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f u el g a s s y st e m s, stri p pi n g a n d s pr a y a p pli c ati o n s, b o o st er, s hi p t o s hi p b u n k eri n g, c ar g o a n d m or e.
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E dit or: Ri c h ar d Hal fhi d e
E dit ori al Assist a nt: S o p hi e C olli n g w o o d
Pr o d u cti o n M a n a g er:  Ni c ol a St u art
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P u blis h e d b y:
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E dit ori al O ffi c e:
8- 9 N ort h u m b erl a n d Stre et
L o n d o n, W C 2 N 5 D A, U K
Tel e p h o ne: + 4 4 ( 0) 2 0 7 2 3 5 4 6 2 2
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E- m ail s u bs cri pti o ns:  s u bs cri pti o ns @ri n a. or g. u k

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

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

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

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

N A V A L A R C HI T E C T ( 1 0 iss u es p er y e ar)     
1 2 m o nt hs  Pri nt o nl y †    Di git al O nl y*    Pri nt + Di git al
U K  £ 2 0 3    £ 2 0 3    £ 2 5 9
R est of E ur o p e  £ 2 1 3    £ 2 0 3    £ 2 6 8
R est of Worl d  £ 2 2 8    £ 2 0 3    £ 2 8 4
 †I n c u d es p + p

*I n cl usi v e of V A T

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

Aver a ge Net Circ ul ati o n 9, 9 4 2 (t ot al)
1 Ja n u ar y t o 3 1 Dece m b er 2 0 1 9
I S S N 0 3 0 6 0 2 0 9

T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0

 7  E dit ori al c o m m e nt
  S ust ai ni n g h u m a n r es o ur c es 

 8- 1 5  N e w s
 8- 1 0  N e ws

 1 2  N e ws A n al ysis

 1 4- 1 5  E q ui p m e nt N e ws

 1 6- 4 0  I n - d e pt h
 1 6- 1 7  Cl ar k s o n s R e s e ar c h |  Hist ori c al & s c h e d ul e d  

  d eli v er y st atisti cs

 1 8  E D &I | A l o n g w a y still t o g o

 3 5- 3 7  H ull str e n gt h | T h e eff e cts of h ull d ef or m ati o n  

  o n dr a u g ht s ur v e y

 3 8- 4 0  H erit a g e | 2 5 0 y e ars’ hist or y of t h e  

  S p a nis h N a v y E n gi n e ers C or ps

 4 2  Di ar y

C o nt e nt s |  O C T O B E R 2 0 2 0

3 83 5

3

T h e 2 5 0- y e ar 

hist or y of S p a nis h 

s hi p b uil di n g

C al c ul ati n g t o c o m b at c o m pl e x 

h ull d ef or m ati o n
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Di s c o v er o ur s oft w ar e a n d s er vi c e s 
f or s hi p d e si g n, f airi n g a n d 

o n- b o ar d l o a di n g c al c ul ati o n s.S HI P D E SI G N   
M A D E  E A S Y

I n a d diti o n t o t h e s oft w ar e li st e d, S A R C B V pr o vi d e s s er vi c e s, tr ai ni n g a n d e n gi n e eri n g  

s u p p ort t o d e si g n of fi c e s, s hi p y ar d s, s hi p o w n er s, cl a s si fi c ati o n s o ci eti e s, a n d m a n y ot h er s.

PI A S s oft w ar e  f or i nt a ct a n d ( pr o b a bili sti c) 

d a m a g e st a bilit y c al c ul ati o n s, l o n git u di n al 

b e n di n g, s h e ar a n d t or si o n, r e si st a n c e, 

s p e e d, p o w er a n d pr o p ell er c al c ul ati o n s, et c.

L O C O PI A S s oft w ar e  f or o n- b o ar d 

e v al u ati o n of l o a di n g c o n diti o n s wit h a wi d e 

r a n g e of o pti o n s f or w or ki n g wit h diff er e nt 

t y p e s of c ar g o e s.

F air w a y s oft w ar e  f or h ull d e si g n, f airi n g, 

m o di fi c ati o n s, tr a n sf or m ati o n s a n d pl at e 

e x p a n si o n s.

T. + 3 1 (0 )8 5 0 4 0 9 0 4 0  - w w w. s ar c. nl 

2 8 - 3 0 t h S e p t e m b er 2 0 2 1, Y o k o h a m a

I n t e r n a ti o n al C o nf e r e n c e 
o n C o m p u t e r A p pli c a ti o n s  
i n S hi p b uil di n g

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 Pr e s e n t s:

w w w. ri n a. o r g. u k/I C C A S _ 2 0 2 1

C A L L F O R P A P E R S

R e gi s t e r y o u r Pl a c e | S p o n s o r s hi p O p p o r t u ni ti e s

c o nf er e n c e @ri n a. or g. u k   T el: + 4 4( 0) 2 0 7 2 3 5 4 6 2 2   Vi si t t h e w e b si t e

A s Di git al T e c h n ol o gi e s e v ol v e a n i n cr e a si n g a m o u nt of d at a i s cr e at e d a n d u s e d a cr o s s all st a g e s of a s hi p lif e c y cl e, c o n fh n u o u sl y 
i m pr o vi n g p erf or m a n c e a n d e Th ci e n c y
I C C A S p a p ers a d dr e s s t h e pr a c Th c al a p pli c a Th o n of t e c h n ol o gi e s

I C C A S 2 0 2 1 o Th ers a u ni q u e o p p ort u nit y t o pr e s e nt p a p ers o n s u c c e s s a n d a c hi e v e m e nt s w h e n a p pl yi n g Di git al t e c h n ol o gi e s

Pl e a s e s u b mit y o ur 2 5 0 w or d a b str a ct b ef or e  

5 t h F e br u ar y 2 0 2 1

I n n o v a Th v e a p pli c a Th o ns of di git al t e c h n ol o gi es f or 

d at a c a pt ur e, m a n a g e m e nt a n d c o ntr ol  
C o ns oli d a Th o n  of  c urr e nt  c o m p u ti n g  s yst e ms, 

f ut ur e d e v el o p m e nts, a n d m a xi misi n g t h e us e of 

c a pt ur e d d at a

I m pr o v e d  d esi g n  t o  s a tisf y  t h e  pr o gr essi v el y 

stri n g e nt  e n vir o n m e nt al  r e q uir e m e nts  a n d 

p erf or m a n c e d e m a n ds of t h e s hi p- o w n er

E n h a n c e d  pr o d u c ti o n  m et h o d ol o gi es  a n d 

t e c h ni q u es f or a c c ur a c y, q u alit y, a n d pr o d u c ti vit y 

d uri n g m a n uf a ct uri n g ass e m bl y a n d b uil d

R es e ar c h  o n  a d v a n c e d  st at e  of  t h e  art  a n d 

a p pli c a ti o n  of  st at e  of  t h e  m ar k et  di git al 

t e c h n ol o gi es

Us e  of  di git al  d at a  t o  o p ti mi z e  o p er a ti o n al 

p erf or m a n c e a n d c ost e ff e c ti v e n ess
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T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0

S hi p b ui di n g s oft w ar e: It’s n ot a o n e-si z e-
fhts- all a p pr o a c h

O n t h e r o a d t o a h y dr o g e n s o ci et y wit h Cl ass N K

D N V G L C E O 
t al ks M ariti m e 
F or e c ast t o 
2 0 5 0

2 8

2 4

2 0

 1 9- 3 4  F e at ur e s

F e at ur e 1  S o ut h K or e a

 1 9  S o ut h K or e a’s g as p o w er e d r es ur g e n c e

 

F e at ur e 2  D e c ar b o ni s ati o n

 2 0- 2 1  All t o m orr o w’s p at h w a ys: m ariti m e’s  
  e n er g y tr a nsiti o n

 2 2  A t w o- pr o n g e d a p pr o a c h t o  
  d e c ar b o nisi n g s hi p pi n g is t h e o nl y w a y

 F e at ur e  3  S af et y

 2 3  L o a di n g c o m p ut ers a n d t h e i m p ort a n c e of  
  c o nti n u e d i n n o v ati o n

 2 4- 2 5  E ns uri n g s af et y f or t h e tr a ns p ort ati o n of  
  li q u e Th e d h y dr o g e n

 2 6- 2 7  Br o o k es B ell e x p a n ds its i n h o us e l a b t esti n g  
   c a p a biliti es

 

F e at ur e 4  C A D / C A M

 2 8- 2 9  S SI: 3 0 y e ars of s hi p b uil di n g s oft w ar e 

 3 0- 3 2  C O M PI T 2 0 2 0: Th n di n g h u m a n s ol uti o ns f or  
  t h e di git al a g e

 3 3- 3 4  Tri m O pti mis ati o n: usi n g N a v C a d f or  
  pr e di cti o n c o n Th d e n c e

C o nt e nt s |  O C T O B E R 2 0 2 0

5

Di git al E diti o n s

The 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 

di git al e diti o ns, or d o w nl o a d t he fre e RI N A P u bli c ati o ns A p p.
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M ariti m e I n n o v ati o n A w ar d

I n n o v ati o n i s k e y t o s u c c e s s i n all s e ct or s of t h e m ariti m e 
i n d u str y  a n d  s u c h  i n n o v ati o n  will  st e m  fr o m  t h e  
d e v el o p m e nt  of  r e s e ar c h  c arri e d  o ut  b y  e n gi n e er s  a n d  
s ci e nti st s  i n  u ni v er siti e s  a n d  i n d u str y,  p u s hi n g  f or w ar d  t h e  
b o u n d ari e s  of  d e si g n,  c o n str u cti o n  a n d  o p er ati o n  of  
m ari n e v e s s el s a n d str u ct ur e s

T h e  M ariti m e  I n n o v ati o n  A w ar d  s e e ks  t o  e n c o ur a g e  
s u c h  i n n o v ati o n  b y  r e c o g nisi n g  o utst a n di n g  s ci e nti fh c  or 
t e c h n ol o gi c al  r es e ar c h  i n  t h e  ar e as  of  h y dr o d y n a mi cs,  
pr o p ulsi o n,  str u ct ur es  a n d  m at eri al  w hi c h  h as  t h e  
p ot e nti al t o m a k e a si g ni Th c a nt i m pr o v e m e nt i n t h e d esi g n, 
c o nstr u cti o n a n d o p er ati o n of m ari n e v ess els a n d str u ct ur es

T h e  A w ar d  is  m a d e  a n n u all y  t o  eit h er  a n  i n di vi d u al  or  a n  
or g a nis ati o n,  i n  a n y  c o u ntr y.  N o mi n ati o ns  f or  t h e  A w ar d  
m a y  b e  m a d e  b y  a n y  m e m b er  of  t h e  gl o b al  m ariti m e  
c o m m u nit y, a n d ar e j u d g e d b y a p a n el of m e m b ers of t h e 
I nstit uti o n  a n d  Qi n eti Q.  T h e  a w ar d  will  b e  a n n o u n c e d  at  
t h e I nstit uti o n’s A n n u al Di n n er.

N o mi n ati o ns ar e n o w i n vit e d f or t h e 2 0 2 0 M ariti m e I n n o v ati o n 
A w ar d. I n di vi d u als m a y n ot n o mi n at e t h e ms el v es, alt h o u g h 
e m pl o y e es m a y n o mi n at e t h eir c o m p a n y or or g a nis ati o n.

N o mi n ati o n s  m a y b e u p t o 7 5 0 w or d s 
a n d s h o ul d d e s cri b e t h e r e s e ar c h a n d it s 
p ot e nti al c o ntri b uti o n t o i m pr o vi n g t h e d e si g n, 
c o n str u cti o n a n d o p er ati o n of m ariti m e 
v e s s el s a n d str u ct ur e s.

N o mi n ati o n s  m a y b e f or w ar d e d o nli n e at 
w w w.ri n a. or g. u k/ m ariti m ei n n o v ati o n a w ar d

or b y e m ail t o:
m ariti m ei n n o v ati o n a w ar d @ri n a. or g. u k

N o mi n ati o n s  s h o ul d arri v e at RI N A 
H e a d q u art er s b y 3 1 st J a n u ar y 2 0 2 1.

Q u eri e s a b o ut t h e a w ar d s h o ul d b e 
f or w ar d e d t o t h e C hi ef E x e c uti v e at 
h q @ri n a. or g. u k

RI N A -
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T h e I nstit uti o n b eli e v es t h at s af et y at s e a b e gi ns wit h g o o d d esi g n, f oll o w e d 

b y  s o u n d  c o nstr u cti o n  a n d  ef Th ci e nt  o p er ati o n.  W hilst  n a v al  ar c hit e cts 

a n d  ot h er  e n gi n e ers  i n v ol v e d  i n  t h e  d esi g n,  c o nstr u cti o n  a n d  o p er ati o n 

of  m ariti m e  v ess els  a n d  str u ct ur es  d o  n ot  h a v e  a  p at e nt  o n  s u c h  iss u es, 

n o n et h el ess t h eir w or k c a n m a k e a si g ni Th c a nt c o ntri b uti o n.

T h e  I nstit uti o n  als o  b eli e v es  t h at  it  h as  a  r ol e  t o  pl a y  i n  r e c o g nisi n g 

a c hi e v e m e nt  of  e n gi n e ers  i n  i m pr o vi n g  s af et y  at  s e a.  S u c h  r e c o g niti o n 

s er v es t o r ais e a w ar e n ess a n d pr o m ot e f urt h er i m pr o v e m e nts.

T h e  M ariti m e  S af et y  A w ar d  is  pr es e nt e d  b y  t h e  I nstit uti o n,  i n  ass o ci ati o n 

wit h  Ll o y d’s  R e gist er,  t o  a n  i n di vi d u al,  c o m p a n y  or  or g a nis ati o n  w hi c h 

h as  m a d e  a  si g ni Th c a nt  t e c h n ol o gi c al  c o ntri b uti o n  t o  i m pr o vi n g  m ariti m e 

s af et y. S u c h c o ntri b uti o n c a n h a v e b e e n m a d e eit h er b y a s p e ci Th c a cti vit y 

or  o v er  a  p eri o d  of  ti m e.  N o mi n ati o ns  m a y  b e  m a d e  b y  a n y  m e m b er  of 

t h e  gl o b al  m ariti m e  c o m m u nit y,  a n d  ar e  j u d g e d  b y  a  p a n el  of  m e m b ers 

of t h e I nstit uti o n a n d Ll o y d’s R e gist er. T h e A w ar d will b e a n n o u n c e d at t h e 

I nstit uti o n’s A n n u al Di n n er. 

N o mi n ati o n s ar e i n vit e d f or t h e 2 0 2 0 M ariti m e S af et y A w ar d

RI N A - Ll o y d’ s R e gi st er 

M ariti m e S af et y A w ar d

N o mi n ati o n s  m a y  b e  u p  t o  7 5 0  w or d s  a n d  
s h o ul d  d e s cri b e  t h e  t e c h n ol o gi c al  c o ntri b uti o n  
w hi c h t h e i n di vi d u al, c o m p a n y or or g a ni s ati o n  
h a s m a d e i n t h e Th el d of d e si g n, c o n str u cti o n a n d 
o p er ati o n of m ariti m e v e s s el s a n d str u ct ur e s.

N o mi n ati o n s m a y b e f or w ar d e d o nli n e at:  
w w w.ri n a. or g. u k/ m ariti m e s af et y a w ar d

or b y e m ail t o:   
m ariti m e s af et y a w ar d @ri n a. or g. u k

N o mi n ati o n s s h o ul d arri v e at RI N A 
H e a d q u art er s b y 3 1 J a n u ar y 2 0 2 1

Q u eri e s a b o ut t h e A w ar d s h o ul d b e  
f or w ar d e d t o t h e C hi ef E x e c uti v e at: 
h q @ri n a. or g. u k 
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E DI T O RI A L C O M M E N T

S u st ai ni n g h u m a n 
r es o ur c es

Kit a c k Li m h a s b e e n hi g hli g hti n g t h e h u m a nit ari a n cri si s f a c e d b y 

s e af ar er s. S o ur c e I M O

2
0 2 0 is c o nti n ui n g t o b e a y e ar t h at 

m a n y of us w o ul d li ke t o f or g et. At t h e 

ti m e of writi n g it’s st arti n g t o l o o k li ke 

a s e c o n d w a v e of C o vi d- 1 9 is n o w i n e vit a -

bl e i n t h e U K a n d t h at at t h e v er y l e ast s o ci al 

dist a n ci n g restri cti o ns will b e i n pl a c e f or a 

f urt h er si x m o nt hs, p ot e nti all y e ve n a n ot h er-

l o c k d o w n. Te nt ati v e pl a ns f or a r e o p e ni n g 

of RI N A’s L o n d o n offi c es i n O ct o b er als o 

a p p e ar li kel y t o b e p ut o n h ol d.

T h at  sit u ati o n  is  b ei n g  mirr or e d  i n  

m a n y ot h er c o u ntri es a n d t h e i m p a ct of 

t h e p a n d e mi c o n m ariti m e e c o n o mi cs w as 

u n a v oi d a bl y o n e of t h e d o mi n a nt dis c us -

si o n t o pi cs at t his y e ar’s c o nf er e n c e f or t h e 

I nt er n ati o n al  U ni o n  of  M ari n e  I ns ur ers,  

w hi c h t o o k pl a c e o nli n e o n 1 4- 2 5 S e pt e m -

b er. I n a pr es e nt ati o n, Cl ar ks o n R es e ar c h 

S er vi c es’ m a n a gi n g dire ct or Ste p h e n G or d o n 

s ai d t h at al m ost a billi o n t o n n es of tr a d e 

w o ul d b e l ost t his y e ar, a m o u nti n g t o ar o u n d 

4. 6 % t o t o n n e mil es, c o m p ar a bl e wit h t h e 

2 0 0 8- 2 0 0 9 fi n a n ci al crisis b ut n ot as s e v er e 

as it mi g ht h a v e b e e n. 

It’s  b e e n  a  v er y  mi x e d  pi ct ur e  f or  t h e  

di ffere nt s e ct ors. O n t h e pl us si d e f or t a n kers, 

t h e 1 7 milli o n b arrel dr o p i n oil d e m a n d i n 

t h e s e c o n d q u art er l e a di n g o n t o s o m e of 

t h e b est e v er r at es as s hi ps w er e d e pl o y e d 

f or o ffs h ore st or a g e. C o nt ai n er s hi ps p e a ke d 

at 1 1 % i dl e c a p a cit y b ut t h e li n es m a n a g e d 

cir c u mst a n c es w ell wit h bl a n k s aili n gs a n d 

sl o w st e a mi n g (t o t h e e xt e nt t h at i n s o m e 

c as es it’s b e e n m or e c ost e ff e cti v e t o tr a v el 

ar o u n d t h e C a p e of G o o d H o p e t h a n p a y t o 

p ass t hr o u g h t h e S u e z C a n al). C ar c arri ers 

h a v e s uff er e d fr o m a si g nifi c a nt dr o p i n  

d e m a n d, wit h pr oj e cti o ns t h at fi v e milli o n 

l ess v e hi cl es will b e tr a ns p ort e d t his y e ar 

fr o m t h e us u al 2 1 milli o n. B ut t h es e l oss es 

are d w arf e d b y t h os e of f erri es ( 4 4 % d o w n) 

a n d of c o urs e cr uis e ( d o w n b y 8 8 %).

A fh er t h e i niti al p a ni c of F e br u ar y a n d 

M ar c h m ost s hi p y ar ds i n C hi n a a n d S o ut h 

K or e a h a v e b e e n a bl e t o r es u m e w or k s o 

t h er e  h as  o nl y  b e e n  a  m ar gi n al  dr o p  i n  

d eli v eri es. Th e l o w or d er b o o k of re c e nt y e ars 

(r e pr es e nti n g j ust 1 0 % of gr oss t o n n a g e at 

t h e st art of 2 0 2 0) c o m p ar e d t o t h e m or e 

re c kl ess ti m es of 2 0 0 8 ( w h e n t h e or d er b o o k 

r e pr es e nt e d 5 2 % of p ossi bl e gt) m e a ns t h e 

eff e cts s h o ul d pr o v e f ar l ess c at astr o p hi c 

t h a n t h e y mi g ht h a v e b e e n. I n d e e d, t h ere is 

a pr e v aili n g s e nti m e nt t h at t his l ull s h o ul d 

b e  s e e n  as  a n  o p p ort u nit y  f or  s hi p o w n -

ers t o t a k e st o c k a n d m a k e m or e i nf or m e d 

d e cisi o ns  a b o ut  gr e e n  t e c h n ol o gi es.  T h e  

c o n c er n p er h a ps is t h at m a y b e c o m e a n  

e xc us e f or m ore pre v ari c ati o n.

B ut t h er e ar e m or e ur g e nt r e p erc ussi o ns 

fr o m C o vi d- 1 9 a n d I M O S e cret ar y G e n er al 

Kit a c k Li m us e d W orl d M ariti m e D a y ( 2 4 

S e pt e m b er) t o hi g hli g ht t h e pli g ht of t h e 

8 0 0, 0 0 0 s e af arers w h o re m ai n eit her str a n d e d 

at s e a or u n a bl e t o ret ur n t o t h eir vess els d u e 

t o restri cti o ns, wit h m a n y g o v er n m e nts still 

n ot re c o g nisi n g t h e m as ke y w or kers. 

The t he me f or t his ye ar’s e ve nt, pres u m a bl y 

d e ci d e d u p o n l o n g b ef ore t h e p a n d e mi c, w as 

‘ S ust ai n a ble S hi p pi n g’, w hic h mi g ht or di n aril y 

h a ve f o c us e d o n iss u es s uc h as e ff orts t o w ar ds 

d e c ar b o nis ati o n a n d ot h er gr e e n c o n c er ns. 

H o w e v er, t h e c ar e f or a n d m a n a g e m e nt of 

h u m a n res o urc es is li k el y t o b e c o m e a vit al 

c o m p o ne nt of t h at a n d o ne t h at m ariti me c a n 

ill a ff or d t o i g n ore. The s e af arer pre di c a m e nt 

is a n ot h er e x a m pl e of h o w s hi p pi n g o nl y 

r e all y e nt ers t h e br o a d er p u bli c c o ns ci o us-

ness w he n t here’s s o me ki n d of dis aster, b e it 

e n vir o n m e nt al or h u m a nit ari a n. 

Gi v e n s u c h n e g ati vit y, a n d t h e c o m p eti -

ti o n f or t h eir s er vi c es fr o m ot h er i n d ustri es 

pr e p ar e d t o p a y as m u c h if n ot m or e wit h 

n o n e  of  t h e  i n c o n v e ni e n c e,  w h y  s h o ul d  

G e n er ati o n Z (t h os e b or n i n t h e 2 0 0 0’s) fi n d 

a n yt hi n g a p p e ali n g a b o ut g oi n g t o s e a? As I 

h e ar d o n e c o m m e nt at or s u g g est e arli er, t h e 

v er y i d e a of a m ariti m e c are er s o u n ds li ke a 

reli c of t h e i n d ustri al a g e.

B ei n g a p u bli c ati o n pri m aril y ori e nt at e d 

t o w ar ds n a v al ar c hit e cts t h er e c o ul d b e a n 

i n cli n ati o n si m pl y t o c o nsi g n t his t o t h e 

‘ h u m a n  el e m e nt’  c ol u m n,  b ut  t h er e  ar e  

re p erc ussi o ns t o o f or s hi p d esi g n. S o m e m a y 

s e e m c o m p ar ati v el y m o d est, s u c h as e ff orts 

t o  m a k e  s hi p  a c c o m m o d ati o n  q u art ers  

m or e  attr a cti v e  a n d  i n h a bit a bl e  li vi n g  

s p a c es ( alt h o u g h I i m a gi n e t his is of li mit e d 

c o ns ol ati o n t o cr e w s e p ar at e d fr o m f a mil y 

f or 1 8 m o nt hs). Ot h ers r el at e t o t h e r ol es 

a n d r es p o nsi biliti es of t o m orr o w’s s e af ar er. 

H o w m a n y cr e w will b e n e e d e d o n b o ar d 

f ut ure s m art s hi ps a n d h o w will t h e y s p e n d 

t h eir ti m e if m or e as p e cts of t h e o p er ati o n 

are m a n a g e d o ns h ore?

M ost a ns w ers t o t h at still a p p e ar t o b e 

s p e c ul ati v e a n d c o m e wit h a w h ol e ot h er s et 

of q u esti o ns a b o ut tr ai ni n g a n d e d u c ati o n. 

B ut as wit h gr e e n t e c h n ol o gi es, t his m a y 

b e t h e ti m e w h e n it o u g ht t o st art b ei n g 

a d dr ess e d. I n t h e dri v e t o w ar ds o pti mi -

s ati o n, b ot h i n s hi p d esi g n a n d o ns h or e 

i nfr astr u ct ur e, t h e n e e ds of t h e s e af ar er 

h a v e b e e n l o w o n t h e list of pri oriti es. If w e 

w a nt o ur b est a n d bri g ht est t o w or k t h es e 

v ess els t h e y will n e e d t o b e c o n vi n c e d t h at 

t h e y ar e v al u e d. N A

T h e N a v al Ar c hit e ct O ct o b er 2 0 2 0 7
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N E W S

T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0

E mi s si o n s c o ntr ol

M HI t o tri al C O
2
 c a pt ur e 

s yst e m 
Mit s u bi s hi  H e a v y  I n d u st ri e s’  ( M HI)  Mit s u bi s hi  

S hi p b uil di n g will t est t h e w orl d’s first m ari n e- b as e d 

d e m o nst r ati o n  of  a n  at  s e a  C O
2
 c a pt u r e  s yst e m  

o n b o ar d a “ K ” Li n e c o al c arri er.

Mit s u bi s hi  S hi p b uil di n g  i s  w o r ki n g  o n  t h e  

t w o- y e ar C ar b o n C a pt ur e o n t h e O c e a n ( C C- O c e a n) 

pr oj e ct i n c o o p er ati o n wit h K a w as a ki Kis e n K ais h a, 

Lt d ( “ K ” Li n e) a n d Ni p p o n K aiji Ky o k ai ( Cl ass N K). 

T o g et h er, t h e c o m p a ni es will c o n fir m t h e e q ui p m e nt’s 

us e as a m ari n e- b as e d C O
2
 c a pt ur e s yst e m usi n g 

tri al o p er ati o ns a n d m e as ur e m e nts o n a s m all-s c al e 

s hi p- b as e d d e m o nstr ati o n pl a nt, f or w hi c h pl a n n e d 

m a n uf a ct uri n g is mi d- 2 0 2 1. 

T o  a c hi e v e  t his,  t h e  d esi g n  of  a n  e xisti n g  C O
2 

c a pt ur e  s yst e m  f or  o ns h or e  p o w er  pl a nts  will  b e 

a d a pt e d f or t h e m ari n e e n vir o n m e nt, t h e n i nst all e d 

o n b o ar d a n i n-s er vi c e c o al c arri er f or T o h o k u El e ctri c 

P o w er, o p er at e d b y “ K ” Li n e. 

T h e  p r oj e ct  ai m s  t o  i d e ntif y  p ot e nti al  ri s k s  

a n d r u n o p e r a bilit y a n d s af et y e v al u ati o ns, f r o m 

w hi c h Mits u bis hi S hi p b uil di n g will d et er mi n e t h e 

s y st e m’s s p e cifi c ati o n r e q ui r e m e nt s a s a m a ri n e-

b a s e d d e vi c e a n d m et h o d s f o r m a ki n g t h e pl a nt 

m or e c o m p a ct. T h u s, t h e fi n di n g s will i nfl u e n c e 

f ut u r e t e c h n ol o g y d e v el o p m e nt a n d C O
2
 c a pt u r e 

s y st e m s  i nt e n d e d  f o r  u s e  o n  e x h a u st  g a s e s  of  

m ari n e e q ui p m e nt a n d s hi ps. 

M HI st at es t h at t h e C O
2
 c a pt ur e d will pr o vi d e 

si g ni fi c a nt G H G r e d u cti o ns a n d c a n b e r e p ur p os e d 

as r a w m at eri al i n s y nt h eti c f u el or as a s o ur c e f or 

e n h a n c e d oil r e c o v er y ( E O R) pr o c ess es.

T h e  C C  O c e a n  pr oj e ct  is  als o  s u p p ort e d  b y  

t h e  M ariti m e  B ur e a u  of  J a p a n’s  Mi nistr y  of  L a n d, 

I nfr astr u ct ur e, Tr a ns p ort a n d T o uris m ( M LI T), as p art 

of its o w n assist a n c e i niti ati v e f or R & D of t e c h n ol o gi -

c al a d v a n c e m e nts i n m ari n e r es o ur c e d e v el o p m e nt. 

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

Ll o y d’s R e gist er tr a nsiti o ns 

t o n e w C E O 
C urr e nt Ll o y d’s R e gist er ( L R) C E O Al ast air M ars h 

will r etir e f r o m his r ol e i n t h e L R Gr o u p B o ar d o n 

3 1 D e c e m b er 2 0 2 0 a n d will b e s u c c e e d e d b y L R’s 

m ari n e & o ffs h or e dir e ct or, Ni c k Br o w n.

M ars h, w h o i nt e n ds t o tr a nsiti o n i nt o n o n- e x e c uti v e 

a n d a d vis or y r ol es, r e fl e cts o n his fi v e- y e ar t e n ur e 

as C E O: “I h a v e h a d t h e pl e as ur e t o w or k wit h s o 

m a n y c o m mitt e d a n d t al e nt e d c oll e a g u es a n d I a m 

e n or m o usl y pr o u d of e v er yt hi n g w e h a v e a c hi e v e d 

t o g et h er, s u p p orti n g o ur cli e nts w hil e f ul filli n g o ur 

p ur p os e t o m a k e t h e w orl d a s af e pl a c e. [ …] I a m v er y 

c o n fi d e nt t h at L R will c o nti n u e t o pr os p er u n d er his 

( Ni c k’s) l e a d ers hi p, b uil di n g u p o n o ur str e n gt hs a n d 

e m br a ci n g n e w o p p ort u niti es.” 

L R’s f ut ur e C E O, Ni c k Br o w n, w h o will c o nti n u e i n 

his c urr e nt r ol e as m ari n e & o ffs h or e dir e ct or u ntil t h e 

n e w y e ar, c o m m e nts: “ M y n e w r ol e c o m es at a ti m e 

of c h a n g e – t h e p a n d e mi c, gl o b al e c o n o mi c r e c o v er y 

a n d cli m at e c h a n g e – a n d I a m c o n fi d e nt t h at Ll o y d’s 

R e gist er h as b ot h t h e a gilit y a n d r esili e n c e t o s ur vi v e 

a n d t hri v e.”

F u el s

BI M C O p u blis h es V L S F O 

q u alit y s ur v e y
BI M C O h as p u blis h e d its i n d ust r y s ur v e y o n t h e 

tr a nsiti o n t o l o w-s ul p h ur f u el oil, w hi c h h as r e v e al e d 

q u alit y  a n d  s af et y  i s s u e s  t h at  will  c o nti n u e  t o  

c h all e n g e t h e m ariti m e s e ct or. 

T h e  s u r v e y  r el e a s e d  b y  BI M C O,  I nt e r c a r g o,  

I nt e rt a n k o  a n d  t h e  I nt e r n ati o n al  C h a m b e r  of  

S hi p pi n g  (I C S),  w a s  o p e n  b et w e e n  2 4  F e br u ar y  

a n d 6 M a y. It f o c uss es o n pr o p erti es of I M O 2 0 2 0 

c o m pli a nt  f u el  oil  t h at  c a n  p ot e nti all y  l e a d  t o  

pr o bl e ms o n b o ar d, wit h i n cr e as e d sl u d g e d e p osits 

a n d w a x a p p e ar a n c e f o u n d t o b e t h e m ost c o m m o n 

o p er ati o n al iss u es e x p eri e n c e d.

