  k n o w  t h e  u n c ert ai nt y 

i nt er v als f or y o ur s p e ci fi c pr oj e ct, as k 

f or a gri d u n c ert ai nt y st u d y. B e w ar e t h at 

t his will i n cr e as e t h e c ost of t h e st u d y b y 

r o u g hl y f o ur ti m es, if d o n e ri g ht.

•  B ef or e j u d gi n g w h et h er t h e C F D r es ults 

ar e s u ffi ci e ntl y a c c ur at e c o m p ar e d t o 

e x p eri m e nt al r es ults or s e a tri al d at a, 

r e m e m b er t h at t h e u n c ert ai nt y of s e a 

tri als is ar o u n d 1 0 %.

A b o ut t h e a ut h or
I n n o G ati n is a n a v al ar c hit e ct a n d C F D 

e n gi n e e r  at  t h e  Cl o u d  T o wi n g  Ta n k  

c o ns ult a n c y  c o m p a n y.   H e  a c q uir e d  his 

P h D  i n  t h e  fi el d  of  C F D  s oft w a r e  

d e v el o p m e nt  wit h  a  f o c us  o n  m ari n e  

h y dr o d y n a mi cs. 

R ef er e n c e s
1.  B O S E , N EI L , a n d S U S A N  M O L L O Y . 

2 0 0 9. “ R eli a bilit y a n d Acc ur ac y of S hi p 

P o w eri n g Perf or m a nc e E xtr a p ol ati o n .”  

Fi r st  I nt e r n ati o n al  S y m p o si u m  o n  

M ari n e Pr o p uls ors (J u n e). htt p:// w w w.

m ari n e pr o p uls ors. c o m/ pr o c e e di n gs/

M B 1- 1- B os e - R eli a bilit y a n d A c c ur a c y 

of S hi p P o w eri n g P erf or m a n c e E xt. p df.

2.  G A TI N,  I N N O  et  al .  2 0 1 8.  “C F D 

Verifi c ati o n  a n d  V ali d ati o n  of  Gr e e n  

S e a  L o a ds .”  O c e a n  E n gi n e eri n g  1 4 8:  

5 0 0 – 5 1 5.

3.  I N S E L, M. 2 0 0 8. “U nc ert ai nt y i n t h e 

A n al ysis of S p e e d a n d P o w eri n g Tri als. ” 

O c e a n E n gi n e eri n g.

4.  V U K Č E V I Ć,  V U K O,  H R V O J E  

J A S A K,  a n d  I N N O  G A TI N.  2 0 1 7.  

“ I m pl e m e nt ati o n  of  t h e  G h ost  Fl ui d  

M et h o d  f o r  Fr e e  S urf a c e  Fl o ws  i n  

P ol y h e dr al Fi nit e Vol u m e Fr a m e w or k .”  

C o m p ut e r s  a n d  Fl ui d s  1 5 3:  1 – 1 9.  

htt p:// d x. d oi. or g/ 1 0. 1 0 1 6/j.

c o m p fl ui d. 2 0 1 7. 0 5. 0 0 3.

5.  W E R N E R , S O F I A ,  a n d  L A R S  

G U S T A F S S O N . 2 0 2 0. “U nc ert ai nt y of 

S p e e d Tri als. ” I n H ull PI C 2 0 2 0, 2 8 – 3 6.
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M
e as ur e d wi n d f or c es o n s hi ps i n 

o p e n s e a m a y b e v er y di ff er e nt 

t h a n t h os e m e as ur e d o n v ess els 

m o or e d i n p ort ar e as si n c e t h e l att er c a n 

hi g hl y d e p e n d o n t h e s urr o u n di n g b uil di n gs, 

cr a n es  a n d  ot h er  i nf r astr u ct ur es.  T h e  

k n o wl e d g e of t h es e f or c es is i m p ort a nt f or 

s af el y m a n o e u vri n g a n d m o ori n g t h e s hi ps 

i nsi d e  t h e  c o m pl e x  e n vir o n m e nt  of  p ort  

are as ( S ol ari et al., 2 0 1 2). 

fhe pres e nt p olic y i n m ost p orts w orl d wi de 

is t h at s hi ps ar e o nl y a d mitt e d w h e n, f or a 

p arti c ul ar wi n d dire cti o n, t he e x p e cte d wi n d 

s p e e d d uri n g t h e m a n o e u vri n g o p er ati o ns 

ar e  pr e di ct e d  t o  r e m ai n  b el o w  a  c ert ai n  

t hres h ol d wi n d s p e e d. H o w e v er, t his s p e e d 

is  g e n er all y  m e as ur e d  at  a  f ull y  e x p os e d  

refere nc e p ositi o n. 

T h e  pr es e n c e  of  b uil di n gs  a n d  ot h er  

i nfr astr u ct ur es i n p ort ar e as, h o w e v er, c a n 

i n cr e as e  or  r e d u c e  t h e  l o c al  wi n d  s p e e d  

a n d i ntr o d u c e l ar g e wi n d s p e e d gr a di e nts, 

yi el di n g hi g h er or l o w er wi n d f or c es a n d 

m o m e nts t h a n t h os e t h at w o ul d o c c ur i n 

o p e n s e a ( Th ores e n 2 0 1 4). ft eref ore, m ore 

pr e cis e k n o wl e d g e of wi n d f or c es o n s hi ps 

i n t h e p ort a n d t h e a bilit y t o pre di ct t h e m is 

r e q uir e d t o fi n e-t u n e t h e a d missi o n p oli c y 

of p orts. S u c h i nf or m ati o n is als o r e q uir e d 

f or t h e t u g b o at pil ots as it pr o vi d es t h e m 

t h e n e c ess ar y i n p ut f or s af el y m a n o e u vri n g 

t h e  v ess el  b ut  als o  f or  t h eir  tr ai ni n g  i n  

m a n o e u vri n g si m ul at ors. 

Wi n d  f or c es  o n  s hi ps  at  o p e n  s e a  

c o n diti o ns are ge ner all y d eter mi ne d b y eit her 

wi n d-t u n n el t ests o n r e d u c e d-s c al e m o d els 

or  b y  C o m p ut ati o n al  Fl ui d  D y n a mi cs  

( C F D) si m ul ati o ns. W hil e m ost C F D st u di es 

f o c us e d o n wi n d l o a ds o n a s hi p i n o p e n 

s e a-li k e c o n diti o ns ( e. g. W n ę k a n d G u e d es 

S o ar es, 2 0 1 5), o nl y a v er y li mit e d n u m b er 

h a v e b e e n c o nsi d eri n g m or e c o m pli c at e d 

wi n d  c o n diti o ns  d e v el o pi n g  t hr o u g h o ut  

s e a p ort are as ( e. g. Bl o c ke n et al., 2 0 1 5; Ri c ci 

et al., 2 0 2 0 a; Ri c ci a n d Bl o c ke n, 2 0 2 0 b). 

Th e pr es e nt st u d y i n v esti g at es t h e wi n d 

f or c es o n a cr uis e s hi p, O asis of t h e S e as , 

m o or e d at t h e q u a y of t h e R ott er d a m Cr uis e 

Ter mi n al b y 3 D st e a d y R e y n ol ds- Av er a g e d 

N a vi er- St o k es ( R A N S) si m ul ati o ns. T h e 

R ott er d a m  Cr uis e  Ter mi n al  is  sit u at e d  

a p pr o xi m at el y 3 0 k m i nl a n d a n d is l o c at e d 

cl os e t o R ott er d a m cit y c e ntr e ( Fi g. 1). This 

ar e a, s o- c all e d K o p v a n Z ui d, is a n e wl y 

d e v el o p e d ar e a als o k n o w n as ‘ M a n h att a n 

o n t h e M a as’ b e c a us e of t h e pr es e n c e of a 

cl ust er of hi g h-ris e b uil di n gs. I n S e pt e m b er 

2 0 1 4, o n e of t h e l ar g est p ass e n g er s hi ps i n 

t h e w orl d, O asis of t he S e as , b ert h e d f or t h e 

first ti m e at t h e r e n e w e d Cr uis e Ter mi n al 

i n R ott er d a m. 

I n t his st u d y, t h e C F D si m ul ati o ns will b e 

a c c o m p a ni e d b y a v ali d ati o n st u d y b as e d o n 

e xt e nsi v e o n-sit e wi n d s p e e d m e as ure m e nts. 

Th e n, t h e wi n d f orc es e x ert e d o n t h e O asis 

of t he S e as  will b e e v al u at e d b as e d o n t h e 

R A N S  si m ul ati o ns.  A  pr e vi o us  st u d y  b y  

Ja nss e n et al. ( 2 0 1 7), i n w hi c h wi n d f orc es o n 

a c o nt ai n er s hi p i n o p e n s e a-li ke c o n diti o ns 

w er e  d et er mi n e d  b y  3 D  st e a d y  R A N S  

si m ul ati o ns a n d v ali d at e d b y wi n d-t u n n el 

t ests ( b y A n d ers e n, 2 0 1 3), h as b e e n t a k e n 

i nt o a c c o u nt i n t h e pr es e nt st u d y t o j ustif y 

t h e l e v el of g e o m etri c al si m plifi c ati o n of 

t h e s hi p a n d t h e us e of t h e st e a d y R A N S 

a p pr o a c h f or e v al u ati n g t h e f orc es. 

C F D v ali d ati o n of wi n d 
v el o citi e s n e ar Cr ui s e T er mi n al
A m e as ur e m e nt c a m p ai g n w as p erf or m e d 

i n or d er t o pr o vi d e b ot h e x p eri m e nt al d at a 

f or C F D v ali d ati o n a n d re al-ti m e i n p ut d at a 

of r ef er e n c e wi n d c o n diti o ns f or t h e a ct u al 

ass ess m e nt of wi n d c o n diti o ns d uri n g t h e 

A j oi nt pr oj e ct b et w e e n t h e Ei n d h o v e n U ni v ersit y of Te c h n ol o g y a n d t h e 

P ort of R ott er d a m h as s h o w n t h at wi n d f orc es o n m o or e d cr uis e s hi ps ar e 

str o n gl y i n fl u e n c e d b y t h e b uilt- u p ar e a n e ar t h e p ort

H o w d o es t h e s urr o u n di n g b uilt 
e n vir o n m e nt aff e ct t h e wi n d f or c es o n 
m o or e d s hi ps i n p orts ?

Fi g. 1. R ott er d a m 

Cr ui s e T er mi n al. 

S o ur c e: G o o gl e 

E art h

A ut h ors

A. Ri c ci 
1, 2

, W. D. J a n s s e n 
4
, H. J. v a n Wij h e 

5
, B. Bl o c k e n

 1, 3

1. U nit B uil di n g P h ysi cs & S er vi c es, D e p art m e nt of t h e B uilt E n vir o n m e nt, Ei n d h o v e n 

U ni v ersit y of T e c h n ol o g y, N et h erl a n ds

2. D e p art m e nt of Ci vil, C h e mi c al a n d E n vir o n m e nt al E n gi n e eri n g, U ni v ersit y of 

G e n o a, It al y

3. B uil di n g P h ysi cs a n d S ust ai n a bl e D esi g n, D e p art m e nt of Ci vil E n gi n e eri n g, K U 

L e u v e n, L e u v e n, B el gi u m

4. P ort of R ott er d a m, N et h erl a n ds

5. A n c h ors & C o n n e cti o ns, A mst er d a m, N et h erl a n ds

C orr es p o n di n g a ut h or: A. Ri c ci ( a.ri c ci @t u e. nl)
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d a ys of m o ori n g t h e cr uis e s hi ps. 

F o ur 3 D ultr as o ni c a n e m o m et ers w er e 

i nst all e d  o n  t h e  q u a y  at  1 0 m  a b o v e  t h e  

gr o u n d ( Fi g. 2 a- c) a n d a fi fh h 3 D ultr as o ni c 

a n e m o m et er w as pl a c e d o n t h e r o of of t h e 

Worl d P ort C e ntre ( W P C) b uil di n g ( Fi g. 2 b). 

This l ast p ositi o n w as als o c h os e n as refere nc e 

p ositi o n a n d t h e m e as ure d m e a n wi n d s p e e d 

w as d e n ot e d U ref. B e c a us e t his m e as ure m e nt 

p ositi o n w as o n t o p of o n e of t h e hi g h est 

b uil di n gs  i n  t h e  ar e a,  it  w o ul d  o nl y  b e  

i n fl u e n c e d b y ot h er hi g h-ris e b uil di n gs f or a 

f e w s p e ci fi c r ef er e n c e wi n d dir e cti o ns ( Fi g. 

2 b). ft e t ot al m e as ure m e nt h ei g ht w as a b o ut 

1 3 3 m a b o v e N A P ( N or m a al A mst er d a ms 

Peil). Th e m e as ur e m e nts w er e p erf or m e d 

at  a  s a m pli n g  r at e  of  1 H z  a n d  a v er a g e d  

i nt o 1 0- mi n d at a of m e a n wi n d v el o cit y  

a n d wi n d dir e cti o n. Th e 1 0- mi n a v er a g e d 

d at a  at  p ositi o ns  1  t o  4  w er e  c o n v ert e d  

i nt o wi n d s p e e d r ati os (γ  = U /U ref). Th es e 

r ati os w ere cl ust ere d i nt o 1 2 wi n d dire cti o n 

s e ct ors ar o u n d t h e m e di a n v al u es 0°, 3 0°,  

6 0°, …, 3 3 0°. 

F or  t h e  v ali d ati o n  st u d y,  t h e  Cr uis e  

Ter mi n al  wit h o ut  b ert h e d  s hi ps  w as  

c o nsi d ere d. Th e c o m p ut ati o n al d o m ai n h a d 

di m e nsi o ns 6. 6 x 6. 6 x 1. 0 k m³. Th e b ott o m 

of t h e d o m ai n c o nsist e d of a cir c ul ar ar e a 

of  i nt er est  wit h  a  r a di us  of  1, 5 0 0 m  t h at  

c o nt ai n e d t h e e x pli citl y m o d ell e d b uil di n gs 

a n d a s q u ar e d o m ai n ar o u n d it i n w hi c h 

b uil di n gs  w er e  m o d ell e d  i m pli citl y.  A  

hi g h-r es ol uti o n  c o m p ut ati o n al  gri d  w as  

cre ate d f oll o wi n g t he b est pr a cti c e g ui d eli nes 

b y  Fr a n k e  et  al .  ( 2 0 0 7),  T o mi n a g a  et  al . 

( 2 0 0 8) a n d v a n H o o ff a n d Bl o c k e n ( 2 0 1 0). 

The res ulti n g gri d c o u nte d a p pr o xi m atel y 5 5 

milli o n c ells, m ostl y of t h e h e x a h e dr al t y p e. 

( Fi g. 2 d). 

At t h e i nl et of t h e d o m ai n a st a n d ar d 

l o g arit h mi c m e a n wi n d s p e e d pr o fil e w as 

i m p os e d t o r e pr es e nt a n e utr al at m os p h eri c 

b o u n d ar y l a y er ( A B L) wi n d. T w o di ff er e nt 

a er o d y n a mi c r o u g h n ess l e n gt hs z 0  w er e 

us e d: z 0  = 0. 5 m f or t h e wi n d dir e cti o ns 3 0°, 

9 0° a n d 2 4 0°, a n d z 0  = 1 m f or t h e ot h er 

wi n d dir e cti o ns. 

C F D  si m ul ati o ns  w er e  c arri e d  f or  1 2  

wi n d dir e cti o ns (i. e. 0°, 3 0°, 6 0°, …, 3 3 0°) 

b y t h e 3 D st e a d y-st at e R A N S a p pr o a c h a n d 

t h e r e alis a bl e k-ε  t ur b ul e n c e m o d el usi n g 

t h e  c o m m er ci al  c o d e  A N S Y S  Fl u e nt  1 5.  

S e c o n d- or d er dis cr etis ati o n s c h e m es w er e 

us e d f or b ot h t h e c o n v e cti v e a n d vis c o us 

t er ms  of  t h e  g o v er ni n g  e q u ati o ns.  T h e  

SI M P L E C al g orit h m w as us e d f or pr ess ur e-

v el o cit y c o u pli n g a n d s e c o n d or d er pr ess ur e 

i nt er p ol ati o n is us e d. 

Fi g.  3  s u m m a ri s e s  t h e  r e s ult s  f or  

all  r ef er e n c e  wi n d  dir e cti o ns.  A  g o o d  

a g r e e m e nt  w a s  g e n e r all y  o b s e r v e d  

wit h  d e vi ati o n s  b et w e e n  C F D  a n d  

m e as ur e m e nts of a b o ut 3 0 %. fiis d e vi ati o n 

w as li k el y t h e c o m bi n ati o n of a n e ns e m bl e 

of d e vi ati o ns c a us e d b y t h e g e o m etri c al 

si m plifi c ati o ns  i ntr o d u c e d  t o  b uil di n gs  

a n d ot h er o bst a cl es, t h e s urf a c e r o u g h n ess 

a p pli e d  t o  t h e  g r o u n d,  t h e  a d o pt e d  

st e a d y R A N S a p pr o a c h a n d t h e s el e ct e d 

t ur b ul e n c e m o d el ( Ri c ci et al., 2 0 2 0 b). 

I n p arti c ul ar, t h e i n a bilit y of t h e st e a d y 

R A N S  a p pr o a c h  t o  a c c u r at el y  pr e di ct  

s e p ar ati o n  a n d  r e ci r c ul ati o n  a n d  v o n  

K ár m á n v ort e x s h e d di n g i n t h e w a k e c o ul d 

b e c o nsi d er e d as a m ai n c o ntri b ut or t o t h e 

d e vi ati o ns.  I nst e a d  of  3 D  st e a d y  R A N S 

a p pr o a c h, o n e c o ul d c o nsi d er L ar g e E d d y 

Si m ul ati o n  ( L E S)  or  h y bri d  R A N S/ L E S  

a p pr o a c h es,  h o w e v er  at  a  m u c h  hi g h er  

e ff ort a n d c o m p ut ati o n al c ost. 