C o n c e pt ill u str ati o n of t h e C O
2
 r e c o v er y d e m o pl a nt

Br o w n will t a k e 

o v er a s L R’ s 

gr o u p C E O 

fr o m 1 J a n u ar y

N A _ O C T 2 0 _ 0 8 + 1 0.i n d d   8N A _ O C T 2 0 _ 0 8 + 1 0.i n d d   8 2 9/ 0 9/ 2 0 2 0   0 9: 0 6: 5 22 9/ 0 9/ 2 0 2 0   0 9: 0 6: 5 2



Y O U R S U P P LI E R T O 
G O V E R N M E N T A L 
V E S S E L S  
P A L FI N G E R‘ s m ari n e b u si n e s s o ff er s a wi d e r a n g e of st a n d ar di z e d a s w ell 
a s c u st o mi z e d d e c k e q ui p m e nt a n d b o at s f or g o v er n m e nt al v e s s el s.
Wit h a n i m pr e s si v e tr a c k r e c or d of c u st o m er s o p er ati n g i n ar e a s s u c h a s
r e s c u e a n d fi r e fi g hti n g a s w ell a s n a v y a n d c o a st g u ar d, P A L FI N G E R h a s 
pr o v e n it s elf a s a r eli a bl e s u p pli er of hi g h- p erf or m a n c e
a n d - q u alit y pr o d u ct s t o g o v er n m e nt al v e s s el s ar o u n d t h e gl o b e.

– C R A N E S | D A VI T S | WI N C H E S 
– G O V E R N M E N T A L A N D P R O F E S SI O N A L B O A T S
– LI F TI N G A N D H A N D LI N G E Q UI P M E N T
– S LI P W A Y S Y S T E M S | A C C E S S E Q UI P M E N T

P A L FI N G E R M A RI N E. C O M

C
o
pyri

g
ht: 

B
M
T 

D
ef

e
n
c
e 

& 
S
e
c
urit

y 
U

K 
Lt

d.

N A _ O C T 2 0 _ 0 9.i n d d   9N A _ O C T 2 0 _ 0 9.i n d d   9 2 3/ 0 9/ 2 0 2 0   1 1: 5 5: 3 32 3/ 0 9/ 2 0 2 0   1 1: 5 5: 3 3
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1 0 T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0

Ot h er pr o bl e m ati c l o w-s ul p h ur f u el oil tr aits c a n 

i n cl u d e cl o g gi n g of f u el pi p es, pr e h e at ers, f u el s e p ar a-

t ors a n d f u el filt ers, f u el p u m ps g etti n g st u c k, f u el 

i nj e cti o n pr o bl e ms a n d p o or i g niti o n of f u el oil. 

fh e f e e d b a c k als o s h o ws a w orl d wi d e c h all e n g e of 

f u el c h ar a ct eristi cs a n d li mits b ei n g o ff s p e ci fi c ati o n, 

m ost o Th e n i n t ot al s e di m e nt, al u mi ni u m pl us sili c o n, 

p o ur p oi nt, as h, fl as h p oi nt, a ci d n u m b er a n d vis c osit y. 

F urt h er, t h e s ur v e y i n di c at es t h at s ul p h ur c o nt e nt is 

o n e of t h e m ost fr e q u e nt p ar a m et ers r e c or d e d as o ff 

s p e ci fi c ati o n d uri n g p ost- b u n k eri n g f u el oil t ests, w hi c h 

s u g g ests n o n- c o m pli a n c e wit h M A R P O L a n n e x VI.

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

I R Cl ass att ai ns U S C G 

r e c o g niti o n
T h e  I n di a n  R e gi st e r  of  S hi p pi n g  (I R Cl a ss)  h a s  

r e c ei v e d a ut h oris ati o n as a R e c o g nis e d Or g a nis ati o n 

( R O) b y t h e U S fl a g a d mi nistr ati o n.

T h e  r e c o g niti o n  a c k n o wl e d g es  I R Cl ass’  eff orts  

t o m e et t h e U nit e d St at es C o ast G u ar d’s ( U S C G) 

st ri n g e nt  s af et y  a n d  q u alit y  r e q ui r e m e nt s  wit h  

p arti c ul ar e m p h asis o n e n vir o n m e nt al pr ot e cti o n.

I R Cl ass n o w h as a ut h orit y t o u n d ert a k e st at ut or y 

s ur v e y a n d c erti fi c ati o n s er vi c es o n U S- fl a g g e d s hi ps 

o n b e h alf of t h e a d mi nistr ati o n, w hi c h t h e cl assi fi c a -

ti o n s o ci et y st at es is a si g ni fi c a nt d e v el o p m e nt r e fl e ct-

i n g its gr o wi n g gl o b al pr o fil e. 

Th e s o ci et y h as als o g ai n e d r e c o g niti o n fr o m t h e 

E U i n 2 0 1 6, as w ell as fl a g st at es s u c h as D e n m ar k, 

N et h erl a n ds, C y pr us a n d m or e. C oll e cti v el y, t h e fl a gs 

t h at h a v e a w ar d e d I R Cl ass a ut h oris ati o n e q u at e t o 

5 8 % of t h e gl o b al d wt t o n n a g e. 

I R Cl ass e x e c uti v e c h air m a n, Ar u n S h ar a, c o m m e nts 

t h at: “I R Cl ass is o n a str o n g a n d c o nti n u o us gr o wt h 

p at h  a n d  t his  i m p ort a nt  r e c o g niti o n  fr o m  t h e  U S 

C o ast G u ar d o nl y r e a ffir ms t h e t e c h ni c al e x p ertis e a n d 

gr o wi n g c a p a biliti es of t h e or g a nis ati o n.”

Cr ui s e s hi p s

C ar ni v al d el a ys its cr uis e 

d eli v eri es
Cr uis e s hi p gi a nt C ar ni v al Cr uis e r e p orts d el a ys i n t h e 

e x p e ct e d d eli v er y of its n e w v ess els, wit h a r e d u c e d 

o utl o o k f or n e w b uil ds o n or d er b e y o n d 2 0 2 0. 

C ar ni v al h a d b e e n ori gi n all y a nti ci p ati n g t h e d eli v er y 

of f o ur cr uis e s hi ps t his y e ar b ut n o w e x p e cts t o t a k e o n 

t w o n e w v ess els b et w e e n n o w a n d t h e e n d of N o v e m b er. 

P & O I o n a  is a w aiti n g a c c e pt a n c e fr o m M e y er Wer Th 

f oll o wi n g  its  c o m pl eti o n  i n  G er m a n y.  Els e w h er e,  

Pri n c ess Cr uis es’ E mer al d Pri ncess  a n d C ost a’s C ost a 

Fire n ze  ar e b ot h n e ari n g c o m pl eti o n b y Fi n c a nti eri. 

Ori gi n all y s c h e d ul e d f or ni n e s hi p d eli v eri es i n t h e 

n e xt t w o y e ars, C ar ni v al n o w a w aits d eli v er y o n j ust 

t hr e e a d diti o n al v ess els d uri n g t h e fis c al y e ar 2 0 2 1. 

F urt h er, t h e c o m p a n y h as or d ers f or 1 6 cr uis e s hi ps 

d u e f or d eli v er y u p u ntil 2 0 2 5. 

E ff orts t o sl o w d eli v eri es of n e w v ess els a n d i m pr o v e 

t h e e ffi ci e n c y of its fl e et ar os e a Th er C ar ni v al a n n o u n c e d 

a l oss of al m ost U S $ 3 billi o n i n Q 3 2 0 2 0, U S $ 1 billi o n 

of w hi c h w as i n i m p air m e nt c h ar g es. 

Alt er n ati v e f u el s

A B S i ntr o d u c es alt er n ati v e 

f u el r e a d y g ui d e
T h e  A m e ri c a n  B u r e a u  of  S hi p pi n g  ( A B S)  h a s  

l a u n c h e d its ‘ Alt e r n ati v e F u el R e a d y’ a p pr o a c h, a 

g ui d e t o s u p p ort t h e i n d ustr y’s a d o pti o n of n e w f u el 

t e c h n ol o gi es.

P u blis h e d as p art of t h e s o ci et y’s ‘ G ui d e f or G as a n d 

Ot h er L o w- Fl as h p oi nt F u el R e a d y Vess els’, t h e Alt er n a -

ti v e F u el R e a d y m o d el will h el p s hi p o w n ers eit h er 

b uil d n e w v ess els or c o n v ert e xisti n g s hi ps t o us e L N G, 

m et h a n ol, et h a n e, L P G, h y dr o g e n, a m m o ni a, or a n y 

ot h er l o w- fl as h p oi nt f u el. 

Th e a p pr o a c h, w hi c h re pl a c es A B S’ pre vi o us ‘ G ui d e f or 

L N G F u el R e a d y Vess els’, als o e n c o m p ass es s u p p ort f or 

s hi p o w n ers i nt e n di n g t o or d er c o n v e nti o n all y p o w ere d 

v ess els d esi g n e d t o b e a d a pt e d f or l o w- fl as h p oi nt f u els  

i n t h e f ut ure, a k a ‘ Alt er n ati v e F u el R e a d y.’

A c c or di n g t o G ar et h B urt o n, A B S vi c e pr esi d e nt 

f or t e c h n ol o g y, t h e g ui d e’s c o n c e pt all o ws s hi p o w n-

ers t o pl a n t h eir f ut ur e fl e ets t o a d a pt t o t h e e v ol vi n g 

r e g ul at or y a n d t e c h n ol o gi c al l a n ds c a p e. It i d e nti fi es 

k e y t e c h ni c al iss u es r el e v a nt t o d e v el o pi n g v ess els 

c a p a bl e of l o w- fl as h p oi nt f u el o p er ati o ns a n d i n cl u d es 

a s eri es of c orr es p o n di n g n ot ati o ns as w ell as a t hr e e-

l e v el pr o gr a m m e of alt er n ati v e f u el r e a di n ess t hr o u g h 

c o n c e pt, d esi g n a n d i nst all ati o n. 

A B S a d ds t h at its g ui d e w as pr o d u c e d i n a nti ci p a -

ti o n of a n e m er gi n g tr e n d f or l o w- fl as h p oi nt f u els, 

w hi c h it e x p e cts t o i n cr e as e as m ariti m e l o o ks t o I M O 

2 0 3 0 a n d 2 0 5 0 d e c ar b o nis ati o n t ar g ets. N A

P & O I o n a  h a s c o m pl et e d c o n str u cti o n a n d i s still d u e 

t o b e d eli v er e d t hi s y e ar
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I nt er n a fh o n al R e gi stri e s, I n c.  

i n a Thli a Th o n wit h t h e M ar s h all I sl a n d s M ari Th m e & C or p or at e A d mi ni str at or s i nf o @r e gi st er-iri. c o m

P ort St at e C o ntr ol D et e n Th o n Tr e n d s ( %)

M ar s h all I sl a n d s Li b eri a P a n a m a

Fl y t h e w orl d’ s  
q u alit y Th a g
Wit h st e a df a st q u alit y a n d u n m at c h e d 
s er vi c e w e c o n si st e ntl y o ut p erf or m 
ot h er Th a g s. O ur r e c or d s p e a k s f or it s elf.

w w w.r e gi st er-iri. c o m

U S C G

0. 7 9 % 1. 2 4 % * 1. 0 8 % * 2. 1 9 % 3. 0 1 % 3. 3 1 %

T o k y o M o U

1. 5 4 % 2. 0 5 % 5. 1 8 %

P ari s M o U

7. 4 6 % * *4. 2 3 % 6. 0 2 % * *

A M S A

*	 Li b eri a 	a n d 	P a n a m a 	ar e 	t ar g et e d	f or	a d di Th o n al 	P S C 	e x a mi n a ti o n s 	b y 	t h e	U S C G 	f or	h a vi n g 	
a 	d et e n ti o n 	r a ti o	u p 	t o	t w o	ti m e s 	t h e	o v er all 	d et e n ti o n 	a v er a g e.

S o ur c e s: 2 0 1 9 P ort St at e C o ntr ol A n n u al R e p ort s.

* *	 Li b eri a 	a n d 	P a n a m a 	h a v e 	e x c e e d e d 	t h e	o v er all 	A M S A 	
a v er a g e 	 d et e n ti o n 	 r at e	 o v er 	 t h e	 t hr e e	 y e ar s 	 fr o m	
2 0 1 7 – 2 0 1 9 	 a n d 	 Li b eri a 	 i s	 li st e d	 a m o n g 	 t h e	 t o p	 
ti v e 	w or st 	d et e n ff o n 	r at e s	b y 	ti a g 	St at e.

N A _ O C T 2 0 _ 1 1.i n d d   9N A _ O C T 2 0 _ 1 1.i n d d   9 2 3/ 0 9/ 2 0 2 0   1 1: 5 7: 1 02 3/ 0 9/ 2 0 2 0   1 1: 5 7: 1 0



1 2

N E W S A N A L Y SI S

T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0

O
r di n aril y, S e pt e m b er i n a n e v e n n u m b ere d ye ar 

w o ul d s e e n e ws p a g es d o mi n at e d b y r e p orts 

of n e w e q ui p m e nt e x hi bit e d or a n n o u n c e d at 

S M M i n Ha m b ur g a n d b y vi e ws a n d o pi ni o ns e x press e d 

at t h e m a n y c o nf ere n c es, s e mi n ars a n d w or ks h o ps t h at 

are h el d al o n gsi d e t h e e x hi biti o n.

U nf ort u n at el y, t h e C o vi d- 1 9 p a n d e mi c h as p ut p ai d t o 

t h at a n d re a di n g b et w e e n t h e li n es of a n a n n o u n c e m e nt 

iss u e d b y t h e S M M or g a nis ers o n t h e d a y t h e e x hi biti o n 

w as d u e t o o p e n, it w o ul d a p p e ar t h at t h e p ost p o n e d 

e v e nt n o w s c h e d ul e d t o b e h el d i n Fe br u ar y n e xt y e ar 

m a y n ot b e i n t he f a mili ar f or m at t h at m ost w o ul d e x p e ct.

S M M 2 0 2 1 will, it s e e ms, b e a h y bri d e v e nt, c o m bi n -

i n g t h e e x hi biti o n h alls wit h a n o nli n e pr o gr a m m e t o 

c at er f or visit ors w h o w o ul d r at h er p arti ci p at e fr o m a 

dist a n c e. J ust n o w t h e or g a nis ers ar e l o o ki n g at b ei n g 

a bl e t o m a ke s ure t h at s o ci al dist a n ci n g r ul es a n d reli a bl e 

c o nt a ct tr a ci n g c a n b e i m pl e m e nt e d. Visit or n u m b ers 

will a p p are ntl y b e li mit e d alt h o u g h e x a ctl y h o w h as n ot 

y et b e e n e x pl ai n e d. 

fh er e w as, h o w e v er, t h e s pirit of S M M n oti c e a bl e 

i n m u c h of S e pt e m b er n e ws b e c a us e o n e of t h e m ai n 

t h e m es of t h e c o nfere n c e pr o gr a m m e w o ul d h a v e b e e n 

t h e d e c ar b o nis ati o n of s hi p pi n g, a s u bj e ct t h at is q uit e 

e vi d e nt i n n e ws fr o m a v ari et y of s o urc es. 

S o f ar m ost i nt erest i n 2 0 2 0 h as b e e n t h e p ot e nti al of 

a m m o ni a b ut t w o a n n o u n c e m e nts s er v e t o re mi n d t h e 

i n d ustr y t h at f u el c ells, o n t h e b a c k b ur n er f or s e v er al 

y e ars, are still s e e n as h a vi n g a r ol e t o pl a y. 

C a n a d a- b as e d B all ar d P o w er S yst e ms e m pl o y e d a n 

o nli n e l a u n c h f or w h at it s a ys is t h e first m o d ul e d esi g n e d 

f or pri m ar y p o w er pr o p ulsi o n. B all ar d’s F C w a v e f u el c ell 

is a 2 0 0 k W m o d ul ar u nit t h at c a n b e s c al e d i n s eri es 

u p t o al m ost a n y l e v el. R o b C a m p b ell, B all ar d’s c hi ef 

c o m m erci al o ffi c er s a ys: “ B all ar d is f o c us e d o n He a v y- 

a n d M e di u m- D ut y M oti v e a p pli c ati o ns, p arti c ul arl y 

w h er e r e q uir e m e nts i n cl u d e h e a v y p a yl o a d, e xt e n d e d 

r a n g e a n d r a pi d r ef u elli n g”. He a d ds t h at t his l a n d us e 

e x p eri e n c e c a n b e tr a nsferre d t o m ari n e. To t h at e n d, t h e 

c o m p a n y is pl a n ni n g t o st art pr o d u cti o n i n D e n m ar k 

a n d is c urr e ntl y e n g a g e d i n o bt ai ni n g t y p e a p pr o v al 

pr o c ess fr o m D N V G L.

Asi d e fr o m t h e B all ar d a n n o u n c e m e nt a n d a n ot h er 

fr o m J a p a n w h er e a c o ns orti u m is e x pl ori n g f u el c ells, 

al m ost all ot h er d e v el o p m e nts s uit e d t o l o n g dist a n c e 

s hi p pi n g c o n c er n usi n g alt er n ati v e f u els i n i nt er n al  

c o m b usti o n e n gi n es. A m m o ni a, m et h a n ol a n d L P G are 

o n t h e list f or t h e mi d t er m b ut t h e pres e nt f a v o urit e t o 

r e pl a c e oil i n t h e s h ort t er m is e asil y L N G. Its p ositi o n 

w as rei nf orc e d t hr o u g h o ut S e pt e m b er wit h s e v er al s hi ps 

i nt e n d e d t o r u n b ei n g l a u n c h e d, n a m e d or d eli v ere d.

T h e  m o nt h  o p e n e d  wit h  a  n a mi n g  c er e m o n y  at  

S hi n K ur us hi m a T o y o h as hi S hi p b uil di n g i n J a p a n f or 

N Y K Li n e’s n e w L N G-f u ell e d P C T C S a k ur a L e a der . 

S c h e d ul e d f or d eli v er y i n O ct o b er, t h e v ess el is t h e first 

l ar g e g as-f u ell e d c ar c arri er t o b e b uilt i n Ja p a n.

O n 1 6 S e pt e m b er, E ast er n P a cifi c S hi p pi n g t o o k 

d eli v er y of t h e 1 4, 8 0 0 T E U C M A C G M Te nere,  t h e first 

V L C S b uilt t o r u n o n L N G i m m e di at el y r at h er t h a n 

b ei n g m er el y L N G r e a d y (s e e als o p. 1 9). As t h e n a m e 

s u g g ests, t h e v ess el is b ei n g o p er at e d o n c h art er b y 

Fr e n c h li n er m aj or C M A C G M. D eli v er y of t h e v ess el 

w as a fitti n g pr el u d e t o t h e d eli v er y o n 2 2 S e pt e m b er 

of t h e w orl d’s l ar g est L N G-f u ell e d c o nt ai n er s hi p a n d 

C M A C G M’s n e w fl a gs hi p t h e 2 3, 0 0 0 T E U C M A C G M 

J ac q ues S a a de. 

B ot h C M A C G M v ess els will b e b u n k er e d b y G as 

Agilit y , t h e w orl d’s l ar g est L N G b u n k er v ess el. Th e s hi p 

its elf w as d eli v er e d i n A pril t his y e ar b ut t h e n a mi n g 

c ere m o n y t o o k pl a c e i n R otter d a m o nl y o n 1 8 S e pte m b er. 

A n ot h er si g ni fi c a nt L N G f u ell e d v ess el l a u n c h e d i n 

S e pt e m b er w as Ele a n or R o ose velt . B ei n g b uilt f or B al e ari a 

i n Gij o n, S p ai n t h e v ess el will b e t h e f ast est r o- p a x ferr y 

p o w ere d b y re ci pr o c ati n g e n gi n es w h e n d eli v ere d e arl y 

n e xt y e ar. Its Wärtsil ä 3 1 D F e n gi n es will gi v e it a s er vi c e 

s p e e d of 3 5 k n ots. 

H o w e v er, i n t er ms of si g ni fi c a n c e, it w as t h e l a u n c h 

b y  B e H y dr o  of  its  h y dr o g e n- b ur ni n g  di es el  e n gi n e  

t h at m ust b e at t h e t o p. Th e j oi nt v e nt ur e b et w e e n 

B el gi a n or g a nis ati o ns, s hi p o w n er C M B a n d e n gi n e 

m a k er A n gl o- B el gi a n C or p or ati o n ( A B C) u n v eil e d its 

pr ot ot y p e e n gi n e o n 1 8 S e pt e m b er.

Th e e n gi n e is b as e d o n A B C’s D Z D s eri es of d u al-f u el 

e n gi n es a n d r u ns o n a mi xt ur e of h y dr o g e n a n d di es el 

or M G O. Di es el is n e c ess ar y as a pil ot f u el a n d w h e n 

n e c ess ar y t h e e n gi n e c a n r u n o n di es el or bi o di es el. 

B e H y dr o h as alre a d y re c ei v e d its first or d er f or a p air 

of 1 M W d u al-f u el e n gi n es t h at will b e i nst all e d o n b o ar d 

t h e H y dr o T u g  w hi c h  w as  c o m missi o n e d  b y  P ort  of  

A nt w er p a n d is pl a n n e d t o b e o p er ati o n al s o m e ti m e 

n e xt y e ar. Wit h t h e l a u n c h of t h e n e w e n gi n es, B e H y dr o 

e x pl ai ns t h at i n a first p h as e of pr o d u cti o n, u p t o 1 0 0 

h y dr o g e n- p o w er e d e n gi n es c a n b e pr o d u c e d p er y e ar. 

I n a d diti o n, B e H y dr o is d e v el o pi n g a m o n o-f u el s p ar k 

i g nit e d h y dr o ge n e n gi n e t h at is als o s u p p os e d t o b e re a d y 

f or pr o d u cti o n n e xt y e ar. N A

Th e a bs e n c e of m ariti m e’s bi g g est s h o w c as e h as n’t m e a nt a n 

a bs e n c e of a n n o u n c e m e nts, writ es M al c ol m L at arc h e

L N G t a ki n g off as S M M e x hi biti o n 
g o es A W O L
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1 4 T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0

N e w s | E Q UI P M E N T

D at a a n al yti c s

K o n gs b er g si g ns J A W S 

s oft w ar e a gr e e m e nt
Te c h n ol o g y  s p e ci ali st  K o n g s b e r g  M a riti m e  h a s  

si g n e d a n a gr e e m e nt t o d eli v er t h e p at e nt e d dr aft a n d 

tri m o pti mis ati o n s oft w ar e, J ust A d d Wat er S yst e m 

(J A W S), w hi c h h as b e e n d e v el o p e d b y S h ell. 

K o n gs b er g M ariti m e’s K-I M S di git al s uit e will b e 

t h e pri m ar y o utl et f or distri b uti n g t h e J A W S s oft w ar e. 

As a n a p pli c ati o n o n t h e K-I M S pl atf or m, J A W S will 

b e a c c essi bl e t o h u n dr e ds of e xisti n g L N G c ust o m ers 

utilisi n g t h e di git al s uit e, as w ell as n e w c ust o m ers. 

K-I M S  c o m bi n e s  d at a-l o g gi n g  a n d  c o m m u ni c a -

ti o ns t o g et h er o n o n e pl atf or m f or a c o m pr e h e nsi v e 

i nf or m ati o n fl o w f or fl e et o w n ers, c h art er ers a n d 

t hir d p arti es. 

E gil H a u gs d al, pr esi d e nt of K o n gs b er g M ariti m e, 

s a ys t h at t h e a gr e e m e nts b et w e e n t h e t w o c o m p a ni es 

s et s  a n  e n c o u r a gi n g  e x a m pl e  t o  t h e  i n d u st r y,  

s h o wi n g t h at s hi p pi n g c a n b e c o m e gr e e n er t hr o u g h 

cl os e c oll a b or ati o n.

S h ell d e v el o p e d its J A W S s oft w ar e wit h t h e U ni v er -

sit y  of  S o ut h a m pt o n  (s e e  T N A  S e pt,  p g  3 6).  T h e 

t e c h n ol o g y us es hist ori c, hi g h-fr e q u e n c y d at a fr o m 

t h e v ess el t o i d e ntif y o pti m al c o n diti o ns e x p eri e n c e d 

o n pr e vi o us v o y a g es. T his all o ws t h e J A W S s oft w ar e 

t o r e c o m m e n d dr aft a n d t ri m e n h a n c e m e nts, f or 

v ess el’s  o p er ati n g  at  a n y  s p e e d,  t o  mi ni mis e  f u el 

c o ns u m pti o n a n d e missi o ns. 

Cl assifi c ati o n  s o ci et y  D N V  G L  h as  als o  b e e n  

i n v ol v e d  i n  t h e  d e v el o p m e nt  of  J A W S,  t h r o u g h  

its Te c h n ol o g y Q u alifi c ati o n ( T Q) pr o c ess; it h as 

ass ess e d t h e m et h o d ol o gi es e m pl o y e d b y J A W S a n d 

e ns ur e d t h at t h e s oft w ar e’s c al c ul ati o ns ar e b as e d 

u p o n a c c ur at e a n d r eli a bl e us e of d at a. 

J A W S h as b e e n utilis e d b y o v er 5 0 v ess els t o d at e 

a n d t his y e ar S h ell pl a ns t o i n cr e as e its distri b uti o n 

a cr oss a f urt h er 2 0 v ess els i n its L N G fl e et. 

D at a a n al yti c s

S M W S pl a ns fl e et wi d e A B B 

di a g n osti cs i nst all ati o n
S h a n g h ai Mi n g Wa h S hi p pi n g ( S M W S) will e q ui p its 

e ntir e 1 2 b ul k c arri er fl e et wit h A B B’s e n gi n e a n al yti cs 

s oft w ar e, A B B A bilit y Te k o m ar X P E R T, aft er a s u c c ess-

f ul tri al o n t w o of its v ess els t h at b e g a n i n Fe br u ar y 2 0 1 9. 

L at e r,  i n  J u n e  2 0 1 9,  S M W S  i nst all e d  Te k o m ar  

E X P E R T o n f o ur of its v ess els a n d h as si n c e s e e n a 

f u el s a vi n g of 0. 6 2t o n n es p er d a y o n e a c h s hi p. T h e 

s oft w ar e’s s a vi n g p ot e nti al is p arti c ul arl y si g nifi c a nt 

o n hi g h- p o w er e d e n gi n es a n d it is r e p ort e d t h at o n e 

v ess el, r u n ni n g o n a M A N B & W 6 S 4 2 M C e n gi n e, 

e x p eri e n c e d a 4. 3 g/ k W h f u el s a vi n g. 

I n J ul y t his y e ar, t h e c o m p a n y e xt e n d e d its or d er 

b y a f urt h er ei g ht v ess els. C oll e cti v el y, t his c o ul d 

d r a m ati c all y  i m pr o v e  t h e  v e s s el s’  e n vi r o n m e n -

t al p erf or m a n c e a n d, w h e n e m pl o y e d a cr oss all 1 2 

v ess els, m a y r e d u c e C O
2
 e missi o ns b y a pr e di ct e d 

5, 8 0 0t o n n es a n n u all y. 

Te k o m ar X P E R T pr o vi d es pr e- e m pti v e w ar ni n gs 

a n d  r e c o m m e n d ati o ns  t o  pr e v e nt  e n gi n e  f ail u r e  

b y a n al ysi n g t h e v ess el’s t ur b o c h ar g er a n d e n gi n e 

p erf or m a n c e. A B B hi g hli g hts t h at, i n o n e i nst a n c e, 

t h e t e c h n ol o g y d et e ct e d hi g h c yli n d er pr ess ur e i n a n 

e n gi n e o n o n e of S W M S’ b ul k c arri ers, a n iss u e t h at 

i n cr e as es t h e c yli n d er c o m p o n e nt’s m e c h a ni c al l o a d 

a n d c a n l e a d t o o p er ati o n al h a z ar ds. 

T h e s yst e m w or ks o n a n y e n gi n e, irr es p e cti v e of 

a g e or t y p e, a n d is b uilt o n A B B’s A bilit y pl atf or m, 

w hi c h bri n gs t h e c o m p a n y’s di git al s ol uti o ns t o g et h er 

o nt o o n e i nt er o p er a bl e pl atf or m.

W e at h er r o uti n g

J W A pr o m ot es w e at h er 

r o uti n g s er vi c e
The Ja p a n We at her Ass o ci ati o n (J W A) u n veil e d a we at her 

f or e c ast a n d o pti m u m s hi p r o uti n g s er vi c e, P O L A RI S 

N a vi g ati o n,  w hi c h  t h e  c o m p a n y  s a ys  e n h a n c e  b ot h  

fi n a n ci al a n d e c ol o gi c al b e n e fits f or v ess el o p er ati o ns.

T h e  pr o d u ct,  l a u n c h e d  i n  M ar c h  2 0 2 0,  us es  

hi g h- pr e cisi o n w e at h er a n d o c e a n w e at h er f or e c ast -

i n g i nf or m ati o n t e c h n ol o g y, as w ell as s hi p pr o p ulsi o n 

p erf or m a n c e esti m ati o n e q ui p m e nt w hi c h is c ali br at e d 

f or i n di vi d u al v ess els.

Ac c or di n g t o J W A, its P O L A RI S Na vi g ati o n te c h n ol -

o g y is s uit a ble f or b ot h i nter n ati o n al a n d d o mestic v o y a ges 

a n d d uri n g tri al o p er ati o n a b o ar d a l ar g e c o ast al r o-r o 

c arrier, t he c o m p a n y s a ys t h at wit h t his te c h n ol o g y, a 4. 2 % 

re d ucti o n i n e ner g y c o ns u m pti o n h as b e e n ac hie ve d.

A B B T ur b o c h ar gi n g a n d S h a n g h ai Mi n g W a h S hi p pi n g 

si g n t h e or d er t o i n st all A B B A bilit y T e k o m ar X P E R T 

a cr o s s t h e s hi p o w n er’ s fl e et

N A _ O C T 2 0 _ 1 4 + 1 5.i n d d   1 4N A _ O C T 2 0 _ 1 4 + 1 5.i n d d   1 4 0 2/ 1 0/ 2 0 2 0   1 4: 5 0: 3 90 2/ 1 0/ 2 0 2 0   1 4: 5 0: 3 9
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1 5T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0

J W A’s s yst e m all o ws f or effi ci e nt o p er ati o ns w h e n 

w or ki n g i n c o m bi n ati o n wit h m ari n e e q ui p m e nt fr o m 

Ja p a n R a di o C o. Lt d (J R C).

Mir ai  S hi p b uil di n g  i nst all e d  J R C’s  hi g h-s p e e d  

s at ellit e  c o m m u ni c ati o ns  s yst e m,  w hi c h  utilis es  

I n m ars at’s  Fl e et  X pr ess  ( F X),  o n b o ar d  t h e  fis hi n g  

v ess el S h of u k u  M ar u  N o. 1 . I n t his c as e, P O L A RI S 

N a vi g ati o n fitt e d f or v o y a g e s c h e d ul e assist a n c e a n d 

f or e c asti n g d at a, wit h o ut c o nsi d eri n g t h e d at a v ol u m e 

r e q uir e d. P O L A RI S N a vi g ati o n c a n als o b e li n k e d wit h 

J R C’s J M R- 5 4 0 0 r a d ar, all o wi n g S h of u k u M ar u N o. 1 ’s  

c al c ul at e d o pti m al r o ut e t o b e e x p ort e d t o its a ut o pil ot. 