T h e  C F D  si m ul ati o ns  f or  t h e  Cr uis e  

Ter mi n al wit h t h e cr uis e s hi p O asis of t he 

Se as  b ert h e d al o n g t h e q u a y w ere t h e n b as e d 

o n  t h e  pr es e nt  v ali d ati o n  st u d y  a n d  t h e  

res ults b y Ja nss e n et al. ( 2 0 1 7). 

Fi g. 3. C o m p ari s o n 

b et w e e n si m ul at e d 

a n d m e a s ur e d 

wi n d s p e e d r ati o s 

(γ ) f or t h e f o ur 

n e ar - gr o u n d 

m e a s ur e m e nt 

p o siti o n s a n d f or 

all r ef er e n c e wi n d 

dir e cti o n s ( θ ). 

Fi g ur e cr e dit t o 

Ri c ci et al. ( 2 0 2 0 a)

Fi g. 2. ( a - c) 

L o c ati o n of 

m e a s ur e m e nt 

p o siti o n s 1 - 5. ( d) 

C o m p ut ati o n al 

gri d of t h e Cr ui s e 

T er mi n al a n d 

s urr o u n di n g ar e a. 

T ot al c ell c o u nt i s 

a b o ut 5 5 milli o n. 

Fi g ur e m o di fi e d 

fr o m Ri c ci et al. 

( 2 0 2 0 a)

N A _ F e b 2 0 2 1 _ 3 7 + 3 8 + 3 9 + 4 0 + 4 1 + 4 2.i n d d   3 8N A _ F e b 2 0 2 1 _ 3 7 + 3 8 + 3 9 + 4 0 + 4 1 + 4 2.i n d d   3 8 0 3/ 0 2/ 2 0 2 1   1 0: 1 2: 4 00 3/ 0 2/ 2 0 2 1   1 0: 1 2: 4 0
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C F D si m ul ati o n s wit h cr ui s e 
s hi p m o or e d at t h e q u a y
Me a n v el o cit y fi el d a n d press ure c o e ffici e nts : 

I n t his p art of t h e st u d y, t h e O asis of t he 

Se as  w as m o or e d at t h e q u a y of t h e Cr uis e 

Ter mi n al  ( Fi g.  4).  T h e  c o m p ut ati o n al  

d o m ai n a n d gri d w er e t h e s a m e as i n t h e 

v ali d ati o n st u d y a p art fr o m t h e a d diti o n of 

t h e cr uis e s hi p. fh e gri d ar o u n d t h e s hi p 

h a d a hi g h er r es ol uti o n i n or d er t o i n cl u d e 

m ore d et ails of t h e s hi p s u p erstr u ct ure. Th e 

s urf a c e of t h e vess el w as dis cretis e d wit h c ells 

of a b o ut 1 x 1 m². ft e res ulti n g gri d c o u nt e d 

a b o ut 5 8 milli o n, i n t his c as e als o m ostl y 

c o m p os e d of h e x a h e dr al c ells. Th e b o u n d ar y 

c o n diti o ns a n d s ol v er s etti n gs w ere i d e nti c al 

t o t h os e i n t h e v ali d ati o n st u d y a n d t h e  

si m ul ati o ns w er e c arri e d o ut f or t h e s a m e 

1 2 refere n c e wi n d dire cti o ns (i. e. 0°, 3 0°, 6 0°, 

…, 3 3 0°). As a n e x a m pl e, Fi gs. 5 a n d 6 s h o w 

t h e C F D c o nt o urs of t h e m e a n wi n d v el o cit y 

fi el d at a h ei g ht of 5 m a b o v e N A P a n d t h e 

m e a n press ure c o e ffi ci e nts ( C P ) o n t h e s hi p 

e xt eri or s urf a c es, f or f o ur of t h e r ef er e n c e 

wi n d dire cti o ns (i. e. 0°, 1 2 0°, 1 8 0° a n d 2 7 0°), 

r es p e cti v el y. Th e m e a n pr ess ur e c o e ffi ci e nt 

(C P ) o n t h e cr uis e s hi p is c al c ul at e d b y E q. 1: 

w h er e P  is t h e m e a n st ati c pr ess ur e o n 

t h e s urf a c e, P 0  t h e r ef er e n c e at m os p h eri c 

m e a n pr ess ur e a n d U ref t h e m e a n wi n d 

s p e e d at t h e r ef er e n c e p ositi o n. 

I n g e n er al, t h e C F D c o nt o urs s h o w t h at 

t h e wi n d a p pr o a c hi n g t h e m o or e d cr uis e 

s hi p is str o n gl y a ff e ct e d b y t h e s urr o u n di n g 

c o nst r u cti o ns  s u c h  as  b uil di n gs.  T h e  

f oll o wi n g o bs er v ati o ns c a n b e m a d e o n Fi gs. 

5 a n d 6:

F or θ  = 0° ( Fi gs. 5 a- 6 a), t h e v ess el is p artl y 

s h elt ere d fr o m wi n d b y t h e b uilt- u p are a o n 

t h e ot h er si d e of t h e s h or e. Th e wi n d w ar d 

si d e s h o ws C P  v al u es fr o m 0. 2 t o 0. 4. Th e 

l e e w ar d si d e of t h e s hi p s h o ws n e ar- z er o 

C P  v al u es f or t h e h alf of t h e s urf a c e n e ar t h e 

b o w a n d p ositi v e C P  v al u es f or t h e h alf of t h e 

s urf a c e n e ar t h e st er n of t h e v ess el. 

F or θ  = 1 2 0° ( Fi gs. 5 b- 6 a), t h e cr uis e 

s hi p is p artl y s h elt er e d f r o m wi n d f r o m 

t h e hi g h-ris e b uil di n gs o n t h e q u a y. Th e 

j et p assi n g b et w e e n t h e b uil di n gs o n t h e 

q u a y i m pi n g es o n t h e wi n d w ar d si d e of 

t h e v ess el yi el di n g C P  v al u es of a b o ut 0. 5. 

O n t h e l e e w ar d si d e of t h e s hi p, t h e C P  

v al u es ar e sli g htl y p ositi v e, i n di c ati n g t h e 

a bs e n c e of l ar g e fl o w s e p ar ati o n r e gi o ns 

ar o u n d t h e v ess el. 

F or θ  = 1 8 0° ( Fi gs. 5 c- 6 c), t he cr uis e s hi p is 

we a kl y s heltere d fr o m wi n d b y t he hi g h-ris e 

b uil di n gs. Th e wi n d fl o ws t hr o u g h t h e l ar ge 

p ass a g e  b et w e e n  t h e  W P C  b uil di n g  a n d  

t h e ot h er b uil di n gs a n d i m pi n g es o n t h e  

wi n d w ar d si d e. fi e str o n g i m pi n gi n g fl o w 

yi el ds a str o n g fl o w o v er t h e s hi p, a n d t h e 

ass o ci ate d l ar ge are as of fl o w s e p ar ati o n o ver 

t he s hi p. fies e i n t ur n yi el d ne g ati ve C P  o ver 

al m ost t he e ntire l e e w ar d si d e of t he vess el. 

F or θ  =  2 7 0°  ( Fi gs.  5 d- 6 d),  t h e  cr uis e  

s hi p is p artl y s heltere d fr o m wi n d b y dist a nt 

u pstr e a m b uil di n gs. fl e C P  v al u es o n t h e 

wi n d w ar d si d e are ge ner all y p ositi ve. O n t he 

l e e w ar d si d e, t he C P  v ari es i n a r a n ge of a b o ut 

- 0. 2 a n d + 0. 2. 

Wi n d f or c es o n O asis of t he S e as : Wi n d 

f orc es o n t h e s hi p O asis of t he Se as  m o ore d at 

t he q u a y of t he Cr uis e Ter mi n al of R otter d a m 

P ort ar e c al c ul at e d f or all r ef er e n c e wi n d 

dire cti o ns i n di m e nsi o nl ess f or m b y E qs. 2- 4 

a n d re p ort e d i n Ta bl e 1:

Fi g. 6. M e a n 

pr e s s ur e c o ef ft ci e nt 

C P  o n t h e s hi p 

e xt eri or s urf a c e s 

f or f o ur r ef er e n c e 

wi n d dir e cti o n s 

( a - d): 0 °, 1 2 0 °, 1 8 0 ° 

a n d 2 7 0 °. Fi g ur e 

m o di Th e d fr o m Ri c ci 

et al . ( 2 0 2 0 a)

Fi g. 4. ( a) D et ail e d vi e w of t h e 

c o m p ut ati o n al gri d a n d ( b) c orr e s p o n di n g 

p h ot o gr a p h ( s o ur c e: N O S. nl). T ot al c ell 

c o u nt f or w h ol e d o m ai n i s a b o ut 5 8 milli o n. 

Fi g ur e m o di ft e d fr o m Ri c ci et al . ( 2 0 2 0 a)

Fi g. 5 ( a - d) C F D 

c o nt o ur s f or 0 °, 

1 2 0 °, 1 8 0 ° a n d 

2 7 0 °: wi n d s p e e d 

r ati o U 5 m / U r ef i n t h e 

st u d y ar e a. U 5 m  i s 

t h e l o c al m e a n 

wi n d s p e e d at 5 m 

a b o v e N A P a n d 

Ur ef i s t h e m e a n 

wi n d s p e e d at t h e 

r ef er e n c e l o c ati o n 

o n t o p of t h e W P C. 

Fi g ur e m o di ft e d 

fr o m Ri c ci et al . 

( 2 0 2 0 a)

N A _ F e b 2 0 2 1 _ 3 7 + 3 8 + 3 9 + 4 0 + 4 1 + 4 2.i n d d   3 9N A _ F e b 2 0 2 1 _ 3 7 + 3 8 + 3 9 + 4 0 + 4 1 + 4 2.i n d d   3 9 0 3/ 0 2/ 2 0 2 1   1 0: 1 2: 4 10 3/ 0 2/ 2 0 2 1   1 0: 1 2: 4 1
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w here U w p c  is t h e v el o cit y refere n c e t a ke n 

at  p ositi o n  1  (i. e.  t h e  r ef er e n c e  p ositi o n  

o n t h e r o of of t h e W P C b uil di n g), A f t h e 

pr oj e ct e d fr o nt ar e a, A s t h e pr oj e ct e d si d e 

are a a n d A t t h e pr oj e ct e d t o p are a of t h e s hi p. 

Fi g. 7 s h o ws t h e r es ults wit h t h e f or c es 

i n di c at e d i n t h e c e nt er of pr ess ur e ( C o P) 

f or f o ur of t h e r ef er e n c e wi n d dir e cti o ns 

(i. e. 0°, 1 2 0°, 1 8 0° a n d 2 7 0°). I n g e n er al, 

t h e C o P is al w a ys l o c at e d o n t h e v ess el 

e x c e pt f or θ  = 2 4 0°. F or t his r ef er e n c e wi n d 

dir e cti o n,  t h e  wi n d  bl o ws  o n  t h e  st er n  

of t h e s hi p a n d f or c es ar e mi ni m al wit h 

r es p e ct t o ot h er wi n d dir e cti o ns w h er e t h e 

l at er al si d es of t h e v ess el ar e c o m pl et el y 

e x p os e d t o t h e wi n d. Alt h o u g h f or t his 

wi n d dir e cti o n n o t u g b o ats ar e r e q uir e d, 

s hi p dir e cti o n t hr o u g h o ut t h e p ort will n ot 

al w a ys b e p ar all el t o t h e wi n d dir e cti o n 

a n d i n t h e w orst s c e n ari o t h e wi n d c o ul d 

str o n gl y p us h t h e v ess el t o w ar ds t h e q u a y. 

T h es e  c o effi ci e nts  c a n  b e  us e d  i n  

c o m bi n ati o n wit h t h e m e as ur e m e nts at t h e 

ref ere n c e p ositi o n t o d et er mi n e t h e e x p e ct e d 

f or c es o n t h e s hi p a n d b ert h r e q uir e m e nts 

s u c h as s af e w or ki n g l o a ds of b oll ar ds a n d 

fe n d ers. To ass ess t h e i n fl u e n c e of u pstre a m 

n e ar b y  hi g h-ris e  b uil di n gs,  t h e  si d e  a n d  

v erti c al  f or c e  c o effi ci e nts  ( C Y , C Z )  ar e  

c o m p are d f or all a n al ys e d wi n d dire cti o ns. I n 

ge n er al, t hr o u g h a c o m p aris o n of s o m e wi n d 

dire cti o ns ( as 0° vs. 1 2 0°) it is f o u n d t h at t h e 

n et res ult of t h e b uil di n gs o n t h e s hi p w as t o 

pr o vi d e s o m e s h elt er (l o w er C Y  v al u es) e v e n 

t h o u g h t h e hi g h est l o c al C P  o n t h e v ess el’s 

s urf a c e w as f o u n d f or t h e s h elt ere d c as e (θ  = 

1 2 0°). F or 1 2 0° a l ar g er C Z  v al u e w as f o u n d, 

i n di c ati n g  t h at  t h e  u pstr e a m  b uil di n gs  

i n cre as e t h e u p w ar d f orc e ( Ta bl e 1). 

C o n cl u si o n s
fhis st u d y h as s h o w n t h at t h e pr es e n c e of 

hi g h-ris e b uil di n gs n e ar b y t h e p ort g e n er all y 

i n cr e as es t h e gr a di e nts i n s urf a c e pr ess ur e 

o v er t h e m o ore d s hi p’s s urf a c e. Th e pres e n c e 

of  t h e  hi g h-ris e  b uil di n gs  c a n  pr o d u c e  

a m pli fi e d s urf a c e pr ess ur e, b ut d u e t o t h e 

l ar g e si z e of t h e v ess el, it w as f o u n d t h at t h e 

n et h ori z o nt al f orc e d e cre as es. 

T his  is  d u e  t o  t h e  f a ct  t h at  t h e  s hi p’s  

l e n gt h is m u c h l ar g er t h a n t h e wi dt h of 

t h e b uil di n gs, b y w hi c h s o m e p arts of t h e 

v ess el’s l at er al s urf a c e ar e s h elt er e d, w hil e 

ot h ers ar e m or e e x p os e d. F or s m all er s hi ps, 

n e ar b y hi g h-ris e b uil di n gs c a n yi el d n et 

i n cr e as e d or d e cr e as e d h ori z o nt al l at er al 

f orc es, d e p e n di n g o n t h e wi n d dire cti o n a n d 

t h e r el ati v e p ositi o n of v ess el a n d b uil di n gs. 

F or t h e O asis of t he S e as  it w as f o u n d t h at 

t h e n et v erti c al u p w ar d f or c e i n cr e as es. ftis 

c a n b e attri b ut e d t o t h e f a ct t h at t h e hi g h est 

wi n d s p e e d a m pli fi c ati o n ar o u n d hi g h-ris e 

b uil di n gs  o c c u rs  ar o u n d  n e ar  g r o u n d  

l e v el, i. e. at t h e b as e of t h e b uil di n gs, a n d 

t h at t his fl o w i m pi n g es at t h e b ott o m of 

t h e wi n d w ar d si d e of t h e s hi p a n d is t h e n 

d e vi at e d u p w ar ds al o n g t h e v ess el’s s urf a c e. 

I n  c o n cl usi o n,  c o m pl e x  e n vir o n m e nts  

m a y c a us e n o n- u nif or m wi n d fi el ds t h at will 

i n fl u e nc e t h e n a vi g ati o n a n d m a n o e u vri n g of 

s hi ps i n p ort are as, i n p arti c ul ar t h os e v ess els 

wit h hi g h wi n d a g e are as. Th e wi n d fi el d c a n 

c a us e f orc es a n d m o m e nts t h at m a n o e u vri n g 

s hi ps ( wit h or wit h o ut t h e assist a n c e of t u gs) 

m ust b e a bl e t o c o m p e ns at e. Si m ul ati o ns of 

p ort ar e as i n cl u di n g r e al-ti m e wi n d fi el ds 

will  all o w  p ort  a ut h oriti es  t o  a c c ur at el y  

d et er mi n e  li miti n g  wi n d  v el o citi es  f or  

s p e ci fi c t y p es a n d si z es of s hi ps, w hi c h m a y 

res ult i n a n e c o n o mi c al b e n e fit f or t h e p orts 

si nc e n arr o wer s afet y m ar gi ns t h a n ne c ess ar y 

c o ul d  b e  c o nsi d er e d  w h e n  m o ori n g  a n d  

m a n o e u vri n g s hi ps.  N A

R ef er e n c e s
1.  A N D E R S E N , I. M. V., 2 0 1 3. Wi n d l o a ds 

o n a p ost- p a n a m a x c o nt ai ner s hi p . O c e a n 

E n gi n e eri n g 5 8: 1 1 5- 1 3 4.

2.  B L O C K E N ,  B.,  V A N  D E R  H O U T,  

A.,  D E K K E R,  J.,  W EI L E R ,  O.,  2 0 1 5.  

C F D  si m ul ati o n  of  wi n d  fl o w  o v er  

Fi g. 7. C e nt er of pr e s s ur e ( C o P) of t h e wi n d f or c e s o n t h e cr ui s e s hi p  O a si s of t h e S e a s f or 

f o ur of t h e r ef er e n c e wi n d dir e cti o n s (θ ) a n al y z e d: 0 °, 1 2 0 °, 1 8 0 ° a n d 2 7 0 °. Fi g ur e m o di Th e d 

fr o m Ri c ci et al . ( 2 0 2 0 a)

T a bl e 1. F or c e 

c o ef Th ci e nt s o n t h e 

O a si s of t h e S e a s

N A _ F e b 2 0 2 1 _ 3 7 + 3 8 + 3 9 + 4 0 + 4 1 + 4 2.i n d d   4 0N A _ F e b 2 0 2 1 _ 3 7 + 3 8 + 3 9 + 4 0 + 4 1 + 4 2.i n d d   4 0 0 3/ 0 2/ 2 0 2 1   1 0: 1 2: 4 10 3/ 0 2/ 2 0 2 1   1 0: 1 2: 4 1
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n at ur al c o m ple x terr ai n: C ase st u d y wit h 

v ali d ati o n b y fiel d me as ure me nts f or Ri a 

de Ferr ol, G alici a, S p ai n . J o ur n al of Wi n d 

E n gi ne eri n g a n d I n d ustri al Aer o d y n a mi cs 

1 4 7, 4 3- 5 7.

3.  B L O C K E N ,  B.,  2 0 1 4.  5 0  y e ars  of  

C o m p ut ati o n al  Wi n d  E n gi n e e ri n g:  

P ast,  pr es e nt  a n d  f ut ur e .  J o ur n al  of  

Wi n d  E n gi n e e ri n g  a n d  I n d u st ri al  

Aer o d y n a mi cs 1 2 9, 6 9- 1 0 2.

4.  F R A N K E,  J.,  H E L L S T E N,  A.,  

S C H L Ü N Z E N,  H.,  C A RI S SI M O ,  B.,  

2 0 0 7. B est  pr a cti c e  g ui d eli n e  f or  t h e  

C F D si m ul ati o n of fl o ws i n t h e ur b a n 

e n vi r o n m e nt .  C O S T  A cti o n  7 3 2:  

Q u alit y Ass ur a n c e a n d I m pr o v e m e nt of 

Mi cr os c al e Met e or ol o gi c al M o d els.

5.  J A N S S E N, W. D, B L O C K E N, B., V A N 

WIJ H E , H.J., 2 0 1 7. C F D si m ul ati o ns of 

wi n d l o a ds o n a c o nt ai ner s hi p: v ali d ati o n 

a n d i m p act of ge o metric al si m pli fic ati o ns . 

J o u r n al  of  Wi n d  E n gi n e e ri n g  a n d  

I n d ustri al Aer o d y n a mi cs 1 6 6, 1 0 6- 1 1 6.

6.  RI C CI  A.,  J A N S S E N,  W. D.,  V A N  

WIJ H E,  H.J.,  B L O C K E N ,  B.,  2 0 2 0 a.  

C F D si m ul ati o n of wi n d f orces o n s hi ps i n 

p orts: C ase st u d y f or t he R otter d a m Cr uise 

Ter  mi n al . J o ur n al of Wi n d E n gi n e eri n g 

a n d I n d ustri al Aer o d y n a mi cs 2 0 5, 1 0 4 3 1 5. 

7.  RI C CI A., B L O C K E N, B., 2 0 2 0 b. O n 

t h e  reli a bilit y  of  t h e  3 D  st e a d y  R A N S 

a p p r o a c h  i n  p r e di cti n g  mi c r os c al e  

wi n d c o n diti o ns i n s e a p ort are as: T h e 

c as e of t h e IJ m ui d e n s e a l oc k . J o ur n al 

of  Wi n d  E n gi n e eri n g  a n d  I n d ustri al  

Aer o d y n a mi cs 2 0 7, 1 0 4 4 3 7. 

8.  S O L A R I,  G.,  R E P E T T O,  M. P.,  

B U R L A N D O,  M.,  D E  G A E T A N O,  

P.,  P A R O DI,  M.,  PI Z Z O,  M.,  TI Z ZI,  

M.,  2 0 1 2.  T he  wi n d  f orec ast  f or  s afet y  

m a n a g e m e nt  of  p ort  ar e as .  J o ur n al  

of  Wi n d  E n gi n e eri n g  a n d  I n d ustri al  

Aer o d y n a mi cs 1 0 4- 1 0 6, 2 6 6- 2 7 7.

9.  T H O R E S E N,  C. A.,  P ort  D esi g n e r’s  

H a n d b o o k.  T hir d  E diti o n.  P u blis h e d  

b y I C E P u blis hi n g, O n e Gr e at G e or g e 

St r e et,  West mi nst e r,  L o n d o n  S W 1 P  

3 A A. I S B N 9 7 8- 0- 7 2 7 7- 6 0 0 4- 3. 

1 0.  T O MI N A G A,  Y.,  M O C HI D A,  A.,  

Y O S HI E, R., K A T A O K A, H., N O Z U, 

T., Y O S HI K A W A, M., S HI R A S A W A , 

T.  2 0 0 8.  AIJ  g ui d eli n es  f or  pr a cti c al  

a p plic ati o ns of C F D t o p e d estri a n wi n d 

e n vir o n m e nt ar o u n d b uil di n gs . J o ur n al 

of  Wi n d  E n gi n e eri n g  a n d  I n d ustri al  

Aer o d y n a mi cs 9 6( 1 0- 1 1), 1 7 4 9- 1 7 6 1.

1 1. V A N H O O F F, T., B L O C K E N , B., 2 0 1 0. 

 C o u ple d ur b a n wi n d fl o w a n d i n d o or n at ur al 

ve ntil ati o n m o delli ng o n a hig h-res ol uti o n 

gri d: a c ase st u d y f or t he A mster d a m Are n A 

st a di u m. E n vir o n m e nt al M o d elli n g a n d 

S o fh w are 2 5, 5 1- 6 5. 

1 2. W N Ę K , A. D., G U E D E S S O A R E S , C., 

C F D ass ess m e nt of t h e wi n d l o a ds o n 

a n L N G c arri er a n d fl o ati n g pl atf or m 

m o dels . O c e a n E n gi n e eri n g 9 7, 3 0- 3 6.

VI C U S dt's A dri á n S ar as q u et e e x pl ai ns t h e c o m p a n y's m et h o d ol o g y f or u n d erst a n di n g 

t h e h y dr o d y n a mi c i nt er a cti o ns b et w e e n t h e c o m p o n e nts of a s hi p's pr o p ulsi o n s yst e m

S hi p pr o p ulsi o n 'i n b e hi n d' o pti mis ati o n 
b y C F D

T
he  e ntir e  s hi p b uil di n g  i n d ustr y  

is  a w ar e  of  t h e  m ar k et  d e m a n ds  

f or  m or e  effi ci e nt,  sil e nt  a n d  

c o mf ort a bl e s hi ps w hi c h m ust b e d e v el o p e d 

i n i n cr e asi n gl y s h ort er p eri o ds. S hi p y ar ds, 

s hi p o w n ers a n d s hi p d esi g n ers m ust a d a pt t o 

t hes e c h all e n ges b y usi n g t he m ost u p-t o- d ate 

t o ols t o o pti mis e t h e p erf or m a n c e of t h eir 

v ess els. B y m a ki n g t h e ri g ht d e cisi o ns fr o m 

t h e e arli est st a g es s u c h as c o n c e pt u al d esi g n, 

d esi g n  pr o bl e ms  c a n  b e  pr e v e nt e d  t h at  

ot h er wis e w o ul d a ff e ct t h e s hi p t hr o u g h o ut 

its o p er ati o n al lif e. Th e re c e nt d e v el o p m e nt 

of n e w a n d m ore p o w erf ul C F D n u m eri c al 

si m ul ati o n t o ols a n d i n cr e as e d c al c ul ati o n 

c a p a cit y h as all o w e d a n e v ol uti o n i n t h e 

si m ul ati o n p ossi biliti es a n d a m u c h m or e 

d y n a mi c a p pr o a c h t o t h e d esi g n s pir al.

VI C U S dt  h a s  d e v el o p e d  it s  o w n  

m et h o d ol o g y  f or  t h e  s hi p  h ull  a n d  

pr o p ulsi o n s yste m o pti mis ati o n t h at m a kes it 

p ossi bl e t o s h ort e n ti m es i n t h e i niti al p h as es 

of t h e pr oj e ct a n d t o q u a ntif y m ore pre cis el y 

t h e  i nt er a cti o n  b et w e e n  t h e  diff er e nt  

c o m p o n e nts. If w e e v al u at e, f or e x a m pl e, 

t h e d e v el o p m e nt of a n a ct u al m ulti p ur p os e 

( M P P) c ar g o s hi p pr oj e ct a n d f o c us o n t h e 

' b e hi n d'  o pti mis ati o n  of  t h e  st er n  b o d y,  

pr o p ell er a n d r u d d er usi n g C F D, w e c a n 

hi g hli g ht t h e f oll o wi n g m ai n i nt er a cti o ns 

b et w e e n t h e di ffere nt c o m p o n e nts.

U p str e a m pr o p ell er
L e a vi n g asi d e t h e r esist a n c e, t h e s hi p w a k e 

is  t h e  m ai n  eff e ct  of  t h e  h ull  u pstr e a m 

t h e pr o p ell er. A g o o d u nif or mit y of t h e 

w a k e  all o ws  t o  o pti mis e  t h e  d esi g n  of  

t h e pr o p ell er i n t er ms of its ar e a, pit c h 

distri b uti o n a n d pr o fil es, c arr yi n g o ut a 

l ess  c o ns er v ati v e  d esi g n.  C F D  a n al ysis  

wit h r ot ati n g pr o p ell er m a k es it p ossi bl e t o 

s e e t h e e ff e ct of c h a n g es i n t h e st er n s h a p e 

al m ost i n r e al ti m e o n t h e pr o p ell er, b ot h 

f or p erf or m a n c e a n d c a vit ati o n.

It is still c o m m o n i n t h e i n d ustr y t o us e 

a v er a g e d a xi al w a k e v al u es t o d et er mi n e 

t h e d esi g n of a pr o p ell er. B ut wit h t his 

m et h o d ol o g y  it  is  r el ati v el y  e as y  a n d  

c ost e ff e cti v e t o b e a bl e t o e v al u at e t h e 

w a k e fr o m its a xi al, r a di al a n d t a n g e nti al 

c o m p o n e nt s  aff e ct e d  b y  t h e  pr o p ell e r  

it s elf,  w hi c h  i nfl u e n c e  t h e  pr o p ulsi v e  

c o e ffi ci e nts ( p erf or m a n c e). 

fte s wirl (r ot ati o n) of t he fl ui d ge ner ate d 

u pstr e a m of t h e pr o p ell er is e asil y ass ess e d 

wit h  t h e  C F D  c o d e  a n d  m a ni p ul at e d  b y  

v ar yi n g t he ge o metri es, b ei n g a bl e t o i m pr o ve 

t he p erf or m a nc e of t he pr o p ell er i n dire ctl y.

U p str e a m Pr o p ell er. M P P at o p er ati o n al 

s p e e d. R e si st a n c e c al c ul ati o n
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T hr ust  d e d u cti o n  a c c o u nts  f or  t h e  

pr o p ell er t hr ust p er c e nt a g e w hi c h is l ost 

w hil e  o p er ati n g  b e hi n d  t h e  s hi p.  T his  

i m p ort a nt  p ar a m et er  c a n  b e  m o difi e d  

wit h t h e p ositi o n of t h e pr o p ell er r el ati v e 

t o t h e h ull a n d t h e d esi g n of t h e pr o p ell er. 

P ar a m et ers s u c h as r a ke or di a m et er are ke y. 

S o m eti m es a n i n cr e as e i n di a m et er l e a ds 

t o a n i m pr o v e m e nt i n p erf or m a n c e t h at is 

r e d u c e d b y a p ar all el i n cr e as e i n s u cti o n. 

I nt e gr ati n g t h e pr ess ur es o n a s p e ci fi c ar e a 

of t h e st er n m a k es it p ossi bl e t o q u a ntif y 

s m all c h a n g es i n h ull a n d pr o p ell ers fr o m 

t h e s u cti o n p oi nt of vi e w.

Pr o p ell er pl a n e
Wit h re g ar ds t o t h e pr o p ell er, t h e tr a diti o n al 

d esi g n pr o c ess us es a w a k e v el o cit y fi el d 

o bt ai n e d fr o m a t o wi n g t a n k t est or C F D 

alr e a d y  gi v e n  wit h o ut  t h e  p ossi bilit y  of  

m a ki n g c h a n g es wit h o ut i n c urri n g i n hi g h er 

c osts ( n e w t ests). fh e ' b e hi n d' o pti mis ati o n 

all o ws t o d y n a mi c all y d esi g n t h e pr o p ell er 

w hil e m o dif yi n g t h e h ull a n d q u a ntif yi n g t h e 

res ult i n t er ms of a bs or b e d p o w er, s p e e d, or 

c a vit ati o n v ol u m e.

It  is  v er y  c o m m o n  t o  h a v e  a  d esi g n  

crit eri a t h at re q uires a c o m pr o mis e s ol uti o n, 

s u c h  as  o bt ai ni n g  hi g h  p erf or m a n c e  f or  

c o ns u m pti o n  a n d/ or  s p e e d  b ut  wit h o ut  

p e n alisi n g  n ois e  ( c o mf ort).  Wit h  t his  

m et h o d ol o g y it is f e asi bl e t o d et er mi n e t h e 

b est s ol uti o n s uiti n g all as p e cts.

As t h e c o n diti o ns of c o mf ort a n d n ois e i n 

s hi ps are m ore a n d m ore d e m a n di n g, it is n ot 

p ossi bl e t o l e a v e c a vit ati o n t o c h a n c e, w hi c h 

m a n y pr oj e cts c a n n ot a ff or d t o e v al u at e d u e 

t o b u d g et r e as o ns. C F D a n al ysis bri n gs t h e 

o p p ort u nit y of pr o vi di n g t his t y p e of a n al ysis 

f or a wi d er r a n g e of o w n ers a n d s hi p y ar ds 

i nt erest e d i n d eli v eri n g a hi g h er q u alit y e n d 

pr o d u ct.

C a vit ati o n  s h o ws  u p  i n  v ari o us  w a ys 

o n t h e pr o p ell er, a ff e cti n g t h e n ois e a n d 

vi br ati o ns  g e n er at e d  b y  t h e  pr o p ulsi o n  

of t h e s hi p a n d i n m or e s e v er e c as es, t h e 

i nt e grit y  of  t h e  pr o p ell er  ( er osi o n)  a n d 

ot h er c o m p o n e nts.

M ost t y p es of c a vit ati o n w h et h er t h e y are 

s h e et, ti p v ort e x c a vit ati o n, h u b v ort e x or 

press ure f a c e c a vit ati o n are e v al u at e d d uri n g 

d esi g n a n d c orre cte d at n o a d diti o n al c ost f or 

t h e c ust o m er.

D o w n str e a m pr o p ell er
H y dr o d y n a mi c  f or c es  a n d  m o m e nts  o n  

t h e r u d d er c a n b e m o nit or e d d uri n g t h e 

c al c ul ati o n,  eit h er  i n  tr a nsit  n a vi g ati o n  

or d uri n g m a n o e u vr es. T h es e f or c es a n d 

m o m e nts  s h o ul d  b e  e v al u at e d  eit h er  

wit h t h e r u d d er at 0 d e gr e es a n gl e or wit h 

s m all  r u d d er  a n gl es  as  t h e  s hi p  s p e n ds  

m ost of its lif e n a vi g ati n g wit h s m all a n gl e 

c orre cti o ns d u e t o t h e a ut o pil ot.

T h e r u d d er bl a d e aff e cts u pstr e a m t h e 

pr o p ell er,  l o c all y  m o dif yi n g  t h e  a d v a n c e  

r ati o  (J),  t h us  aff e cti n g  its  p erf or m a n c e.  

Li k e wis e, t h e r u d d er bl a d e r e c o v ers p art 

of  t h e  r ot ati o n al  e n er g y  of  t h e  pr o p ell er  

d o w nstr e a m. Th e pr o fil es c a n b e a d a pt e d 

t o re c o v er p art of t h at e n er g y, als o a p pl yi n g 

s ol uti o ns s u c h as fi ns or b ul bs. ft e C F D 

a n al ysis of t h e f or c es a n d pr ess ur e fi el ds i n 

t h e di ff er e nt ar e as of t h e r u d d er all o ws t o 

h a v e a cl e ar pi ct ure of t h e are as t o i m pr o v e.

O v er all i nt er a cti o n
I n s u m m ar y, t h e pr o p ulsi o n of t h e s hi p is 

a c o m pl e x s yst e m i n w hi c h t h e i nt er a cti o n 

b et w e e n t h e di ff er e nt p arts is criti c al f or a 

g o o d  r es ult.  A n al ysi n g  e a c h  c o m p o n e nt  

i n di vi d u all y  r e s ult s  i n  s u b o pti m al  

p o w ertr ai ns. A m or e t e c h ni c all y c o m pl e x 

b ut c ost- e ff e cti v e s ol uti o n, i n c o m p aris o n 

wit h t h e o v er all s hi p c ost, is w ort h it f or a 

s u c c essf ul pr oj e ct. N A

T h e N a v al Ar c hit e ct  F e br u ar y 2 0 2 14 2

F e at ur e 4 |  C F D & H Y D R O D Y N A MI C S

Pr o p ell er Pl a n e. 