P ol aris N a vi g ati o n is p art of J W A’s wi d er s uit e of 

P O L A RI S s er vi c es, w hi c h als o i n cl u d es; P O L A RI S 

F or e c ast  –  f or  w e at h e r  a n d  o c e a n  f or e c ast  d at a  

o n b o ar d, P O L A RI S Hi n d c ast – pr o vi di n g w e at h er 

a n d o c e a n d at a r el ati n g t o t h e s hi p’s tr a c k t hr o u g h 

a  w e b  a p pli c ati o n  pr o g r a m mi n g  i nt e rf a c e  ( A PI)  

a n d P O L A RI S Pl us – a n o nli n e s er vi c e f or m o nit or -

i n g v ess els w hi c h i nst all e d P O L A RI S F or e c ast a n d 

P O L A RI S N a vi g ati o n.

 

Pr o p ul si o n 

F u el O pt e x c e e ds r o- p a x 

s a vi n g pr e di cti o ns 
L e a n M ari n e’s pr o p ulsi o n a ut o m ati o n s yst e m, F u el O pt, 

h as s ur p ass e d its pr oj e ct e d f u el s a vi n gs o n v ess els f or 

r o- p a x o p er at ors C ol or Li n e a n d B o h ai F err y. 

T his y e ar, t w o of t h e w orl d’s l ar g est r o- p a x v ess els, 

C ol or Li n e’s C ol or F a nt as y  a n d C ol or M a gi c , w er e 

e q ui p p e d wit h F u el O pt, a s yst e m t h at a ut o m ati c all y 

o pti mis es pr o p ulsi v e p o w er b as e d o n s et p o w er, s p e e d 

a n d c o ns u m pti o n c o m m a n ds i n or d er t o i m pr o v e 

f u el s a vi n gs. Aft er c o nti n ui n g its f ull o p er ati o ns t his 

s u m m er, C ol or M a gic  e x p eri e n c e d its l o w est w e e kl y 

c o ns u m pti o n t o d at e. 

I n  2 0 1 9,  t h e  F u el O pt  s y st e m  w a s  i n st all e d  

o n b o a r d  C hi n e s e  r o- p a x  o p e r at or  B o h ai  F e r r y’s  

B o h ai B o u z h u  wit h t h e c o m p a n y ai mi n g t o i m pr o v e 

t h e o p e r ati o n al effi ci e n c y of its fl e et. Si n c e t h e n, 

t h e o p er at or h as r e p ort e d a c hi e vi n g a n a v er a g e f u el 

s a vi n gs of 1 2 % or a b o v e. 

Mi k a el L a uri n, L e a n M ari n e C E O, hi g hli g hts t h at t h e 

c o m p a n y is h a p p y wit h t h e r e p ort e d f u el s a vi n gs, w hi c h 

c o nfir ms t h e r e d u cti o ns t h at F u el O pt is c a p a bl e of: 

“ E v er y v ess el o p er ati n g wit h F u el O pt r e pr es e nts a st e p 

t o w ar ds a gr e e n er f ut ur e. Wit h F u el O pt i n o p er ati o n, u p 

t o 1 5 % dir e ct f u el s a vi n gs a n d e missi o n r e d u cti o ns ar e 

p ossi bl e d e p e n di n g o n t h e t y p e of pr o p ulsi o n, tr a d e a n d 

e xisti n g s yst e m s etti n gs f or t h e v ess el.” 

L e a n  M ari n e  cl ai ms  t h at,  i n  r e c e nt  y e ars,  t h e  

d e m a n d f or its F u el O pt s yst e m i n t h e r o- p a x s e ct or 

h as i n cr e as e d wit h b usi n ess es i n cl u di n g St e n a Li n e, 

C ol or Li n e, B o h ai F er r y a n d Vi ki n g Li n e m a ki n g 

u p a t ot al of 2 5 or d ers f or r o- p a x v ess els b y S e pt e m -

b er t his y e ar. T h e c o m p a n y st at es t h at t h e u pt a k e i n 

i n v est m e nt is d u e t o F u el O pt d eli v eri n g t a n gi bl e f u el 

s a vi n gs a n d C O
2
 e missi o n r e d u cti o ns.

B all a st W at er M a n a g e m e nt S y st e m s

U S C G a n d G 8 

t y p e- a p pr o v als f or B W T S’ 
Gl ost e n s pi n o ff a n d b all ast w at er tr e at m e nt s yst e m 

( B W T S) o n e Ta n k h as att ai n e d t y p e- a p pr o v al f r o m 

t h e U nit e d St at es C o ast G u ar d ( U S C G), a p pli c a bl e 

f or m o d els wit h m a xi m u m tr e at m e nt v ol u m es u p 

t o 4, 0 0 0 m³, wit h U S C G c o n fir mi n g t h at o n e Ta n k’s 

s yst e m m e ets 4 6 C F R 1 6 2. 0 6 0 B W M S r e q uir e m e nts. 

T h e o n e Ta n k s yst e m c a n tr e at u p t o 4, 0 0 0 m³ wit hi n 

3 0 h o urs. Its tr e at m e nt pr o c ess i n cl u d es a n i n-t a n k 

c h e mi c al i nj e cti o n, w h er e a b ul k c h e mi c al d os a g e is 

cir c ul at e d t hr o u g h o ut t h e v ess el’s b all ast t a n k, a n d 

a n i n-t a n k n e utr alis ati o n pri or t o dis c h ar g e. B all ast 

w at er is tr e at e d wit hi n t h e b all ast t a n k, w hi c h all o ws 

f or fl e xi bl e u pt a k e, tr e at m e nt a n d dis c h ar g e of b all ast 

w at er i n or d er t o m e et t h e s hi p o p er at ors s c h e d ul e. 

M e a n w hil e,  Te c h cr oss  h as  r e c ei v e d  t h e  n e w  G 8 

I M O B W M S c o d e fr o m t h e K or e a n g o v er n m e nt f or 

its b all ast w at er m a n a g e m e nt s yst e m ( B W M S), E C S. 

T h e E C S h as a fr es h w at er h ol di n g ti m e of 2 3 h o urs, a n 

o p er ati o n al t e m p er at ur e of m or e t h a n or e q u al t o - 2º C, 

f e e d s ali nit y of 1 P S U or a b o v e, fr o m 1. 5 P S U i n cl u di n g 

t h e mi xi n g s ol uti o n r e q uir e d f or fr es h w at er. 

T h e c o m p a n y pr e vi o usl y att ai n e d t h e s a m e a p pr o v al 

f or its n e wl y d e v el o p e d B W M S, E C S- H Y C H L O R, 

i n F e br u ar y 2 0 1 9, fr o m t h e N or w e gi a n g o v er n m e nt 

i n c o nj u n cti o n wit h D N V G L/ N or w e gi a n S hi p pi n g 

R e gist er. Wit h its r e c e nt a p pr o v al fr o m t h e K or e a n 

g o v er n m e nt, all Te c h cr oss B W M S t h at e m pl o y dir e ct 

a n d i n dir e ct el e ctr ol ysis t e c h n ol o gi es h a v e b e e n gi v e n 

I M O B W M S C O D E a p pr o v al. N A

B W T S o n e T a n k h a s r e c ei v e d t y p e - a p pr o v al fr o m U S C G

N A _ O C T 2 0 _ 1 4 + 1 5.i n d d   1 5N A _ O C T 2 0 _ 1 4 + 1 5.i n d d   1 5 0 2/ 1 0/ 2 0 2 0   1 4: 5 0: 3 90 2/ 1 0/ 2 0 2 0   1 4: 5 0: 3 9



1 6

I n- d e pt h | HI S T O RI C A L & S C H E D U L E D D E LI V E R Y S T A TI S TI C S

T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0

V e s s el T y p e 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3 2 0 1 4 2 0 1 5 2 0 1 6 2 0 1 7 2 0 1 8 2 0 1 9 2 0 2 0 S c h e d ul e d O r d e r b o o k

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d
H alf

1 s t 
H alf

2 n d
H alf

1 s t 
H alf

2 0 2 0 2 0 2 1 2 0 2 2

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 1 2 2 2 8 1 1

S u e z m a x  1 2 5- 2 0 0, 0 0 0 2 2 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 2 2 2 6 1 8

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 1 1 4 5 2 2 5

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 3 1 3 6 3

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 5 4 3 7 1 1 9

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 8 6 4 4 4 6 4 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 2 7 3 8 2 7 8

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

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 2 5 8 7 0 2 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 0 7 3 9 6 1 5

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 2 3 4 0 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 8 5 6 7 9 9 3 8

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 7 1 0 0 8 3 8 5 4 6 6 9 3 1 4 7 4 2 4 8 3 9 3 1 5 3 6 3 1 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

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 5 3 1 6 5 3 5

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 2 2 4 3 9 1 8

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 2 2 9 5 6 1 6

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 4 7 0

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 3 5 4 4 0 9 8 8 5 1 2

O ffs h or e 1 1 1 9 2 1 2 5 2 7 2 2 3 0 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 4 4 0 2 8 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 1 4 3 1 2 7

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 5 2 0 1 0 1 1 1 8 1 5 1 6 7 3 4 4 1 1 5

Ot h er 1 5 1 1 6 1 1 7 4 1 8 0 1 8 3 1 8 3 1 9 1 9 9 9 9 8 3 7 2 6 2 6 9 4 8 5 0 6 0 5 0 5 4 4 9 4 6 5 5 5 1 3 3 1 0 6 1 2 0 3 7

T O T A L  1, 1 3 0  1, 0 6 2  1, 2 6 9  1, 1 5 8  1, 2 5 9  1, 1 7 7  1, 4 1 9  8 1 3  9 0 1  6 6 8  7 2 1  6 1 0  7 7 5  6 4 5  7 7 4  5 9 5 7 7 8 5 0 8 6 3 2 4 6 1 6 2 8 5 8 4 5 5 5 8 3 9 1, 0 4 4 3 4 6

Cl ar k s o n s R e s e ar c h:  Hi st ori c al a n d S c h e d ul e d D eli v eri e s R e p ort

Or d er b o o k b y b uil d er r e gi o n ( n u m b er of v e s s el s ) Or d er b o o k b y s e ct or ( n u m b er of v e s s el s)

D at a e xtr a ct fr o m W orl d Fl e et R e gi st er a v ail a bl e at w w w. cl ar k s o n s. n et/ wfr

N A _ O C T 2 0 _ 1 6 + 1 7.i n d d   1 6N A _ O C T 2 0 _ 1 6 + 1 7.i n d d   1 6 2 8/ 0 9/ 2 0 2 0   1 6: 1 6: 4 32 8/ 0 9/ 2 0 2 0   1 6: 1 6: 4 3



1 7T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0

V e s s el T y p e 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3 2 0 1 4 2 0 1 5 2 0 1 6 2 0 1 7 2 0 1 8 2 0 1 9 2 0 2 0 S c h e d ul e d O r d e r b o o k

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d 
H alf

1 s t 
H alf

2 n d
H alf

1 s t 
H alf

2 n d
H alf

1 s t 
H alf

2 0 2 0 2 0 2 1 2 0 2 2

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 1 2 2 2 8 1 1

S u e z m a x  1 2 5- 2 0 0, 0 0 0 2 2 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 2 2 2 6 1 8

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 1 1 4 5 2 2 5

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 3 1 3 6 3

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 5 4 3 7 1 1 9

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 8 6 4 4 4 6 4 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 2 7 3 8 2 7 8

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

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 2 5 8 7 0 2 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 0 7 3 9 6 1 5

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 2 3 4 0 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 8 5 6 7 9 9 3 8

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 7 1 0 0 8 3 8 5 4 6 6 9 3 1 4 7 4 2 4 8 3 9 3 1 5 3 6 3 1 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

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 5 3 1 6 5 3 5

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 2 2 4 3 9 1 8

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 2 2 9 5 6 1 6

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 4 7 0

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 3 5 4 4 0 9 8 8 5 1 2

O ffs h or e 1 1 1 9 2 1 2 5 2 7 2 2 3 0 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 4 4 0 2 8 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 1 4 3 1 2 7

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 5 2 0 1 0 1 1 1 8 1 5 1 6 7 3 4 4 1 1 5

Ot h er 1 5 1 1 6 1 1 7 4 1 8 0 1 8 3 1 8 3 1 9 1 9 9 9 9 8 3 7 2 6 2 6 9 4 8 5 0 6 0 5 0 5 4 4 9 4 6 5 5 5 1 3 3 1 0 6 1 2 0 3 7

T O T A L  1, 1 3 0  1, 0 6 2  1, 2 6 9  1, 1 5 8  1, 2 5 9  1, 1 7 7  1, 4 1 9  8 1 3  9 0 1  6 6 8  7 2 1  6 1 0  7 7 5  6 4 5  7 7 4  5 9 5 7 7 8 5 0 8 6 3 2 4 6 1 6 2 8 5 8 4 5 5 5 8 3 9 1, 0 4 4 3 4 6

D at a i n cl u d e s all v e s s el s wit h L O A 
e sti m at e d at > 1 0 0 m

T h e or d er b o o k b y y e ar of d eli v er y 
o n t hi s p a g e i s b a s e d o n r e p ort e d 

or d er s a n d s c h e d ul e d d eli v er y d at e s 
a n d d o n ot n e c e s s aril y r e pr e s e nt t h e 
e x p e ct e d p att er n of f ut ur e d eli v eri e s

All d at a t a k e n a s of 1 st J ul y 2 0 2 0

S o u r c e: 
Cl a r k s o n s R e s e a r c h

I
n-

d
e

pt
h

Or d er b o o k ( D W T) b y b uil d er r e gi o n 
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I n- d e pt h | F E A T U R E T H E M E

T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0

L
ast  y e ar,  I M O’s  W orl d  M ariti m e  

D a y w as d e di c at e d t o ‘ E m p o w eri n g 

w o m e n i n t h e m ariti m e c o m m u nit y’, 

a n d w hil e t his t h e m e is a r e fl e cti o n of t h e 

m a n y st e ps f or w ar d w o m e n’s r e pr es e nt ati o n 

h as s e e n i n t h e p ast f e w d e c a d es, as of 2 0 1 9 

o nl y 2 % of w o m e n m a k e u p a n esti m at e d 

1. 2 milli o n s e af ar ers. 

M ai nt ai ni n g g e n d er di v ersit y as a t o pi c 

of c o n v ers ati o n is a si g ni fi c a nt p art of t h e 

c h all e n g e a n d vit al f or c h a n g e. D es pi n a 

T h e o d osi o u,  Pr esi d e nt  of  t h e  W o m e n’s 

I nt e r n ati o n al  S hi p pi n g  a n d  Tr a di n g  

A s s o ci ati o n  ( W I S T A )  I nt e r n ati o n al  

a n d  C o - C E O  at  T ot ot h e o  M a riti m e,  

c o m m e nt e d  t h at:  “I n  li g ht  of  t h e  h u g e 

r estri cti o ns w e ar e f a c e d wit h t his y e ar, 

w e ar e p us hi n g t o s e e c o nti n u e d e ff ort t o 

e ns ur e t h at di v ersit y a n d g e n d er a w ar e n ess 

r e m ai n a dis c ussi o n p oi nt w h er e v er a n d 

w h e n e v er it n e e ds t o b e.” 

C o nti n ui n g t h e e q u alit y c o n v ers ati o n is 

r e fl e ct e d i n WI S T A’s w or k, a n d fh e o d osi o u 

hi g hli g ht e d  t h at  f or  t h e  l ar g e r  p art  of  

2 0 1 9 it w as f o c us e d o n s u p p orti n g I M O’s 

t h e m e of e m p o w eri n g w o m e n, ulti m at el y 

si g ni n g a n M O U wit h I M O i n J a n u ar y 

2 0 2 0 t o j oi ntl y e ns ur e t h at pr o gr ess m a d e 

t o pr o m ot e di v ersit y i n 2 0 1 9 is s ust ai n e d 

i nt o 2 0 2 0 a n d s u bs e q u e nt y e ars. 

Al o n g si d e  t h e  a s s o ci ati o n’s  ot h e r  

w or k, i n cl u di n g est a blis hi n g a w o m e n’s 

s p e a k e rs  b u r e a u,  t his  A ut u m n  WI S T A  

pl a ns t o p u blis h its I M O- WI S T A st u d y 

o n t h e n u m b er of w o m e n e m pl o y e d i n 

t h e m ariti m e s e ct or. Th e ass o ci ati o n als o 

r e c e ntl y  c o-l a u n c h e d  a n  o nli n e  s ur v e y  

a m o n g w o m e n s e af ar ers, i n c o nj u n cti o n 

wit h  A n gl o- E ast e r n,  I S W A N  a n d  I C S.  

Th e d at a c oll e ct e d will b e us e d t o u p d at e 

t h e o n b o ar d 2 0 1 8 A n gl o E ast er n G e n d er 

Di v e r sit y  B o o kl et,  w hi c h  a d d r e s s e s  

criti c al s o ci al, c ult ur al a n d i nt er p ers o n al 

iss u es t h at c a n o bstr u ct t h e pr o d u cti vit y 

of a s hi p b o ar d t e a m. B ot h ar e e x a m pl es 

of  p u bli s h e d  r e p r e s e nt ati v e  d at a,  a n  

ar e a t h at is still si g ni fi c a ntl y l a c ki n g t h at 

w o ul d i m pr o v e tr a ns p ar e n c y a n d cr e at e 

a c c o u nt a bilit y wit hi n t h e i n d ustr y.

“ We’r e  mi s si n g  a  m e a ni n gf ul  w a y  

of tr yi n g t o fi n d a n d c oll e ct d at a,” s ai d 

D or a M a c e- K o k ot a, p art n er at l a w fir m 

St e p h e ns o n H ar w o o d, s p e ci alisi n g i n s hi p 

a n d o ffs h or e fi n a n c e: “a n d u ntil w e h a v e 

s o m e ki n d of a c c o u nt a bilit y i n t er ms of 

p u blis hi n g d at a, g oi n g b a c k t o it, a n al ysi n g 

a n d u n d erst a n di n g w h at it m e a ns, I d o n’t 

t hi n k w e c a n g et a n y w h er e m e a ni n gf ull y.”

Asi d e f r o m st atisti cs t h at gi v e a cl e ar 

pi ct u r e  of  w o m e n  c u r r e ntl y  e m pl o y e d 

i n  t h e  m a riti m e  i n d u st r y,  i s s u e s  of  

di v e r sit y  r e m ai n  i n  b ot h  r e c r uit m e nt  

a n d  r et e nti o n.  W o m e n  a r e  s e e n  l e s s  

f r e q u e ntl y i n m or e s e ni or r ol e s a n d it 

w a s  s u g g e st e d  t h at  c o m p a ni e s  s h o ul d  

s e e k t o i m pr o v e m e nt ori n g a p pr o a c h es 

a n d r e cr uit m e nt-l e v el di v ersit y t r ai ni n g 

o n u n c o ns ci o us bi as. 

Fr o m  t h e  p e r s p e cti v e  of  t h e  l e g al  

c o m m u nit y,  M a c e- K o k ot a  c o m m e nt e d  

t h at  t h e r e  is  a  s hift  h a p p e ni n g  i n  t h e  

m e nt ori n g a p pr o a c h t h at c o ul d b e a d o pt e d 

f or m ariti m e; c o m p a ni es ar e att e m pti n g t o 

c o n n e ct e m pl o y e es wit h t h os e w h o h a v e 

pr o gr ess e d hi g h er t h a n t h e m i n t h e w or k 

hi e r ar c h y,  b ut  w h o  t h e y  still  f e el  t h e y  

ar e wit hi n t o u c hi n g dist a n c e of a n d c a n 

b e c o m e. I n ot h er w or ds, s h o w c asi n g r ol e 

m o d els at e v er y l e v el of e m pl o y m e nt t o 

cr e at e o bt ai n a bl e as pir ati o ns. 

M a c e- K o k ot a p oi nt e d o ut t h at m a n y 

l a w  fi r ms  a r e  e nt e ri n g  i nt o  s o  c all e d  

‘ a cti v e  m e nt o ri n g’  a n d  di s c o v e ri n g  

t h at t h e r el ati o ns hi p w or ks b ot h w a ys: 

“ Th er e ar e m or e s e ni or st a ff a n d p art n ers 

i n cl u d e d  i n  b ei n g  m e nt or e d  b y  m or e  

j u ni or st a ff, i n or d er t o u n d erst a n d w h at 

t h e r e al c h all e n g es ar e a n d h o w t h e y c a n 

h el p t h e m [ …] It’s a g o o d w a y of bri n gi n g 

p e o pl e  u p,  b ut  al s o  e d u c ati n g  p e o pl e  

a r o u n d  u s  w h o  mi g ht  b e  a  bit  m or e  

r esist a nt t o c h a n g e a n d t o dis c uss c h a n g e 

a s  w ell.”  F u rt h e r  t o  t hi s,  T h e o d o si o u  

a d d e d  t h at:  “If  w e  w a nt  t o  p r o d u c e  

di v ersit y t h e n t his n e e ds t o b e i n cl u d e d i n 

m e nt ori n g t o o. It s h o ul d n ot b e t h at m e n 

m e nt or m e n a n d w o m e n m e nt or w o m e n, 

t h at w a y w e’r e o nl y h el pi n g a n u n w a nt e d 

sit u ati o n p er p et u at e.” 

T o g e n er at e i nt er est a n d di v ersif y t h e 

e nt r y-l e v el  w or kf or c e,  C a r oli n e  Ya n g,  

C E O of H o n g L a m M ari n e a n d Pr esi d e nt 

of t h e Si n g a p or e S hi p pi n g Ass o ci ati o n, 

c all e d  f o r  a cti v e  p r o m oti o n  of  t h e  

m ariti m e  i n d u st r y  at  e d u c ati o n  l e v el,  

st arti n g fr o m a n e arl y st a g e wit h visits t o 

s c h o ols. “ We n e e d t o cr e at e t h at a w ar e n ess 

a n d it h as t o b e a s ust ai n e d a w ar e n ess, 

es p e ci all y i n t h e mi n ds of y o u n g p e o pl e, 

t h at  m ariti m e,  a ki n  t o  a vi ati o n,  is  a n  

att r a cti v e  s e ct or  t o  b e  i n,  a n d  t h e r e  is 

c ar e er pr o gr essi o n a n d di ff er e nt ar e as i n 

m ariti m e. I n s h ort, w e n e e d t o i n cr e as e 

t h e visi bilit y of m ariti m e a n d n o b ett er 

ti m e t h a n n o w, wit h all t h e s o ci al m e di a 

t o ols at o ur dis p os al,” s h e c o n cl u d e d. N A

L e a di n g w o m e n i n t he m ariti me i n d ustr y virt u all y s at d o w n a n d dis c uss e d 

w h at m e c h a nis ms f or c h a n ge c a n b e p ut i nt o pl a c e t o i m pr o ve di versit y a n d 

ge n d er e q u alit y i n t he s e ct or

A l o n g w a y still t o g o

I n- d e pt h | E D &I

WI S T A I nt er n ati o n al 

r e af Thr m e d t h at 

‘ Di v er sit y, i n cl u di n g 

g e n d er di v er sit y, i s 

a r e s p o n si bilit y f or 

all a n d k e y t o t h e 

s u st ai n a bilit y of t h e 

m ariti m e s e ct or’ 

u p o n si g ni n g it s 

M O U wit h I M O
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F e at ur e 1 |  S O U T H K O R E A

T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0 1 9

F
i g u r e s  p u bli s h e d  b y  Cl a r k s o n  

R es e ar c h  S er vi c es  at  t h e  st art  of 

S e pt e m b e r  i n di c at e d  t h at  S o ut h  

K o r e a n  y a r d s  s e c u r e d  o r d e r s  f o r  2 3  

v ess els, wit h a c o m p e ns at e d gr oss t o n n a g e 

( C G T) of 6 3 0, 0 0 0, r e pr es e nti n g 7 3 % of 

gl o b al or d ers. B y c o ntr ast C hi n a h a d 2 4 % 

of or d ers, wit h 1 2 v ess els.

H o w e v er, gl o b al d e m a n d h as b e e n hit 

h e a vil y b y C o vi d- 1 9, wit h or d ers b et w e e n 

J a n u a r y  a n d  A u g u st  t hi s  y e a r  o nl y  

r e a c hi n g 5 4 % of 2 0 1 9 l e v els. M or e o v er, it 

h as b e e n b olst er e d b y b o o ki n gs f or L N G 

c arri ers, a s hi p t y p e f or w hi c h S o ut h K or e a 

c o nti n u e s  t o  l e v e r a g e  it s  si g nifi c a ntl y  

gr e at er e x p ertis e o v er t h e C hi n es e y ar ds.  

fhis s u p eri orit y w as e vi n c e d i n J u n e 

w h e n  K o r e a’s  ‘ Bi g  T h r e e’  s hi p y a r d s  

–  H y u n d ai  H e a v y  I n d u st ri e s  ( H HI),  

S a m s u n g  H e a v y  I n d u st ri e s  ( S H I )  

a n d  D a e w o o  S hi p b uil di n g  &  M a ri n e  

E n gi n e e ri n g  C o  ( D S M E)  –  s e c u r e d  a  

U S $ 1 9. 2 billi o n d e al t o b uil d 1 0 0 L N G 

c arri ers f or Q at ar G as t hr o u g h t o 2 0 2 7, 

w hil e C S S C- o w n e d H u d o n g- Z h o n g h u a 

S hi p b uil di n g w er e a w ar d e d c o ntr a cts f or 

a m or e m o d est 1 6 u nits. 

A m o n g  t h e  ot h e r  o r d e r s,  K o r e a  

Li n e s  h a s  b o o k e d  t w o  L N G  c a r ri e r s  

fr o m H HI, d u e f or d eli v er y i n 2 0 2 3 a n d 

u n d er l o n g-t er m c h art er t o S h ell. Th e y 

c o m pris e a n o pti o n S h ell h as e x er cis e d 

o n a pr e vi o us c o ntr a ct f or t w o v ess els t o 

b e d eli v er e d i n 2 0 2 2 b y sist er c o m p a n y 

H y u n d ai  S a m h o  H e a v y  I n d u st ri e s  

( H S HI) a n d will j oi n t h e fl e et of K or e a 

Li n es’ r e c e ntl y-f or m e d s u bsi di ar y K or e a 

L N G  S hi p pi n g.  A d diti o n all y,  H HI  a n d  

H S HI si g n e d d e als f or t w o c arri ers e a c h 

fr o m u n n a m e d B er m u d a n a n d E ur o p e a n 

o w n ers r es p e cti v el y.

R u s si a n or d er s
Els e w h er e, t h er e ar e c o n fli cti n g r e p orts 

c o n c er ni n g 1 0 Ar c 7 i c e cl ass L N G c arri ers 

pl a c e d b y R ussi a n g as pr o d u c er N o v at e k 

a n d S o v c o m fl ot f or t h e c o u ntr y’s Ar cti c 

L N G 2 pr oj e ct. H a vi n g pr e vi o usl y b uilt 

1 5 s u c h v ess els f or t h e Ya m al L N G pr oj e ct 

b et w e e n 2 0 1 6 a n d 2 0 1 9, D S M E a p p e ar e d 

t o b e i d e all y pl a c e d t o wi n f urt h er or d ers. 

H o w e v e r,  R u s si a  i s  k e e n  t o  d e v el o p  

it s  o w n  s hi p b uil di n g  c a p a biliti e s  a n d  

pr e vi o usl y pl a c e d b o o ki n gs f or fi v e s u c h 

v ess els fr o m t h e Z v e z d a y ar d i n l at e 2 0 1 9 

a n d e arl y 2 0 2 0. 

T o h el p Z v e z d a a c hi e v e t h e n e c ess ar y 

e x p ertis e, l ast y e ar it si g n e d a t e c h ni c al 

c o o p er ati o n d e al wit h S HI t o assist wit h 

c o n st r u cti o n.  B ut  t h e r e  a r e  c o n c e r n s  

a b o ut b ot h Z v e z d a’s a biliti es t o a c hi e v e 

t h e n e c ess ar y st a n d ar ds a n d t h e c a p a cit y 

f o r  a d diti o n al  o r d e r s,  l e a di n g  R u s si a  

t o  s oft e n  it s  st a n c e  o n  h o m e g r o w n  

s hi p b uil di n g.  It  n o w  s e e ms  li k el y  t h at 

S HI,  D S M E,  or  a  c o m bi n ati o n  of  t h e  

t w o will wi n t h e or d er f or t h e 1 0 v ess els, 

wit h a d e cisi o n o n t h e U S $ 3 billi o n d e al 

e x p e ct e d b y t h e e n d of S e pt e m b er.

H HI gr a nt e d Ai P
S o ut h  K o r e a’s  p r e - e mi n e n c e  wit h  

m e m br a n e g as c o nt ai n m e nt t e c h n ol o gi es, 

as o p p os e d t o t h e M oss ( Ty p e B) f a v o ur e d 

b y  J a p a n e s e  s hi p y a r d s,  h a s  p ut  t h e m  

i n  g o o d  st e a d  o v e r  t h e  l ast  fi v e  y e ars  

gi v e n its s u p e ri or st or a g e c a p a cit y ( u p 

t o 4 0 % g r e at er). B ut t h e y als o h a v e t h e 

u p p er h a n d wit h r e g ar d t o t h e stri n g e nt 

r e q uir e m e nts of L N G f u el s u p pl y s yst e ms, 

wit h all t h e Bi g Thr e e h a vi n g t h eir o w n 

pr o pri et ar y t e c h n ol o gi es. 

I n S e pt e m b er, H HI t o o k t h at e v ol uti o n 

a st e p f urt h er w h e n it w as a w ar d e d a n 

Ai P  b y  Ll o y d’s  R e gist e r  f or  its  Di git al  

H e alt h  M a n a g e m e nt  ( D H M)  s y st e m  

f or a T y p e B f u el t a n k f oll o wi n g a j oi nt 

d e v el o p m e nt  pr oj e ct  b et w e e n  t h e  t w o  

p arti e s.  T h e  s y st e m,  d u b b e d  H y u n d ai  

Pris m ati c I n d e p e n d e nt I M O Ty p e B Ta n k 

e X c ell e n c e ( Hi PI X), is a s uit e of s o Th w ar e 

t h at  u s e s  s e n s o r- b a s e d  di git al  t wi n  

t e c h n ol o g y t o g e n er at e r e al-ti m e i nsi g ht 

i nt o t h e str u ct ur al s af et y of t h e t a n ks. 

T h e  i n si g ht s  i nt o  t h e  c o n diti o n  of  

t a n k c o m p o n e nts will all o w o w n e rs t o 

o bt ai n s u r v e y c r e dit a n d s h o ul d l o w e r 

t hr o u g h-lif e c osts. It will b e d e pl o y e d f or 

t h e fi rst ti m e o n b o ar d t h e w orl d’s fi rst 

d u al-f u ell e d ult r a-l ar g e c o nt ai n er s hi ps, 

w hi c h ar e c ur r e ntl y u n d er c o nst r u cti o n 

at  H y u n d ai  S a m h o  Ya r d  f o r  E a st e r n  

P a ci fi c S hi p pi n g. 

M er g er d el a y s
M e a n w hil e, D S M E r e m ai ns i n t h e mi dst 

of t h e l o n g r u n ni n g s a g a c o n c er ni n g its 

pr o p os e d  m e g a m e r g e r  wit h  H HI.  T h e  

l at est h ur dl e w as cl e ar e d i n A u g ust w h e n it 

r e c ei v e d cl e ar a n c e fr o m t h e C o m p etiti o n 

a n d C o ns u m er C o m missi o n of Si n g a p or e, 

b ut i n J ul y t h e E ur o p e a n C o m missi o n’s 

pr o b e h as s u ff er e d a n u m b er of s et b a c ks i n 

its d at a c oll e cti o n d u e t o C o vi d- 1 9, a n d it’s 

u n cl e ar w h et h er a d e cisi o n will b e r e a c h e d 

t his y e ar.  