O p er ati n g 

pr o p ell er wit h 

i n d u c e d pr e s s ur e 

Th el d o n t h e h ull

D o w n str e a m 

Pr o p ell er. Pr e s s ur e 

Th el d o v er H ull a n d 

Th o w o v er t wi st e d 

r u d d er

T e st a p u bli s h er’ s st at e m e nt of cir c ul ati o n. I n t o d a y’ s b u si n e s s cli m at e  

y o u c a n’t aff or d n ot t o.  O ur A B C C erti Th c at e pr o vi d e s a c c ur at e, i n d e p e n d e ntl y v eri Th e d 

cir c ul ati o n Th g ur e s, gi vi n g y o u c o n fi d e n c e i n y o ur a d v erti si n g i n v e st m e nt.

T h e N a v al Ar c hit e ct Gr o u p ( E n gli s h e diti o n)

a v er a g e n et cir c ul ati o n 9, 9 4 2 1  (t ot al)

J o h n P a yt e n o n  + 4 4 ( 0) 1 7 3 7 8 5 2 1 3 5

or e m ail j p a yt e n @j p m e di a s er vi c e s. c o m

1. Cir c ul ati o n fi g ur e r el at e s t o p eri o d fr o m 0 1/ 0 1/ 1 9 t o 3 1/ 1 2/ 1 9

N A A B C stri p.i n d d   1 3 1/ 0 3/ 2 0 2 0   1 5: 0 2: 2 2
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I n- d e pt h | C O A TI N G S

T h e N a v al Ar c hit e ct  F e br u ar y 2 0 2 1 4 3

E
ver y s e c o n d, fi v e m etri c t o n n es of 

st e el d e ge n er at es, re q uiri n g 4 0 % of all 

pr o d u c e d st e el t o r e p air a n d r e pl a c e 

c orr o d e d  str u ct ur es  [ 1].  A c c or di n g  t o  a  

st u d y r el e as e d b y t h e N ati o n al Ass o ci ati o n 

of C orr osi o n E n gi n e ers ( N A C E), t h e c ost of 

st e el c orr osi o n is esti m at e d t o b e as m u c h 

as U S $ 2. 5 trilli o n, w hi c h is e q ui v al e nt t o 

3. 4 %  of  t h e  gl o b al  G D P  [ 2].  F a ct ori n g  

i n t h at e v er y t o n n e of st e el pr o d u c e d i n 

2 0 1 8  e mitt e d,  o n  a v er a g e,  1. 8 5t o n n es  of  

C O 2  (r e pr es e nti n g a b o ut 8 % of gl o b al C O2  

e missi o ns),  t h e  e n vir o n m e nt al  i m p a ct  

of  r e pl a ci n g  c orr o d e d  st e el  r e pr es e nts  a  

g e n ui n e s ust ai n a bilit y c h all e n g e [ 3]. 

M a n y  p e o pl e  o n c e  vi e w e d  c o ati n gs  as  

a c o m m o dit y, b ut o pi ni o ns ar e c h a n gi n g.  

R e c e ntl y,  cl assifi c ati o n  s o ci et y  D N V  G L  

n ote d t h at c o ati n gs are t h e o nl y c ost- e ffe cti ve 

m e a ns t o pre v e nt at m os p h eri c c orr osi o n [ 4]. 

R es e ar c h s u g g ests t h at e v e n a f e w h u n dr e d 

mi cr o ns of t h e ri g ht pr o d u ct c a n h a v e a 

si g nifi c a nt  fi n a n ci al  a n d  e n vir o n m e nt al  

i m p a ct b y sl o wi n g or pre v e nti n g c orr osi o n. 

C orr o si o n i n t h e oil 
& g a s i n d u str y 
C o ati n gs r e pr es e nt a p pr o xi m at el y 1. 5 % of 

t h e t ot al C A P E X i n v est m e nt f or a n o ffs h or e 

pr o d u cti o n u nit ( F P S O). If n ot m a n a g e d 

c orr e ctl y, c orr osi o n c a n r e pr es e nt as m u c h 

as 6 0 % of all m ai nt e n a n c e c ost dir e ctl y or 

i n dir e ctl y[ 5]. A hi g h p orti o n of t h e dir e ct 

c ost is d u e t o p erf or mi n g m ai nt e n a n c e i n 

a n o ffs h or e e n vir o n m e nt, w hi c h c a n b e 

1 5- 2 0  ti m es  m or e  e x p e nsi v e  c o m p ar e d 

t o a y ar d e n vir o n m e nt. I n f a ct, a s ur v e y 

of o p er at ors h as r e v e al e d t h at t h e a v er a g e 

pri c e of p erf or mi n g c o ati n g m ai nt e n a n c e 

o ffs h or e is U S $ 8 0 0- 1, 0 0 0 p er m². 

T h e  t o psi d es  of  a  t y pi c al  F P S O  or  

pr o d u cti o n u nit is a c o n g est e d ar e a a n d 

pr es e nts  s o m e  u ni q u e  c h all e n g es  w h e n  

c o ati n g  m ai nt e n a n c e  is  r e q uir e d.  If  n ot  

c arri e d  o ut  c orr e ctl y,  a  h u g e  p orti o n  of  

m o n e y  a n d  eff ort  c a n  b e  w ast e d.  It  is  

t h er ef or e  i m p ort a nt  t o  c o nsi d er  m ai n  

f a ct ors t h at i m p a ct c o ati n g p erf or m a n c e 

a n d d ur a bilit y:

•  S urf a c e c o nt a mi n ati o n ( e. g. oil, gr e as e 

a n d s alts)

•  Pr es e n c e of r ust a n d mill s c al e

•  S urf a c e pr o fil e

W h e n  c o n d u cti n g  m ai nt e n a n c e,  a  

c o m m o nl y us e d K PI is h o w m a n y s q u ar e 

m et ers o n e c a n m a n a g e wit h t h eir a n n u al 

b u d g et.  H o w e v e r,  t his  a p pr o a c h  c a n  

r es ult i n a “f als e e c o n o m y ”, as t h e f o c us 

is  o n  effi ci e n c y  r at h er  t h a n  l o n g-t er m  

p erf or m a n c e, t h us r es ulti n g i n r e visiti n g 

ar e as e arli er t h a n pl a n n e d. 

D N V  G L  esti m at es  t h at  6 0 %  of  t h e  

w orl d’s  off s h or e  fl e et  h a v e  p a st  t h ei r  

t h e or eti c al d esi g n a g e of 2 0 y e ars. N e w 

t e c h n ol o g y  h a s  e n a bl e d  i m pr o v e d  oil  

r e c o v e r y  (I O R),  m a ki n g  e xi sti n g  oil  

fi el ds e c o n o mi c all y vi a bl e, t h us r es ulti n g 

i n m a n y ol d er ass ets r e c ei vi n g lif eti m e 

e xt e nsi o n pr o gr a ms. 

St u d yi n g t h e c o n diti o n of m or e m at ur e 

pr o d u cti o n  ass ets  h as  r e v e al e d  t h at  t h e 

t o psi d es  ar e as  e x p os e d  t o  at m os p h eri c  

c o n diti o ns ar e t y pi c all y i d e nti fi e d as t h e 

bi g g est c h all e n g e wit h c orr osi o n. C o m m o n 

ar e as t h at s e e pr e m at ur e d a m a g e ar e:

•  E d g es o n str u ct ur al st e el

•  Pi p e s u p p orts

•  C orr osi o n U n d er I ns ul ati o n ( C UI)

•  D e c k ar e as

•  Fl a n g e c o n n e cti o ns

M a n y of t h e pr e m at ur e f ail ur es ori gi n at e 

fr o m pr o bl e ms o c c urri n g d uri n g t h e n e w 

c o nstr u cti o n  p h as e,  w h er e  iss u es  s u c h  

as  h ot- w or k,  m e c h a ni c al  d a m a g e  a n d  

c o nt a mi n ati o n of s u bstr at es h a v e n ot b e e n 

c orre ctl y a d dress e d. I n 2 0 1 4, fh e N or we gi a n 

Oil & G as Ass o ci ati o n c o n cl u d e d t h at u nits 

usi n g  zi n c- b as e d  N O R S O K  s yst e ms  f or  

at m os p h eri c e x p os ur e r es ult e d i n r e d u c e d 

m ai nt e n a n c e a n d c ost [ 7]. 

S u m m ar y
E x p eri e n c e ill ustr at es a cl e ar c orr el ati o n 

b et w e e n  d e ci si o n s  m a d e  d u ri n g  

c o nst r u cti o n  a n d  t h e  o p e r ati o n al  c o st  

( O P E X).  C o nsi d e ri n g  t h at  as  m u c h  as 

6 0 %  of  t h e  m ai nt e n a n c e  c o st  c a n  b e  

r el at e d t o c orr osi o n, t h er e is s u bst a nti al 

p ot e nti al f or i m pr o v e m e nt. 

E v e n  pr oj e cts  t h at  s uff er  pr e m at ur e  

c orr osi o n  c h all e n g es  d u e  t o  iss u es  t h at  

o c c urr e d d uri n g t h e c o nstr u cti o n p h as e c a n 

still re d u c e t h e O P E X c ost. Utilisi n g c o ati n gs 

s ol uti o ns t h at ar e m or e r o b ust a n d d esi g n e d 

t o h a n dl e t y pi c al m ai nt e n a n c e s c e n ari os 

wit h a d o c u m e nt e d e ff e ct c a n si g ni fi c a ntl y 

i n cr e as e d ur a bilit y a n d l o w er m ai nt e n a n c e 

c ost, wit h o ut c o m pr o misi n g o n e ffi ci e n c y. 

I n cre as e d f o c us o n l o weri n g m ai nte n a nc e c ost a n d i m pr o vi n g e n vir o n me nt al 

p erf or m a nc e h as e nc o ur a ge d m a n y st a ke h ol d ers i n t he oil a n d g as i n d ustr y t o 

t a ke a cl os er l o o k at h o w c o ati n gs c a n e xte n d t he life- c ycl e of criti c al ass ets

T h e i n c o n v e ni e nt tr ut h c o n c er ni n g 
s hi p pi n g’s st e el c orr osi o n

E x a m pl e s of 

c o m m o n ar e a s 

of pr e m at ur e 

c orr o si o n

N A _ F e b 2 0 2 1 _ 4 3 + 4 4.i n d d   4 3N A _ F e b 2 0 2 1 _ 4 3 + 4 4.i n d d   4 3 0 3/ 0 2/ 2 0 2 1   1 0: 1 5: 2 20 3/ 0 2/ 2 0 2 1   1 0: 1 5: 2 2
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It  is  cl e ar  t h at  a  l ar g e  p orti o n  of  

m a n uf a ct ur e d  st e el  is  us e d  t o  r e pl a c e  

c orr o d e d st e el. If s o, t h e a p pli c ati o n of hi g h 

p erf or m a n c e  c o ati n gs  us e d  f or  c orr osi o n  

pr ot e cti o n h a v e t h e p ot e nti al t o pr o vi d e a 

m e a ni n gf ul c o ntri b uti o n n ot o nl y t o re d u c e 

c osts, b ut als o c ar b o n e missi o ns. N A

R ef er e n c e s
1)  R ust & R åt e, J o ur n al; 2 0 1 2 3r d e diti o n

2)  N ati o n al  As s o ci ati o n  of  C o r r o si o n  

E n gi n e e r s  ( N A C E );  I nt e r n ati o n al  

m e as u r es  of  pr e v e nti o n,  a p pli c ati o n  

a n d e c o n o mi cs of c orr osi o n t e c h n ol o g y 

st u d y ( M ar c h 2 0 1 6)

3)  M c Ki ns e y & C o m p a n; D e c ar b o ni z ati o n 

c h all e n g e  f o r  st e el,  h y d r o g e n  a s  a  

s ol uti o n i n E ur o p e

4)  D N V G L - R P- C 3 0 2,  r e c o m m e n d e d 

p r a cti c e  f o r  Ri s k  b a s e d  c o r r o si o n  

m a n a g e m e nt

5)  U.  St ei n m o  a n d  N.  H e g g el u n g,  

N or w e gi a n oil r e vi e w 1 9 9 3.

6)  P a ol o  C a v a s si,  M a s si m o  C o r n a g o,  

R o b ert o M alf a nti; fh e c ost of c orr osi o n 

i n t h e oil & g as i n d ustr y

7)  N or w e gi a n  Oil  &  G a s  Ass o ci ati o n:  

F P S O & S h uttl e Ta n k er N et w or k, M o M 

5t h M ar c h 2 0 1 4

8)  T h e  c o r r o si o n  h a n d b o o k  b y  Ni c o  

Fr a n k h ui z e n. p u blis h e d b y T Q C

C o st r e d u cti o n i s j u st o n e p ot e nti al b e n e Tht of utili si n g hi g h p erf or m a n c e c o ati n g s f or 

c orr o si o n pr ot e cti o n  

F oll o wi n g o ur s u c c essf ul 2 0 1 9 e diti o n, t h e R o y al i nstit uti o n of N a v al Ar c hit e cts 
i n  ass o ci ati o n  wit h  t h e  I nt er n ati o n al  Wi n ds hi p  Ass o ci ati o n  bri n gs  y o u  Wi n d  
Pr o p ulsi o n  C o nf er e n c e  2 0 2 1.  A f or u m  w h er e  d esi g n ers,  t e c h n ol o g y  pr o vi d ers,  
o p er at ors a n d ot h er st a k e h ol d ers will dis c uss n e w t e c h n ol o gi es a n d pr o c e d ur es 
t h at ar e s h a pi n g t h e f as ci n ati n g w orl d of wi n d assist e d s hi ps.

T h e c urr e nt us e of alt er n ati v e f u els a n d r e n e w a bl e e n er g y s o ur c es wit hi n t h e 
s hi p pi n g  i n d ustr y  is  still  r el ati v el y  s c ar c e.  Gr o wi n g  e n vir o n m e nt al  l e gisl ati o n  
a n d c o n c er ns ar e dri vi n g t h e n e e d t o d e v el o p a n d a p pl y i n n o v ati v e alt er n ati v e 
p o w er a n d pr o p ulsi o n t e c h n ol o g y f or s hi ps.

N o w,  i n d ustr y  pl a y ers  ar e  i n cr e asi n gl y  p utti n g  a  m o d er n  s pi n  o n  o n e  of  t h e  
ol d est c o n c e pts i n s hi p pi n g: h ar n essi n g t h e p o w er of wi n d f or s hi p pr o p ulsi o n.

R e gi s t r a ti o n O p e nI n A s s o ci a ti o n wi t h:

w w w.ri n a. or g. u k / Wi n d _ Pr o p ul si o n

Wi n d P r o p ul si o n 2 0 2 1
2 0, 2 1 & 2 2 A pril 2 0 2 1, 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

I n A s s o ci a ti o n wi t h:

w w w.ri n a. or g. u k / Wi n d _ Pr o p ul si o n _ 2 0 2 1

O p e n f or R e gistr ati o n

W P 2 0 2 1 H alf p a g e C F P v 1.i n d d   1W P 2 0 2 1 H alf p a g e C F P v 1.i n d d   1 2 8/ 0 1/ 2 0 2 1   1 4: 2 3: 2 32 8/ 0 1/ 2 0 2 1   1 4: 2 3: 2 3
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T h e N a v al Ar c hit e ct  F e br u ar y 2 0 2 1 4 5

S
o m e i n n o v ati o ns li v e r el ati v el y s h ort 

li v es  –  t h e y  t a k e  off,  m a k e  t h eir  

c o ntri b uti o n a n d dis a p p e ar f or e v er 

( w h o  b uil ds  ri v et e d  s hi ps  wit h  p a d dl e  

w h e els?). Ot h er i n n o v ati o ns p ersist a cr oss 

t h e a g es a n d w e k n o w t h e m w ell – di es el 

e n gi n es, pr o p ell ers, r a di o c o m m u ni c ati o n 

– a n d n or m all y w e r e c all t h os e brilli a nt 

pi o n e ers w h o t h o u g ht o utsi d e t h e b o x i n 

cr e ati n g s o m et hi n g u ni q u e. U nf ort u n at el y, 

t h er e ar e s o m e e x c e pti o ns …

L o o ki n g  at  t h e  d e si g n  of  m o d e r n  

i c e br e a k ers, o n e c a n s e e t h at m a n y c h a n g es 

h a v e  b e e n  i nt r o d u c e d  o v e r  t h e  p a st  

d e c a d es: n u cl e ar p o w er e n gi n es, a zi m ut h 

t hr ust ers, w el d e d st e el, et c. H o w e v er, it 

c a n als o b e n oti c e d t h at t h e g e n er al h ull 

f or m a n d tr a diti o n al i c e br e a k er b o w s h a p e 

r e m ai n  ost e nsi bl y  t h e  s a m e.   B ut  w h o  

w as t h e first e n gi n e er ( or p er h a ps n ot a n 

e n gi n e er?) t h at h a d t h e bri g ht i d e a of a n 

i n n o v ati v e b o w d esi g n c a p a bl e of g oi n g 

t hr o u g h i c e?

N e w c a stl e u p o n T y n e, 1 8 9 9
Hit h ert o,  m a n y  b eli e v e d  it  t o  b e  t h e  

f a m o us R ussi a n a d mir al St e p a n M a k ar o v, 

w h o  i niti at e d  c o nstr u cti o n  of  t h e  first  

Ar cti c i c e br e a k er Er m ac k  ( Fi g ur e 1). fhis 

i m pr essi v e v ess el w as b uilt i n N e w c astl e 

u p o n Ty n e i n 1 8 9 9 a n d h a d t h e tr a diti o n al 

i c e br e a k e r  b o w  s h a p e.  N e v e rt h el e s s,  

M a k ar o v al w a ys d e ni e d b ei n g t h e ori gi n at or 

of t h e i d e a.

M a k ar o v wr ot e i n his b o o k Er m ac k  i n Ice 

i n 1 9 0 1: “ Th e i d e a of i c e br e a k ers ori gi n at e d 

i n R ussi a ... ft e first p ers o n w h o w a nt e d t o 

fi g ht i c e w as e ntr e pr e n e ur Mi c h ail Brit n e v 

... As y o u k n o w, Kr o nst a dt n a v y b as e is 

cl os e t o St P et ers b ur g a n d is l o c at e d o n 

K otli n isl a n d. I n s u m m er, c o m m u ni c ati o n 

w as or g a nis e d b y b o ats, i n wi nt er b y sl ei g hs. 

B ut l at e A ut u m n a n d e arl y S pri n g w as t h e 

m ost  pr o bl e m ati c  p eri o ds  –  b e c a us e  of  

m o vi n g i c e i n Fi nis h g ulf t h e b as e b e c a m e 

lit er all y is ol at e d fr o m t h e m ai nl a n d. 

S o,  a n  e xt e n d e d  c o m m u ni c ati o n  

b et w e e n  t h e  St  P et e r s b u r g  a n d  

Kr o ns h a dt  b as e  a n d  d eli v e r y  t h e  p ost  

a n d  g o o d s  w o ul d  bri n g  g o o d  m o n e y  

f or a n e ntr e pr e n e ur. A n d t h e m a n w h o 

c h all e n g e d  t h e  n at ur al  li mit ati o ns  a n d  

s p ott e d t h e o p p ort u nit y w as Brit n e v. I n 

1 8 6 4, h e p ut o n e of his b o ats, Pil ot, i n a 

dr y d o c k, c ut o ff t h e b o w a n d att a c h e d t h e 

n e w o n e wit h a s p e ci al s h a p e c a p a bl e t o 

r u n i nt o t h e i c e a n d br e a k it o ff. This littl e 

st e a m er di d w h at s e e m e d i m p ossi bl e: s h e 

e xt e n d e d t h e n a vi g ati o n ti m e i n t h e l at e 

f all b y s e v er al w e e ks ...” [ 1].

M a k a r o v  al s o  m e nti o n e d  a n ot h e r  

i nt e r esti n g  st or y:  “I n  1 8 7 1  t h e r e  w as  

a n  e xt r e m el y  h ars h  wi nt er  i n  E ur o p e;  

t h e  e nt r a n c e  t o  H a m b ur g  w as  f r o z e n,  

a n d it w as d e ci d e d t o b uil d i c e br e a k ers. 

E n gi n e e rs  w e r e  s e nt  t o  Kr o nst a dt  t o  

w at c h t h e Brit n e v’s v ess el. Th e y b o u g ht 

Pil ot’s dr a wi n gs f or 3 0 0 r o u bl es, a n d, i n 

a c c or d a n c e wit h t h es e dr a wi n gs, t h e first 

i c e br e a k er w as b uilt f or H a m b ur g...” [ 1].  

Th e f a m o us R ussi a n hist ori a n Vl a di mir 

A n d ri e n k o  m a d e  i m pr e ssi v e  r e s e ar c h  

a b o ut t h e first i c e br e a k ers a n d p u blis h e d 

t h e  b o o k  Ic e br e a ki n g  fl e et  of  R ussi a  i n  

1 8 6 0- 1 9 1 8  i n 2 0 0 9 [ 2]. A n dri e n k o s e ar c h e d 

f or a n y m at eri als t h at M a k ar o v mi g ht h a v e 

us e d  f or  his  1 9 0 1  b o o k.  T h e  a d mir al’s  

ar c hi v e is w ell pr es er v e d, b ut A n dri e n k o 

c o ul d n ot fi n d a n y r ef er e n c es o n w h er e 

h e t o o k his m at eri al fr o m. A f e w arti cl es 

a b o ut i c e br e a k ers p u blis h e d i n n e ws p a p ers 

The Kr o nst a dt B ulleti n  a n d The K otli n  at t h e 

e n d of t h e 1 9t h c e nt ur y m er el y c o p y w h at 

M a k ar o v s ai d [ 3, 4].

St. P et er s b ur g, 1 8 6 0 s
D u e t o t h e l a c k of ar c hi v al m at eri als, The 

Kr o nst a dt B ulleti n  r e m ai ns t h e m ai n s o ur c e 

f or r e c o nstr u cti n g t h e hist or y of Brit n e v’s 

st e a m b o at s.  T h e  s y st e m ati s ati o n  a n d  

g e n er alis ati o n of n e ws p a p er p u bli c ati o ns 

o v er a 2 5- y e ar p eri o d m a d e b y A n dri e n k o, 

d a y  b y  d a y,  d es cri bi n g  t h e  v o y a g es  of  

pri v at e a n d p ort v ess els i n t h e Kr o nst a dt 

r e gi o n, all o w us t o b ett er u n d erst a n d w h at 

w as h a p p e ni n g at t h at ti m e.

T h r o u g h o ut  t h e  e a rl y  1 8 6 0 s,  

c o m m u ni c ati o n  b et w e e n  K r o n st a dt,  

Pet ers b ur g a n d Or a ni e n b a u m w as c arri e d 

o ut  b y  pri v at e  w h e el e d  st e a m e rs.  I n  

a ut u m n, at t h e b e gi n ni n g of i c e f or m ati o n 

i n t h e G ulf of Fi nl a n d a n d o n t h e N e v a, 

dir e ct c o n n e cti o n wit h t h e c a pit al us u all y 

c e as e d. A fi er t h e f or m ati o n of t h e i c e c o v er, 

p e d estri a n a n d t o b o g g a n r o a ds a p p e ar e d o n 

t h e m ai nl a n d fr o m t h e Mer c h a nt H ar b o ur. 

D uri n g t h e p eri o d of fr e e zi n g a n d i c e dri fi 

t h e K otli n w as c ut o ff fr o m t h e m ai nl a n d.

T h e  fi r st  att e m pt s  t o  m ai nt ai n  

c o m m u ni c ati o n b et w e e n t h e isl a n d a n d 

Or a ni e n b a u m i n t h e i c e w er e m a d e wit h 

t h e h el p of p ort st e a m v ess el Pil ot  i n 1 8 6 2 

a n d 1 8 6 3. J u d gi n g b y t h e l at er r e p orts of 

t h e n e ws p a p er [ 5], n o c o n cr et e s u c c ess es 

A l o c k d o w n i n vesti g ati o n i nt o t he w orl d’s first i c e bre a ker b y RI N A’s D mitri y 

P o n kr at o v a n d Jai me Pére z- M artí ne z t ur ne d i nt o a d ete cti ve st or y t h at l e d t o 

t he dis c o ver y of t he s hi p’s ge ner al arr a n ge me nts

T h e m yst er y of t h e flrst i c e br e a k er

Fi g ur e 1: T h e ftr st 

Ar cti c i c e br e a k er 

Er m a c k  ( 6 M W) 

1 8 9 9
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x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x

w e r e  m e nti o n e d,  e x c e pt  f o r  r e s c u e  

o p er ati o ns d uri n g n a vi g ati o n. 

Mi k h ail  B rit n e v,  o w n e r  of  b a r g e s,  

fl o ati n g cr a n es a n d t u g b o ats, d e ci d e d t o 

r e b uil d  t h e  Pil ot ’s  b o w  b y  c o p yi n g  t h e  

s h a p e of t h e ‘i c e sl ei g h’, pr e vi o usl y us e d t o 

m a k e a c h a n n el i n i c e. His h o p e w as t h at 

t h e c o m bi n ati o n of t h e s p e ci al b o w s h a p e, 

t o g et h er wit h t h e st e a m p o w er pl a nt a n d 

str e n gt h of t h e ir o n h ull, w o ul d m a k e it 

p ossi bl e t o e ns ur e s af e m a n o e u vr es i n i c e. 

fh e first r e g ul ar Pil ot  v o y a g es i n i c e w er e 

r e p ort e d f or t h e first ti m e i n t h e s pri n g of 

1 8 6 4, a n d a d v ertis e m e nts of t h es e v o y a g es 

e v e n  a p p e ar e d  i n  t h e  l o c al  n e ws p a p ers  

[ 6]. S o, fr o m t h e s pri n g of 1 8 6 4 u ntil 1 8 8 9 

( 2 5 y e ars!) w h e n t h e n e w i c e br e a k er L u n a  

w as d eli v er e d, t h e s m all er Pil ot  r e m ai n e d 

a n  i n di s p e n s a bl e  p a rti ci p a nt  i n  t h e  

c o m m u ni c ati o n wit h Kr o nst a dt i n t h e i c e. 

A n dri e n k o hi g hli g hts i n his b o o k t h at 

it w as n ot a n e as y s er vi c e – Pil ot  f ell i nt o 

e xt r e m e  sit u ati o ns  al m ost  e v er y  y e ar,  

re p e ate dl y r u b b e d i n t he i c e, r a n a gr o u n d a n d 

hit i c e pi e c es, b ut o nl y t h e r u d d er, pr o p ell er 

a n d s h aft s uff er e d. T h e s hi p w as q ui c kl y 

re p aire d a n d it ret ur n e d t o o p er ati o ns. 

Of  c o urs e,  ris k y  i c e  v o y a g es  br o u g ht  

c o nsi d er a bl e pr o fit. A ti c k et f or a n or di n ar y 

p a d dl e w h e el e d st e a m er t o Or a ni e n b a u m 

c ost 2 0- 3 0 k o p e c ks d e p e n di n g o n t h e cl ass 

( c a bi n,  b e n c h es  o n  t h e  d e c k).  Brit n e v’s  

v e s s el s  w e r e  u s e d  m o stl y  b y  pri v at e  

p ass e n g ers ( 5 0- 6 0 p e o pl e o n t h e d e c k p er 

v ess el), a n d t h e ti c k et c ost 1 – 1. 5 r u bl es. 

I n ci d e nt all y,  A n d ri e n k o  n ot e s  t h at  

A d mir al M a k ar o v’s st or y of t h e cr e ati o n of 

t h e first H a m b ur g i c e br e a k ers c o ul d n ot b e 

c o n fir m e d b y t h e d o c u m e nts, alt h o u g h it is 

k n o w n t h at t h e H a m b ur g p ort c o m mitt e e 

a n n o u n c e d a t e n d er i n 1 8 7 1 c alli n g f or 

pr o p os als t o cr e at e a n i c e br e a k er. Th er e 

w er e 2 4 pr oj e cts a n d t h at of a n e n gi n e er 

n a m e d Mr St ei n h a us w o n. ft e i c e br e a k er 

d esi g n e d b y hi m, Eis bre her I , a n d all ot h er 

G er m a n ri v er a n d p ort i c e br e a k ers, h a d 

c h ar a ct eristi cs w hi c h w er e q uit e di ff er e nt 

t o Pil ot  [ 7].

A n dri e n k o als o m e nti o ns t h at t h er e ar e 

n ot m a n y d et ails a b o ut Pil ot , a n d n o o n e 

a ct u all y k n o ws f or c ert ai n w h at it l o o k e d 

li k e, si n c e t h er e w as n ot a si n gl e r eli a bl e 

i m a g e or dr a wi n g of Pil ot . Th e “i c e br e a k er” 

s h o w n o n t h e S o vi et p ost a g e st a m p iss u e d 

i n 1 9 7 6 is a r e p etiti o n of t h e a p p e ar a n c e of 

a n a m el ess st e a m v ess el ( or st e a m b ar g e), 

d e pi ct e d i n t h e p ai nti n g b y A. P. B o g ol y u b o v 

“ O p e ni n g of t h e S e a C a n al i n St. Pet ers b ur g”.

I n t h e l at e 1 9 5 0s, B. Z yl e v m a d e a n ot 

v e r y  s u c c e s sf ul  r e c o nst r u cti o n  of  t h e  

Pil ot : i m a gi ni n g it as a s m all t u g b o at wit h 

d esi g n f e at ur es t h at c o ul d b e attri b ut e d t o 

t h e l at e 1 9t h or e arl y 2 0t h c e nt uri es, b ut 

n ot t o t h e 1 8 6 0s- 1 8 7 0s (s e e Fi g ur e 6).

A n d ri e n k o  als o  f o u n d  a  list  of  t h e  

v ess els assi g n e d t o Kr o nst a dt p ort d at e d 

t h e mi d- 1 8 8 0s. Th e Pil ot  list e d i n t his b o o k 

h as a d e a d w ei g ht of j ust 1 0t o n n es, w hi c h 

s e e m e d t o o s m all f or t his ki n d of s hi p. Was 

t his a t y p o or it w as a n ot h er Pil ot ? 

I n 1 8 9 6, Brit n e v pr o vi d e d t h e p ort of 

Kr o nst a dt a ut h oriti es wit h f airl y d et ail e d 

i nf or m ati o n  a b o ut  his  Pil ot :  p o w er  –  

2 5/ 1 2 5 h. p. l e n gt h – 2 0. 7 m, b e a m – 3. 5 m, 

dr a u g ht – 2 m. Th e st e a m b o at’s ir o n h ull 

h a d 1⁄ 4 ‘( 6. 3 5 m m) t hi c k m et al s h e ets, a n d 

t h e  b o w  a n d  w at erli n e  pl ati n g  w as  3/ 8’  

( 9. 5 2 m m). T h e dist a n c e b et w e e n fr a m es 

w as 2 f e et ( 0. 6 1 m) [ 8]. This v ess el w as als o i n 

t h e List of Ri v er St e a m Vess els of R ussi a (f or 

1 8 9 7 a n d 1 9 0 2) [ 9] b ut n o f urt h er d et ails 

h a v e b e e n f o u n d. 

A n dri e n k o c o n cl u d es i n his b o o k t h at 

d es pit e  t h e  r e g ul ar  m e nti o n  of  Pil ot  i n  

t h e R ussi a n ar c hi v es, t his s hi p r e m ai ns a 

m yst er y. S o h o w mi g ht t his hist ori c al v ess el 

l o o k li k e? Is t h er e a c h a n c e w e c o ul d e v er 

fi n d t his o ut? B y all a p p e ar a n c es it s e e m e d 

a n  i m p ossi bl e  t as k  (t h er e  is  a  R ussi a n  

e x pr essi o n “s e ar c hi n g f or a n e e dl e i n t h e 

st a c k of h a y ”). H o w m a n y t h o us a n ds of 

s hi ps of t his t y p e m ust h a v e b e e n b uilt o v er 

t h e l ast 1 6 0 y e ars? 

N e v ert h el ess, a n i nt er esti n g d et ail w as 

f o u n d i n Vl a di mir’s b o o k. He str ess es t h at it 

is n ot cl e ar w h e n a n d w h er e t h e v ess el w as 

a ct u all y b uilt, b ut h e p uts a li n e i n a t a bl e 

t h at t h e st e a m e n gi n e w as m ost pr o b a bl y 

b uilt  at  Mit c h ell’s  f a ct or y  i n  N e w c astl e  

u p o n Ty n e.

B a c k t o N e w c a stl e, 1 8 6 0’ s
C h arl es Mit c h ell, w h o w as b or n i n A b er d e e n 

i n 1 8 2 0, f o u n d e d t h e s hi p y ar d t h at b or e his 

n a m e i n 1 8 5 3. He s er v e d his a p pr e nti c es hi p 

wit h Si m ps o n & C o m p a n y, ir o n f o u n d ers 

of A b er d e e n, b ef or e m o vi n g t o Ne w c astl e 

i n  S e pt e m b er  of  1 8 4 2.  I n  N e w c astl e  h e  

w or k e d f or J o h n H S C o utts, a y ar d o w n er, 

als o  ori gi n all y  fr o m  A b er d e e n.  Mit c h ell  

w or k e d f or C o utts u ntil 1 8 4 4 b ef or e m o vi n g 

t o L o n d o n a n d t h e n tr a v elli n g e xt e nsi v el y 

i n Fr a n c e, G er m a n y a n d It al y. He r et ur n e d 

t o Ne w c astl e i n 1 8 5 2 t o s et- u p his o w n L o w 

Wal k er y ar d n e xt t o t h e C o utts y ar d.

Th e y ar d b uilt o v er 9 0 v ess els of v ari o us 

t y p es  f or  R ussi a  a n d  Mit c h ell,  t o g et h er  

wit h his b usi n ess p art n er He nr y Fr e d eri c k 

S w a n, s et u p a s hi p b uil di n g y ar d f or t h e 

Ts arist  g o v e r n m e nt  at  St  P et e rs b u r g.  

S e v er al w ars hi ps w er e b uilt t h er e u n d er t h e 

c o m p a n y’s dir e cti o n. I n r e c o g niti o n of his 

s er vi c es, Ts ar Al e x a n d er II m a d e Mit c h ell a 

C a v ali er of t h e Or d er of St St a nisl a us, a r ar e 

h o n o ur f or a Britis h s hi p b uil d er.

Mit c h ell  als o  h a d  a  cl os e  w or ki n g  

rel ati o ns hi p wit h e n gi n e er a n d i n d ustri alist 

Willi a m  Ar mstr o n g,  a n d  Mit c h ell  &  C o  

b uilt m a n y h ulls f or Ar mstr o n g w ars hi ps. 

Ar mstr o n g h a d est a blis h e d a c o m p a n y at 

Els wi c k i n 1 8 4 7 a n d h a d b e c o m e o n e of t h e 

w orl d’s l e a di n g ar m a m e nt m a n uf a ct ur ers. 