Gi v e n  E u r o p e’s  li mit e d  c a p a cit y  f or  

s hi p b uil di n g, e x p erts t hi n k it’s li k el y t h at 

a p pr o v al  will  b e  g r a nt e d  wit h  c a v e ats  

r est ri cti n g  t h e  m er g e d  e ntit y’s  f urt h er  

e x p a nsi o n.  H o w e v er,  t h e  d e al  will  still  

r e q uir e t h e a p pr o v al of C hi n a, w hi c h h as 

hit h ert o r e m ai n e d sil e nt o n t h e m att er, a n d 

J a p a n, w hi c h fil e d a c o m pl ai nt t o t h e W orl d 

Tr a d e Or g a nis ati o n i n F e br u ar y. N A

Th e ‘ Bi g Thr e e’ y ar ds d o mi n at e d or d ers f or a s e c o n d c o ns e c uti v e m o nt h

S o ut h K or e a’s g as p o w er e d r es ur g e n c e

L R a w ar d s Di git al 

T wi n R e a d y Ai P 

t o H HI f or g a s 

c o nt ai n m e nt t a n k
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P
erf e ct  i s  t h e  e n e m y  of  g o o d,  

b eli e v e s  D N V  G L  C E O  of  

m ariti m e, K n ut Ør b e c k- Nilss e n. 

“ We ar e f a ci n g a sit u ati o n w h er e i d e alis m 

a n d  l o c alis m  s p ell  t r o u bl e …  S hi p pi n g  

r e q ui r e s  i nt e r n ati o n al  r e g ul ati o n s,  

h o w e v er w e d o s e e t h at l o c al a n d r e gi o n al 

l a w m a k ers ar e i n cr e asi n gl y d e m o nstr ati n g 

i m p ati e n c e a n d distr ust wit h t h e I M O’s 

l a c k of pr o gr ess.”

Ør b e c k- Nilss e n’s f e ar is t h at t h e r o a d 

t o d e c ar b o nis ati o n will b e c o m pr o mis e d 

b y a p at c h w or k of l o c alis e d r e g ul ati o n, 

a s  it  h a s  wit h  ot h e r  i s s u e s  s u c h  a s  

bi of o uli n g a n d b all ast w at e r dis c h ar g e. 

E a rli e r  i n  S e pt e m b e r,  t h e  E u r o p e a n  

P arli a m e nt v ot e d t o i n cl u d e gr e e n h o us e 

g a s ( G H G) e mi ssi o ns f r o m s hi p s o v e r 

5, 0 0 0 gt i n t h e e missi o ns tr a di n g s yst e m, 

s u bj e ct  t o  a p p r o v al  b y  E U  m e m b e r  

st at e s.  It’s  a  m o v e  w hi c h  t h r e at e n s  t o 

u n d e r mi n e t h e I nt e r n ati o n al C h a m b e r 

of S hi p pi n g’s i niti ati v e t o cr e at e a U S $ 5 

billi o n R & D f u n d b as e d o n a m a n d at or y 

c o nt ri b uti o n of U S $ 2 p e r m et ri c t o n n e 

of m ari n e f u el t h at w o ul d b e a p pli c a bl e 

a cr oss t h e w orl d.

I n  or d e r  t o  a c hi e v e  I M O’s  t ar g et  of  

a n o v er all 5 0 % r e d u cti o n i n t ot al G H G 

e missi o ns b y 2 0 5 0 it’s c o m m o nl y a c c e pt e d 

t h at t h e h ar d w or k m ust b e d o n e o v er 

t h e n e xt d e c a d e. fh at e nt ails a m assi v e 

s c al e- u p of n e w t e c h n ol o gi es a n d b ett er 

f u el alt er n ati v es t h a n is c urr e ntl y b ei n g 

r e alis e d.  D N V  G L  a nti ci p at es  t h at  t h e  

r e g ul ati o ns a n d i n c e nti v es b ei n g dr a w n 

u p t o a c hi e v e t his will b e gi n t o i m p a ct b y 

2 0 2 3, wit h all t h e i m pli c ati o ns t o c osts, 

ass et v al u es a n d e ar ni n g c a p a cit y w hi c h 

t h at e nt ails.

M ariti m e F or e c a st t o 2 0 5 0
P u bli s h e d  a n n u all y  si n c e  2 0 1 7,  t h e  

‘ M a riti m e  F o r e c a st  t o  2 0 5 0:  E n e r g y  

Tr a nsiti o n  O utl o o k’  i s  i nt e n d e d  a s  a  

t o ol  t o  h el p  s hi p o w n e rs  n a vi g at e  t h e  

t e c h n ol o gi c al,  r e g ul at or y  a n d  m a r k et  

u n c e rt ai nt y  of  d e c a r b o ni s ati o n.  It  

e n c o m p ass e s  a  li br ar y  of  3 0  diff e r e nt  

s c e n ari os f or t h e e v ol uti o n of t h e gl o b al 

fl e et  b et w e e n  n o w  a n d  t h e  mi d dl e  of  

t his c e nt ur y, wit h di ff er e nt p er m ut ati o ns 

of  f u el  t y p es  a n d  t e c h n ol o g y  s yst e ms.  

T h es e  ar e  d e ri v e d  f r o m  t hr e e  pri m ar y  

e n er g y s o ur c es: el e ctr of u els (f u els d eri v e d 

fr o m r e n e w a bl e el e ctri cit y), s ust ai n a bl y-

s o ur c e d  bi of u els,  a n d  t r a diti o n al  f ossil 

f u els utilisi n g c ar b o n c a pt ur e a n d st or a g e. 

“ H a vi n g 3 0 s c e n ari os h as all o w e d us 

t o  u n d e rst a n d  w hi c h  of  t h e s e  d ri v e rs  

a r e  m o r e  i m p o rt a nt  a n d  al s o  t h e  

s e nsiti vit y of e a c h a n d h o w m u c h t h e y 

i m p a ct o n t h e c h oi c e of t e c h n ol o g y a n d 

f u el,”  e x pl ai ns  T or e  L o n g v a,  m ariti m e  

pri n ci p al c o ns ult a nt at D N V G L a n d t h e 

p u bli c ati o n’s l e a d a ut h or.

E a c h s c e n ari o b el o n gs t o o n e of t hr e e 

d e c ar b o nis ati o n  p at h w a ys:  a  r ef e r e n c e  

o n e i n w hi c h n o f urt h er r e g ul ati o ns ar e 

i m p os e d o n s hi p pi n g, a n ot h er i n w hi c h 

s hi p pi n g a c hi e v es t h e 5 0 % t ar g ets s et o ut 

b y I M O i n 2 0 1 8’s I niti al G H G str at e g y, 

a n d a n a m biti o us p at h w a y w h er e s hi p pi n g 

b e c o m es f ull y d e c ar b o nis e d b y 2 0 4 0.

L o n g v a  s a y s:  “ We  d o  s e e  a  l ot  of  

pr ess u r e wit h t h e E u r o p e a n P arli a m e nt 

a n d  s o ci et y  i n  g e n e r al  p r e s si n g  f o r  

d e c ar b o nis ati o n. I M O is g oi n g t o r e vi e w 

its str at e g y i n 2 0 2 3 a n d t h e n e v er y t hr e e 

y e ars a Th er t h at. Th e E U is pr o b a bl y g oi n g 

t o pr ess f or h ar d er r e g ul ati o ns. [ Th e 2 0 4 0 

p at h w a y] is p artl y t h er e as a r ef er e n c e as 

t h e m ost r a di c al b ut it c o ul d b e 2 0 5 0 or 

a n yt hi n g i n b et w e e n.”

C o nti n ui n g  t h e  t h e m e,  t h er e  ar e  als o  

t hr e e  k e y  dri v ers,  or  u n c ert ai nti es:  t h e  

e xtre mit y of re g ul at or y p oli c y m e as ures ( e. g. 

F e at ur e 2 |  D E C A R B O NI S A TI O N

D N V G L’s l at est f or e c ast o n s hi p pi n g’s r o ut e t o 2 0 5 0 g o es f urt h er t h a n e v er 

b ef or e i n e x pl ori n g t h e di ff er e nt s c e n ari os

All t o m orr o w’s p at h w a ys: m ariti m e’s 
e n er g y tr a nsiti o n

C O 2  e mi s si o n (l eft) a n d c ar b o n i nt e n sit y (ri g ht) tr aj e ct ori e s f or t h e 3 0 s c e n ari o s m o d ell e d f or t h e d e c ar b o ni s ati o n p at h w a y s. S o urc e D N V G L
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c ar b o n pri ci n g), t h e c ost of f u el a n d e n er g y, 

a n d  h o w  s e a b or n e  tr a d e  d e m a n d  m a y  

c h a n g e o v er t h e n e xt 3 0 y e ars. fhis y e ar’s 

st u d y e x pl or es i n gr e at er d e pt h t h e t h e m e of 

f u el fl e xi bilit y a n d f or es e es si g ni fi c a nt f ut ur e 

r ol es f or a m m o ni a a n d m et h a n ol, al o n gsi d e 

bi o- a n d s y nt h eti c L N G.

At  p r e s e nt,  l e s s  t h a n  0. 5 %  of  t h e  

c ur r e nt gl o b al fl e et is usi n g alt er n ati v e 

f u els  (i n cl u di n g  L N G)  b ut  t h at  fi g u r e  

ris es st e e pl y t o al m ost 1 0 % w h e n s hi ps o n 

or d er ar e f a ct or e d i n, a c c or di n g t o d at a 

o n D N V G L’s Alt er n ati v e F u els I nsi g ht 

pl atf or m.  T h e s e  fi g u r e s  ar e  b as e d  o n  

t h e t ot al n u m b er of v ess els, t a ki n g i nt o 

a c c o u nt s m all er cr a Th, b ut L o n g v a p oi nts 

o ut t h at t h es e ar e i n cr e asi n gl y s er vi n g as 

a t est b e d f or n e w t e c h n ol o gi es t h at c a n 

e v e nt u all y b e u ps c al e d. 

N ot a bl y, t h e r e p ort c h o os es t o a d o pt a 

t a n k-t o- w a k e a p pr o a c h i n its f or e c asti n g. 

L o n g v a  e x pl ai ns:  “ We  ass u m e  t h at  t h e 

f u el h as t o b e c ar b o n n e utr al als o f r o m 

a  w ell -t o -t a n k  p e r s p e cti v e.  All  c o st  

pr oj e cti o ns ar e m a d e o n b asis of b ei n g 

c ar b o n n e utr al i n pr o d u cti o n; eit h er f u els 

b y gr e e n el e ctri cit y, f ossil f u els b y o ns h or e 

c ar b o n c a pt ur e or bi o m ass. B ut w e h a v e n’t 

pr oj e ct e d t h e l a n dsi d e pr o d u cti o n of t h es e 

f u els  b ut  w e’ v e  ass u m e d  t h at  at  s o m e  

p oi nt t h e y h a v e t o b e c ar b o n n e utr al a n d 

pr o vi d e d f or s hi p pi n g’s us e.”

L N G a n d a m m o ni a
Ør b e c k- Nilss e n d es cri b es d e c ar b o nisi n g 

s hi p pi n g as a j o ur n e y a n d it’s l o n g b e e n 

t h e o pi ni o n of D N V G L t h at L N G is t h e 

first p ort of c all. This y e ar’s r e p ort f urt h er 

u n d e rs c or e s t h at m e ss a g e, al b eit s o m e 

of t h e m or e r a di c al s c e n ari os d o b y p ass 

it e ntir el y a n d s e e a dir e ct s wit c h f r o m 

f u el oil t o m et h a n ol or a m m o ni a. U n d er 

I M O’s c ur r e nt pr o p os als it’s a nti ci p at e d 

t h at L N G u pt a k e will c o nti n u e f or t h e 

n e xt 2 0 y e ars b ef or e a m m o ni a t a k es o v er.

I n or d er t o e x pl or e t h e pr os a n d c o ns 

of  e a c h  p e r m ut ati o n  t h e  r e p ort  t a k e s  

t h e  g e n e ri c  e x a m pl e  of  a  2 0 2 0 - b uilt  

P a n a m a x b ul k c arri er. It w as f o u n d t h at 

a v ess el wit h “ a r o b ust e n gi n e a n d f u el 

s y st e m”  –  w hi c h  i s  t o  s a y  a  d u al-f u el  

L N G e n gi n e – w as t h e b est e q ui p p e d t o 

c o p e wit h m ost li k el y s c e n ari os, t h o u g h 

i n t h e e v e nt of d e c ar b o nis ati o n b y 2 0 4 0 

it w o ul d r e q uir e r etr o fitti n g t o a c ar b o n-

n e ut r al f u el d uri n g t h e 2 0 3 0s. B ut e v e n 

i n t his sit u ati o n t h e s p a c e r e q ui r e d f or 

t h e ori gi n al L N G e n gi n e a n d f u el s yst e m 

m e a ns t h at a d e q u at e s p a c e will h a v e b e e n 

s et  a si d e  i n  t h e  v e s s el  d e si g n  f or  f u el 

st or a g e t a n ks.

‘ Pl a n ni n g  f o r  f u el  fl e xi bilit y  c o ul d  

e a s e  t h e  t r a nsiti o n  a n d  mi ni mis e  t h e  

ris k  of  i n v esti n g  i n  st r a n d e d  ass ets.  A  

st r u ct ur e d, s c e n ari o- b as e d a p pr o a c h t o 

f ut ur e- pr o o fi n g will h el p i n m a n a gi n g t h e 

d e c ar b o nis ati o n ris ks,’ t h e r e p ort n ot es.

N o n et h el ess, Ør b e c k- Nilss e n c o n c e d es 

t h at  s o  f a r  c o n v e r si o n  t o  g a s  h a s n’t  

f oll o w e d t h e pr oj e cti o ns of t h e ori gi n al 

2 0 1 7 f or e c ast. “I t hi n k w h at h as b e e n m ost 

diffi c ult  is  t h e  i nf r ast r u ct ur e  a n d  h o w  

m u c h t h at i m p a cts t h e w h ol e d e cisi o n. 

T h e  t e c h n ol o gi es  a n d  r e g ul ati o ns  h a v e 

b e e n i n pl a c e b ut w h e n y o u or d er a s hi p 

y o u h a v e t o b e c ert ai n t h at it’s a ct u all y 

a v ail a bl e a n d t h at t a k es a l o n g ti m e.”

L o n g v a a d ds: “ T h er e h as b e e n s o m e 

v e r y  p o siti v e  d e v el o p m e nt s  o n  t h e  

b u n k eri n g si d e. It w as o n e of t h e m aj or 

o bst a cl es i n t h e p ast b ut t his is q ui c kl y 

di mi nis hi n g, es p e ci all y at t h e m aj or h u b.” 

Th e r e p ort als o c o n cl u d es t h at s y nt h eti c 

L N G, d eri v e d fr o m el e ctr ol ysis, will h a v e 

a n i m p ort a nt p art t o pl a y as a tr a nsiti o n al 

f u el f or t h os e v ess els w hi c h c a n n ot c o n v ert 

t o a m m o ni a.

A m m o ni a its elf h as s e e n s o m e r a pi d 

p r o g r e s s  d u ri n g  t h e  p a st  y e a r,  wit h  

e n gi n e m a n uf a ct ur ers Wärtsil ä, Wi n G D 

a n d M A N E n er g y S ol uti o ns ( M E S) als o 

r e p orti n g pr o gr ess wit h t h e d e v el o p m e nt 

of a m m o ni a b ur ni n g e n gi n es. At t h e ti m e 

of  w riti n g,  ri v al  cl a ssifi c ati o n  s o ci et y  

Ll o y d’s R e gist er h as j ust gr a nt e d a n Ai P 

f or  a n  a m m o ni a-f u ell e d  t a n k e r  d esi g n  

j oi ntl y  d e v el o p e d  b y  S a ms u n g  H e a v y  

I n d ustri es, MI S C B er h a d a n d M E S. 

Ør b e c k- Nilss e n s a ys h e is u ns ur pris e d 

b y h o w q ui c kl y t h e a m m o ni a t e c h n ol o g y 

is d e v el o pi n g. “It fits v er y w ell i nt o w h at 

I c all t h e m ariti m e r e n aiss a n c e. B e c a us e 

of  t h e  s p e e d  of  ot h e r  d e v el o p m e nt s  

w e’r e s e ei n g q uit e a n a c c el er at e d p a c e i n 

g e n er al. Wit h o ut g oi n g i nt o t h e d et ails 

w e ar e i n cl os e c oll a b or ati o n wit h s e v er al 

c o m p a ni es b ot h o n t h e e n gi n e si d e a n d 

t h e f u el.”

B ut h e c a uti o ns: “I t hi n k w e h a v e t o 

k e e p  i n  mi n d  t h at  alt h o u g h  t h e r e  ar e  

t e c h ni c al s ol uti o ns a v ail a bl e f or b ur ni n g 

a m m o ni a t h er e ar e n at ur all y a f e w ot h er 

c o n si d e r ati o n s  a b o ut  w h et h e r  it’s  a  

pr a cti c al f u el. O n e a g ai n is i nfr astr u ct ur e, 

s e c o n d w h et h er it’s a v ail a bl e i n t h e ri g ht 

l o c ati o ns  a n d  t h e  ri g ht  q u a ntit y  a n d  

t hir dl y is t h e m att er of t h e pri c e of t h e 

f u el. N at ur all y it’s g oi n g t o t a k e s o m e ti m e 

b ef or e it s c al es u p.”

O n e  m aj o r  u n c e rt ai nt y  t h at  o nl y  

r e c ei v es a p assi n g r ef er e n c e i n t h e r e p ort 

is t h e c urr e nt p a n d e mi c, alt h o u g h t h at is 

e x pl or e d i n gr e at er d e pt h i n t h e br o a d er 

E n e r g y  Tr a n siti o n  O utl o o k  r e p o rt,  

p u blis h e d at t h e s a m e ti m e. It c o n cl u d es 

t h at C o vi d- 1 9 h as br o u g ht f or w ar d p e a k 

C O 2  d e m a n d a n d t r a ns p ort us e b y fi v e 

y e ars a n d oil pri c es will n e v er e x c e e d 2 0 1 9 

l e v els a g ai n.

“ W h e n it c o m es t o e c o n o mi c gr o wt h w e 

e x p e ct t h at if a n d w h e n a v a c ci n e b e c o m es 

a v ail a bl e it will n or m alis e a n d t h at’s o n e 

of  t h e  r e as o ns  w e  di d n’t  a d d r ess  it  i n  

p arti c ul ar,” e x pl ai ns Ør b e c k- Nilss e n. 

L o n g v a a d ds: “ We w er e h alf w a y i nt o 

t h e  st u d y  a n d  pr oj e cti o ns  o n  s e a b or n e 

tr a d e w h e n C o vi d hit us i n M ar c h. B ut t h e 

r e p ort b y M arti n St o pf or d [ c o nsi d eri n g 

t h e  p o s si bl e  l o n g  t e r m  i m p a ct  of  

C o vi d- 1 9, s e e E dit ori al C o m m e nt, T N A  

M a y 2 0 2 0] w as o n e of t h e s o ur c es w e us e d 

a n d tri e d t o i n c or p or at e its i m p a ct i nt o 

o ur t hi n ki n g.”

S o w h at will b e t h e t ur ni n g p oi nt w h e n 

t h e  i n d ust r y  k n o w s  it  is  wi n ni n g  t h e  

r a c e t o d e c ar b o nis e? “ Th er e is a ti p pi n g 

p oi nt w h er e y o u g o fr o m t esti n g, pil oti n g 

a n d  e arl y  c o m m e r ci al  u pt a k e  t o  r e all y  

a c c el er ati n g. Th er e’s n o w a y of k n o wi n g 

w h et h er t his will h a p p e n i n o n e y e ar or 

a n ot h er. If y o u l o o k at L N G w e’r e al m ost 

t h er e i n t er ms of t h at ti p pi n g p oi nt, b ut 

it’s t h at m assi v e u pt a k e w hi c h d et er mi n es 

w h et h er w e wi n or n ot,” s a ys L o n g v a.

“It’s  a  diffi c ult  q u e sti o n  b ut  w e’r e  

st arti n g t o s e e a c c el er ati o n wit h s o m e of 

t h e s e g m e nts, li k e c o nt ai n er v ess els a n d 

s o m e of t h e l ar g e oil t a n k ers. B ut it r e all y 

n e e ds t o pi c k u p b ef or e w e r e a c h a ti p pi n g 

p oi nt. Alt h o u g h w e tri e d a n d l o o k at all 

t h e di ff er e nt s c e n ari os i n t h e r e p ort it’s 

n ot p ossi bl e t o pi n p oi nt o n e,” c o n cl u d es 

Ør b e c k- Nilss e n. N A

T o a c c ess t h e E n er g y Tr a nsiti o n O utl o o k 

r e p o rt s  vi sit:  htt p s:// d o w nl o a d. d n v gl.

c o m/ et o- 2 0 2 0- d o w nl o a d
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T
o m e et t h e I nt er n ati o n al M ariti m e 

Or g a ni z ati o n’s (I M O) gr e e n h o us e 

g as  ( G H G)  e missi o n  t ar g ets  of  

2 0 3 0  a n d  2 0 5 0,  t h e  m ariti m e  i n d ust r y 

m ust t a k e a t w o pr o n g e d a p pr o a c h, w hi c h 

is t o gr o w L N G s hi p fl e et a n d b u n k eri n g 

c a p a cit y  w hil e  t h e  c o m pl e x  w o r k  t o  

d e v el o p z er o- e missi o n f u els c o nti n u es. 

L N G is t h e b est c o m m er ci all y a v ail a bl e 

m ari n e  f u el  t o d a y  a n d  will  r e m ai n  s o  

i n  t h e  n e a r  f ut u r e.  T h e  c o m m e r ci al  

a v ail a bilit y of z er o- e missi o n f u els ar e a 

d e c a d e or m or e a w a y – d oi n g n ot hi n g 

u ntil  t h e y  a r e  a v ail a bl e  will  r e s ult  i n  

n e e dl ess G H G e missi o ns.

fhis t w o-tr a c k a p pr o a c h is ess e nti al t o 

m a xi misi n g a n d a c c el er ati n g s hi p pi n g’s 

r e d u cti o n i n G H G e missi o ns. If w e w ait 

u ntil z e r o- e missi o n f u els ar e a v ail a bl e, 

t h e m ari n e i n d ust r y will g e n er at e m or e 

G H G  t h a n  n e c e s s a r y  b y  mi s si n g  t h e  

o p p ort u nit y  of  t h e  r e d u c e d  e mi ssi o ns 

f r o m L N G f u el. Li k e wis e, L N G f u el is 

n ot t h e ulti m at e s ol uti o n. Z er o- e missi o n 

f u els, w h e n d e v el o p e d, will o ff er gr e at er 

G H G r e d u cti o ns a n d m a k e g o o d b usi n ess 

s e ns e f or m a n y a p pli c ati o ns. It’s n ot a 

q u esti o n of d oi n g o n e or t h e ot h er. 

As  t h e  b est  c o m m e r ci all y  a v ail a bl e  

m ari n e f u el c urr e ntl y a v ail a bl e, L N G m a k es 

g o o d  b usi n ess  s e ns e  fr o m  a n  o p er ati n g 

a n d  c a pit al  i n v est m e nt  st a n d p oi nt  f or  

m a n y a p pli c ati o ns. L N G’s e n vir o n m e nt al 

f o ot pri nt  i s  si g nifi c a ntl y  b ett e r  t h a n  

alt er n ati v e  f u els  s u c h  as  distill at es  a n d  

h e a v y f u el oils, h a vi n g virt u all y n o s ul p h ur 

or p arti c ul at e e missi o n a n d si g ni fi c a ntl y 

l ess nitr o us o xi d e e missi o n, r es ulti n g i n 

s u bst a nti all y l ess l o c al p oll uti o n ar o u n d 

p orts a n d p ort citi es. 

T h e lif e c y cl e of L N G
Lif e- c y cl e ass ess m e nt of G H G e missi o ns 

h as f o u n d L N G t o b e u p t o 3 3 % l ess t h a n 

tr a diti o n al h e a v y f u el oils, a p erf or m a n c e 

w hi c h i n cl u d es a n y m et h a n e sli p al o n g 

t h e  lif e- c y cl e  v al u e  c h ai n.  C o m bi ni n g  

L N G as a m ari n e f u el wit h e n er g y e ffi ci e nt 

d esi g n a n d o p er ati o ns c a n m a k e a v ess el 

c o m pl ai nt wit h I M O 2 0 5 0 t ar g ets. 

W hil e  o n  a  b r o a d e r  s c al e,  z e r o  

e missi o n f u els ar e c r u ci al t o t h e gl o b al 

fl e et a c hi e vi n g t h e I M O t ar g ets, n o n e ar e 

c o m m e r ci all y  a v ail a bl e  t o d a y  a n d  will 

n ot b e f or o v e r a d e c a d e. Th e w orl d is 

w or ki n g u n r e mitti n gl y o n d et e r mi ni n g 

t h e  b e st  t e c h n ol o g y  a n d  o v e r c o mi n g  

pr o bl e ms of s c ali n g b ut, w hil e t h er e’s n o 

q u e sti o n c o m m e r ci al- s c al e pr o d u cti o n 

will b e a c hi e v e d, it will t a k e ti m e. 

It’s  a  si mil a r  sit u ati o n  t o  t h e  

d e v el o p m e nt  of  a  C o vi d - 1 9  v a c ci n e  

d e v el o p m e nt  –  t h e r e’s  a  l ot  of  

d e v el o p m e nt  h a p p e ni n g  a c r o s s  t h e  

gl o b e, b ut it w o n’t h a p p e n o v er ni g ht. O n e 

r e p ort esti m at es t h er e is U S $ 1. 4 trilli o n 

w ort h of w or k r e q ui r e d t o d e v el o p t h e 

t e c h n ol o g y a n d i nst all t h e i nf r astr u ct ur e 

f or z er o- e missi o n f u els. 

Hitti n g t h e I M O t ar g et s
If  t h e  m a riti m e  i n d u st r y  c o nti n u e s  

b uil di n g  v e s s el s  u si n g  di still at e  a n d  

H F O a n d w ait f or z e r o e missi o n f u els, 

w e w o n’t a c hi e v e I M O G H G e missi o n 

t ar g ets. A m o n g t h e s e v er al b arri ers is t h e 

f a ct t h at s hi p y ar ds d o n’t h a v e t h e c a p a cit y 

t o b uil d t h e r e q uir e d n u m b er of b o ats. It 

w o ul d als o r e q uir e s cr a pi n g s hi ps t h at ar e 

n ot at t h e e n d of t h eir lif e, r es ulti n g i n 

hi g h c osts.

Th e o nl y w a y t o m a xi mis e t h e r e d u cti o n 

of m ariti m e G H G e missi o n a n d m e et t h e 

I M O G H G e missi o n t ar g ets is t o gr o w L N G 

s hi p fl e et a n d b u n k eri n g c a p a cit y, w hil e t h e 

si g ni fi c a nt t as k of d e v el o pi n g z er o- e missi o n 

f u el c o nti n u es. A t w o- pr o n g e d a p pr o a c h 

t h at is a l o gi c al a n d b est c ost alt er n ati v e f or 

t h e m ariti m e i n d ustr y.

L N G M FI
B as e d i n A ustr ali a, t h e L N G M ari n e F u el 

I nstit ut e ( L N G M FI) is a n i n d e p e n d e nt 

n ot-f or- pr ofit  or g a nis ati o n  est a blis h e d  

t o e n a bl e L N G, t h e cl e a n est alt er n ati v e 

a v ail a bl e t o d a y, t o b e a pri m ar y f u el f or 

m ari n e tr a ns p ort ati o n. N A

F or f urt h er i nf o visit: htt ps://l n g- m fi. or g
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L N G s hi p fl e et a n d b u n k eri n g c a p a cit y s h o ul d gr o w as t h e w orl d w or ks t o 

d e v el o p z er o- e missi o n f u els a n d m e et d e c ar b o nis ati o n g o als, ar g u es t h e 

L N G M ari n e F u el I nstit ut e

A t w o- pr o n g e d a p pr o a c h t o 
d e c ar b o nisi n g s hi p pi n g is t h e o nl y w a y

C o m m er ci al pr o d u cti o n of z er o - e mi s si o n f u el s i s a d e c a d e a w a y, a n d will c o m e t o o l at e 

t o a c hi e v e I M O’ s r e d u cti o n t ar g et s
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I
n 2 0 1 9, g u ests t ot alli n g m or e t h a n t h e 

p o p ul ati o n of A ustr ali a t o o k a cr uis e, 

a n d  a c r o s s  t h e  c o m m e r ci al  a n d  

p ass e n g er fl e ets a n ot h er milli o n a n d a h alf 

s e af ar ers als o t o o k t o t h e o c e a ns l ast y e ar. 

E ns uri n g t h eir s af et y h as l o n g pr es e nt e d 

a n e n or m o us c h all e n g e t o s hi p e n gi n e ers 

a n d n a v al ar c hit e cts. 

T o d a y w e r el y h e a vil y o n t e c h n ol o g y t o 

d o t h at f or us, b ut as s hi ps v e nt ur e cl os er 

t o t h e p ol es a n d cli m at e c h a n g e m a k es 

o ur o c e a ns m or e t ur b ul e nt, t h e s yst e ms 

w e d e p e n d u p o n t o pr ot e ct v ess els a n d 

t h os e o n b o ar d fr o m h ar m m ust c o nti n u e 

t o e v ol v e.

V e s s el st a bilit y
S hi p st a bilit y is o n e of t h e m ost i m p ort a nt 

as w ell as c o m pl e x s af et y f a ct ors at s e a. 

W hil st,  hi st ori c all y,  a  v e ss el’s  st a bilit y 

w as m ast er e d t hr o u g h a s et of st a n d ar d 

e q u ati o ns t h at w er e o fh e n ti e d t o a s p e ci fi c 

s y st e m of m e as u r e m e nt, t h e e v ol uti o n 

of n a v al ar c hit e ct ur e a n d t e c h n ol o gi c al 

a d v a n c e m e nt s  h a s  i m p r o v e d  t h e  

w a y  w e  m a n a g e  s hi p  st a bilit y.  F o r  

e x a m pl e, L o a di n g C o m p ut e rs ar e n o w 

r e c o g nis e d as t h e m ost e ff e cti v e w a y t o 

si m ult a n e o usl y c al c ul at e a s af e l o a d f or 

st a bl e v o y a g e c o n diti o ns a n d m et h o d of 

l o a di n g v ess els f or m a xi m u m e ffi ci e n c y. 

S O L A S r e g ul ati o n h as e v ol v e d i n li n e 

wit h t h es e c h a n g es. It n o w r e q uir es t h at, 

f or t h e p ur p os e of pr o vi di n g o p er ati o n al 

i nf o r m ati o n  t o  t h e  m a st e r  f o r  s af e  

r et ur n t o p ort a Th er a fl o o di n g c as u alt y, 

p a s s e n g e r  s hi p s  c o n st r u ct e d  b ef o r e   

1 J a n u ar y 2 0 1 4 m ust all h a v e a s e c o n d ar y 

i n st all ati o n  of  a  L o a di n g  C o m p ut e r,  

w hi c h h as t h e c a p a biliti e s t o c al c ul at e 

t h e  d a m a g e  c o n diti o n,  o r  a d diti o n al  

s h or e- b as e d s u p p ort. Th e s yst e ms m ust 

b e i n d e p e n d e nt of e a c h ot h e r a n d ar e 

r e q uir e d t o e ns ur e t ot al s af et y f or t h os e 

o n b o ar d w hilst o ut at s e a. 