This cl os e w or ki n g r el ati o ns hi p d e v el o p e d 

Fi g ur e 3: A S o vi et p o st a g e st a m p s h o wi n g 

t h e p o s si bl e l o o k of Pil ot . It s h o ul d b e 

n ot e d t h at t h e v e s s el o n t h e st a m p h a s t h e 

R u s si a n N a v y fi a g w hi c h si m pl y c o ul d n ot 

b e all o w e d o n c o m m er ci al b o at s

Fi g ur e 2: Mi c h ail Brit n e v ( 1 8 2 2 - 1 8 8 9)
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i nt o a f ull a gr e e d m er g er b et w e e n t h e t w o 

c o m p a ni es i n 1 8 8 2, f or mi n g a n e w c o m p a n y 

c all e d Ar mstr o n g, Mit c h ell & C o Lt d [ 1 0].

S o, it s e e ms C h arl es Mit c h ell h a d str o n g 

ti es t o R ussi a a n d, a c c or di n g t o t h e r e c or ds 

p ut t o g et h er b y S hi p pi n g & S hi p b uil di n g 

R es e ar c h Tr ust, t h e first v ess els f or R ussi a 

– B R A T E T Z  “ Littl e br ot h er” ( y ar d n u m b er 

4 2) [ 1 2] a n d SI S T RI T Z A  “ Littl e sist er” ( y ar d 

n u m b er 4 3) [ 1 3] – w er e b uilt i n Mit c h ell’s 

y ar d i n Ne wc astl e i n 1 8 5 7. fhis c a m e j ust a 

y e ar a Th er t h e Cri m e a n War, d uri n g w hi c h 

t h e Britis h a n d t h e R ussi a n h a d a ct u all y  

f o u g ht a g ai nst e a c h ot h er. 

If  n ot hi n g  w a s  f o u n d  i n  R u s si a n  

Ar c hi v es a b o ut Pil ot , t h er e m a y b e s o m e 

tr a c k r e c or ds i n Britis h ar c hi v es t h e n? A 

s h ort li n e w as dis c o v er e d i n t h e S hi p pi n g & 

S hi p b uil di n g R es e ar c h Tr ust r e c or ds [ 1 4]:

N a m e:   PI L O T

Ty p e:    Pil ot Vess el

L a u n c h e d:  1 4/ 0 5/ 1 8 6 2

C o m pl et e d:  1 8 6 2

B uil d er:    C Mit c h ell & C o

Yar d:    L o w Wal k er

Yar d N u m b er:  1 0 3

Di m e nsi o ns:  2 3 grt

E n gi n es:    St e a m

C o nstr u cti o n:  Ir o n

R e g N u m b er:  n/ a

It  s o u n d e d  li k e  a  pr o misi n g  e nt r y;  

h o w e v er, t h e n a m e Pil ot  is n ot a n u n us u al 

o n e! C o ul d w e b e s ur e w e ar e t al ki n g a b o ut 

t h e  s a m e  Pil ot ?  A p p ar e ntl y  s o,  b e c a us e  

t h er e ar e s o m e f urt h er w or ds i n t h e r e gistr y 

b o o k r el at e d t o t his e ntr y:

Hist or y: 1 8 6 2 M O Brit n e ff, Cr o nst a dt

N o l at er hist or y k n o w n

It’s i nt er esti n g t o n ot e t h at t h er e w er e 

t w o w a ys of t r a nsl ati n g R ussi a n n a m es 

i n E ur o p e. ft e m ost c o m m o n at t h e ti m e 

w as  t h e  Fr e n c h  w a y  ( wit h  d o u bl e  “f ”  

at t h e e n d) a n d t h er e ar e still r esi d u als 

of  t h at,  e. g.  St r o g a n off,  n ot  St r o g a n o v. 

N e v e rt h el ess,  i n  C y rilli c  b ot h  Brit n eff  

a n d Brit n e v m e a n a bs ol ut el y t h e s a m e, 

t o g et h er wit h Cr o nst a n dt a n d Kr o ns h at dt. 

S o, t h er e is littl e d o u bt t h at w e ar e t al ki n g 

a b o ut t h e ri g ht Brit n e v a n d h e n c e t h e ri g ht 

Pil ot . Th at m e a ns w e k n o w t h e u ni q u e 

y ar d n u m b er of t his v ess el n o w: 1 0 3.

T h e a ut h ors r e a c h e d o ut t o t h e T y n e 

a n d We ar Ar c hi v es, Ne w c astl e u p o n Ty n e, 

as ki n g w h et h er t h e y h a d a n y i nf or m ati o n 

a b o ut Yar d N u m b er 1 0 3, c o m pl et e d at t h e 

L o w Wal k er y ar d i n 1 8 6 2. A n y o n e w o ul d 

a d mi r e  t h e  Britis h  w a y  of  pr es e r vi n g  

hist or y, f or it tr a ns pir e d t h e ar c hi v e h a d 

t h e v ess el’s G e n er al Arr a n g e m e nts i n its 

c oll e cti o n ( Fi g. 7)! R e m ar k a bl y, a Th er 1 6 0 

y e ars,  w e  c a n  fi n all y  s e e  w h at  t h e  first  

i c e br e a k er l o o k e d li k e ( Fi g. 8).

C o n cl u si o n s
It is i m p ort a nt t o n ot e t h at a dis c o v er y d o es 

n ot al w a ys li e i n o n e pl a c e a n d s o m eti m es it 

is i m p ort a nt t o bri n g a f e w pi e c es t o g et h er 

t o m at c h t h e f a cts a n d fi n d t h e missi n g li n k. 

S o, t h e Ty n e a n d We ar Ar c hi v es k e pt t h e 

dr a wi n gs f or 1 6 0 y e ars, ass u mi n g it w as j ust 

a n or di n ar y s m all st e a m er wit h o ut k n o wi n g 

t h at it a ct u all y w as t h e first i c e br e a k er i n 

t h e w orl d. Th e R ussi a n r es e ar c h ers, o n t h e 

ot h er h a n d, k n e w a l ot a b o ut t h e v ess el, b ut 

f or s o m e r e as o n di d n’t m a k e t h e c o n n e cti o n 

wit h t h e Britis h ar c hi v es. O nl y bri n gi n g 

t h es e  t w o  pi e c es  t o g et h er  h el p e d  us  t o  

u n e art h a n o utst a n di n g st or y.

O n e  f urt h er  o bs er v ati o n.  B e ari n g  i n  

mi n d  t h e  ill ustri o us  hist or y  of  R ussi a n  

ar cti c s hi ps a n d as h o m e of t h e w orl d’s 

l ar g est i c e br e a k er fl e et t o d at e, it’s n at ur al 

t o i m a gi n e R ussi a as t h e m ot h erl a n d of 

i c e br e a k ers. Yet i nt er esti n g t o n ot e t h at 

b ot h t h e first i c e br e a k er Pil ot  ( 1 8 6 2) a n d 

t h e first ar cti c i c e br e a k er Er m ac k  ( 1 8 9 9), 

d es pit e b ei n g R ussi a n v e nt ur es, w er e i n f a ct 

b uilt i n E n glis h S hi p y ar ds.

Fi g ur e 4: U n c o n Thr m e d p h ot o gr a p h of Pil ot

Fi g ur e 5: C h arl e s Mit c h ell ( 1 8 2 0 - 1 8 8 5) [ 1 1]

Fi g ur e 6: R e c o n str u cti o n of 

p o s si bl e Pil ot ’ s l o o k m a d e b y 

B Z y e v i n 1 9 5 0’ s
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I n- d e pt h | I C E B R E A K E R S

A b o ut t h e a ut h or s
D mitri y P o n kr at o v is a n a v al ar c hit e ct wit h 

i nt er n ati o n al e x p eri e n c e g ai n e d i n R ussi a, 

C hi n a, N or w a y a n d t h e U K. H e w or k e d 

as a n ass o ci at e pr of ess or at t h e N or w e gi a n 

U ni v ersit y of S ci e n c e a n d Te c h n ol o g y a n d 

a s e ni or c o ns ult a nt at t h e w orl d-r e n o w n e d 

Te c h ni c al  I n v esti g ati o n  D e p art m e nt  at  

Ll o y d’s R e gist er. H e c urr e ntl y h ol ds t h e 

p ositi o n of Te c h ni c al Dir e ct or at t h e R o y al 

I nstit uti o n of N a v al Ar c hit e cts.

J ai m e Pé r e z- M artín e z h ol ds t h e p ositi o n 

of Te c h ni c al M a n a ger at t h e R o y al I nstit uti o n 

of Na v al Arc hit e cts. His pre vi o us e x p eri e n c e 

i n cl u d es pr oj e ct e n gi n e er at a re p air s hi p y ar d 

i n  Gr a n  C a n ari a  a n d  a n  e n gi n e eri n g  

c o ns ult a n c y c o m p a n y i n M a dri d, as w ell 

as s er vi c e i n t h e S p a nis h M ari n e I nf a ntr y 

C or ps. He is c urr e ntl y p urs ui n g his P h D at 

t h e U ni v ersi d a d P olité c ni c a d e M a dri d. N A

R ef er e n c e s
1.  M A K A R O V  S,  Er m a c k  i n  i c e,  St  

P et ers b ur g ,  1 9 0 1,  r e pri nt e d  i n  2 0 1 1,  

E K S M O p u blis hi n g h o us e. 

2.  A N D RI E N K O  V,  Ic e br e a ki n g  fl e et  of  

R ussi a 1 8 6 0 – 1 9 1 8 , P a uls e n p u blis hi n g 

h o us e, 2 0 0 9.

3.  fh e first R ussi a n ic e bre a k er , Th e K otli n, 

n e ws p a p er, 2 3 M ar c h 1 8 9 9.

4.  ft e Kr o nst a dt B ull eti n , n e ws p a p er, 2 8 

M a y 1 8 8 9.

5.  T h e  fi rst  R ussi a n  I c e b r e a k e r ,  T h e  

K r o n st a dt  B ull eti n,  n e w s p a p e r,  2 6  

N o v e m b er 1 8 7 2.

6.  Th e Kr o nst a dt B ull eti n , n e ws p a p er, 1 4 

A pril 1 8 6 4.

7.  Y U D A S H K E  F,  C o nstr ucti o n fe at ures of 

ic e bre a k ers, R e e D e c h G af e n y ar d, J a n 

1 9 2 9.

8.  St at e R ussi a n N a v y Ar c hi v e, f 4 2 7, c h. 1, 

c as e 1 7 3, p a g e 2 8 3.

9.  The list of ste a m ri v er v ess els of E ur o pe a n 

R ussi a of 1 9 0 0 , St P et ers b ur g, Iss u e 4, 

1 9 0 2, p a g es 2 1 2- 2 1 3.

1 0. C h a rl e s  Mit c h ell,  t h e  S hi p pi n g  &  

S hi p b uil di n g R es e ar c h Thr ust,   htt p://

w w w.t y n e b uilts hi ps. c o. u k/ Mit c h ell. ht ml   

1 1. D r  C h a rl e s  Mit c h ell  1 8 2 0 - 1 8 9 5,  

A b e r d e e n’s  Li n k s  wit h  T y n e si d e  

S hi p b uil di n g,  htt p:// w w w. m cj a z z.f 2s.

c o m/ Ty n esi d e Li n k. ht m

1 2. T Y N E B UI L T S HI P S, A hist or y of Ty ne 

s hi p b uil ders a n d t he s hi ps t h at t he y b uilt, 

t h e  S hi p pi n g  &  S hi p b uil di n g  R es e arc h  

T h r ust  htt p:// w w w.t y n e b uilt s hi p s.

c o. u k/ B- S hi ps/ br at et z 1 8 5 7. ht ml

1 3. T Y N E B UI L T S HI P S, A hist or y of Ty ne 

s hi p b uil ders a n d t he s hi ps t h at t he y b uilt, 

t h e  S hi p pi n g  &  S hi p b uil di n g  R es e arc h  

T h r ust  htt p:// w w w.t y n e b uilt s hi p s.

c o. u k/ S- S hi ps/sistrit z a 1 8 5 7. ht ml

1 4. T Y N E B UI L T S HI P S, A hist or y of Ty ne 

s hi p b uil ders a n d t he s hi ps t h at t he y b uilt, 

t h e  S hi p pi n g  &  S hi p b uil di n g  R es e arc h  

T h r ust  htt p:// w w w.t y n e b uilt s hi p s.

c o. u k/ P- S hi ps/ pil ot 1 8 6 2. ht ml

1 5. Yar d n o. 1 0 3, Pil ot. G e n er al arr a n g e m e nt 

1 8 6 2,  R ef  N o  D S. V A/ 4/ P L/ 2/ 5 2 9 6,  

Vi c k ers Ar mstr o n g & C o Lt d C oll e cti o n 

1 8 5 3  –  1 9 7 1,  C h arl es  Mit c h ell  (l at er  

Ar mstr o n g Mit c h ell) s hi p pl a ns S e cti o n 

1 8 5 3 – 1 9 0 7, Ty n e a n d We ar Arc hi v es.

Fi g ur e 8: 

d e v el o p e d 3 D 

m o d el ( wit h 

m o di Th e d b o w) 

b a s e d o n t h e 

dr a wi n g s

Fi g ur e 7: Pl a n of t h e s cr e w st e a m er Pil ot , T y n e a n d W e ar Ar c hi v e s [ 1 5]
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T h e N a v al Ar c hit e ct  F e br u ar y 2 0 2 1 4 9

T
he e v ol uti o n of m ari n e pr o p ulsi o n 

m a c hi n e r y  i s  w ell - k n o w n  i n  

q u alit ati v e  t e r ms,  b ut  n ot  i n 

q u a ntit ati v e  t er ms . St atisti c al i nf or m ati o n 

is fr a g m e nt ar y a n d o fh e n i n c o nsist e nt, s o 

tr e n ds c a n b e di ffi c ult t o d et er mi n e. Th e 

p o w erf ul Britis h S hi p b uil di n g D at a b as e,
( 1)

 

i n v ol vi n g 8 1, 0 0 0 Britis h b uilt or e n gi n e d 

s hi ps  o v er  t h e  p ast  t w o  c e nt uri es,  n o w  

p er mits  d et ail e d a n al ysis a cr oss a p eri o d 

d uri n g m u c h of w hi c h t h e Britis h m ari n e 

e n gi n e eri n g  i n d ustr y  w as  t h e  d o mi n a nt  

f or c e.  T his  a n al ysis  is  b as e d  o n  d e e p  

s e a  s hi ps  w h os e  si z e,  s p e e d,  p o w er  a n d  

e n d u r a n c e  r e q ui r e m e nt s  d r o v e  m o st  

t e c h ni c al d e v el o p m e nt, e x cl u di n g s m all er 

v ess els, s aili n g s hi ps a n d w ars hi ps, f or t h e 

d e c a d es fr o m t h e 1 8 4 0s- 1 9 9 0s.

ft e br o a d o utli n e c a n b e s u m m aris e d:

•  C o al- fire d ste a m re ci pr o c ati n g m a c hi ner y, 

i niti all y  p a d dl e  b ut  s o o n  s u p ers e d e d  

b y  s cr e w  i n  d e e p  s e a  s hi ps.  O v er  t h e  

1 8 4 0- 1 9 5 0  p eri o d,  t h er m al  effi ci e n c y  

i n cre as e d fr o m a b o ut 4 % t o 2 0 %, m ai nl y 

d u e  t o  hi g h er  b oil er  pr ess ur es  a n d  

t e m p er at ures. L att erl y, oil firi n g w as us e d 

f or m ost s hi ps.

•  St e a m t ur bi n es f or f ast er hi g h er p o w ere d 

s hi ps fr o m 1 9 0 0 t o t h e mi d- 1 9 7 0s, wit h 

eit h er c o al or oil- fire d b oil ers. I niti all y f or 

p ass e n ger vess els, f oll o we d b y c ar g o li n ers, 

a n d fi n all y t a n k ers a n d e arl y c o nt ai n er 

s hi ps. Th er m al e ffi ci e n c y i n cre as e d fr o m 

a b o ut 1 5 % t o 3 5 % o v er t his p eri o d.

•  Di es el e n gi n es fr o m 1 9 1 0 t o d at e. At first, 

o nl y l o w p o w ers w ere a v ail a bl e, b ut 3 0 % 

t h er m al e ffi ci e n c y w as a bi g attr a cti o n, 

al b eit usi n g oil w hi c h w as m ore e x p e nsi v e 

t h a n c o al o n a c al ori fi c v al u e b asis. Th e 

p o w er of sl o w s p e e d di es els h a d i n cre as e d 

t o o v er 2 0, 0 0 0 b h p b y t h e 1 9 6 0s, w hil e 

t h er m al e ffi ci e n c y gr a d u all y i n cre as e d t o 

o v er 5 0 %. S u c h c a p a bilit y p us h e d o ut all 

ot h er pri m e m o v ers e xc e pt i n a fe w ni c h e 

a p pli c ati o ns a n d i n w ars hi ps.

Th e 1 9 2 0s s a w a b attl e b et we e n t h e t hre e 

m ai n pri m e m o v ers, wit h m a n y p u blis h e d 

p a p ers e xt olli n g o ne or t he ot her, b ut it t o o k 

a n ot h er h alf c e nt ur y f or di es el t o s we e p t h e 

fi el d. A f urt h er 5 0 y e ars l at er, t h e i nt er n al 

c o m b usti o n e n gi n e c o nti n u es t o d o mi n at e, 

n o w c a p a ble of usi n g a v ariet y of f uels.

W hil e t h e a n al ysis i n cl u d es o nl y Britis h 

D at a d eri ve d fr o m t he Britis h S hi p b uil di n g D at a b as e o ffers a n i nsi g ht i nt o 1 5 0 

ye ars of te c h n ol o gi c al pr o gress, writes Ia n B u xt o n

T h e e v ol uti o n of m ari n e pr o p ulsi o n 
m a c hi n er y, 1 8 4 0s- 1 9 9 0s

Fi g 1. M er c h a nt st e a m r e ci p Fi g 2. M er c h a nt st e a m r e ci p

Fi g 3. St e a m T ur bi n e M er c h a nt S hi p s Fi g 4. St e a m T ur bi n e M er c h a nt S hi p s

T a bl e 1. T h e 

e v ol uti o n of s h aft 

h or s e p o w er

1
. Th e Britis h S hi p b uil di n g D at a b as e of 8 1, 0 0 0 v ess els is a w or k i n pr o gress b ut c o v ers o v er 9 9 % of eli gi bl e v ess els, m erc h a nt a n d n a v al, 

wit h s u ffici e nt fi el ds t o g e n er ate c o nsiste nt st atistics o n s hi p t y p e, si z e, y e ar a n d are a of b uil d, c ost, f ate etc. It is acc essi bl e i n t h e M ari n e 

Tec h n ol o g y S p eci al C oll ecti o n at Ne wc astl e U ni v ersit y or b y c o nt acti n g t h e c o m pil er at il b u xt o n @ o utl o o k.c o m

1 8 4 0 - 1 9 0 9 1 9 1 0 - 1 9 9 9

N u m b er H ors e p o w er M A v p o w er N u m b er H ors e p o w er M A v p o w er

St e a m r e ci pr o c ati n g 

I H P

1 8, 0 9 5 2 4. 0 6 1, 3 3 0 6, 8 6 7 1 5. 5 1 2, 2 6 0

St e a m t ur bi n e S H P 4 2 0. 4 7 1 1, 1 0 0 1, 0 9 9 1 1. 8 3 1 0, 7 6 0

Di es els B H P 4, 7 7 3 2 4. 9 9 5, 2 4 0

T ot al e q ui v al e nt S H P 1 8, 1 3 7 2 0. 9 2 1 2, 7 3 9 5 0. 0 1
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e n gi n e d s hi ps, t h es e w er e r e pr es e nt ati v e of 

t h e w orl d fl e et f or m ost of t h e p eri o d. B ut b y 

1 9 9 0, Britis h m a n uf a ct ure of pri m e m o v ers 

f or d e e p s e a m erc h a nt s hi ps h a d c e as e d, s o 

t h e fi g ures als o c h art t h e gr o wt h a n d d e cli n e 

of t h e c o u ntr y’s m ari n e e n gi n e eri n g i n d ustr y. 

S h ort s e a a n d s m all er v ess els s u c h as ferri es, 

c o ast ers, fis hi n g v ess els a n d s er vi c e cr a fh li ke 

t u gs are o mitt e d w hi c h, alt h o u g h n u m er o us, 

m a d e  u p  o nl y  a  m o d est  pr o p orti o n  of  

i nst all e d p o w er. Th er ef or e, t h e gr a p hs ar e 

b as e d al m ost e ntir el y o n p ass e n g er v ess els, 

dr y  c ar g o  s hi ps  a n d  t a n k ers,  wit h  t h e  

a d diti o n fr o m t h e 1 9 5 0s of b ul k c arri ers a n d 

s o m e s p e ci alist t y p es li ke r o-r os.

F or m u c h of t h e 1 9t h c e nt ur y, p o w ers 

w e r e  u s u all y  r e c o r d e d  a s  n o mi n al  

h ors e p o w er ( n h p), a f or m ul a b as e d l ar g el y 

o n  c yli n d er  di m e nsi o ns.  B ut  s uffi ci e nt  

d at a o n a ct u al i n di c at e d h ors e p o w ers (i h p) 

e xists t o d e v el o p a p pr o xi m at e c o n v ersi o n 

f a ct ors  ( v ar yi n g  fr o m  2- 6  i h p/ n h p)  a n d  

bri n g  e v er yt hi n g  t o  a  c o m p ar a bl e  b asis.  

Br a k e a n d s h a ft h p ar e ess e nti all y si mil ar 

f or t ur bi n es a n d di es els, b ut i n a g gr e g ati n g 

all t y p es, s h a Th h ors e p o w er (s h p) f or st e a m 

r e ci pr o c at ors  h as  b e e n  t a k e n  as  8 5 %  of  

i h p.  T h us,  t h e  c o m bi n e d  s u m  c o m es  t o  

3 0, 8 7 6 s hi ps t ot alli n g 7 1 M e q ui v al e nt s h a Th 

h ors e p o w er, a v er a gi n g 1 9 3 s hi ps p er a n n u m 

o v er 1 6 0 y e ars. If w ars hi ps w er e i n cl u d e d 

t h at a g gr e g at e p o w er n e arl y d o u bl es, l ar g el y 

d u e t o st e a m t ur bi n es.

Fi gs  1- 6  s u m m aris e  t h e  t hr e e  m ai n  

m a c hi n er y t y p es i n d e c a d e t ot als b y n u m b er, 

gr oss t o n n a g e a n d h ors e p o w er a n d wit h  

a v er a g es. Fi g 7 s h o ws t h e h ors e p o w er s plit: 

4 7. 4 % st e a m r e ci p, 1 7. 3 % st e a m t ur bi n e, 

3 5. 2 % di es el. N A

Fi g 5. Di e s el M er c h a nt S hi p s

Fi g 6. Di e s el M er c h a nt S hi p s

T h e R o y al I nstit uti o n of N a v al Ar c hit e cts a n n o u n c es a n o p p ort u nit y t o c o ntri b ut e t o t h e 
dis c ussi o n  o n  S hi ps’ lif e- c y cl e.  S hi ps  ar e  c o m pl e x  pl atf or ms  t h at  g o  t hr o u g h  diff er e nt  
p h as es  fr o m  its  c o n c e pt  t o  t h e  ti m e  it  is  s cr a p p e d.  T h e  w a y  it  aff e cts  t h e  o p er ati o n  
a n d  e n vir o n m e nt  c a n  b e  i nfl u e n c e d  fr o m  t h e  d esi g n  t o  t h e  diff er e nt  i m pr o v e m e nts  
o n  t h e  o p er ati o n  a n d  fi n all y  t h e  s hi p  br e a ki n g.  D u e  t o  t h e  l o n g  o p er ati o n al  lif es p a n  
a n d  o p er ati o n al  pr ofil es,  t h e  d e cissi o n  m a ki n g  is  b ot h  c h all e n gi n g  a n d  criti c al  i n  t h e  
d esi g n p h as e. F urt h er m or e, n e w e n vir o n m e nt al r e g ul ati o ns, w hi c h v ar y d uri n g t h e s hi ps 
o p er ati o n, a d d t o t h e c o m pl e xit y.

T o  f urt h er  i n v esti g at e  t h e  i n n o v ati o n  i n  S hi ps’  lif e- c y cl e,  i n  all  s e ct ors,  RI N A  i n vit es  
p a p ers fr o m n a v al ar c hit e cts, cl ass s o ci eti es, o p er at ors, r es e ar c h ers, a n d b uil d ers o n all 
r el at e d t o pi cs, i n cl u di n g b ut n ot li mit e d t o:

R e gi s t r a ti o n O p e nI n A s s o ci a ti o n wi t h:

w w w.ri n a. or g. u k / Wi n d _ Pr o p ul si o n

S hi p s’ lif e- c y cl e 2 0 2 1
3 1 M ar c h- 1 A pril 2 0 2 1, O nli n e C o nf er e n c e

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 / S hi p s _lif e- c y cl e _ 2 0 2 1

C all f or P a p ers

• Lif e C y cl e M o d els
• D esi g n & c o n c e pt
• S hi p b uil di n g
• O p er ati o n a n d i m pr o v e m e nts
• S cr a p pi n g a n d r e c y cli n g

•  M ai nt e n a n c e S oft w ar e d e v el o p m e nt
•  Gr e e n T e c h n ol o gi es r etr ofitti n g
•  M ari n e, Offs h or e, N a v al a n d Oil & G as
• Y ar ds, f a ciliti es, a n d i nfr astr u ct ur es
• E n vir o n m e nt al, S af et y a n d ot h er R e g ul ati o ns

Lif e C y cl e 2 0 2 1 H alf p a g e C F P v 1.i n d d   1Lif e C y cl e 2 0 2 1 H alf p a g e C F P v 1.i n d d   1 2 8/ 0 1/ 2 0 2 1   1 5: 4 5: 5 62 8/ 0 1/ 2 0 2 1   1 5: 4 5: 5 6

Fi g 7. H or s e p o w er of M er c h a nt S hi p s
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Sir ,

D u e  t o  C o vi d- 1 9  a n d  o ur  p o or  p ost al  

s er vi c e I h a v e j ust r e c ei v e d t h e S e pt e m b er 

2 0 2 0 e diti o n of fhe N a v al Arc hitect  a n d r e a d 

y o ur i nt er esti n g a n d sti m ul ati n g E dit ori al.

Alt h o u g h  c e rt ai nl y  n ot  t h e  si n gl e  

bi g g est c h a n g e i n n a v al ar c hit e ct ur e a n d 

s hi p c o nstr u cti o n, I a m of t h e o pi ni o n t h at 

o n e of t h e w orst d e cisi o ns m a d e d uri n g 

t h e p ast 3 0 y e ars w as t h at w hi c h r e q uir e d 

oil t a n k ers t o h a v e d o u bl e h ulls. This, as 

I u n d erst a n d it, r e q uir es a t a n k er of, s a y, 

1 5 0, 0 0 0t o n n es, t o b e e ff e cti v el y p ut i nsi d e 

a l ar g er v ess el r e q uiri n g m or e st e el f or its 

c o nst r u cti o n,  m or e  m et r es  of  w el di n g, 

a n d a l ar g er e n gi n e i n or d er t o m ai nt ai n 

t h e s a m e s er vi c e s p e e d. ftis e n gi n e w o ul d 

r e q uir e m or e f u el a n d cr e at e m or e e x h a ust 

g as i n or d er t o a c hi e v e t h e s a m e s er vi c e 

s p e e d as a si n gl e- h ull e d t a n k er of t h e s a m e 

d e a d w ei g ht c a p a cit y. 

A c c or di n g  t o  Wi ki p e di a  t h e  e n q uir y 

i nt o t h e gr o u n di n g of E x x o n Val de z , w hi c h 

g a v e ris e t h e d e cisi o n t o i ntr o d u c e d o u bl e-

h ull e d t a n k ers, f o u n d t h at a d o u bl e h ull 

w o ul d n ot h a v e pr e v e nt e d a n oil s pill b ut 

w o ul d h a v e r e d u c e d t h e a m o u nt s pill e d s o 

it d o es h a v e s o m e a d v a nt a g e.

Th e r e g ul ati o ns s e e m t o h a v e pr o d u c e d 

a t a n k er w hi c h c osts m or e t o b uil d, c osts 

m or e  t o  o p er at e  d u e  t o  i n cr e as e d  f u el  

c o ns u m pti o n a n d is n ot r e all y m u c h s af er 

t h a n a si n gl e- h ull e d t a n k er b uilt pr e 1 9 9 0. 

I n a d diti o n, at t h e e n d of its lif e t h e d o u bl e-

h ull e d t a n k er will r e q uir e t h e c o m b usti o n 

of m or e a c et yl e n e f or d e m oliti o n t h a n a 

si n gl e- h ull e d s hi p of t h e s a m e c a p a cit y, 

a d di n g u n n e c ess aril y t o gl o b al w ar mi n g.

D es pit e  t h e  n a v al  ar c hit e ct’s  gr e at est  

e ff orts it will n ot b e p ossi bl e t o d esi g n a 

s hi p w hi c h will n ot s ust ai n d a m a g e i n a 

c ollisi o n or gr o u n di n g. It is f ar b ett er t o 

c o n c e ntr at e o n a v oi di n g t h es e e v e nts b y 

tr ai ni n g a n d m oti v ati n g s e a g oi n g p ers o n n el 

t o d o t h eir j o bs w ell a n d e ns uri n g t h at 

s hi ps ar e pr o p erl y m a n n e d s o t h at t h os e 

r es p o nsi bl e f or n a vi g ati n g t h e m ar e n ot t o o 

f ati g u e d t o d o t h eir j o bs pr o p erl y.

It’s j ust a t h o u g ht.

Yo urs si n c er el y,

W. H Ri c e B S c; F S ai m e n a; M RI N A,

C a pt ai n S A N a v y ( R etir e d)

R e p u bli c of S o ut h Afri c a

D o u bl e d o u bts

C h all e n gi n g t h e dis c o n n e cts

E x x o n V al d e z

L E T T E R S T O T H E E DI T O R

Sir ,

R e a d e r s  m a y  h a v e  s e e n  m y  s e ri e s  of  

arti cl es c o n c er ni n g str u ct ur al iss u es wit h 

b ul k  c ar ri e rs  ( s e e  T N A  O ct o b e r  2 0 1 9, 

J a n u ar y a n d J u n e 2 0 2 0, J a n u ar y 2 0 2 1). I 

d o n ot att e m pt t o cl ai m a n y pri orit y of 

att e nti o n f or t h e s p e ci alis e d b ul k c arri er 

t o pi c b ut I d o wis h t o p oi nt o ut t h at t h e 

pri n ci p al m oti v ati o n b e hi n d m y e ff orts is 

t h e s af et y of t h e s e af ar ers m a n ni n g t h es e 

s hi ps a n d i n d e e d t h e e ffi ci e nt d eli v er y of 

t h eir c ar g o es. I n e e d t o m a k e cl e ar t h at 

b y b ul k c arri ers I a m r ef erri n g t o v ess els 

wit h l ar g e h ol ds b o u n d e d b y t ri a n g ul ar 

s e cti o n t o psi d e t a n ks a n d l o w er h o p p ers 

wit h d o u bl e b ott o ms b e n e at h all h ol ds. 

Th es e s hi ps s h o ul d n ot b e c o nf us e d wit h 

or e  c ar ri e rs  t h at  h a v e  s m all  h ol d s  s et 

i nt o m u c h l ar g er t a n ks a n d v oi ds m or e 

si mil ar t o t h e ol d st yl e of t a n k er ( b ef or e 

d o u bl e h ulls).

F oll o wi n g s o m e r es p o ns e fr o m r e a d ers, 

i n  p a rti c ul a r  c o n c e r ni n g  t h e  t o pi c  of  

fl e xi bilit y  of  t h e  h ull s  i n  q u e sti o n,  it  

s e e ms a p pr o pri at e t o a d d t o t h e ori gi n al 

c o nt e nt. As a s u p e ri nt e n d e nt I n oti c e d 

t h at, as t h e dis pl a c e m e nts gr e w f r o m t h e 

ol d P a n a m a x cir c a 8 0, 0 0 0 d wt t o C a p esi z e 

cir c a 1 8 0, 0 0 0 d wt wit h a f e w t o p pi n g t h e 

2 0 0, 0 0 0 d wt m ar k, li g ht w ei g hts di d n ot 

es c al at e i n t h e s a m e pr o p orti o n t o t h eir 

di s pl a c e m e nt.  We  w e r e  t h e r ef o r e  n ot  

s ur pris e d w h e n m ast ers b e g a n r e p orti n g 

e x c essi v e fl e xi n g i n t h e h ulls a n d s e e ki n g 

r e a s s u r a n c e  a b o ut  t h ei r  d e ci si o n s  t o   

sl o w d o w n. 

We  w e r e  al s o  t ol d  b y  s hi p b uil d e rs,  

v e rifi e d  b y  cl a s s,  t h at  hi g h e r  t e n sil e  

st e els all o w e d f or r e d u c e d t hi c k n ess of 

t h e  s h ell  pl ati n g  a n d  ot h e r  st r u ct u r al  

el e m e nts. We n ot e d h o w e v er t h at hi g h 

t e nsil e a n d mil d st e els c orr o d e at a b o ut 

t h e s a m e r at e, w hi c h pr es u m a bl y m e a ns 

t h at wit h r e d u c e d t hi c k n ess t h e s e cti o n 

m o d ul us i n a hi g h t e nsil e h ull r e d u c es 

pr o p orti o n at el y f ast er t h a n i n o n e b uilt 

of  mil d  st e el.  D o e s  t h ei r  i n c r e a s e d  

fl e xi bilit y  al s o  a c c el e r at e  f ati g u e ?  A r e  

t h es e u ni nt e n d e d c o ns e q u e n c es w e o Th e n 

h e ar a b o ut a Th er mis h a ps? 

N A _ F e b 2 0 2 1 _ 5 1 + 5 2.i n d d   5 1N A _ F e b 2 0 2 1 _ 5 1 + 5 2.i n d d   5 1 0 2/ 0 2/ 2 0 2 1   1 6: 3 1: 5 40 2/ 0 2/ 2 0 2 1   1 6: 3 1: 5 4



T h e N a v al Ar c hit e ct  F e br u ar y 2 0 2 15 2

L E T T E R S T O T H E E DI T O R

I  w as  e n c o u r a g e d  t h e r ef or e  t o  h e ar  

f r o m Ni c ol as Bi al yst o c ki – a n e n gi n e er 

pr a cti si n g  d r a u g ht  s u r v e y  i n  t h e  r e al  

w orl d a n d a ut h or of a n e x c ell e nt p a p er 

i n  t h e  O ct o b e r  2 0 2 0  i s s u e  of  T N A  

s u g g esti n g a n e e d f or r e ass essi n g dr a u g ht 

s ur v e ys i n l ar g e s hi ps. His o bs er v ati o ns 

fit  w ell  wit h  t h o s e  I  m a d e  of  d o u bl e  

d e fl e cti o n i n t h e 1 9 9 0s w h e n w e w er e first 

e x p eri e n ci n g g a u gi n g dis cr e p a n ci es of u p 

t o 1, 2 0 0t o n n es a n d w hi c h pr o m pt e d t h e 

c o m p a n y t o or d er q u art er l e n gt h dr a u g ht 

m ar ks o n n e w b uil ds. fh e d e pr essi n g p art 

w as tr yi n g t o al ert t h e ultr a- c o ns er v ati v e 

s ur v e y s e ct or t o t h e p h e n o m e n o n a n d t o 

a d a pt  t h eir  c al c ul ati o n  m et h o ds.  T h e y  

n e v er w o ul d f or us. I h o p e Ni c ol as’ arti cl e 

e n g e n d ers a b ett er r es p o ns e.