T h e c o nti n u e d e v ol uti o n of i n d u st r y 

r e g ul ati o n t o a d v a n c e s hi p st a bilit y i s 

h u g el y i m p ort a nt a s w e s e e n e w, m or e 

c o m pl e x v e s s el d e si g n s i n t h e m a r k et 

a n d e ns u r es w e c al c ul at e st a bilit y m or e 

pr e cis el y. 

S af et y a n d ef Th ci e n c y 
– t h e n a n d n o w
It w as b a c k i n 1 9 9 3 t h at w e l a u n c h e d o ur 

first N A P A L o a di n g C o m p ut er a n d si n c e 

t h e n h a v e c o nti n u e d t o d e v el o p t h e wi d e 

r a n g e of c al c ul ati o ns a v ail a bl e –i n cl u di n g 

h y d r o st ati c s,  i nt a ct  st a bilit y,  a n d  s hi p  

l o n git u di n al str e n gt h – a n d o Th e n w ell i n 

a d v a n c e of I M O r e g ul ati o n. 

D r a wi n g  o n  el e m e nt s  of  o u r  N A P A 

L o a di n g  C o m p ut e r  s oft w ar e,  w hi c h  i s 

us e d b y al m ost all t h e m aj or cr uis e li n es, 

as w ell as t h e f err y, r o-r o, r o- p a x, st o-r o 

a n d l o-l o o p er at ors, w e h a v e d e v el o p e d 

o ur m ost s o p histi c at e d st a bilit y s ol uti o n 

y et, t h e N A P A L o a di n g C o m p ut er T y p e 

4. Th e s ol uti o n f urt h er e n h a n c es s af et y 

i n fl o o di n g e m er g e n ci es a n d pr o vi d es a 

v ess el’s m ast er wit h m or e i nf or m ati o n t o 

e ns ur e a s af e r et ur n t o p ort ( S Rt P). 

O n e of t h e f u n d a m e nt al u p d at e s t o 

t h e  s oft w a r e  i n cl u d e s  t h e  c al c ul ati o n 

of d a m a g e st a bilit y a s s o ci at e d wit h a n 

a ct u al l o a di n g c o n diti o n a n d/ or a ct u al 

fl o o di n g  c a s e s,  b y  u si n g  t h e  di r e ct  

a p pli c ati o n  of  u s e r  o r  s e n s o r  d efi n e d 

d a m a g e t o e n a bl e S Rt P. 

I n a d diti o n, a n d m ost si g ni fi c a ntl y, t h e 

N A P A  L o a di n g  C o m p ut e r  T y p e  4  als o 

f e at ur es u p d at es t o a v ess el’s a ut o m ati c 

d a m a g e d et e cti o n a n d i n c or p or at es t h e 

st at us of w at erti g ht d o ors, cr oss fl o o di n g, 

a n d  e s c a p e  r o ut e s  i nt o  it s  m o d elli n g.  

Li k e wi s e,  b e c a u s e  t h e  r e q ui r e m e nt s  

f r o m  S O L A S  –  vi a  I A C S  –  h a v e  b e e n  

i m pl e m e nt e d  i n  cl a s s  r ul e s,  d a m a g e  

st a bilit y f u n cti o ns a n d c al c ul ati o n r es ults 

wit hi n  a  T y p e  4  L o a di n g  C o m p ut e r  

ar e n o w s u bj e ct t o cl ass a p pr o v al. Th e 

N A P A  L o a di n g  C o m p ut e r  T y p e  4  h as  

als o g ai n e d a p pr o v al of d a m a g e st a bilit y 

f u n cti o ns a n d is I A C S T y p e 4 a n d I M O 

c o m pli a nt. Wit h t his i n mi n d, a n d wit h 

o ur t e a m ai mi n g t o b e at t h e f or efr o nt of 

e ns uri n g s af et y at s e a, w e will n o w o nl y 

d eli v e r  T y p e  4  c o m pli a nt  s oft w ar e  f or 

p ass e n g er s hi ps. 

E v ol uti o n – t h e k e y t o s ur vi v al 
Alt h o u g h  t h e  c a p a biliti e s  b e hi n d  

c al c ul ati n g a n d e n a bli n g s hi p st a bilit y 

h a v e h u g el y a d v a n c e d, f r o m e q u ati o ns 

i n  a  b o o k  t o  3 D  c al c ul ati o n  e n gi n e s,  

t h e f u n d a m e nt al r e q ui r e m e nts f or s hi p 

st a bilit y r e m ai n t h e s a m e. Th e r e vis e d 

S O L A S a n d I A C S r e g ul ati o n will m a k e a 

m aj or di ff er e n c e t o p ass e n g er a n d cr e w 

s af et y o n f erri es, cr uis e li n ers, a n d ot h er 

v e ss el s,  a n d  will  pl a y  a n  i nt e g r al  p art 

i n  t h e  c o nti n u e d  e n h a n c e m e nt  of  t h e  

s hi p pi n g i n d ustr y’s s af et y st a n d ar ds. N A

E v ol uti o n i n s hi p s yst e ms, as w ell as r e g ul ati o ns, is t h e k e y t o s ur vi v al 

a n d s af et y at s e a, es p e ci all y wit h t h e a d v e nt of i n cr e asi n gl y c o m pl e x 

n e w b uil d d esi g ns, s a ys J ussi Silt a n e n, s e ni or pr o d u ct m a n a g er of S af et y 

S ol uti o ns at N A P A

L o a di n g c o m p ut ers a n d t h e i m p ort a n c e 
of c o nti n u e d i n n o v ati o n

C u st o mi s e d cr ui s e 

s hi p v er si o n of 

N A P A’ s L o a di n g 

C o m p ut er 
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A
s  a  z e r o - e mi s si o n  f u el  wit h  

a v ail a bilit y  a r o u n d  t h e  w orl d, 

h y d r o g e n h a s t h e p ot e nti al t o 

t r a nsf or m m o d e r n s o ci et y. H ar n e ssi n g 

f u el  c ell s  a s  t h e  p o w e r  s o u r c e  f o r  

m o bilit y,  h o u s e h ol d,  a n d  i n d u st r y  

a s  w ell  a s  f u elli n g  g a s  t u r bi n e s  a r e  

t h e  m o st  vi si bl e  of  s o ci et y’s  g r o wi n g  

i niti ati v e s t o e x pl oit h y d r o g e n e n e r g y. 

B ut c o nsi d er a bl e w or k r e m ai ns b ef or e a 

‘ h y dr o g e n s o ci et y’ c a n b e s u p p ort e d o n 

a n i n d ust ri al s c al e. O n e k e y c o m p o n e nt 

will b e t h e a bilit y f or s hi ps t o c ar r y l ar g e 

a m o u nts of h y dr o g e n w orl d wi d e. 

Fr o m t h e vi e w p oi nt of tr a ns p ort ati o n 

effi ci e n c y,  p r a cti c al  o pti o n s  i n cl u d e  

t h e  c ar ri a g e  of  li q u efi e d  h y d r o g e n  i n  

b ul k,  t h e  o r g a ni c  c h e mi c al  h y d ri d e  

m et h o d  a n d  d e ri vi n g  h y d r o g e n  f r o m  

tr a ns p ort e d a m m o ni a. I n t h e l att er t w o 

c as es,  t r a ns p ort ati o n  is  p ossi bl e  usi n g  

c o n v e nti o n al c h e mi c al t a n k ers or li q u e fi e d 

g as  c arri ers  a c c or di n g  t o  I G C  C o d e  or  

ot h er est a blis h e d s af et y r e q uir e m e nts. fh e 

e xisti n g st at ut or y fr a m e w or k h as als o b e e n 

u n d er d e v el o p m e nt t o c o v er t h e c arri a g e of 

li q u e fi e d h y dr o g e n, w hi c h is c o nsi d er e d t o 

b e t h e m ost e ffi ci e nt m et h o d. 

As li q u efi e d h y dr o g e n m ust b e k e pt at 

t e m p er at ur es b el o w - 2 5 3° C t o m ai nt ai n its 

li q ui d  st at e  u n d er  at m os p h eri c  pr ess ur e,  

it pr es e nts a n e v e n t o u g h er h a n dli n g a n d 

st or a ge c h all e n ge at s e a t h a n L N G.

Cl ass N K r es p o n d e d t o t h e e x p e ct ati o ns 

f or  li q u efi e d  h y d r o g e n  t r a ns p ort ati o n  

p r o vi d e d  i n  2 0 1 7,  p u bli s hi n g  a  

c o m pr e h e nsi v e  s et  of  ‘ G ui d eli n e s  f or  

Li q u efi e d  H y d r o g e n  C a r ri e r s’.  T h e  

g ui d eli n es t o o k i n t h e pr o visi o ns of I M O’s 

I nt eri m R e c o m m e n d ati o ns f or C arri a g e of 

Li q u e fi e d H y dr o g e n i n B ul k, a d o pt e d b y 

t h e M ariti m e S af et y C o m mitt e e ( M S C) i n 

2 0 1 6, a n d pr es cri b e d e a c h it e m as a m or e 

s p e ci fi c r e q uir e m e nt b as e d o n s c e n ari os 

f or p ossi bl e a c ci d e nts t o e ns ur e t h e s af et y 

of li q u e fi e d h y dr o g e n tr a ns p ort ati o n. 

T h e  I M O  I nt e ri m  R e c o m m e n d ati o n  

w a s  d e v el o p e d  pri m a ril y  b a s e d  o n  a  

c o m p ari s o n  of  p h y si c al  pr o p e rti e s  of  

m et h a n e as m ai n c o m p o n e nts of L N G a n d 

li q u e fi e d h y dr o g e n. B ot h ar e cr y o g e ni c 

a n d  n o nt o xi c,  a n d  b ot h  g e n e r at e  

fl a m m a bl e hi g h- pr ess ur e g as (s e e Ta bl e 1).

H y dr o g e n h a z ar d s
C o m p ari n g a n d e x a mi ni n g t h e p h ysi c al 

pr o p erti es of h y dr o g e n a n d m et h a n e, t h e 

k e y h a z ar ds r el at e d t o li q u e fi e d h y dr o g e n 

c a n b e i d e nti fi e d as: 

1.  L o w i g niti o n e n er g y 

2.  Wi d er fl a m m a bilit y r a n g e 

H a vi n g b e e n alr e a d y b e e n a p pli e d t o a s hi p c o nstr u cti o n pr oj e ct, Cl ass N K 

g ui d eli n es t o s u p p ort li q u e fi e d h y dr o g e n tr a ns p ort ati o n pr o vi d e a si g ni fi c a nt 

r o a d m a p t o w ar ds a ‘ h y dr o g e n s o ci et y’

E n s uri n g s af et y f or t h e tr a n s p ort ati o n of 
li q u e Th e d h y dr o g e n

L a u n c hi n g 

c er e m o n y of S ui s o 

Fr o nti er  ( c o urt e s y 

of K a w a s a ki H e a v y 

I n d u stri e s, Lt d.)

T a bl e 1: C o m p ari s o n of P h y si c al Pr o p erti e s of H y dr o g e n a n d M et h a n e
1, 2

H y dr o g e n M et h a n e

B oili n g t e m p er at ur e K 2 0. 3 1 1 1. 6

Li q ui d d e n sit y k g / m
3

7 0. 8 4 2 2. 5

G a s d e n sit y ( Air: 1. 1 9 8) k g / m
3

0. 0 8 4 0. 7 1 6

Vi s c o sit y G a s Li q ui d
g / c m. s  

x 1 0
- 6

8. 8 1 0. 9 1

1 3. 4 9 1 1 6. 7 9

M a xi m u m b ur ni n g v el o cit y m / s 3. 1 5 0. 3 8 5

L o w er Th a m m a bl e li mit % v ol 4. 0 5. 3

U p p er Th a m m a bl e li mit % v ol 7 5. 0 1 7. 0

L o w er d et o n ati o n li mit % v ol 1 8. 3 6. 3

U p p er d et o n ati o n li mit % v ol 5 9. 0 1 3. 5

Mi ni m u m i g niti o n e n er g y m J 0. 0 1 7 0. 2 7 4

A ut o i g niti o n t e m p er at ur e ° C 5 8 5 5 3 7
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3.  L o w fl a m e visi bilit y d uri n g fir es 

4.  Hi g h b ur ni n g v el o cit y, w hi c h m a y l e a d 

t o d et o n ati o ns wit h s h o c k w a v es 

5.  C o n d e n s ati o n  (li q u ef a cti o n )  a n d  

c o a g ul ati o n  ( s oli difi c ati o n)  of  g a s  

c o nstit uti n g  i n ert  g as  a n d  air,  w hi c h  

m a y  l e a d  t o  t h e  f o r m ati o n  of  a  

l o w-t e m p er at ur e  at m os p h er e  wit h  a  

hi g h c o n c e ntr ati o n of o x y g e n c o m m o nl y 

k n o w n  as  a  st r o n g  c o m b usti o n  ai d  

if  mi x e d  wit h  fl a m m a bl e  g as  s u c h  

as  h y dr o g e n  a n d  als o  c o ul d  r es ult  i n 

cl o g gi n g of pi p es w h e n s oli di fi e d 

6.  Hi g h p er m e a bilit y 

7.  L o w vis c osit y 

8.  H y dr o g e n e m brittl e m e nt of m at eri als 

f or t a n k, pi pi n g a n d pr o c ess e q ui p m e nt 

i n cl u di n g w el ds 

I n  vi e w  of  t h o s e  h a z a r d s,  Cl a s s N K’s  

g ui d eli n e s  h a v e  p r o vi d e d  s p e ci al  

r e q uir e m e nts f or t h e f oll o wi n g 1 9 ar e as: 

1.  M at eri als, w el di n g of c ar g o t a n k, c ar g o 

pr o c ess  pi pi n g,  pr ess u r e  v ess els  a n d  

e q ui p m e nt

2.  fh er m al i ns ul ati o n a n d its m at eri als 

of  c ar g o  t a n k,  c ar g o  pr o c ess  pi pi n g, 

pr ess ur e v ess els a n d e q ui p m e nt

3.  Va c u u m  i ns ul ati o n  s yst e m  f or  c ar g o 

c o nt ai n m e nt s yst e m 

4.  Va c u u m  i ns ul ati o n  s yst e m  f or  c ar g o 

pr o c ess  pi pi n g,  pr ess u r e  v ess els  a n d  

e q ui p m e nt 

5.  D esi g n,  c o nst r u cti o n  a n d  t esti n g  of  

c ar g o t a n ks 

6.  D esi g n, arr a n g e m e nt of c ar g o pr o c ess 

pi pi n g, pr ess ur e v ess els a n d e q ui p m e nt 

7.  C o n st r u cti o n  a n d  t e sti n g  of  c a r g o  

pr o c ess  pi pi n g,  pr ess u r e  v ess els  a n d  

e q ui p m e nt 

8.  Pr ess ur e r eli ef v al v es f or c ar g o t a n ks 

9.  Ve nt s yst e ms f or c ar g o c o nt ai n m e nt 

1 0. C ar g o pr ess ur e / t e m p er at ur e c o ntr ol 

1 1. At m os p h er e c o ntr ol 

1 2. Ve ntil ati o n 

1 3. Te m p e r at u r e,  g a s  c o n c e nt r ati o n  

m e a s u r e m e nt  a n d  h y d r o g e n  g a s  

d et e cti o n, fir e d et e cti o n 

1 4. M e as ur es a g ai nst h y dr o g e n fir e 

1 5. P ers o n n el pr ot e cti o n 

1 6. Filli n g li mits f or c ar g o t a n ks 

1 7. O p er ati o n al pr o c e d ur es a n d o p er ati o n 

m a n u al 

1 8. Ris k ass ess m e nt 

1 9. I n-s er vi c e s ur v e y pl a ns 

F or a ris k ass ess m e nt t o b e c o n d u ct e d 

i n a n e x h a usti v e m a n n er f or t h e d esi g n 

s p e ci fi c ati o ns of a n i n di vi d u al s hi p c arr yi n g 

li q u e fi e d h y dr o g e n c ar g o, it m ust c o nsi d er 

ris ks t o p ers o ns o n b o ar d, t h e e n vir o n m e nt 

a n d  t h e  str u ct ur al  str e n gt h/i nt e grit y  of  

t h e s hi p, wit h a d e q u at e c o u nt er m e as ur es 

pr o p os e d. K e y it e ms, s u c h as p ossi bl e v e nt 

r el e as e s c e n ari os, v e nt fir es, g as di ff usi o n 

a n al ysis, b oili n g li q ui d, e x p a n di n g v a p o ur 

e x pl osi o n, t h e p ossi bilit y of e x pl osi o ns a n d 

d et o n ati o ns i n e n cl os e d c o m p art m e nts, a n d 

t h e l oss of a si n gl e v a c u u m c o m p art m e nt 

i n a v a c u u m i ns ul ati o n s yst e m m ust b e 

s p e ci fi e d i n d et ail. 

S u si o Fr o nti er
T h e  g ui d eli n es  d e v el o p e d  b y  Cl ass N K  

i n  s u p p o rt  of  li q u efi e d  h y d r o g e n  

tr a ns p ort ati o n h a v e alr e a d y b e e n a p pli e d 

i n  a n  a ct u al  pr oj e ct.  T h e y  h a v e  b e e n  

us e d as p art of t h e w orl d’s first li q u e fi e d 

h y dr o g e n c arri er, b uilt b y K a w as a ki He a v y 

I n d ustri es, Lt d f or t h e C O2 -fr e e H y dr o g e n 

E n er g y S u p pl y- c h ai n Te c h n ol o g y R es e ar c h 

A s s o ci ati o n  ( H y S T R A).  H y S T R A  i s  

t h e  c o ns orti u m  “est a blis h e d  pri m aril y  

t o  a c hi e v e  t e c h n ol o gi es  a n d  c ar r y  o ut  

d e m o n st r ati o n  of  e v e r yt hi n g  f r o m  

pr o d u cti o n of h y dr o g e n vi a e ff e cti v e us e 

of br o w n c o al t hr o u g h t o tr a ns p ort ati o n 

a n d st or a g e of s ai d h y dr o g e n, ai m e d at 

t h e  c ulti v ati o n  of  a  C O2 -f r e e  h y dr o g e n  

s u p pl y c h ai n a n d its c o m m er ci alis ati o n”. 

N a m e d S uis o  Fr o nti e r ,  t h e  r e s ulti n g  

v ess el h as a l e n gt h o v er all of 1 1 6 m a n d 

c ar g o  t a n k  c a p a cit y  of  a p pr o x.  1, 2 5 0 m
3
 

a n d w as l a u n c h e d i n D e c e m b er 2 0 1 9. Its 

c o nstr u cti o n is e x p e ct e d t o b e c o m pl et e d 

b y l at e 2 0 2 0, a c c or di n g t o K HI. 

Cl ass N K r e c ei v e d t h e a p pli c ati o n f or 

cl assi fi c ati o n s ur v e y d uri n g c o nstr u cti o n 

f or  t his  m o m e nt o us  v ess el  a n d  c ar ri e d 

o ut t h e v eri fi c ati o n a n d v ali d ati o n i n li n e 

wit h its g ui d eli n es a n d a p pli c a bl e r ul es. 

I n t h e m e a nti m e, Cl ass N K is u p d ati n g 

t h e g ui d eli n es b as e d o n e x p eri e n c e a n d 

k n o wl e d g e a c q uir e d t hr o u g h d esi g n a n d 

c o nstr u cti o n, a n d as t h e s hi p a p pr o a c h es 

it s  o p e r ati o n al  p h a s e,  i n  it s  r ol e  of  

e ns uri n g s af et y f or t h e tr a ns p ort ati o n of 

Li q u e fi e d H y dr o g e n b y s e a. N A

R ef er e n c e s
1.  I S O/ T R 1 5 9 1 6, B asi c c o nsi d er ati o ns f or 

t h e s af et y of h y dr o g e n s yst e ms (I S O)

2.  N ati o n al  I nstit ut e  of  St a n d ar ds  a n d  

Te c h n ol o g y ( NI S T) R ef Pr o p d at a b as e

Cl a s s N K’ s L H 2 c arri er g ui d eli n e s, p u bli s h e d 

i n 2 0 1 7

S ui s o Fr o nti er
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F e at ur e 3 |  S A F E T Y

T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0

I
n  J ul y,  B r o o k e s  B ell  a n n o u n c e d  

pl a n s  t o  d e v el o p  a  hi g h - e n d  

l a b or at or y t o d eli v er c o m pr e h e nsi v e 

m et all ur g y, f u el t esti n g, c o ati n g a n al ysis 

a n d  a d v a n c e d  n o n- d e st r u cti v e  t e sti n g 

( N D T) f a ciliti es. 

B uil di n g w or k o n t h e n e w 8, 0 0 0 fh
2
 f a cilit y 

i n  Bi dst o n,  n e ar  Li v er p o ol,  is  alr e a d y  

w ell u n d er w a y a n d t h e n e w l a b or at or y is 

e x p e ct e d  t o  c o m e  o nli n e  i n  N o v e m b er  

2 0 2 0. Th e £ 1. 8 milli o n i n v est m e nt is p art 

of  t h e  c o m p a n y’s  d esir e  t o  i n cr e as e  t h e 

v al u e- a d d e d, m ulti- dis ci pli n ar y s er vi c es it 

c a n o ff er cli e nts a n d t o p us h f or w ar d t h e 

t e c h n ol o g y us e d i n i ns p e cti o ns.

I niti al pr o gr e s s at t h e n e w 
Br o o k e s B ell’ s l a b or at or y 
Th e n e w t est f a cilit y will h o us e a f u el-t esti n g 

a n al yti c al l a b or at or y, r e fl e cti n g t h e i n cr e as e 

Br o o k es  B ell  is  s e ei n g  i n  f u el- r el at e d  

i n v esti g ati o ns  a n d  cl ai ms.  P o or  q u alit y  

f u el o Th e n l e a ds t o e xt e nsi v e a n d e x p e nsi v e 

m a c hi n e r y  d a m a g e  a n d  c at a st r o p hi c  

i n ci d e nts. Th e f a cilit y will n ot o nl y t est 

f u el  t o  I S O  8 2 1 7  st a n d ar ds,  t o  i d e ntif y  

o ff-s p e ci fi c ati o n s a m pl es w hi c h will h el p 

t o u n d erst a n d t h e c a us es a n d ori gi ns of 

f u el-r el at e d pr o bl e ms, b ut als o will o ff er 

m or e  c o m pl e x  i n v e sti g ati v e  a n al y s e s,  

i n cl u di n g G C M S ( g as c hr o m at o gr a p h y –

m a s s  s p e ct r o m et r y),  F TI R  (f o u ri e r-

tr a nsf or m i nfr ar e d s p e ctr os c o p y) a n d I C P 

(i n d u cti v el y c o u pl e d pl as m a).

Ot h e r  c a p a biliti e s  will  i n cl u d e  a n  

a d v a n c e d mi cr os c o p y s uit e wit h st at e- of 

t h e- art di git al mi cr os c o p es a n d s c a n ni n g 

el e ctr o n mi cr os c o p y, w hi c h c a n b e utilis e d 

f or  a  wi d e  r a n g e  of  d et ail e d  f or e nsi c  

e n gi n e e ri n g  i n v e sti g ati o ns,  m et r ol o g y  

a n d  p ai nt  a n al ysis.  Hi g h  m a g nifi c ati o n  

e x a mi n ati o n  of  m et al  f r a g m e nt s  a n d  

f r a ct ur e  s urf a c es  c a n  pr o vi d e  a  l ot  of  

i nf or m ati o n a b o ut f ail ur e i n ci d e nts a n d i n 

t h e s a m e m a n n er s m all c o ati n g fl a k es c a n 

b e i ns p e ct e d a n d a n al ys e d t o d et er mi n e 

t h e c a us es f or a r a n g e of f a ults i n cl u di n g 

blist e ri n g,  d et a c h m e nt,  c r a c ki n g,  r ust  

f or m ati o n  a n d  i n a d e q u at e  a ntif o uli n g  

pr ot e cti o n. Br o o k es B ell’s i ns p e cti o n t e a m 

c a n e x a mi n e t h e pr o p erti es of m et als a n d 

m at eri als, e x pl ori n g t h e w a y t h e y b e h a v e 

i n di ff er e nt e n vir o n m e nts, s u c h as w h e n 

e x p os e d  t o  hi g h  t e m p er at ur e  or  w h e n  

l o a d e d,  a n al ysi n g  t h e  b e h a vi o ur  of  t h e  

m et al or m at eri al a n d d et er mi ni n g h o w 

t his i nt er a cti o n mi g ht h a v e a ff e ct e d t h e 

c o m p o n e nt  d uri n g  s er vi c e.  I n  a d diti o n  

t o  l a b or at or y  t esti n g,  Br o o k es  B ell  h as   

als o  e n h a n c e d  its  i n-sit u  a n al ysis  a n d  

i ns p e cti o n  c a p a biliti es  wit h  a d v a n c e d  

p ort a bl e t e c h ni q u es.

A d v a n ci n g t e sti n g 
t e c h n ol o gi e s 
Testi n g a n d i ns p e cti o n ar e t h e f o u n d ati o n 

of  s af et y  i n  a n y  e n gi n e eri n g  st r u ct ur e. 

Th er e ar e n u m er o us m et h o ds of i ns p e cti n g 

l ar g e  st r u ct u r es  pri or  t o  m a n uf a ct u r e,  

d uri n g c o nstr u cti o n a n d t hr o u g h r o uti n e 

m o nit ori n g  d uri n g  o p er ati o n.  T h er e  is 

als o a r a n g e of t e c h n ol o gi es a v ail a bl e t h at 

c a n assist wit h t his i ns p e cti o n t o o. I n t h e 

e v e nt of f ail ur e, t h es e s a m e t o ols c a n b e 

us e d t o d et er mi n e r o ot c a us es i n or d er t o 

l e ar n a n d t o pr e v e nt f ut ur e f ail ur es. 

Alt h o u g h, i n m a n y c as es, t h e p ur p os e 

of  t e sti n g  i s  t o  d et e r mi n e  w h et h e r  a  

s p e ci fi c q u alit y or st a n d ar d is m et, t h e 

ulti m at e p u r p os e of a n i n v esti g ati o n is 

t o e ns u r e f u n cti o n alit y a n d s af et y. Th e 

m et h o ds us e d f or t esti n g a n e n gi n e eri n g 

st r u ct u r e  c a n  r a n g e  f r o m  a n al yti c al  

c h e mi st r y,  s u c h  a s  f u el  a n al y si s  a n d  

m et all u r g y,  t h r o u g h  t o  p h y si c s  i n  t h e 

f or m of n o n- d est r u cti v e t esti n g ( N D T) 

t e c h ni q u e s.  B a s e d  o n  t h ei r  o w n  fi el d  

e x p e ri e n c e, t h e t e a m at Br o o k es B ell is 

k e e n t o d ri v e f or w ar d t h e a d v a n c es i n 

t e sti n g  t e c h n ol o g y  a n d  t o  m a k e  t h e m 

m o r e  wi d el y  a d o pt e d  s o  t h e y  c a n  b e  

a p pli e d t o m or e i n v esti g ati o ns.

Th e t e c h ni c al a n d s ci e nti fi c c o ns ult a n c y’s n e w Li v er p o ol f a cilit y will m e et t h e 

gr o wi n g d e m a n d f or f u el t esti n g, as w ell  as st at e- of-t h e- art mi cr os c o p y f or 

f or e nsi c e n gi n e eri n g i n v esti g ati o ns, writ es M att h e w C al v el e y

Br o o k es B ell e x p a n ds its i n h o us e l a b 
t esti n g c a p a biliti es

I niti al pr o gr e s s at t h e n e w Br o o k e s B ell’ s l a b or at or y

M att h e w C al v el e y
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As a n e x a m pl e, w el di n g is a f u n d a m e nt al 

pr o c ess  us e d  i n  l ar g e  s c al e  f a bri c ati o n  

pr oj e cts,  s u c h  as  s hi p  c o nstr u cti o n,  a n d  

t h e q u alit y of t h e w el ds is criti c al t o t h e 

o v er all str e n gt h a n d i nt e grit y of t h e o v er all 

str u ct ur e. fh e f ail ur e of a w el d i n a criti c al 

l o c ati o n c a n r es ult i n s u d d e n, c at astr o p hi c 

f ail ur e, l oss of a s hi p a n d l oss of lif e.

T h er e  ar e  of  c o urs e  w ell- est a blis h e d  

pr o c e d ur es, r ul es a n d c h e c ks i n pl a c e t o 

e ns ur e t h e q u alit y a n d i nt e grit y of w el ds. 

Th er e is ( h o p ef ull y) a b as e li n e of tr ai ni n g 

a n d q u alifi c ati o n/ c ertifi c ati o n a v ail a bl e 

f o r  w el d e r s  t o  e n s u r e  t h e y  a r e  w ell  

e q ui p p e d a n d c o m p et e nt i n t h eir r ol es. 

H o w e v er, e v e n wit h t h e m ost stri n g e nt of 

pr o c e d ur es a n d q u alit y c o ntr ol – t hi n gs 

i n e vit a bl y  g o  w r o n g.  It  i s  t h e  a bilit y  

t o  i d e ntif y  a n d  r e ctif y  t h e s e  d ef e ct s  

( p arti c ul arl y  i n  c riti c al  ar e as)  t h r o u g h  

t esti n g  a n d  i ns p e cti o n  t h at  c a n  e ns ur e 

t h e i nt e grit y of t h e str u ct ur e. This is t h e 

f o u n d ati o n of a s o u n d q u alit y s yst e m. 

I d e ntif yi n g d ef e ct s
T h e r e  is  a  c o m pl e x  c o m bi n ati o n  of  

pr o d u cti o n  pr o c ess es  i n v ol v e d  b ef or e  a  

si n gl e  w el d  is  e v e n  pr o d u c e d  i n cl u di n g  

pr e p ar ati o n f or c utti n g, st e el pl at e c utti n g 

pr o c ess es,  f or m ati o n  of  h ull  pl at es  a n d  

sti ff e n ers a n d t h e ass o ci at e d tr a ns p ort, a n d 

ass e m bli n g of pl at es a n d pr o fil e ( pre- ere cti o n 

j oi nts a n d er e cti o n j oi nts). C o ntr ol of t h es e 

pr o c ess es all c o ntri b ut e t o t h e fi n al q u alit y 

of t h e w el d a n d r e q uir e c ar ef ul att e nti o n t o 

d et ail. H o w e v er, a pr o p orti o n of d ef e cts a n d 

i m p erf e cti o ns ar e u n a v oi d a bl e i n l ar g e-s c al e 

f a bri c ati o n pr oj e cts. Th e c o ns e q u e n c e of n ot 

i d e ntif yi n g t h es e d ef e cts is w ell k n o w n a n d 

c a n e v e n b e c at astr o p hi c. 

N D T h el p s t o i d e ntif y d ef e ct s 
b ef or e t h e y r e s ult i n f ail ur e
Th e c o n v e nti o n al N D T us e d t o i d e ntif y 

d ef e ct s  i n  s hi p b uil di n g  m a y  i n cl u d e  

si m pl e  s u rf a c e  t e c h ni q u e s  s u c h  a s  

M a g n eti c  P a rti cl e  Te sti n g  ( M T)  a n d  

Li q ui d  P e n et r a nt  Te sti n g  ( P T ),  o r  

v ol u m etri c m et h o ds s u c h as Ultr as o ni c 

Testi n g ( U T). Th es e m et h o ds m a y o nl y 

c a pt ur e a s m all a m o u nt of d at a a v ail a bl e 

b ut t h er e ar e a r a n g e of ot h er t e c h ni q u es, 

s u c h  a s  E d d y  C u r r e nt  a r r a y  ( E C A),  

P h as e d Arr a y Ultr as o ni c Testi n g ( P A U T) 

a n d Ti m e of Fli g ht Di ffr a cti o n ( T O F D), 

w hi c h  c a n  c a pt ur e  a n d  r e c or d  a  m u c h 

g r e at e r  a m o u nt  of  d et ail.  I n  a d diti o n,  

t h es e m or e a d v a n c e d m et h o ds all o w f or 

t h e  i nt e g r ati o n  of  s oft w ar e  w hi c h  c a n  

m or e  cl e arl y  d e s c ri b e  a n d  r e p ort  t h e  

l o c ati o n of d ef e cts.