T h e  p oi nt  of  t hi s  l ett e r  h o w e v e r  i s  

t o  e m p h a si s e  t h e  v al u e  of  r e al- w o rl d  

o bs er v ati o ns a n d t o c h all e n g e a c a d e mi a 

t o  i nt e g r ati n g  s u c h  o b s e r v ati o n s  i nt o  

r es e ar c h. I w orr y w h e n I h e ar a c a d e mi cs 

utt er t h e w or ds “t h er e is n o e vi d e n c e …” 

b ef or e  r e s p o n di n g  t o  q u e sti o ns  a b o ut  

s o m et hi n g i n c o n cl usi v e. It m a y b e tr u e i n 

as m u c h as t h er e h as b e e n n o s ci e nti fi c all y 

c o nt r oll e d  r e s e a r c h  b ut  e vi d e n c e  c a n  

b e  f o u n d  if  o n e  l o o k s  f o r  it.  B ef o r e  

r etir e m e nt I w as a n a c ci d e nt i n v esti g at or 

a n d I k n o w t h at t h e d e vil r e all y is i n t h e 

d et ail. If i nf or m ati o n d o es n ot m e et t h e 

st a n d ar ds r e q uir e d of a c a d e mi c r es e ar c h 

it  s h o ul d  sti m ul at e  t h e  n e e d  f or  s u c h 

r es e ar c h. T o d o ot h er wis e is t o a d o pt t h e 

l a n g u a g e of p oliti ci a ns w h e n t h e y n e e d t o 

d e fl e ct att e nti o n fr o m o missi o ns i n t h eir 

o w n  k n o wl e d g e.  Alt h o u g h  i n  p oliti c al 

( a n d s o m e b ur e a u cr ati c) cir cl es it mi g ht 

b e  r e g a r d e d  a s  a  si g n  of  w e a k n e s s  t o  

a d mit  t o  i n c o m pl et e  k n o wl e d g e  t h e  

s a m e s h o ul d n ot b e s o f or t h e s ci e nti fi c 

c o m m u nit y w h o s u r el y h a v e a d ut y t o 

c o nti n u e s e e ki n g o ut m or e c ert ai nt y.

T h e  o bj e cts  of  RI N A  ar e  s et  o ut  i n  

t h e  C h art e r  of  I n c or p or ati o n,  n a m el y  

– “t h e i m pr o v e m e nt of s hi ps a n d all t h at 

s p e ci all y a p p ert ai ns t o t h e m, …” 

T his  s u g g ests  t h at  w h e n  l e ar ni n g  of  

s o m et hi n g  u n e x pl ai n e d  it  s h o ul d  b e  

i n c u m b e nt  o n  RI N A  as  a n  I nstit uti o n  

t o  l o o k  f urt h er  i nt o  it.  T o  dis miss  t h e 

a n e c d ot es of pr of essi o n als wit h d e c a d es of 

e x p eri e n c e i n s er vi c e is n eit h er c o urt e o us 

n or ali g n e d wit h t h e o bj e cts st at e d a b o v e. 

I a m e n c o ur a g e d at t h e r es p o ns es I h a v e 

r e c ei v e d  b ut  I  a m  als o  a w ar e  of  m a n y 

a r e a s  of  di s c o n n e ct  b et w e e n  d e si g n,  

m a n a g e m e nt, o p er ati o n a n d r e g ul ati o n – 

n ot l e ast t h e v ari ati o ns i n l a n g u a g e us e d 

b y  e a c h  s e ct or.  P e r h a ps  w e  s h o ul d  b e  

stri vi n g t o c h all e n g e t h es e dis c o n n e cts.

D e n nis B ar b er,

M ast er M ari n er. F NI. F RI N A. M RI N

U nit e d Ki n g d o m

Y o u T u b e C h a n n el

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 e at uri n g:

•  C o nf er e n c es
• Pr es e nt ati o ns
• L e ct ur es

• I nt er vi e ws  

Vi e w at:

bit.l y/ 2 W Y n u e c
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T h e N a v al Ar c hit e ct ur e T e a m 

T el: + 4 4 ( 0) 2 3 8 2 0 2 5 2 5 6 

E m ail: ri n a @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 E NI O R M E C H A NI C A L E N GI N E E R  
W al e s - £ 4 0- 5 0 K

A W a v e E n er g y c o m p a n y i s l o o ki n g f or s o m e o n e t o 

j oi n t h e t e a m, i d e all y wit h a b a c k gr o u n d i n Wi n d/

W a v e E n er g y. 

SI M U L A TI O N E N GI N E E R  
W al e s

A n i n n o v ati v e r e n e w a bl e e n er g y c o m p a n y s e e k s 

s o m e o n e wit h C o m p ut ati o n al Si m ul ati o n e x p eri e n c e, 

i d e all y h a vi n g w or k e d wit h Si m uli n k. C o m p etiti v e 

r e m u n er ati o n p a c k a g e a v ail a bl e.

G R A D U A T E N A V A L A R C HI T E C T  
H a m p s hir e/ S urr e y 

A n off s h or e D e si g n c o m p a n y s e e k s a Gr a d u at e N a v al 

Ar c hit e ct off eri n g t h e m a st e p i nt o t h eir c ar e er. 

Off eri n g m ar k et-l e v el s al ar y.

5 3T h e N a v al Ar c hit e ct  x x x x x x x 2 0 1 8 T h e N a v al Ar c hit e ct  x x x x x x x 2 0 1 85 3

5 3

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 er vi c es. c o m

C a d m a ti c  1 7

F a s t s tr e a m R e cr ui t m e n t Gr o u p  5 3

M A N E S  1 1

M ari n e I n t eri or s  2 3

Mi s si o n t o S e af ar er s  5 3

S o ni h ull  O B C

P al fh n g er	 2

P o m p e G ar b ari n o   2 7

S e a w or k  4

VI C U S d t  O F C

Cli e nt  p a g e  Cli e nt  p a g e  Cli e nt             p a g e  

T h e N a v al Ar c hit e ct F e br u ar y 2 0 2 1

N A _ F e b 2 0 2 1 _ 5 3.i n d d   5 3N A _ F e b 2 0 2 1 _ 5 3.i n d d   5 3 0 2/ 0 2/ 2 0 2 1   1 6: 3 2: 2 20 2/ 0 2/ 2 0 2 1   1 6: 3 2: 2 2



T h e N a v al Ar c hit e ct  F e br u ar y 2 0 2 15 4

DI A R Y

F e br u ar y 1 0 - 1 1, 2 0 2 1

F ull- S c al e S hi p P e rf o r m a n c e

RI N A c o nf er e n c e

O nli n e

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 1 7, 2 0 2 1

Wi n d P r o p ul si o n 

RI N A/I W S A F or u m

O nli n e 

w w w.ri n a. or g. u k/ Wi n d _ Pr o p ulsi o n _ F or u m

M ar c h 2 - 5, 2 0 2 1

D r y D o c k

Tr ai ni n g c o urs e

O nli n e

w w w.ri n a. or g. u k/ Dr y _ D oc k _ Tr ai ni n g

 

M ar c h 1 7 - 1 8, 2 0 2 1

I n n o v ati o n/ E m e r gi n g 

Te c h n ol o gi e s

RI N A c o nf er e n c e

O nli n e

w w w.ri n a. or g. u k/ e v e nts _ pr o gr a m m e

M ar c h 2 2 - 2 6, 2 0 2 1

S u b- c o m mitt e e o n P oll uti o n 

P r e v e nti o n a n d R e s p o n s e 

I M O I nt er n ati o n al f or u m

O nli n e

w w w.i m o. or g/ e n/ Me di a C e ntre

M ar c h 3 1 - A pril 1, 2 0 2 1

S hi p s' Lif e C y cl e

RI N A 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

A pril 8, 2 0 2 1

T h e R o a d t o M a riti m e 

A ut o n o m y

RI N A/ O n e S e a f or u m

L o n d o n, 

U K

w w w.ri n a. or g. u k/ RI N A _ o n e _s e a

A pril 8, 2 0 2 1

I M O C o u n cil

I nt er n ati o n al f or u m, 

O nli n e

w w w.i m o. or g/ e n/ Me di a C e ntre

A pril 2 0 - 2 2, 2 0 2 1

Wi n d P r o p ul si o n

RI N A/I W S A 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/ Wi n d _ Pr o p ulsi o n _ 2 0 2 1

A pril 2 9, 2 0 2 1

RI N A A n n u al Di n n e r

R o y al L a n c ast er L o n d o n

L o n d o n, U K

w w w w.ri n a. or g. u k/ A n n u al _ Di n n er _ 2 0 2 1

M a y 5 - 1 4, 2 0 2 1

M a riti m e S af et y C o m mitt e e

I M O I nt er n ati o n al f or u m

O nli n e

w w w.i m o. or g/ e n/ Me di a C e ntre

M a y 1 0 - 1 3, 2 0 2 1

1 1t h S y m p osi u m o n C a vit ati o n

I nt er n ati o n al c o nf er e n c e, 

O nli n e

c a v 2 0 2 1. or g

M a y 2 4 - 2 8, 2 0 2 1

I nt e r s e s si o n al W o r ki n g G r o u p 

o n t h e R e d u cti o n of G H G 

E mi s si o n s

I M O I nt er n ati o n al f or u m

O nli n e

w w w.i m o. or g/ e n/ Me di a C e ntre

J u n e 2 - 3, 2 0 2 1

Wa r s hi p

RI N A c o nf er e n c e

Brist ol, U K

w w w.ri n a. or g. u k/ W A R S HI P _ 2 0 2 0 _ F u -

t ure _ Tec h n ol o gi es _I n _ N a v al _ S u b m ari n es

J u n e 1 - 7, 2 0 2 1

F a cilit ati o n C o m mitt e e

I M O I nt er n ati o n al f or u m

O nli n e

w w w.i m o. or g/ e n/ Me di a C e ntre

J u n e 1 0 - 1 7, 2 0 2 1

M a ri n e  E n v i r o n m e n t  P r o t e c ti o n  

C o m mitt e e 

I M O I nt er n ati o n al f or u m

O nli n e

w w w.i m o. or g/ e n/ Me di a C e ntre

J u n e 2 8 - J ul y 2, 2 0 2 1

I M O C o u n cil 

I nt er n ati o n al f or u m

O nli n e

w w w.i m o. or g/ e n/ Me di a C e ntre

A u g u st 2 6 - 2 7, 2 0 2 1

O ffs h o r e R e n e w a bl e E n e r g y ( C O R E)

I nt er n ati o n al c o nf er e n c e, 

Gl as g o w, U K

asr a n et.c o. u k/ C o nfere nc es/ C O R E

S e pt e m b er 2 0 - 2 4, 2 0 2 1

Te c h ni c al C o- o p e r ati o n C o m mitt e e

I M O I nt er n ati o n al f or u m

O nli n e

w w w.i m o. or g/ e n/ Me di a C e ntre

O ct o b er 2 1 - 2 2, 2 0 2 1

S m a rt & G r e e n Te c h n ol o g y f o r 

S hi p pi n g  a n d  M a riti m e  I n d u st ri e s  

( S M A T E C H)

I nt er n ati o n al c o nf er e n c e, 

Gl as g o w, U K

asr a n et.c o. u k/ C o nfere nc es/ S M A T E C H

O ct o b er 2 0 2 1

P o w e r & P r o p ul si o n Alt e r n ati v e s f o r 

S hi p s

RI N A c o nf er e n c e

O nli n e 

w w w.ri n a. or g. u k/ e v e nts _ pr o gr a m m e

O ct o b er 2 0 - 2 2, 2 0 2 1

C o nt r a ct M a n a g e m e nt

RI N A 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

N o v e m b er 2 4 - 2 6, 2 0 2 1

S af et y, R eli a bilit y of S hi p s, O ff s h o r e & 

S u bs e a St r u ct u r es ( S A R O S S)

I nt er n ati o n al c o nf er e n c e, 

Gl as g o w, U K

asr a n et.c o. u k/ C o nfere nc es/ S A R O S S

D el a y e d t o 2 0 2 2

J a n u ar y 1 0 - 1 3, 2 0 2 2

N o r- s hi p pi n g 

I nt er n ati o n al e x hi biti o n

Lill estr Ø m, N or w a y

w w w. n or-s hi p pi n g.c o m 

Di s cl ai m er

D u e t o t h e r a pi dl y c h a n gi n g n at ur e of e v e nt s all i nf or m ati o n i s t h e b e st a v ail a bl e at 

t h e ti m e of g oi n g t o pr e s s.
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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 erci 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 as p e cts of s hi pr e p air a n d 
 c o n v ersi o n w or k a n d c o m pr e h e nsi 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 2 0  Ice Class Vessels  Ref:  I C E 2 0         £ 3 0      £ 1 5

 S mart S hi ps Tec h n ol o g y   Ref:  S S T 2 0        £ 1 1 0      £ 5 5

 Hi g h S pee d Vessels 2 0 2 0 Ref:  H S M V 2 0       £ 7 0      £ 3 5

 I nfl ue nce of E E DI o n S hi p Desi g n & O perati o n 2 0 2 0 Ref: E E DI 2 0      £ 3 5                            £ 1 7. 5 0

N o n- M e m b e rs  M e m b e rs

If t h e U S B f or m at is r e q uir e d pl e as e a d d U S B aft er t h e r ef er e n c e n u m b er.

M a g a zi n e s

C o nf er e n c e P a p er s

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

O R D E R F O R M

Pa 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 o r F a x: + 4 4 ( 0) 2 0 7 2 5 9 5 9 1 2.

Pl e as e s e n d m e t h e f oll o wi n g :

                                                                 R E F F e b 2 1

R ef e r e n c e Q u a ntit y

P RI V A C Y
Pers 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

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

RI N A p u bli c ati o n s

2 0 2 1 S u b s cri pti o n
Pri nt + 

di git al1 2 m o nt h s Pri n t
†

Di git al *

U K £ 2 1 1 £ 2 1 1 £ 2 6 9

R e st of E ur o p e £ 2 2 2 £ 2 1 1 £ 2 7 9

R e st of W orl d £ 2 3 7 £ 2 1 1 £ 2 9 5

2 0 2 1 S u b s cri pti o n
Pri nt + 

di git al1 2 m o nt h s Pri n t
†

Di git al *

U K £ 7 3 £ 7 3 £ 9 6

R e st of E ur o p e £ 7 9 £ 7 3 £ 1 0 3

R e st of W orl d £ 8 7 £ 7 3 £ 1 1 2

2 0 2 1 S u b s cri pti o n
Pri nt + 

di git al1 2 m o nt h s Pri n t
†

Di git al *

U K £ 1 5 6 £ 1 5 6 £ 1 9 0

R e st of E ur o p e £ 1 6 4 £ 1 5 6 £ 2 0 0

R e st of W orl d £ 1 8 8 £ 1 5 6 £ 2 2 3

I nt er n ati o n al J o ur n al of M ariti m e E n gi n e eri n g (I J M E )
P u blis h e d i n M ar c h, J u n e, S e pt e m b er a n d D e c e m b er, t h e IJ M E pr o vi d es a f or u m f or t h e r e p orti n g a n d dis c ussi o n of t e c h ni c al 
a n d s ci e nti fi c iss u es ass o ci at e d wit h 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 & o ffs h or e str u ct ur es.

J o ur n al s

M e m b er s: P art R ef: I J M E 2 1 / S et R ef: ST 2 1

P art A 1 P art A 2 P art A 3 P art A 4 F ull s et

£ 2 1 £ 2 1 £ 2 1 £ 2 1 £ 5 6

N o n- M e m b er s: P art R ef: I J M E 2 1 / S et R ef: ST 1 2 1

P art A 1 P art A 2 P art A 3 P art A 4 F ull s et

£ 2 8 £ 2 8 £ 2 8 £ 2 8 £ 9 2

U ntitl e d- 3   1U ntitl e d- 3   1 0 2/ 0 2/ 2 0 2 1   1 0: 2 1: 4 00 2/ 0 2/ 2 0 2 1   1 0: 2 1: 4 0



S A VI N G T H E O C E A N S
O N E S HI P A T A TI M E

w w w . s o ni h ull. c o m        T el:   + 4 4 ( 0) 2 4 7 6 1 0 5 1 5 0        E m ail:  i nf o @ s o ni h ull. c o m

Fit a n d f or g et a ntif o uli n g s y st e m s f or b o x c o ol er s, s e a c h e st s, 
str ai n er s, h ull s, st e eri n g g e ar, pr o p ell er s a n d s h aft s. S o ni h ull  
pr ot e ct s y o ur v e s s el w h er e v er y o u h a v e u n w a nt e d bi o-f o uli n g.

N O BI O CI D E S, N O D RI L LI N G, N O W E L DI N G, N O I C A F A N O D E S,
N O C O P P E R, N O MI C R O - P L A S TI C S ... N O B R AI N E R.

R e d u c e s c a pit al a n d M R O c o st s b y u p t o 9 0 %  
c o m p ar e d t o i m pr e s s e d- c urr e nt s y st e m s.
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