 

C orr o si o n m a p pi n g u si n g 
E d d y C urr e nt t e c h n ol o g y
A d v a n c e d N D T m et h o ds ar e als o us ef ul 

f or  c orr osi o n  m a p pi n g  a n d  m o nit ori n g  

s ol uti o ns a n d w h er e i ns p e cti o n is i n hi bit e d 

b y t h e pr es e n c e of t hi c k c o ati n gs s u c h as 

c o m p osit e cl a d di n g, t e a k or B oli dt d e c k. 

Br o o k es  B ell  is  d e v el o pi n g  a  r a n g e  of  

b es p o k e a n d i n n o v at e i n-sit u a p pli c ati o ns 

f or  t his  p arti c ul ar  a p pli c ati o n.  I n  t his  

r e g ar d, Br o o k es B ell is l o o ki n g t o a p pl y 

t h eir  e x p ertis e  a n d  t e c h n ol o g y  t o  t h e  

f ull  lif e  c y cl e  of  e n gi n e eri n g  str u ct ur es  

–  w h et h er  t h at  is  d uri n g  c o nstr u cti o n,  

r o uti n e i ns p e cti o n or at t h e p oi nt of f ail ur e.

M ari n e i ns p e cti o ns r e q uiri n g f or e nsi c 

l e v el a n al ysis ar e us u all y m ulti- dis ci pli n e, 

w o r ki n g  wit h  e n gi n e e r s  a n d  m a st e r  

m a ri n e r s,  t o  a p pl y  t h ei r  e x p e ri e n c e  

a n d  k n o wl e d g e  t o  t h e  sit u ati o n.  As  

i n v esti g ati o ns  b e c o m e  m or e  a n d  m or e  

c o m pli c at e d, m or e a d v a n c e d s kills a n d 

e q ui p m e nt  a r e  n e e d e d  t o  i n v e sti g at e  

f ail u r e s.  T h e  a p pli c ati o n  of  t h e  ri g ht  

t e c h n ol o g y  a n d  a n al y si s  c a n  e n h a n c e  

t his a bilit y t o i n v esti g at e a n d e ns ur es t h at 

Br o o k es B ell is at t h e f or ef r o nt of b ot h 

l a b or at or y t esti n g a n d a n al ysis i n t h e fi el d. 

A b o ut t h e a ut h or
M att h e w C al v el e y is s e ni or m et all ur gist 

at  B r o o k e s  B ell.  H e  h a s  a n  h o n o u rs’  

d e gr e e i n f or e nsi c e n gi n e eri n g, a n M S c 

i n C orr osi o n a n d h as c arri e d o ut m ari n e 

a n d i n d ustri al b as e d f ail ur e i n v esti g ati o ns 

si n c e 2 0 0 8. Pri or t o j oi ni n g Br o o k es B ell 

i n  2 0 1 0,  h e  w as  a  pr o c ess  m et all ur gist 

w or ki n g wit h c or r osi o n r esist a nt all o ys 

w hi c h w er e pr e d o mi n a ntl y us e d i n t h e 

oil a n d g as s e ct or. M att h e w s p e ci alis es i n 

f ail ur e as a r es ult of c orr osi o n. N A

N D T h el p s t o i d e ntif y d ef e ct s b ef or e t h e y r e s ult i n f ail ur e

C orr o si o n m a p pi n g 

u si n g E d d y C urr e nt 

t e c h n ol o g y
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S
hi p C o n st r u ct o r  S oft w a r e  I n c  

( S SI)  h as  s e e n  a  l ot  of  c h a n g es  

si n c e  it  w as  f or m e d  i n  1 9 9 0  ( as  

Al b a c or e  R es e ar c h  Lt d)  b y  R olf  O ett er  

as a n o ut gr o wt h of m ast ers r es e ar c h h e’d 

b e e n  u n d ert a ki n g  at  t h e  U ni v ersit y  of  

Vi ct ori a, C a n a d a. O ett er r e c o g nis e d e arl y 

o n t h at n ot o nl y di d s hi p b uil di n g n e e d t o 

m o d er nis e a n d a d o pt i n n o v ati o ns, b ut als o 

t h at  ‘s hi p b uil di n g  s p e cifi c’  e n gi n e eri n g  

s o fh w ar e w o ul d b e n e fit b y b ei n g c o m p ati bl e 

wit h ot h er t o ols s u c h as A ut o C A D a n d 

S Q L s er v ers t o all o w f or i nt e gr ati o n.

Aft e r  s o m e  e arl y  s u c c e ss  wit h  it s  

S hi p C A M pr o gr a m, d e pl o y e d o n d esi g ns 

f or  w or k b o ats  a n d  s u p er y a c hts,  i n  1 9 9 7  

t h e  c o m p a n y  r el e as e d  t h e  first  v ersi o n  

of its S hi p C o nstr u ct or t o ol, w hi c h i n t h e 

f oll o wi n g y e ars w o ul d e v ol v e i nt o a c o m pl et e 

s hi p b uil di n g e n gi n e eri n g s ol uti o n. O v er t h e 

p ast 2 0 y e ars, t h e c o m p a n y h as c o nti n u e d 

t o e x p a n d its r e a c h i nt o Asi a, t h e U S a n d 

E ur o p e wit h a n i m pr essi v e arr a y of pr oj e cts 

a n d p art n ers hi ps. 

B ut  a c c or di n g  t o  D a r r e n  L a r ki ns,  

S SI’s  c u r r e nt  j oi nt  C E O,  t h at  ori gi n al  

c o m mit m e nt  t o  d e v el o pi n g  a  v ers atil e  

s ol uti o n w hi c h ‘ pl a ys’ pr o p erl y wit h ot h er 

t o ols  h as  m e a nt  t h e  c o m p a n y  is  w ell  

p ositi o n e d f or t h e m ulti- pl atf or m a p pr o a c h 

t h at’s b e c o m e c o m m o n pl a c e t o d a y.

L ar ki ns  t ell s  T N A :  “ Te n  y e ars  a g o,  

e v e r y o n e  w as  s e ar c hi n g  f or  a  u ni c or n  

s ol uti o n – o n e pl atf or m fr o m o n e v e n d or 

t h at c o ul d d o it all f r o m st art t o fi nis h. 

U nf ort u n at el y f or t h os e w h o w e nt d o w n 

t h at r o ut e, t h e pr o mis e d si m pli cit y of a 

m o n olit hi c s ol uti o n n e v er a p p e ar e d.

“ T h e i n d u st r y h a s d efi nit el y m o v e d 

a w a y f r o m t h at t o w ar ds t h e r e alisti c i d e a 

of a ‘ pl atf or m of pl atf or ms’ e c o s y st e m. 

Wit h pl atf or m of pl atf or ms, e a c h pi e c e 

of  y o u r  e nt e r p ri s e  a r c hit e ct u r e  c a n  

c o n n e ct  t o,  p u s h  a n d  p ull  f r o m,  a n d 

s y n c wit h e v er y ot h er pi e c e. T his is t h e 

o nl y w a y t o e ns ur e t h at y o ur t e c h n ol o g y 

is a d a pti n g t o y o ur b usi n ess a n d n ot t h e 

ot h e r w a y ar o u n d.”

T h at  m e a n s  e n s u ri n g  t h at  t h e  

e n gi n e e ri n g  d at a  c r e at e d  c a n  b e  us e d  

w h er e v er it is n e e d e d. It als o i n cr e asi n gl y 

e xt e n ds t o m a ki n g it p ossi bl e f or e v er y 

d e p art m e nt or st a k e h ol d er t o a c c ess t h e 

s a m e s o ur c e of ‘t r ut h’ i n a f or m at t h e y 

c a n c o ns u m e a n d m a k e s e ns e of. “ We’ v e 

e m b r a c e d  t hi s  p hil o s o p h y  f r o m  t h e  

b e gi n ni n g. As m or e s hi p y ar ds e m br a c e 

s e a ml ess i nt e gr ati o n as t h e w a y f or w ar d, 

w e c a n st e p i n a n d r e d u c e t h e a m o u nt of 

ti m e it t a k es t o m a k e d at a us ef ul.”

Th at’s n ot t o s a y t h e c o m p a n y w as n’t 

g uilt y  of  m a ki n g  s o m e  of  t h o s e  s a m e  

mi st a k e s  i n  it s  e a rl y  y e a r s.  “ S SI  w a s  

i niti all y  o n e  of  t h o s e  b e st - of - b r e e d  

c o m p a ni es  f o c us e d  o n  t h e  e n gi n e eri n g 

n e e ds of s hi p b uil d ers, b ut w e r e c o g nis e d 

t h e  dil e m m a  s o  m a n y  w er e  st r u g gli n g  

wit h:  g o  wit h  t h e  m o n olit hi c  j a c k- of-

all-tr a d es m ast er- of- n o n e a p pr o a c h t h at 

h as s o m e li mit e d i nt e g r ati o n or c o b bl e 

t o g et h e r  a  b e st- of- br e e d  ‘s hi p b uil di n g  

s ol uti o n’ a n d str u g gl e wit h t h e i nt e gr ati o n. 

O ur g o al is al w a ys t o all o w s hi p b uil d ers 

t o w or k wit h w h at e v er s o Th w ar e pl atf or ms 

t h e y  pr ef e r  a n d  m a k e  it  p o ssi bl e  f or  

t h e m t o w or k t o g et h er i n w h at w e c all a  

s y n c hr o nis e d s hi p y ar d.”

L a r ki n s  n ot e s  t h at  s hi p b uil d e r s,  

p arti c ul arl y t h os e i n N ort h A m eri c a a n d 

E u r o p e,  h a v e  e m br a c e d  t h at  t h e  l at est  

t e c h ni c al  i n n o v ati o ns  c a n  h el p  t h e m  

b uil d b ett er a n d m or e s o p histi c at e d s hi ps. 

H o w e v er, w hil e t h at h as m e a nt t h e a m o u nt 

of d at a a v ail a bl e wit hi n a n or g a nis ati o n 

h as i n cr e as e d e x p o n e nti all y, t ur ni n g t h at 

d at a i nt o a us e a bl e f or m f or t h os e w h o 

mi g ht n e e d t o m a k e s e ns e of it h as l a g g e d 

b e hi n d. W hil e S SI h as r e m ai n e d f o c us e d 

o n h el pi n g s hi p b uil d ers c o n c e ntr at e o n 

s hi p b uil di n g, c o nti n u all y e x p a n di n g t h e 

f u n cti o n alit y of its s o Th w ar e, i nf or m ati o n 

g e n e r at e d  wit hi n  t h at  o p e r ati n g  

e n vir o n m e nt h as b e e n r e a dil y a c c essi bl e 

t o p art n ers, cli e nts a n d e v e n ri v als. 

“ We’ v e  s e e n  a  gr o wi n g  i nt er est  f r o m  

ot h er  c o m p a ni es  t h at  h a v e  s p e ci alis e d  

s ol uti o ns. As w e b e c a m e m or e a m biti o us 

a b o ut t h e l e v els of i nt e gr ati o n w e c o ul d 

a c hi e v e,  it  w as  cl e ar  t h at  t h er e  w as  a  

g r o wi n g  d e m a n d  f or  a n  e asi er  w a y  t o  

c o ns u m e a n d distri b ut e i nf or m ati o n at t h e 

it e m a n d p art l e v el.”

F e at ur e 4 |  C A D / C A M

T o d a y’s s hi p b uil di n g s o Th w ar e h as c o m e a l o n g w a y fr o m t h e C A D pr o gr a ms 

of t hr e e d e c a d es a g o. C a n a di a n- h e a d q u art er e d S SI h as b e e n ar o u n d f or m u c h 

of t h at ti m e, t h a n ks i n p art t o its a d a pt a bilit y

S SI: 3 0 y e ars of s hi p b uil di n g s oft w ar e

S SI’ s j oi nt C E O s 

D e ni s M or ai s (l eft) 

a n d D arr e n L ar ki n s
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It l e d t h e c o m p a n y t o d e v el o p a cr e ati o n 

f r a m e w or k  k n o w n  a s  G e n e si s,  w hi c h  

all o ws p art n ers t o cr e at e S SI n ati v e a n d 

i nt elli g e nt p arts o utsi d e of t h e tr a diti o n al 

S SI us er C A D e n vir o n m e nt. 

“It’s j ust o n e m or e pi e c e of t h e p u z zl e 

t h at  all o w s  o u r  p a rt n e r s  t o  c r e at e  a  

r o b ust i nt e gr ati o n q ui c kl y, bl urri n g t h e 

b o u n d ar y b et w e e n a p pli c ati o ns. F or o ur 

cli e nts, t h at m e a ns t h e y ar e n o l o n g er t h e 

o n es h a vi n g t o w orr y a b o ut i nt e gr ati n g 

i nf or m ati o n or m a ki n g it us a bl e a cr oss 

t h eir or g a nis ati o n,” s a ys L ar ki ns.

S y n c hr o ni s e d or g a ni s ati o n s
D e nis  M ori as,  t h e  ot h e r  h alf  of  S SI’s  

e x e c uti v e  l e a d e r s hi p,  c o m m e nt s  t h at  

cli e nts ar e b e c o mi n g e v er- m or e s p e ci fi c i n 

t er ms of t h eir r e q uir e m e nts a n d t h e ki n d of 

f u n cti o n alit y t h e y d e m a n d. “ S hi p b uil d ers 

ar e m or e t e c h ni c all y s o p histi c at e d t h a n 

e v er, w hi c h h el ps, b ut m ost i m p ort a ntl y, 

t h e y h a v e a b ett er u n d erst a n di n g of t h e 

b usi n ess g o als a n d tr a nsf or m ati o n t h e y 

w a nt t o a c hi e v e. 

“I nst e a d of j ust i m pr o vi n g w h at t h e y 

al r e a d y  d o  at  a  d e p a rt m e nt al  l e v el,  

t h e y  r e c o g ni s e  t h at  di giti si n g  e xi sti n g 

pr o c e ss e s c a n b e l e v e r a g e d a c r o ss a n d 

t h r o u g h o ut  t h e  o v e r all  o r g a ni s ati o n.  

T h e y’r e  a bl e  t o  h el p  l o o k  at  all  t h e  

t e c h n ol o g y a v ail a bl e a n d e v e r y c u r r e nt 

pr o c ess a n d s e e a w a y f or w ar d t o w ar d a 

tr ul y s y n c hr o nis e d or g a nis ati o n.” 

M or ais s a ys t h at w hil e c u r r e ntl y t h e 

f o c u s  a n d  a m biti o n  f o r  s hi p b uil di n g  

pr oj e cts ar e o n e ff e cti v e i nt e gr ati o n fr o m 

c o n c e pt t o l a u n c h, t h er e ar e h u g e b e n e fits 

t o b e g ai n e d b y o w n er- o p er at ors s pi n ni n g 

o ut t his di gitis ati o n i nt o pr o d u ct lif e c y cl e 

m a n a g e m e nt  ( P L M).  “It’s  v e r y  e as y  t o 

i m a gi n e a w ell- m ai nt ai n e d Di git al T wi n 

of all v ess els wit hi n a fl e et, w hi c h i n t ur n 

h as h u g e r a mi fi c ati o ns o n m ai nt e n a n c e 

all t h e w a y t hr o u g h t o d e c o m missi o ni n g. 

T hi s  i s  t h e  f ut u r e  f or  t h e  b u si n e s s  of  

s hi p b uil di n g.”

S SI,  a n d  M or ais  i n  p arti c ul ar,  w e r e  

s o m e w h at a h e a d of t h e c ur v e w h e n it c a m e 

t o t al ki n g a b o ut c o n c e pts s u c h as Di git al 

T wi ns, w hi c h h as c o m e t o b e c o m m o n 

p arl a n c e a cr oss t h e i n d ust r y. H o w e v er, 

h e b eli e v es t h at m or e o fh e n t h a n n ot t h e 

t e n d e n c y  t o w ar ds  c o m p art m e nt alisi n g  

m e a ns  t h at  w h at’s  i n  eff e ct  is  oft e n  “ a  

p orti o n of a n o v er all Di git al T wi n”. 

“ F or  e x a m pl e,  t h e y  ar e  i n  pl a c e  f or  

s o m e s u b- ass ets b ut ar e n ot a bl e t o us e 

t h e c o nt ai n e d i nf or m ati o n t o f e e d t h e r est 

of t h e or g a nis ati o n. S o, w e d o h e ar a l ot 

a b o ut a c c ess, b ut m ost o Th e n, it’s b e c a us e 

t h er e’s n ot e n o u g h, or it’s t h e wr o n g t y p e 

of a c c ess.”

H e  a d ds  t h at  t h e  t e n d e n c y  t o w ar ds  

‘sil o s’  wit hi n  o r g a ni s ati o n s,  a n d  t h e  

i n a bilit y t o vi e w t h e pr oj e ct or ass et as 

a w h ol e, is o n e of t h e iss u es t h e Di git al 

T wi n c o n c e pt w as s u p p os e d t o all e vi at e, 

b ut w h e n w or k f r o m o n e t e a m c a n’t b e 

us e d b y a n ot h er t h e n t h os e b e n e fits ar e n’t 

b ei n g r e alis e d. “ S o br e a ki n g d o w n t h os e 

sil os a n d usi n g t h e i nf or m ati o n t h at t h e 

Di git al T wi n is n o w h o usi n g a cr oss e v er y 

d e p art m e nt h as b e e n t h e l ar g est c h all e n g e. 

E m br a ci n g t his i d e a p uts or g a nis ati o ns at 

a c o nsi d er a bl e a d v a nt a g e.”

I n n o v ati o n c ult ur e
S o,  f r o m  t h e  p e rs p e cti v e  of  a  s e r vi c e  

pr o vi d er,  w h at  s h o ul d  t h e  i n d ust r y  b e  

d oi n g  diff e r e ntl y ?  M or ais  b eli e v es  t h e  

bi g g est el e p h a nt i n t h e r o o m c ur r e ntl y 

i s  t h e  mi n d s et  a n d  c ult u r e  wit hi n  

s hi p b uil di n g. “ W hil e it’s i m pr o vi n g e a c h 

y e ar, ri g ht n o w, t h er e is still n o wi d es pr e a d 

c ult ur e of i n n o v ati o n. Wit h o ut o n e, t h e 

c o m p a ni es i n s hi p b uil di n g ar e n ot g oi n g 

t o  b e  a bl e  t o  l e v e r a g e  t h e  g r e at  n e w  

t e c h n ol o gi es t h at ar e b ei n g u n c o v er e d a n d 

d e v el o p e d e a c h d a y.”

“ Th er e’s n e v er g oi n g t o b e a o n e-si z e-

fits- all a p pr o a c h t o t his, b ut w e’r e s e ei n g 

gr e at r es ults w h e n l e a d ers hi p is ali g n e d 

t h at c h a n gi n g t h eir c ult ur e will r es ult i n 

a b ett er, m or e r esili e nt b usi n ess a n d p uts 

t h os e pri n ci pl es i nt o a cti o n. Th at is t h e 

o nl y w a y t h at c ult ur e c a n r e all y c h a n g e. 

“ O n e of t h e k e ys t o t h at s hi Th is e m br a ci n g 

t h e i d e a t h at it is o k a y t o f ail. Wit h o ut t h at, 

t h er e’s  n o  c h a n c e  of  c h a n g e,  n o  m att er  

w h at y o u tr y t o c o m m u ni c at e wit h y o ur 

t e a m. Th er e is alr e a d y s o m u c h pr o of t h at 

a d a pti n g o ur c ult ur e is o n e of t h e k e ys t o 

o v er c o mi n g t o m orr o w’s c h all e n g es.”

A n d  M or ais  t hi n k s  t h e  c o m p a n y  is  

p erf e ctl y p ositi o n e d at t h e n e x us of w h at 

s hi p b uil di n g is, w h at it is b e c o mi n g, a n d 

t h e t e c h n ol o g y t h at will e m p o w er t h at. 

“ M a n a gi n g  i nf or m ati o n  at  t h e  s c al e  of 

s hi p b uil di n g r e q uir es a n a p pr o a c h t h at 

si m pli fi es t h e c o m pl e xit y of s hi p b uil di n g’s 

s p e ci fi c c h all e n g es li k e sist er s hi ps. B ut 

w h at w e’ v e c o m e t o r e alis e is t h at, w h er e 

s hi p b uil di n g is c o n c er n e d, n ot all P L Ms 

ar e  m a d e  e q u all y.  T h e  w a y  s hi p y ar ds  

a ct u all y f u n cti o n m ust b e c o nsi d er e d.

“ We’r e h ar d at w or k d e v el o pi n g a n d 

r e fi ni n g o ur S hi p b uil di n g P L M s ol uti o n 

t o  s ol v e  t h at  c o m pl e x  pr o bl e m.  We’ v e  

al r e a d y  s e e n  g r e at  s u c c e s s  at  h el pi n g  

cli e nts g et c o ntr ol o v er t h eir d at a i n t his 

w a y, a n d m a d e it p ossi bl e f or b ett er, m or e 

i nf or m e d  d e ci si o n- m a ki n g  t o  e m e r g e  

a cr oss t h e or g a nis ati o n.” N A

S hi p C o n str u ct or, S SI’ s Th a g s hi p e n gi n e eri n g t o ol, w a s Thr st l a u n c h e d i n 1 9 9 7
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T
h e  gl ori o us  s etti n g  o n  t h e  hills  

j ust n ort h of Si e n a of t h e C ert os a 

di  P o nti g n a n o  m a d e  e v e r y o n e  

f or g et a b o ut t h e n uis a n c es i m p os e d b y o ur 

n e w t a g- al o n g fri e n d, t h e C o vi d- 1 9 vir us. 

C O M PI T  2 0 2 0  t o o k  pl a c e  f r o m  1 7- 1 9  

A u g ust, a ti m e of h oli d a y f or s o m e ( w h o 

n e v ert h el ess m a d e it t o t h e c o nf er e n c e) a n d 

a ti m e of m as ks f or all.

S o m e  pr es e nt ati o ns  w e r e  d eli v e r e d  

di git all y, m ar ki n g t h e b e gi n ni n g of a n e w 

er a  as  p oi g n a ntl y  n ot e d  b y  Pl o w m a n  i n  

‘ Di git al  M ariti m e  Tr ai ni n g  i n  C o vi d- 1 9  

ti m es’.  I nt er esti n gl y,  v er y  m u c h  li k e  i n  

t h e  w orl d  of  a ut o n o m o us  s hi ps,  s e c o n d  

t h o u g hts ar e s urf a ci n g a b o ut t h e e ffi ci e n c y 

a n d e ff e cti v e n ess of t e c h n ol o g y w h e n it is 

t o o d e v oi d of p h ysi c al h u m a n pr es e n c e. 

Alt h o u g h c ult ur e is a str o n g q u ali fi er i n 

t his r es p e ct, c h ats at t h e c off e e m a c hi n e 

r e m ai n cr u ci al f or s o m e i n or d er t o all o w 

cr oss- p olli n ati o n a n d t e a m cr e ati vit y t o r u n 

t h eir c o urs es. T h er e’s p ossi bl y n ot m u c h 

r o o m  f or  c y b or gs  h er e,  at  l e ast  n ot  y et,  

alt h o u g h ‘ M ari n er 4. 0’ h u m a n di git al t wi ns 

ar e b ei n g c o nsi d er e d.

Si mil ar t h o u g hts a b o ut h o w i m p ort a nt 

p e o pl e r e all y ar e, a n d h o w r e q uir e d t h eir 

pr es e n c e is, w as t a k e n u p b y s e v er al a ut h ors. 

Eri ks e n p oi nt e d o ut t h at if s o m et hi n g g o es 

wr o n g o n a n u n m a n n e d a ut o n o m o us s hi p 

t h er e will b e n o- o n e ar o u n d t o fi x it, l et 

al o n e c arr yi n g o ut m ai nt e n a n c e at s e a t h at 

will ot h er wis e r es ult i n l o n g er p ort st o ps. 

‘ O n  b o ar d  h u m a n  o p er at ors:  li a biliti es  

or  ass ets ?’  als o  e x pl or es  t h e  p ar a di g m  

u n d erl yi n g t h e ass ess m e nt of t h e r el ati v e 

m erits of h u m a ns a n d AI pr o c ess es w h e n 

it c o m es t o s af e n a vi g ati o n a n d c ollisi o n 

a v oi d a n c e. It c a n b e e asil y c o nstr u e d t h at 

if Arti fi ci al I nt elli g e n c e ( AI) w er e b ett er at 

pr e di cti n g a n d a v oi di n g cl e ar- c ut d a n g er o us 

sit u ati o ns,  h u m a ns  mi g ht  still  h a v e  t h e  

u p p er h a n d w h e n it c o m es t o r e c o g nisi n g 

a p ot e nti al crisis v er y e arl y o n a n d g etti n g 

o ut of h ot w at ers b y t a ki n g u n c o n v e nti o n al 

a cti o ns, f a ct ors n ot c o nsi d er e d v er y m u c h 

i n c urr e nt a c ci d e nt st atisti cs.

T h e li mit s of c o m p uti n g
As V ol k er B ertr a m n ot e d i n his C O M PI T 

Pr e vi e w (s e e T N A , M ar c h 2 0 2 0), it l o o ks 

li k e m a n a n d m a c hi n e m a k e a p o w erf ul 

t e a m a n d e a c h will e x c el i n s o m e of t h e 

m a n y c o n c urr e nt a n d i n h er e ntl y i nt erl a c e d 

pr o c ess es t h at c o m p os e t h e w orl d, m ari n e 

i n cl u d e d. I n t his r es p e ct, B ertr a m t ells h o w 

t h e r e c e nt y e ars’ blit z f or w ar d t o Arti fi ci al 

I nt elli ge n c e, C o m p ut ati o n al Fl ui d D y n a mi cs 

( C F D) t e c h n ol o g y, et c. l e fh b e hi n d m or e 

t h a n a f e w s oli d c or n erst o n es d e vis e d o v er 

ti m e a n d h as n ot ( y et) pl a c e d i n a r e alisti c 

p ers p e cti v e  t h e  a bs ol ut es  pr o d u c e d  b y  

hi g h-t e c h al g orit h ms. 

‘ S hi p H ull O pti mis ati o n – A n Att e m pt t o 

D et er mi n e P ositi o n a n d C o urs e of t h e St at e 

of t h e Art’ r es urr e cts t h e as y m m etri c st er n 

t h at o pti mis es fl o w i nt o t h e pr o p ell er, n ot es 

h o w r u d d er a n d pr o p ell er ar e n ot t a k e n 

i nt o a c c o u nt e n o u g h w h e n a p pl yi n g C F D 

t o st er n a n d w a k e, hi g hli g hts t h e f or g ott e n 

o b vi o us p oi nt t h at s hi ps h ulls ar e ‘ o pti mis e d’ 

f or c al m w at er r esist a n c e w hil e i n r e alit y a 

s hi p will b e p us hi n g t hr o u g h hi g h-resist a n c e 

w a v y s e as m ore t h a n n ot, t h at tr u e sist ers hi ps 

will e x hi bit e asil y m e as ur a bl e di ff er e n c es i n 

p erf or m a n c e, et c..

R e as o n  a n d  pr a g m atis m  ar e  f o u n d  i n  

s e v er al ot h er p a p ers. F or e x a m pl e, t h e iss u e 

of w h at m a k es a n o pti mis ati o n pr o c ess v ali d 

is dis c uss e d b y Di e z et al. i n ‘ A d a pt, A d a pt, 

A d a pt:  R e c e nt  Tr e n ds  i n  M ulti- Fi d elit y  

Di git al M o d elli n g f or M ari n e E n gi n e eri n g’ 

w h er e  it  cl e arl y  p oi nt e d  o ut  t h at  as  t h e  

q u alit y of h y p ot h es es a n d b as e- d at a will 

i n fl u e n c e t h e q u alit y of t h e r es ults of a n y 

pr o c ess,  s elf-t e a c hi n g  o n es  i n cl u d e d,  i n  

c ert ai n cir c u mst a n c es a l ess s o p histi c at e d 

a p pr o a c h mi g ht yi el d a hi g h er q u alit y r es ult 

t h a n a hi g hl y c o m pl e x o n e.

I n o n e of his bl o gs, C O M PI T v et er a n 

D e nis M or ais n ot e d t h at t h e “tr a nsiti o n t o 

F e at ur e 4 |  C A D / C A M

Ni c k D a n es e o ff ers his t h o u g hts o n t h e pr e v aili n g t h e m es of t his y e ar’s 

C O M PI T, w hi c h t o o k pl a c e – wit h s o m e r e m ot e p arti ci p ati o n – i n It al y 

i n A u g ust

C O M PI T 2 0 2 0: Th n di n g h u m a n s ol uti o ns f or 
t h e di git al a g e

D e s pit e t h e p a n d e mi c m a n y d el e g at e s m a d e t h e tri p t o T u s c a n y t o att e n d i n p er s o n
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t h e c o n c urre nt d y n a mi c w or k fl o w pr o vi di n g 

v er y hi g h fr e q u e n c y i nf or m ati o n [tr a ffi c] 

will h a v e t h e s a m e c h all e n g es as w h e n w e 

m o v e d fr o m a p ur el y li n e ar w or k fl o w t o a 

st ati c c o n c urr e nt w or k fl o w”. T o e x p a n d t h at 

t h o u g ht,  as  a ut o m ati o n  a n d  AI  i n cr e as e  

t h ei r  f o ot pri nt  i n  pr o c e ss-t o- pr o c e ss  

i nt er a cti o n m or e will h a p p e n wit h o ut a n y 

h u m a n i nt er v e nti o n a n d, c or oll ar y, wit h o ut 

h u m a ns n e c ess aril y k n o wi n g.

B uil di n g b ett er t wi n s
fhis r e q uir es e v er hi g h er q u alit y, r o b ust a n d 

m or e p erti n e nt di git al t wi ns w hi c h m ust 

b e d e v el o p e d d uri n g a n d c at er t o t h e v er y 

e arli est p h as es of d esi g n a n d b e m ai nt ai n e d 

t h er e a Th er. Per e z Fer n a n d e z et al. dis c uss e d 

“ H o w  t o  A c hi e v e  S m art  S hi p  D esi g n  

t hr o u g h t h e I n d ustr y 4. 0”, a d v o c ati n g t h at 

“ C A D t o ols [ m ust] b e pre p are d wit h s p e ci fi c 

c h ar a ct eristi cs t o h a n dl e t h e i nf or m ati o n. 

This n e w e c os yst e m, o p e n e d, i n c or p or ati n g 

t h e n e w tr e n d of t e c h n ol o g y b ut a d a pt e d t o 

t h e s p e ci fi c e n vir o n m e nt of s hi p b uil di n g, 

will b e t h e S m art S hi p”. 

Per e z F er n a n d e z w e nt o n t o d e fi n e t h e 

cl e ar li n k b et w e e n a m ulti- a ut h or C A D-t y p e 

i niti al di git al t wi n – e ff e cti v el y t h e di git al 

d es cri pti o n of e v er y p h ysi c al c o m p o n e nt of 

t h e s hi p – t o t h e o p er ati o n al m o d el, fr o m 

pr e di ct e d t o e ff e cti v e, t h at m ust i n c or p or at e 

Bi g D at a i n g e n er al. T h e l e ar ni n g c ur v e 

b e hi n d  e v ol vi n g  p r e di ct e d  n o mi n al  

p erf or m a n c e t o t h e e ff e cti v e fi el d- m e as ur e d 

p erf or m a n c e n e e d e d t o i m pr o v e t h e f or m er 

a n d f e e d pr e di cti v e m ai nt e n a n c e pr o c ess es, 

AI l e ar ni n g pr o c ess es, et c. is s u p p ort e d b y 

t h e  m assi v e  i m pl e m e nt ati o n  of  I nt er n et  

of  T hi n gs  (I o T)  c o n n e cti vit y.  A c c ur at e  

a n d r o b ust di git al t wi ns ar e c or e t o s hi p 

o p er ati o n, m ai nt e n a n c e, r e p air a n d r etr o fit, 

fr o m c orr e ct as- b uilt str u ct ur al 3 D m o d els 

a n d pl a ns t o t h e hist ori c al d at a of m a c hi n er y 

c oll e ct e d o v er ti m e.

W ort h y  of  n oti c e,  P er e z  F er n a n d e z  

s u g g est e d  t h at  “ w e  ar e  r u n ni n g  o ut  of  

c o n v e nti o n al  a p pr o a c h es  t o  m a k e  s hi ps  

m or e  effi ci e nt”  a n d  t h at  t h e  I n d ustr y  

4. 0  p ar a di g m  r e pr es e nts  a n  o p p ort u nit y  

t o  “ o bt ai n  q u a nt u m  l e a ps  i n  i m pr o vi n g  

p e rf o r m a n c e”.  M or e o v e r,  “ h ori z o nt al  

pl atf or m” ar e i d e nti fi e d as “ k e y t o s u c c ess” 

( Ta yl or,  2 0 1 6).  “t h e  m e nti o n e d  pl atf or m  

. . . is a s et of i nt er c o n n e ct e d a p pli c ati o ns 

w hi c h  s h ar e  t h e  s a m e  d at a  a b o ut  t h e  

pr o d u ct”,  d at a  w hi c h  will  i n cl u d e  b ot h  

d esi g n a n d e x p e ct e d p erf or m a n c e v al u es 

a n d  p ar a m et ers.  S e m a nti cs  asi d e,  w hil e  

pl atf or ms of pl atf or ms h a v e b e e n a d v o c at e d 

b ef or e, p art a ki n g i n m ulti- pl a y er e ff orts a n d 

s h ari n g d at a, p ar a m et ers a n d i nf or m ati o n 

wit h  c o m m er ci al  c o m p etit ors  h as  n ot  

y et  w o n  e v er y o n e’s  h e art  a n d,  i n  f a ct,  

o n e- v e n d or- d o es-it all “s ol uti o ns” ar e still 

b ei n g d e v el o p e d. 

T h at diff er e nt pl a y ers, b e t h e y p e o pl e, 

pr o c ess es, s o Th w ar e or m a c hi n es, d o t hi n gs 

di ff ere ntl y a n d s o m e b ett er t h a n ot h ers m ust 

n o l o n g er h a m p er a c c e pt a n c e t h at t h e tr u e 

y et n e v er t ot al o v erl a p a n d r e d u n d a n c y of 

m a n y c o m m er ci al s o Th w ar e pr o d u cts c a n 

b e b uilt i nt o t h e c oll a b or ati v e h ori z o nt al 

pl atf or m of pl atf or ms.

H u m a n s b ef or e h y p e
D a n e s e  r e vi e w e d  e xi sti n g  s oft w a r e  

p r o d u ct s  t h at  al r e a d y  c o n stit ut e  

c oll a b or ati v e h ori z o nt al pl atf or ms i n t h e 

m ari n e d esi g n w orl d b ut p oi nt e d o ut t h at 

t h es e m ulti- v e n d or r e aliti es ar e as c o m m o n 

as t h e y ar e u n e x pl oit e d b y t h os e w h o h a v e 

all t h e t o ols a v ail a bl e t o t h e m. C ult ur e a n d 

f e ar  of  c h a n g e  r e m ai n  m aj or  o bst a cl es,  

a n d  p e o pl e  ar e  i d e ntifi e d  as  a  criti c al  

c o m p o n e nt t o a n y ‘ pl atf or m of pl atf or ms’ 

e c os yst e m.  ‘ Pl atf or m  of  Pl atf or ms  a n d  

S y m bi oti c Di git al T wi ns: R e al Lif e Pr a cti c al 

E x a m pl es  a n d  a  Visi o n  f or  t h e  F ut ur e’  

di s c u s s e s  w h et h e r  t e c h n ol o g y  r e all y  

b e n e fits fr o m gr e at f o c us w hi c h g e n er at es 

e m pt y h y p e, w hil e t h e h u m a n f a ct or, s o 

cl e arl y i d e nti fi e d b y Pl o w m a n i n tr ai ni n g, is 

l ar g el y i g n or e d. Distri b ut e d, c oll a b or ati v e 

w or k s hi n es a s p otli g ht o nt o t h e dil e m m a 

of s h ari n g d at a a n d i nf or m ati o n n ot j ust 

a m o n g s o Th w ar e pr o gr a ms b ut als o a m o n g 

p e o pl e of di ff er e nt c ult ur es. 

This r e q uir es n ot j ust e x c h a n g e a bl e a n d 

s o m e w h at u ni v ers al d at a s ets, b ut als o a n 

u n d erst a n di n g of h o w t h e y will b e us e d 

a n d i n p urs uit of w hi c h g o als, a v er y h u m a n 

c o m p o n e nt  of  t h e  o v er all  pr o c ess  oft e n  

f or g ott e n  or  t h e  vi cti m  of  t h e  i n c orr e ct  

ass u m pti o n t h at t h er e is o n e c orr e ct w a y 

t o d o s o m et hi n g . Th e c o n c e pt t h at e v er y 

I n cr e a s e d 

a ut o m ati o n a n d 

AI d e m a n d s b ett er 

di git al t wi n s. 

S o ur c e: Si e m e n s
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p arti ci p a nt i n e v er y pr o c ess is a n a ut h or 

u n d er pi ns  t h e  us e  of  w h at  h a v e  b e e n  

tr a diti o n all y c o nsi d er e d e n gi n e eri n g t o ols 

i n pr o c ess es a n d a cti viti es s o f ar c o nsi d er e d 

as u nr el at e d. F or e x a m pl e, t h e C A D m o d el 

us e d t o c o nstit ut e e v e n e arl y p erf or m a n c e 

di git al t wi ns will als o s er v e t h e s al es pr o c ess 

( o n c e r e n d er e d), h el p as c ert ai n s af et y a n d 

o p er ati o n al c h ar a ct eristi cs, et c.

U ni fh e d d at a m o d el s
M or e  o n  s h ari n g  d at a  a n d  i nf or m ati o n  

a cr oss t h e h ori z o nt al pl atf or m, Z er bst et al. 

pr es e nt e d t h e fr uits of a si g ni fi c a nt r es e ar c h 

a n d d e v el o p m e nt e ff ort i n cr e ati n g a s yst e m 

a g n osti c bri d g e b et w e e n v astl y di ff er e nt 

C A D-t y p e s o Th w ar e t o ols c o m m o nl y us e d 

i n m ari n e d esi g n a n d s hi p y ar ds. A l o u d 

first i n o ur i n d ustr y, ‘ H o w t o Ac hi e v e D at a 

I nt e grit y i n S hi p D esi g n Thr o u g h U ni fi e d 

D at a M o d els’ pr es e nts a gr o u n d br e a ki n g 

i m pl e m e nt ati o n of t h e “ d e fi niti o n m o d el” 

p ar a di g m  t h at  will  c o ntri b ut e  s o  m u c h  

t o  t h e  g r o wt h  of  t h e  b a c k b o n e  of  t h e  

h ori z o nt al pl atf or m m a d e u p of s y m bi oti c 

di git al t wi ns. 

Th e di ffi c ult y s o el e g a ntl y o v er c o m e b y 

t his w or k r esi d es gr e atl y i n cr e ati n g a n 

e n gi n e c a p a bl e of a n al ysi n g a n d m a p pi n g 

t h e  i n h er e nt  c h ar a ct eristi cs  a n d  l o gi c al  

ar c hit e ct ur e of a gi v e n C A D-t y p e m o d el, 

i n cl u di n g  u n d e rl yi n g  i nt elli g e n c e  a n d  

us e of m et a d at a. Th e r es ulti n g ( B usi n ess 

I nt e rf a c e  f or  B usi n ess  O bj e cts)  BI B O  

u ni fi e d d at a m o d el c oll e cts g e o m etri c al, 

r el ati o n al  a n d  ass o ci ati v e  d at a  i n  it s  

si m pl est r e pr es e nt ati o n w hil e m ai nt ai ni n g 

all t h e d e fi ni n g a n d ot h er c o n n e cti o ns b uilt 

i nt o t h e ori gi n al m o d el. 

This all o ws r e- us e of b ot h g e o m etr y a n d 

l o gi c  i n  r e c o nstr u cti n g  i d e nti c al  m o d els  

b as e d o n di ff er e nt d at a m o d el arc hit e ct ur es 

a n d e m pl o yi n g di ff er e nt i nt elli g e n c e a n d 

m a p pi n g  s c h e m as.  Alr e a d y  i n  its  e arl y  

i m pl e m e nt ati o n  st a g es,  t h e  O p e n P D M  

S HI P  s oft w ar e  t o ol  all o ws  tr a nsf er  of  

str u ct ure m o d els b et w e e n t h e e n vir o n m e nts 

of m aj or pl a y ers s u c h as N A P A St e el, Av e v a, 

S SI S hi p C o nstr u ct or, Si e m e ns Te a m C e nt er, 

et c. Z er bst s h o ws r e al-lif e c as e st u di es a n d 

v er y cl e arl y ill ustr at es t h e i m p ort a n c e of 

t h e v e n d or- a g n osti c S hi p X M L m o d el at t h e 

b as e of all t h e c o n n e ct ors t o j ust a b o ut a n y 

v e n d or-s p e ci fi c d esti n ati o n.

T h e a d v a n c e of A S V s
A n ot h e r  i n n o v ati v e  r es e ar c h  eff ort  is  

dis c uss e d  i n  ‘ E v ol uti o n  of  A ut o n o m o us  

S urf a c e Ve hi cl es’ b y Bi b uli et al. I n m or e 

w a ys t h a n o n e, t h e A ut o n o m o us S urf a c e 

Ve hi cl e ( A S V) d e v el o p e d, b uilt a n d fi el d 

t est e d c oll e cts all t h e a d v a n c es r e vi e w e d s o 

f ar. Th e s m all, v er y li g ht w ei g ht c at a m ar a n 

e x hi bits  a  r e m ar k a bl e  c o m bi n ati o n  of  

a ut o n o m o us y et i nt er a cti n g di git al t wi ns. 

AI- dri v e n l e ar ni n g usi n g a n e wl y d e v el o p e d 

str at e g y pr o d u c e d v er y d e p e n d a bl e a n d 

a c c ur at e  r o uti n g,  f ull  i nt er c h a n g e a bilit y 

of s e ns ors  i n  st a n d ar d  c asi n gs r e q uir e d 

a  v er y  fl e xi bl e  I o T  pl atf or m,  t h e  fl us h  

m ulti dir e cti o n al h ori z o nt al p u m ps all o w 

n a vi g ati o n o v er h ar d o bst a cl es, t h e r esili e nt 

a n d v er y li g ht w ei g ht f o a m h ulls wit hst a n d 

i m p a ct u n d a m a g e d, a n d t h er e is r o o m l e Th 

f or a d diti o n al e d g e c o m p uti n g t o e n h a n c e 

d at a pr e- pr o c essi n g a n d r e d u c e t h e a m o u nt 

of d at a tr a ns mitt e d b a c k t o s h or e. ti e A S V 

w as d esi g n e d a n d b uilt usi n g c o m p o n e nts 

fr o m s e v er al v e n d ors a n d p ossi bl e f ut ur e 

v ari a nts w er e b uilt i nt o t h e d esi g n t h er e b y 

eff e cti v el y  c o nstit uti n g  a n  i nt e g r at e d  

h ori z o nt al pl atf or m.

Fi n all y,  a  n u m b e r  of  i nt e r e sti n g  

st u di es  w er e  pr es e nt e d  i n  t h e  fi el d  of  

AI,  A ut o n o m o us  Vess els  ( m a n n e d  a n d  

u n m a n n e d),  Vi rt u al  a n d  A u g m e nt e d  

R e alit y ( V R a n d A R), C F D r es e ar c h i nt o 

h ull  o pti mis ati o n  a n d  c ur r e nt  t r e n ds,  

i n c e pti o n  of  t e c h n ol o gi c al  s u p p ort  t o  

h u m a n s ur v e yi n g i n t e a c hi n g a n d o p er ati o n, 

t h e e m pl o y m e nt of dr o n es i n h ull s ur v e ys, 

tr ai ni n g usi n g si m ul at ors, t h e a p pli c ati o n 

of V R a n d A R i n c arr yi n g o ut m ai nt e n a n c e 

a n d, a v ast fi el d i n its elf, t h e a p pli c ati o n of 

m a c hi n e l e ar ni n g t o d esi g n, f a bri c ati o n a n d 

o p er ati o n of m ari n e v e hi cl es.

ti e C O M PI T 2 0 2 0 a w ar d w as attri b ut e d 

t o R o dri g o Per e z Fer n a n d e z i n r e c o g niti o n 

of  his  c o nt ri b uti o n  t o  a  visi o n  of  a n  

i n n o v ati v e m ari n e i n d ustr y of t h e f ut ur e.

F o o d a n d dri n k ar e a b u n d a nt a n d e as y 

t o a p pr e ci at e i n T us c a n y, C O M PI T 2 0 2 0 

l a c k e d  n eit h er.  T h e  m aj esti c  C ert os a  di  

P o nti g n a n o will b e r e pl a c e d b y t h e e pit o mi c 

“ ti e W olfs b ur g” v e n u e i n M ül h ei m a n d er 

R u hr f or C O M PI T 2 0 2 1 a n d e x p e ct ati o ns 

ar e alr e a d y hi g h f or l o c al f ar e a n d b est-i n-

G er m a n y b e er. N A

T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 03 2
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St u di e s pr e s e nt e d 

i n cl u d e d p a p er s 

o n A u g m e nt e d 

R e alit y. S o ur c e: 

C a d m ati c
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O
ne t o ol i n a n o p er at or’s h u nt f or 

f u el re d u cti o n is tri m o pti mis ati o n. 

Si m pl y p ut, t his is t h e s etti n g of 

a s hi p o n a w at erli n e – di ff er e nt fr o m its 

d esi g n w at erli n e – t h at will o ffer a re d u cti o n 

i n p o w er d e m a n d a n d f u el c o ns u m pti o n. 

It  is  a n  i nt er esti n g  pr o p ositi o n,  b ut  o n e  

t h at m ust b e u n d ert a k e n b y b ot h o p er at ors 

a n d d esi g n ers wit h a n a p pr e ci ati o n f or t h e 

c o nstr ai nts of a tri m m e d o p er ati o n, as well as 

t h e u n c ert ai nti es i n t h e pre di cti o n of p o w er 

u n d er tri m m e d c o n diti o ns.

T h e  first  q u esti o n  t h at  I  w o ul d  as k  is  

“ w h at c o m pr o mis es are b ei n g m a d e if I r u n 

tri m m e d? ” S hi p o p er ati o n is m ore t h a n j ust 

t h e e c o n o mi cs of f u el c o ns u m pti o n. Ot h er 

c o nsi d er ati o ns t h at m a y pr o hi bit tri m m e d 

o p er ati o n i n cl u d e:

· R e d u cti o n i n visi bilit y

· E m er g e n c e of t h e pr o p ell er

· S e a ke e pi n g, m oti o ns, or s hi p p e d w at er o n 

d e c k

· U n d er ke el cl e ar a n c e

· H ull l o a di n g a n d stre n gt h

O n c e  it  h as  b e e n  s atisfi e d  t h at  t h es e  

r estri cti o ns c a n b e m et, o nl y t h e n will it 

m a ke s e ns e t o l o o k i nt o b e n e fits of tri m m e d 

o p er ati o n a n d fi n d a n ‘ o pti m u m tri m’. L et m e 

first pr o p os e t h at t h er e is n o s u c h t hi n g as 

‘ o pti m u m’ i n n a v al arc hit e ct ure. E v er yt hi n g 

is a c o m pr o mis e, b ut w e d e fi nit el y c a n fi n d 

w h at is ‘ b ett er’.

Pr o p ul s or ef fh ci e n c y
I n m ost c as es, tri m o pti mis ati o n st u di es f o c us 

o n t h e r e d u cti o n i n s hi p r esist a n c e, w hi c h 

m a k es s e ns e gi v e n t h at t his is t h e pri n ci p al 

d e m a n d o n t h e s yst e m. P o w er a n d f u el ar e 

t h e res p o ns e t o t h at d e m a n d. H o w e v er, t h ere 

c a n b e v ari ati o ns i n pr o p uls or e ffi ci e n c y wit h 

tri m m e d o p er ati o n ( p arti c ul arl y wit h b o w 

d o w n o p er ati o n) t h at s h o ul d b e i n v esti g at e d 

as p art of t h e st u d y usi n g a s yst e m t o ol s u c h 

as N a v C a d f or f ull Vess el- Pr o p uls or- Dri v e 

pre di cti o n of f u el. 

M a n y  tri m  o pti mis ati o n  st u di es  ar e  

b as e d o n C F D ‘s urr o g at e m o d els’ w h ere b y a 

m atri x of l o a di n gs a n d tri ms ar e c al c ul at e d 

t o pr o vi d e a w a y t o i nt er p ol at e a pre di cti o n. 

As y o u mi g ht e x p e ct, t his c a n b e a c ostl y a n d 

ti m e- c o ns u mi n g s et of c al c ul ati o ns, as m a n y 

c o m bi n ati o ns of dr a Th, tri m, a n d s p e e d ar e 

n e e d e d t o cre at e t h e m atri x of res ults. 

Th at s ai d, it is a str at e gi c c al c ul ati o n t h at 

s h o ul d n e e d t o b e c o n d u ct e d j ust o n c e. L et 

m e als o n ot e t h at c o n fi d e n c e i n c o m pl e x 

a n al yti c al c o m p ut ati o ns c a n b e m as k e d b y 

a l a c k of b e n c h m ar ki n g or v ali d ati o n, a n d 

C F D  c al c ul ati o ns  ar e  n o  e x c e pti o n.  F or  

e x a m pl e, l et m e q u ot e o p p osi n g c o n cl usi o ns 

fr o m t w o p u blis h e d C F D st u di es of tri m 

o pti mis ati o n  f or  t h e  w ell- k n o w n  K RI S O  

C o nt ai n er S hi p ( K C S):

1.  “ Th e e ff e ct o n resist a n c e is v ar yi n g d uri n g 

st er n tri m a n d o pti m u m tri m p oi nt is 

0. 0 2 m tri m b y st er n.” ( This is a b o ut 0. 1 5 

d e gre es f or a b o ut a 2. 2 % dr a g re d u cti o n.)

2.  “ Th e fre e m o d el c a n a c c ur atel y pre di ct t h e 

1 % re d u cti o n i n t ot al resist a n c e w h e n t h e 

s hi p is tri m m e d 0. 2 5 d e gre e b y b o w.”

N ot a gr e at c o n fi d e n c e b uil d er... s o l et’s 

t h e n c o nsi d er t h e b e n e fit of r e d u c e d- or d er 

c al c ul ati o ns t h at h a v e s o m e s e mi- e m piri c al 

b asis,  a g ai n  s u c h  as  t h os e  a v ail a bl e  i n  

Na v C a d. O Th e n c all e d 1 D a n d 2 D m et h o ds, 

p ar a m etri c  m et h o ds  ( 1 D)  a n d  N a v C a d’s  

A n al yti c al  Distri b ut e d  V ol u m e  M et h o d  

( A D V M, a 2 D m et h o d) pr o vi d e e ffi ci e nt 

alt er n ati v es or c o m p a ni o ns t o C F D ( 3 D). 

C a n t h es e m et h o ds pr o vi d e a s u ffi ci e ntl y 

a c c ur at e o pti o n f or pr e di cti o n of tri m m e d 

o p er ati o n? Well, y es a n d n o.

P ar a m etri c ( 1 D) m et h o ds ar e g e n er all y 

u ns uit a bl e f or tri m o pti mis ati o n. T his is  

n ot s ur prisi n g, as t h es e m et h o ds ar e b as e d 

o n di m e nsi o n al a n al ysis of s hi ps at t h eir 

d esi g n  w at erli n e  c o n diti o n.  Tri m mi n g  a  

v ess el dist orts its p ar a m et ers s o t h at t h e y 

f all o utsi d e t h e s c o p e of t h e ori gi n al d at a 

s ets. ( Th er e ar e a f e w p ar a m etri c m et h o ds 

t h at d o c o nsi d er st er n-tri m m e d b all ast e d 

ori e nt ati o ns,  b ut  t h es e  w er e  f or  o bs ol et e  

m er c h a nt  c ar g o  s hi p  h ull  f or ms  wit h o ut  

b ul bs a n d wit h si m pl e st er n s h a p es, s o t h e y 

d o n ot re pres e nt c o nt e m p or ar y v ess els.)

N a v C a d’s A D V M ( 2 D) m et h o d utilis es 

3 D h ull C A D g e o m etr y (li k e C F D), b ut is 

a bl e t o pr o vi d e pr e di cti o ns at a fr a cti o n of 

t h e r es o ur c es r e q uir e d f or C F D. It c a n b e 

m a ni p ul at e d i n di ff ere nt w a ys t o a c c o u nt f or 

si n k a g e a n d tri m, w hi c h is criti c al f or s hi ps 

wit h fl at tr a ns o m st er ns t h at m a y b e c o m e 

i m m ers e d.  W hil e  t h e  A D V M  m et h o d  is  

c ert ai nl y n ot a r e pl a c e m e nt f or t h e m a n y 

t as ks a n d a n al ys es t h at C F D c a n o ffer, it d o es 

pr o vi d e a str o n g a n d c ost- e ffe cti ve o pti o n f or 

tri m st u di es or b e n c h m ar ki n g C F D.

F or e x a m pl e, i n t h e pl ot b el o w of K S C 

ti er e ar e c h e a p er, l ess ti m e c o ns u mi n g alt er n ati v es t o C F D s urr o g at e 

m o d els, writ es H y dr o C o m p’s D o n M a c P h ers o n

Tri m O pti mis ati o n: usi n g N a v C a d f or 
pr e di cti o n c o n ti d e n c e

Fi g ur e 1 – “ 2 D ” 

d at a u s e d f or 

A D V M
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pre di cti o ns, w e s e e t h at t h e A D V M m et h o d 

a n d C F D pr o d u c e d v er y si mil ar q u alit ati v e 

o ut c o m es.  ( N ot e  t h at  t h e  A D V M  di d  

o v er- pr e di ct r esist a n c e, w hi c h w e b eli e v e 

is d u e t o a n o v er- esti m ati o n of t h e f or m 

c o ntri b uti o n i n t h e m et h o d. A n e w vis c o us 

f or m  dr a g  m o d el  is  u n d er  d e v el o p m e nt  

t o i m pr o v e t his f or K C S-t y p e v ess els.) fh e 

p ar a m etri c m et h o d ( H oltr o p) d e m o nstr at e d 

g o o d c orrel ati o n t o C F D at t h e d esi g n ( z er o 

tri m)  c o n diti o n,  b ut  s h o w e d  v er y  littl e  

i n fl u e n c e of tri m o n resist a n c e.

Usi n g  a  r e d u c e d- or d er  c al c ul ati o n  –  

s u c h  as  t h e  A D V M  m et h o d  i n  N a v C a d  

2 0 2 0 – is ess e nti al t o a n i niti al ass ess m e nt 

of t h e b e n e fits of tri m m e d o p er ati o n a n d 

t o n arr o w t h e s c o p e of t h e d esi g n s p a c e if 

pr o c e e di n g wit h hi g h er- or d er C F D st u di es. 

T h e n  t h e  pr e di ct e d  r esist a n c e  fi g ur es,  

w h et h er  b y  N a v C a d’s  i nt er n al  m et h o ds  

(s u c h  as  A D V M)  or  e xt er n al  m et h o ds  

(s u c h as C F D), c a n b e e xt e n d e d t o f ull f u el 

pr e di cti o n as p art of its Vess el- Pr o p uls or-

Dri v e s yst e m si m ul ati o n. N A

A b o ut t h e a ut h or
D o n al d M a c P h ers o n is a n i nt er n ati o n all y 

r e c o g ni s e d  s p e ci ali st  i n  a p pli e d  

h y dr o d y n a mi cs, wit h p arti c ul ar e m p h asis o n 

t h e d esi g n of pr o p uls ors a n d t h e n u m eri c al 

f or e c a sti n g  of  v e ss el  a n d  pr o p ul s or  

p erf or m a n c e.  H e  is  t h e  c o-f o u n d er  a n d  

t e c h ni c al dire ct or of H y dr o C o m p.

w w w. h y dr o c o m pi n c. c o m

EI L Y K E A R Y A W A R D

T h e  R o y al  I ns � t u � o n  of  N a v al  Ar c hit e cts  is  c o m mi � e d  t o 
e ns uri n g  t h at  all  i n di vi d u als,  r e g ar dl ess  of  g e n d er,  f ait h 
or et h ni cit y, h a v e e q u al o p p ort u nit y t o p ar � ci p at e f ull y i n 
all t h e I ns � t u � o n’s a c � vi � es. T h e I ns � t u � o n als o s e e ks t o 
e n c o ur a g e  s u c h  e q u alit y  of  o p p ort u nit y  a n d  i n v ol v e m e nt  
t hr o u g h o ut t h e gl o b al m ari � m e i n d ustr y.  

T h e a n n u al Eil y K e ar y A w ar d r e c o g nis es t h e c o ntri b u � o n 
b y a n i n di vi d u al, or g a nis a � o n or p art of a n or g a nis a � o n t o 
i n cr e asi n g e q u alit y, di v ersit y a n d i n cl usi o n i n t h eir s e ct or 
of t h e m ari � m e i n d ustr y.  S u c h c o ntri b u � o n m a y h a v e 
b e e n m a d e b y a s p e ci fi c a c � vit y or o v er a p eri o d of � m e.  
I n di vi d u als m a y n ot n o mi n at e t h e ms el v es f or t h e A w ar d

N o mi n a �  o ns ar e n o w i n vit e d f or t h e 2 02 0  Eil y K e ar y A w ar d.

T h e  A war d will b e  a n n o u n c e d at t h e I nstit uti o n's 2 0 2 1
A n n u al Di n n e r.

N o mi n ati o n s m a y b e u p t o 7 5 0 w or d s a n d 
s h o ul d d e s cri b e t h e c o ntri b uti o n w hi c h t h e 
i n di vi d u al, c o m p a n y or or g a ni s ati o n h a s 
m a d e.

N o mi n ati o n s m a y b e f or w ar d e d o nli n e at 
w w w.ri n a. or g. u k/ Eil y A w ar d  

or b y e m ail t o
Eil y K e ar y A w ar d @ri n a. or g. u k

N o mi n ati o n s s h o ul d arri v e at  RI N A 
H e a d q u art er s b y 3 1 st J a n  2 0 2 1 .

Q u eri e s a b o ut t h e A w ar d s h o ul d b e  
f or w ar d e d t o t h e C hi ef E x e c uti v e at: 
h q @ri n a. or g. u k

A W A R D.i n d d   1 0 3/ 0 6/ 2 0 1 9   1 3: 0 7: 2 6

Fi g ur e 2 – 

Pr e di cti o n s f or t h e 

K C S
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T h e N a v al Ar c hit e ct  O ct o b er 2 0 2 0 3 5

T
h e  d et e r mi n ati o n  of  v e s s el’s  

dis pl a c e m e nt  is  f u n d a m e nt al  f or  

c o m m er ci al  r e as o ns  i n  or d er  t o  

a c c ur at el y c al c ul at e t h e c ar g o b ei n g l o a d e d 

or u nl o a d e d, a n d t his is m e as ur e d i n t h e 

pr o c ess k n o w n as Dr a u g ht S ur v e y. 

T h e  m e as ur e m e nts  of  dr a u g hts  ar e  

n or m all y i n si x l o c ati o ns: t h e a fh, f or w ar d 

a n d mi ds hi p i n e a c h p ort a n d st ar b o ar d si d e 

of t h e v ess el’s h ull. Th es e m e as ure m e nts are 

us e d t o c arr y o ut v ari o us c orre cti o ns i n or d er 

t o d et er mi n e t h e dis pl a c e m e nt. 

O n e  cr u ci al  c orr e cti o n  is  t h at  of  h ull  

d ef or m ati o n or h o g gi n g/s a g gi n g c orre cti o n, 

a n d a pri n ci p al ass u m pti o n is t h at t h e s h a p e 

of t h e h ull i n t er ms of dr a u g hts al o n g t h e 

l e n gt h of t h e v ess el is p ar a b oli c. 

C orr e cti o n of m e a s ur e d 
dr aft s f or H o g a n d S a g 
As  a  c o ns e q u e n c e  of  t h e  p ar a b oli c  h ull  

b e h a vi o ur ass u m pti o n, m ost s ur v e y ors us e 

t h e Q u art er Me a n Dr a Th, or t h e Me a n of 

Me a ns ( M o M), as a c orr e cti o n d u e t o h ull 

d e fl e cti o n, usi n g t h e f oll o wi n g f or m ul as: 

 

 

(f or fi n e li n e d v ess el)

 

(f or f ull er f or m v ess el a n d b o x s h a p e)

Zi h a, K. i n his p a p er ‘ Dis pl a c e m e nt of a 

D e fl e ct e d S hi p H ull’, ar g u es t h at t h e a b o v e 

f or m ul as ar e g e n eri c, a n d a s hi p s p e ci fi c 

c orr e cti o n f or m ul a w as el a b or at e d b as e d 

o n h y dr ost ati c i nf or m ati o n o nl y. 

N e v e rt h el ess,  as  t h e  v ess el  b e c o m es  

l ar g er, t h e bi g g est c h all e n g e is t a ki n g i nt o 

c o nsi d er ati o n w h et h er a v ess el mi g ht b e 

i n a c o n diti o n as h a vi n g its h ull d e fl e ct e d 

i n s e v er al p oi nts, n ot j ust i n o n e p oi nt 

( mi ds hi p).  I n  ot h er  w or ds  t h e  h ull  h as 

m ulti pl e d e fl e cti o ns as s h o w n i n Fi g ur e 2. 

Pitf all s of t h e st a n d ar d 
c orr e cti o n 
This p ar a b oli c h ull ass u m pti o n is us e d as 

c o m m o n pr a cti c e b y dr a u g ht s ur v e y ors. 

H o w e v er, i n m a n y c as es t h er e ar e l ar g e 

d e vi ati o ns i n c ar g o q u a ntit y eit h er pl us 

or mi n us, d e p e n di n g o n t h e c o n diti o n of 

t h e v ess el, w hi c h c a n b e as m u c h as u p 

t o 1, 2 0 0t o n n es f or C a p esi z e b ul k c arri ers. 

Th e r e alit y, f or m a n y v ess els t h e h ull h as 

M ulti pl e P oi nts of D ef or m ati o ns ( M P o D), 

r at h er t h a n a Si n gl e o n e ( S P o D). 

I n  t h e  d o u bl e  s a g gi n g  c o n diti o n,  t h e  

r e al M o M w o ul d b e l ar g er t h a n t h e M o M 

c al c ul at e d  b y  t h e  p ar a b oli c  h ull  s h a p e  

ass u m pti o n. This sit u ati o n m a y o c c ur f or 

i nst a n c e wit h l o a di n g i n t h e f or w ar d a n d 

a Th h ol d, w hil e t h e c e ntr al h ol d r e m ai ns 

e m pt y. I n t his s c e n ari o a n i niti al dr a u g ht 

s ur v e y m a y i n di c at e l a c k of c ar g o. 

O n  t h e  ot h e r  h a n d,  i n  t h e  d o u bl e  

h o g gi n g c o n diti o n, t h e r e al M o M w o ul d 

b e s m all er t h a n t h e M o M c al c ul at e d b y 

t h e  p ar a b oli c  h ull  s h a p e  a ss u m pti o n.  

M ulti pl e p oi nts of d ef or m ati o n c a n c o m pr o mis e t h e h o g gi n g a n d s a g gi n g 

ass u m pti o ns of dr a u g ht s ur v e y c al c ul ati o ns, b ut Ni c ol as Bi al yst o c ki, a 

m ari n e e n gi n e er at A nt ar es M ariti m e S er vi c es, b eli e v es h e h as d e v el o p e d a 

p ossi bl e s ol uti o n

T h e eff e cts of h ull d ef or m ati o n o n 
dr a u g ht s ur v e y

Fi g ur e 1: H o g gi n g (t o p s k et c h) a n d s a g gi n g ( b ott o m s k et c h) c o n diti o n s

Fi g ur e 2: D o u bl e s a g gi n g (t o p s k et c h) a n d d o u bl e h o g gi n g ( b ott o m s k et c h) c o n diti o n s
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fhis sit u ati o n m a y o c c ur at h e a v y b all ast 

c o n diti o n, w h er e i n a fi n al dr a u g ht s ur v e y 

a Th er c o m pl eti o n of c ar g o u nl o a di n g, t h e 

s ur v e y or m a y a g ai n fi n d missi n g c ar g o. 

A n y s ol uti o n s ?
T h e  m aj orit y  of  p u blis h e d  g ui d eli n es,  

p a p e r s  a n d  a rti cl e s  c o n c e r ni n g  t h e  

i m p o rt a n c e  of  c o r r e ctl y  m e a s u ri n g  

dr a u g hts f or  t h e e ff e cts of h ull d ef or m ati o n 

str u g gl e t o fi n d a s ol uti o n f or t h e i n cr e asi n g 

n u m b er of v ess els wit h M P o D. 

S o m e c a p esi z e o w n ers h a v e fitt e d l as er 

i nst r u m e nt ati o n  o n b o ar d  t h e  v ess el  i n  

or d er f or a s ur v e y or t o c h e c k t h e dr a u g ht 

at s e v er al p oi nts al o n g v ess el’s l e n gt h, a n d 

pr es u m a bl y  est a blis h  a  m or e  a c c ur at e  

M o M. B ut t his s ol uti o n is still f ar fr o m 

b ei n g  wi d es pr e a d,  a n d  s ur v e y ors  fi n d  

t h e m s el v e s  i n  sit u ati o ns  w h e r e  t h e y  

str u g gl e t o i d e ntif y t h e r e as o n f or l ar g e 

c ar g o q u a ntit y d e vi ati o ns. 

Ot h e r  r e c o m m e n d ati o n  i n cl u d e s  

w el di n g of dr a u g ht m ar ks at t h e q u art er 

a n d  t hr e e- q u art er  p oi nts  of  t h e  s hi p’s  

l e n gt h o n b ot h t h e p ort a n d st ar b o ar d si d e. 

H o w e v er, hit h ert o f e w v ess els h a v e a d o pt e d 

t his s ol uti o n. 

I n c as es w h ere t h e m ulti pl e d e fl e cti o ns are 

c a us e d b y t h e h e a v y b all ast c o n diti o n of a 

v ess el, a n ot h er re c o m m e n d ati o n c o m m o nl y 

a d v o c at e d is t o d e- b all ast f or t h e p ur p os es 

of t h e s ur v e y, a n d t h e n b all ast a g ai n pri or t o 

s aili n g. B ut t h e a ut h or s e es t his s ol uti o n as 

b ei n g i m pr a cti c al.

It  s h o ul d  als o  b e  r e m e m b er e d  t h at  a  

v ess el  m a y  b e  i n  a  m ulti pl e  d efl e cti o n  

c o n diti o n j ust b ef or e l e a vi n g a p ort, pl a ci n g 

t h e s ur v e y or i n a di ffi c ult p ositi o n, i n w hi c h 

t h e y h a v e t o c o m pl et e t h e s ur v e y as f ast 

as  p ossi bl e  wit h o ut  c o m pr o misi n g  t h eir  

pr of essi o n al st a n d ar ds. 

Pr o p o s e d al g orit h m 
I n vi e w of t h e a b o v e cir c u mst a n c es, t h e 

a ut h or h as d e v el o p e d a n al g orit h m t h at 

will assist t h e dr a u g ht s ur v e y or i n c arr yi n g 

o ut d e fl e cti o n c orr e cti o n e ff e cti v el y a n d 

h el p t o o bt ai n t h e m ost a c c ur at e r es ults i n 

c as es of M P o D. 

Th e first st e p is i d e ntif yi n g t h os e v ess els 

w hi c h  ar e  s us p e ct e d  t o  h a v e  m ulti pl e  

d e fl e cti o n p oi nts al o n g t h eir l e n gt h, a n d 

l ar g er  v ess els  ar e  o ur  first  c a n di d at es.  

Th e U nit e d N ati o ns r e c o m m e n d ati o n f or 

d at a m a n u al f or dr a u g ht s ur v e ys is t h at 

v ess els a b o v e 2 0 0 m i n l e n gt h s h o ul d h a v e 

a d diti o n al dr a u g ht m ar ks, t h us t h es e ar e 

t h e pri m ar y s us p e cts. 

S e c o n dl y  a r e  t h o s e  v e s s el s  w hi c h  

ar e  at  l o a di n g  c o n diti o ns  t h at  ar e  n ot 

h o m o g e n o u s  al o n g  t h e  l e n gt h  of  t h e  

v ess el, i n cl u di n g v ess els wit h alt e r n at e 

c a r g o s,  v e s s el s  wit h  p a rti all y  l o a d e d  

h ol ds, v ess els wit h s u bst a nti al di ff er e n c e 

i n c ar g o w ei g ht i n h ol ds a n d v ess els at 

h e a v y b all ast c o n diti o n. 

Th e b asi c i n d ustr y-r e c o g nis e d dr a u g ht 

s ur v e y pr o c e d ur e is n ot c h a n g e d, h o w e v er, 

s e v er al st e ps ar e a d d e d t o e n c o m p ass h ull 

s h a p es wit h M P o D. 

St e p 1: Th e p ar a b oli c li n e  

I n t his st e p, a Th er m e as ur e m e nts of dr a Ths 

i n  6  p ositi o ns,  a n d  c orr e cti n g  t o  t h e  

p er p e n di c ul ars,  e a c h  aft,  mi ds hi p  a n d  

f or w ar d  dr afts  ar e  dr a w n  i n  a  c o m p ut er  

pr o gr a m a n d t h e p ar a b ol a e q u ati o n is f o u n d. 

S e e e x a m pl e i n Fi g ure 3. 

St e p 2: ti e i nt er m e di at e d e fl ecti o ns 

tiis st e p i n cl u d es t h e esti m at e d dr a ti at 

1⁄ 4 L B P a n d at 3⁄ 4 L B P, usi n g t h e e q u ati o n 

of st e p N o. 1. ti er e a ti er, t h e i nt er m e di at e 

h o g/s a g b et w e e n a ti p er p e n di c ul ar a n d 

mi ds hi p a n d b et w e e n mi ds hi p a n d t h e 

f or w ar d p er p e n di c ul ar, ar e c al c ul at e d, as 

p er Ta bl e 1 a n d e q u ati o ns. 

St e p 3: ti e ass u m pti o n 

ffis st e p is t h e m ost cr u ci al o n e d uri n g 

t h e pr o c ess, h er e wit h s u g g est e d, b e c a us e 

it n ulls t h e S P o D or p ar a b oli c ass u m pti o n, 

a n d i nst e a d it i ntr o d u c es t h e M P o D n e w 

ass u m pti o n. I n pr a cti c e it is b ei n g c arri e d 

Fi g ur e 3: P ar a b oli c h ull s h a p e of a u s e c a s e 

F or w ar d Dr a u g ht 

M ar k s r e a d d uri n g 

Dr a u g ht S ur v e y
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o ut b y c h a n gi n g t h e si g n of t h e d e fl e cti o n 

fr o m p ositi v e t o n e g ati v e a n d vi c e v ers a. 

D oi n g s o e ns ur es t h at t h e h ull s h a p e 

h as  M ulti pl e  P oi nt s  of  D efl e cti o n.  I n  

ot h er w or ds, a v ess el w hi c h w as ori gi n all y 

h o g gi n g or s a g gi n g will c h a n g e t o d u al 

s a g gi n g or d u al h o g gi n g, r es p e cti v el y. 

T a bl e  2  a n d  E q u ati o n s  3  a n d  4  

s u m m aris e t his st e p. A n d Fi g ur e 4 r el at es 

t o t h e us e c as e. 

St e p 4: Me a n of Me a ns 

fh e fi n al st e p is c al c ul ati n g t h e M e a n of 

Me a ns ( M o M) a n d t o d o s o it is s u g g est e d 

usi n g t h e Si m ps o n’s First R ul e, a p pli e d o n 

Ta bl e 2: 

C a s e St u d y 
Th e pr o p os e d al g orit h m w as a p pli e d o n 

a us e c as e of a v ess el wit h t h e f oll o wi n g 

m ai n p arti c ul ars: 

Ty p e – B ul k c arri er

L O A – 2 2 5. 0 m

Br e a dt h – 3 2. 2 6 m S u m m er dr a Th – 1 4. 2 6 8 m 

L B P – 2 1 7. 0 m

D e pt h – 1 9. 6 0 m

S u m m er D W T – 7 4, 7 6 4t o n n es

Th e v ess el arri v e d at p ort f ull y l a d e n a n d 

dis c h ar g e d p art of t h e c ar g o, fr o m h ol ds 

2, 4, 6 o nl y. I niti al a n d fi n al dr a u g ht s ur v e ys 

w er e c arri e d o ut. Th e i niti al s ur v e y r es ults 

w er e pl a usi bl e w h e n t a ki n g i nt o a c c o u nt 

t h e r e p ort e d c o nst a nt. 

N e v ert h el ess,  t h e  fi n al  dr aft  s ur v e y  

r es ult e d i n e x c essi v e c ar g o a m o u nti n g t o 

a b o ut 1. 4 % of t h e c ar g o b ei n g dis c h ar g e d. 

Ac c e pt a bl e c ar g o q u a ntit y d e vi ati o n is u p 

t o 1. 0 % f or s m all er v ess els, h o w e v er, f or 

t h e P a n a m a x b ul k er it w as t h o u g ht t h at 

t h e d e vi ati o n w as m ostl y attri b ut a bl e t o t h e 

p ar a b oli c h ull s h a p e h y p ot h esis. 

A p pl yi n g  t h e  pr o p os e d  al g orit h m,  t h e  

fi n al e xc ess i n c ar g o w as a b o ut 0. 4 %, w hi c h is 

c o nsi d ere d re as o n a bl e b y i n d ustr y st a n d ar ds. 

C o n cl u si o n s 
O n e of t h e ass u m pti o ns w h e n c arr yi n g o ut 

dr a Th s ur v e ys is t h e p ar a b oli c s h a p e of t h e 

h ull. W hil e i n m a n y c as es t his is a c c e pt a bl e, 

t h er e ar e v ess els i n s u c h a c o n diti o n t h at 

t h e y r e q uir e att e nti o n a n d a n alt er n ati v e 

s ol uti o n. T his s h o ul d t a k e i nt o a c c o u nt 

t h e v ess el’s a ct u al s h a p e, w hi c h m a y h a v e 

M ulti pl e P oi nts of D e fl e cti o n ( M P o D). 

A n al g orit h m w as pr o p os e d a n d a p pli e d 

t o a c as e st u d y, wit h r es ults t h at a p p e ar t o 

b e cl os er t o r e alit y i n t h e m et h o d ol o g y f or 

c al c ul ati n g t h e Me a n of Me a ns of Dr a Th,  a n d 

c o ns e q u e ntl y t h e dis pl a c e m e nt of t h e v ess el, 

a n d t h e c ar g o b ei n g l o a d e d or u nl o a d e d, as 

t h e c as e m a y b e. 

It  is  s u g g est e d  t h at  n a v al  ar c hit e cts,  

m ari n e  e n gi n e ers  a n d  m ari n e  s ur v e y ors  

s h o ul d  el a b or at e  u p o n  t h e  pr o p os e d  

m et h o d.  T h e  a ut h or  w o ul d  w el c o m e  all  

c o m m e nts a n d f e e d b a c k. N A

F or e n q uires, c o nt a ct: Ni c ol as @ a nt ares. c o.il

R ef er e n c e s 
1.  ZI H A, K; Dis pl ace me nt of a De flecte d S hi p 

H ull, Mari ne Tec h n ol o g y, Ja n u ar y 2 0 0 2

2.  N ort h  of  E n gl a n d  P &I  Ass o ci ati o n,  

Dr a u g ht  S ur v e y  –  A  G ui d e  t o  G o o d  

Pr a cti c e 

3.  I nt e r n ati o n al  I n stit ut e  of  M a ri n e  

S ur v e yi n g – Dr a u g ht S ur v e yi n g 

Fi g ur e 4: P ar a b oli c h ull s h a p e of a u s e c a s e

T a bl e 2: Dr aft s u n d er M P o D a s s u m pti o n

T a bl e 1: Dr aft s u n d er S P o D a s s u m pti o n. N ot e t h at m ar ki n g of d e Th e cti o n i s n e g ati v e ( -) f or 

h o g a n d p o siti v e ( +) f or s a g e, a n d ( M) d e n ot e s M e a s ur e d a n d ( C) C al c ul at e d
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I
n O ct o b er t his y e ar, t h e S p a nis h N a v y 

is c el e br ati n g 2 5 0 y e ars of t h e cr e ati o n 

of  t h e N a v y E n gi n e ers  C or ps. T h e 

i m p ort a n c e  of  t his  a n ni v e rs ar y  is  n ot  

o nl y d u e t o t h e r e m ar k a bl e l o n g e vit y of 

a n a v y c or ps, b ut t h e birt h of m o d er n 

s hi p b uil di n g i n S p ai n.

As a c o u ntr y d e e pl y r o ot e d i n m ari n e 

t r a diti o n,  t h e  N a v y  a n d  i n n o v ati o n  

h a v e  al w a y s  g o n e  h a n d  i n  h a n d.  T h e  

d e v el o p m e nt of n a v al t e c h n ol o g y all o w e d 

t h e S p a nis h E m pir e t o d o mi n at e t h e s e as 

a n d  pr ofit  f r o m  m at e ri al  a n d  c ult u r al  

w e alt h f or c e nt uri es. 

Fr o m a n e arl y st a g e, t h e C r o w n w as 

a w a r e  of  t h e  n e e d  t o  p r o m ot e  s u c h  

e ntr e pr e n e urs hi p, wit h t h e m ost n ot a bl e 

e x a m pl es b ei n g t h e dis c o v er y of A m eri c a 

a n d  J u a n  S e b a sti á n  d e  El c a n o’s  fi r st  

v o y a g e ar o u n d t h e w orl d. Th e l att e r is 

c el e b r ati n g  it s  5 0 0 - y e a r  a n ni v e r s a r y  

of  t h e  1 5 1 9- 1 5 2 2  v o y a g e  t h at  f o r e v e r  

c h a n g e d gl o b al tr a d e.

Wit h  F eli p e  V  of  S p ai n  ( 1 7 0 0- 1 7 4 6) 

c a m e  t h e  N a v y’s  r e n o v ati o n  aft e r  t h e  

d a m a gi n g War of t h e S p a nis h S u c c essi o n. 

Th e e ns ui n g r estr u ct uri n g of t h e st at e w as 

h e a vil y i ns pir e d b y t h e Fr e n c h a n d Britis h 

a d mi nistr ati o ns, wit h t h e N a v y pl a yi n g a 

pi v ot al r ol e i n t h e s e c uri n g of t errit ori es i n 

It al y a n d t h e A m eri c as, a m o n g ot h er p arts 

of t h e E m pir e. 

D u ri n g  t h e  A g e  of  E nli g ht e n m e nt,  

d e v el o p m e nt  of  t h e  a p pli e d  s ci e n c e s  

a n d  e n gi n e e ri n g  pr a cti c e s  w as  h e a vil y 

pr o m ot e d. Th e r e q uir e m e nts of a m o d er n 

N a v y d e m a n d e d a n i n d ustri al f o c us t o its 

s hi p y ar ds, w hi c h m o v e d fr o m tr a diti o n al 

s hi p b uil di n g b as e d o n cr a fts m e n, t o t h e 

dir e ct a p pli c ati o n of s ci e nti fi c k n o wl e d g e 

t o  d e si g n  a n d  p r o d u cti o n.  T hi s  

tr a nsf or m ati o n c h a n g e d fr o m t h e S p a nis h 

s yst e m, l e d b y J os é A nt o ni o d e G a zt a ñ et a, 

t o a n E n glis h s yst e m pr o m ot e d b y J or g e 

J u a n, a n d fi n all y t o a Fr e n c h s yst e m of 

n a v al c o nstr u cti o n b y G a uti er. 

J e a n- Fr a n ç ois G a uti er Oli b er, s er vi n g 

u n d er  t h e  S p a nis h  Cr o w n,  h e a d e d  t h e  

cr e ati o n of t h e C u er p o d e I n g e ni er os d e 

M ari n a  ( N a v y  E n gi n e e rs  C or p s).  T h e  

N a v y E n gi n e ers C or ps w as a p pr o v e d b y 

s o v er ei g n or di n a n c e o n 1 0 O ct o b er 1 7 7 0, 

1 1 y e ars i nt o t h e r ei g n of Ki n g C arl os III. 

It w as c o n c ei v e d as a s p e ci alis e d t e c h ni c al 

c or p s,  all  u n d e r  t h e  c o m m a n d  of  a n  

I ns p e ct or G e n er al of E q ui p m e nt, w h o w as 

i n c h ar g e of s u p er visi n g t h e e v er gr o wi n g 

e x p e n dit ur e o n t h e r e q uir e d e q ui p m e nt 

f or s hi p y ar ds. 

Ni n e y e ars l at er, i n 1 7 7 9, F er r ol s a w 

its first e v er t hr e e- bri d g e s hi p, P urísi m a 

C o n c e p ci ó n ,  t h at  wit h  a  1 1 2- c a n n o n  

c o n fi g ur ati o n w as o n e of t h e bi g g est s hi ps 

of t h e li n e of its ti m e. This w as t h e r es ult 

of r es e ar c h u n d er g o n e b y G a uti er o n t h e 

pl a ns fr o m t h e s hi ps of t h e li n e S a ntísi m a 

Tri ni d a d ,  t h e  Fr e n c h  R o y al  L o uis  a n d  

t h e Britis h R o y al G e or g e . H o w e v er, it is 

w ort h  n oti n g  t h at  t h e  1 7 6 6- b uilt  S a n 

J u a n  N e p o m u c e n o w as  t h e  fi rst  t o  b e  

c o nstr u ct e d usi n g t h e s yst e m i ntr o d u c e d 

b y  G a uti er,  a  s hi p  t h at  w o ul d  l at er  b e  

t h e s etti n g f or Bri g a di er C os m e D a mi á n 

C h ur r u c a’s h er oi cs d uri n g t h e B attl e of 

Tr af al g ar i n 1 8 0 5.

T h e  i m p r o v e m e nt s  i nt r o d u c e d  b y  

G a uti er w er e e d u c ati o n al, or g a nis ati o n al 

a n d  c o n st r u cti v e.  Hi s  d e si g n s  ai m e d  

t o  st r e n gt h e n  t h e  r e si st a n c e  of  t h e  

v ess els w hil e i n cr e asi n g t h eir s p e e d a n d 

m a n e u v e r a bilit y.  S c a ntli n g  w a s  al s o  

r e d u c e d  n ot  j u st  f or  w ei g ht  c o n c e r ns, 

b ut  al s o  d ri v e n  b y  m at e ri al  s c a r cit y.  

D u ri n g  t h e  s e c o n d  h alf  of  t h e  1 8t h  

Jai m e Pere z M arti n e z, te c h ni c al m a n a ger at RI N A, l o o ks b a c k at t he hist or y of 

S p ai n’s Na v y E n gi ne ers C or ps a n d t h e n ati o n’s s hi p b uil di n g i n d ustr y o ver t he 

l ast q u arter mill e n ni u m

2 5 0 y e ars’ hist or y of t h e S p a nis h N a v y 
E n gi n e ers C or ps

I n- d e pt h | H E RI T A G E

J or g e J u a n y 

S a nt a cili a’ s ( 1 7 1 3 -

1 7 7 3) p u bli s h e d 

w or k s pr o vi d e d 

vit al k n o wl e d g e f or 

t h e S p a ni s h N a v y’ s 

r ef or m ati o n

N A _ O C T 2 0 _ 3 8 + 3 9 + 4 0.i n d d   3 8N A _ O C T 2 0 _ 3 8 + 3 9 + 4 0.i n d d   3 8 2 8/ 0 9/ 2 0 2 0   1 6: 3 0: 1 42 8/ 0 9/ 2 0 2 0   1 6: 3 0: 1 4
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c e nt ur y, t h e s h ort a g e of f or est r es o ur c es 

i n S p ai n h a d t ur n e d t h e s u p pl y of w o o d 

f o r  s hi p b uil di n g  i nt o  a  p r o bl e m  t h at  

i n fl u e n c e d t h e d e si g n of n e w b uil di n g s 

a n d  m ai nt e n a n c e  of  t h e  fl e et.  T hi s  

all o w e d f or s hi p s t h at w e r e f ast e r, b ut 

m o r e  i m p o rt a ntl y  off e r e d  i m p r o v e d  

st a bilit y f or t h e artill er y. 

Ar o u n d t h e s a m e ti m e, J or g e J u a n y 

S a nt a cili a  p u bli s h e d  ‘ T h e o r eti c al  a n d  

Pr a cti c al M ariti m e E x a mi n ati o n’ ( 1 7 7 1) 

a n d ‘ fh e St at e of Astr o n o m y i n E ur o p e’ 

( 1 7 7 4),  h a vi n g  pr e vi o u sl y  w ritt e n  t h e  

a c cl ai m e d  ‘ N a vi g ati o n  C o m p e n di u m’  

( 1 7 5 7). J u a n’s w or k b e c a m e vit al t o t h e 

N a v y’s r ef or m as h e i ntr o d u c e d t e c h ni c al 

k n o wl e d g e f r o m a br o a d t o S p a nis h s hi p 

c o n st r u cti o n.  Hi s  a c hi e v e m e nt s  al s o  

g ai n e d r e c o g niti o n o utsi d e S p ai n e ar ni n g 

hi m, a m o n g ot h er titl es, t h e F ell o ws hi p of 

t h e R o y al S o ci et y f or his s ci e nti fi c w or k 

i n P er u al o n gsi d e A nt o ni o d e Ull o a.

T h e  N a v y  u n d e r w e nt  f u r t h e r  

r e or g a nis ati o n a Th er t h e First C arlist War 

( 1 8 3 3- 1 8 4 0), d uri n g w hi c h t h e fl e et h a d 

b e e n h e a vil y d a m a g e d a n d d e pl et e d. This 

e nt ail e d t h e c o nstr u cti o n a n d a c q uisiti o n 

of 3 9 s aili n g a n d st e a m p o w er e d s hi ps. 

T h e  i nt r o d u cti o n  of  st e a m  p o w e r  i n  

t h e S p a nis h N a v y m e a nt i n d e p e n d e n c e 

f r o m wi n d a n d m or e pr e cis e n a vi g ati o n, 

wit h p a d dl es q ui c kl y b ei n g s u p pl a nt e d 

b y  s c r e w  p r o p ell e r s.  A m o n g  t h o s e  

p u r c h a s e s, Bl as c o  d e  G ar a y  s h o ul d  b e 

n ot e d, a 3 5 0 h p st e a m s hi p b uilt i n 1 8 4 5 

b y M o n e y & H. L. Wi gr a m at Bl a c k w all, 

w hi c h  i s  wi d el y  c o n si d e r e d  t h e  fi r st  

pr o p er w ars hi p c o ntr a ct e d i n Brit ai n.

P oliti c al  i nst a bilit y  d u ri n g  t h e  1 9t h  

c e nt ur y pr o v e d i m m e ns el y d a m a gi n g f or 

t h e N a v y, a sit u ati o n t h at w as t e m p or aril y 

all e vi at e d wit h t h e as c e nt t o t h e t hr o n e 

of Alf o ns o XII i n 1 8 7 4. Th e first S p a nis h 

b attl es hi p, Ac or a z a d o Pel a y o , w as b uilt i n 

1 8 8 8 b ut di d n ot s e e c o m b at d uri n g t h e 

S p a nis h- A m eri c a n War. C oi n ci d e nt all y, 

t h at s a m e y e ar s a w t h e l a u n c h of t h e first 

el e ctri c- p o w er e d s u b m ari n e, d esi g n e d b y 

o n e of t h e N a v y’s gr e at est i n n o v at ors: Is a a c 

P er al y C a b all er o. His d esi g n i n cl u d e d a 

s yst e m t o dis c h ar g e t or p e d o es t h at w as 

t est e d  b ut  ulti m at el y  n ot  i n c or p or at e d  

i nt o t h e S p a nis h n a v al c a p a biliti es. 

Aft e r  1 8 9 8,  w h e n  S p ai n  l o st  it s  

r e m ai ni n g  o v e r s e a s  t e r rit o ri e s,  n a v al  

c o n st r u c ti o n  c o nt r a c t e d  g r e atl y,  

dri vi n g o ffi c ers t o w or k i n c o m m er ci al 

s hi p b uil di n g.  T h e  d e m a n d  f or  s kill e d  

n a v al e n gi n e ers i n cr e as e d i n t his s e ct or 

t h at l a c k e d t h e t e c h ni c al e x p ertis e fr o m 

t h e N a v y, a n d t h us t h e n e e d f or ci vili a ns 

t r ai n e d  i n  n a v al  c o nst r u cti o n  b e c a m e  

i n cr e asi n gl y e vi d e nt.

Yet it w as n ot u ntil J ul y 1 9 1 7 t h at t h e 

fi r st  ci vili a n  c o m pl et e d  hi s  st u di e s  i n  

n a v al  e n gi n e e ri n g.  T h e r e aft e r  ‘ offi c e r’  

st u d e nt s a n d ci vili a ns, k n o w n as ‘f r e e’ 

st u d e nts, c o e xist e d u ntil 1 9 2 7 w h e n t h e 

A c a d e m y’s st u d e nts w er e e ntir el y ci vili a n 

a n d l e d t o t h e N a v y’s d e cisi o n t o cl os e 

t h e A c a d e m y i n 1 9 3 1. Th at s a m e y e ar, t h e 

S p a ni s h  S e c o n d  R e p u bli c  g o v e r n m e nt  

r e o r g a ni s e d  t h e  a r m e d  f o r c e s  a n d  

d e cl ar e d t h e c or ps t o b e dis b a n d e d. Ot h er 

milit a r y  c o r p s,  i n cl u di n g  t h e  M a ri n e  

I nf a nt r y,  w e r e  al s o  di s s ol v e d.  D e s pit e  

t h e or d er b ei n g s h ort li v e d, it cr e at e d t h e 

p e rf e ct  sit u ati o n  t o  r e q u e st  t h at  n a v al 

e n gi n e e ri n g  e d u c ati o n  b e  t r a n sf e r r e d  

fr o m t h e N a v y t o t h e e d u c ati o n mi nistr y. 

T h e  fi r st  cl a s s  s a w  t h ei r  st u di e s  

c o m pl et e d i n 1 9 4 0, f or w hi c h tr ai ni n g w as 

d eli v er e d at di ff er e nt l o c ati o ns i n M a dri d. 

A  p e r m a n e nt  sit e  w a s  n ot  e st a bli s h e d 

u ntil  1 9 4 8,  t a ki n g  t h e  n a m e  E s c u el a  

E s p e ci al d e I n g e ni e r o s N a v al e s, w hi c h 

w a s  l at e r  r e n a m e d  a s  E s c u el a  Té c ni c a 

S u p eri or d e I n g e ni er os N a v al es ( E T SI N). 

This l o c ati o n w as t h e o nl y pl a c e w h er e 

s u c h  st u di e s  c o ul d  b e  u n d e rt a k e n  i n  

P urí si m a 

C o n c e p ci ó n  (t o p) 

a n d S a n J u a n 

N e p o m u c e n o  

( b ott o m). S p a ni s h 

N a v al M u s e u m
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In-depth I HERITAGE OF SPAIN 

Madrid's 'Escuela 

Especial de 

lngenieros 

Navales', currently 

known as ETSIN 

Spain until 1982, when first Ferro! and 
then other cities introduced engineering 
disciplines. These studies have remained 
under the education ministry's control 
except for the Naval Weapons Engineers 
School (ETSIAN) founded in 1943. This 
institution currently provides training 
for the Spanish Navy Corps of Engineers, 
and advanced courses. The ETSIAN was 
the first home of the Naval Weapons 
Corps, later integrated into the Naval 
Constructors Corps, with both naval and 
electrical engineers. 

In 1928, coinciding with the order to 
build the Canarias and Baleares cruisers 
(based on the County class cruisers), 
the El Pardo Model Basin was created. 
The basin currently operates under 
the name of El Pardo Hydrodynamic 
Experiences Center (CEHIPAR) and 
undertakes experimentation and research 
into the hydrodynamic aspects of not 
only military, but merchant, fishing and 
recreational shipbuilding. 

With its creation in 1941, the National 
Institute of Industry (INI) which sought 
to advance and promote the development 
of industry in Spain, became the nation's 
largest business group. Led by Juan 
Antonio Suanzes Fernandez, a naval 
engineer from the Navy, it worked to 
overturn the damaging effects of the 
Spanish Civil War in the industry. The 
INI assimilated military shipyards in 

40 

1947 when the state took control with 
the formation of the Bazan National 
Company for the construction and 
maintenance of the Spanish fleet. 
The INI was in turn succeeded by the 
Sociedad Estatal de Participaciones 
Industriales (SEPI) in 1995. After 
numerous mergers between military 
and civil shipyards throughout Spain, in 
2005 the state-owned shipyard Navantia 
was created, which remains part of SEPI. 
The company continues to export both 
civilian and military ships around the 
world, most notably naval ships for the 
Norwegian and Australian navies. 

The Association of Naval Engineers 
of Spain (AINE) in Cartagena, the first 
professional institution, was formed 
in 1929 when naval engineer Aureo 
Fernandez Avila realised the need to 
promote ship design practice. Although 
civilian by nature, the institution's 
founding members were from military 
backgrounds since, among other things, 
Cartagena is home to Spain's submarine 
arsenal. With the evergrowing number 
of naval engineers, the need to create an 
official body in charge of the profession's 
organisation became evident and in 
1967 the Official Association of Naval 
Engineers (COIN) was created to protect 
their interests. 

'Modern' maval engineering in Spain 
has helped its national shipbuilding 

industry to remain internationally 
recognised. With gauge rooms becoming 
increasingly obsolete and the ascendency 
of computers, Spanish shipbuilding 
innovation took the lead by creating 
FORAN, an in-house development by 
SENER. On the construction side, in 
1972 the Astano Shipyard launched the 
ULCC Arteaga, that at 323,000dwt was 
the biggest ship ever constructed on a 
slipway. This colossus of the seas would 
become obsolete once the Oil Crisis 
ended but its legacy remains a testimony 
to Spanish ingenuity. 

In the years after the Crisis, Spanish 
naval design experienced a renaissance 
with technological developments that 
enabled the Navy to end external 
acquisition and fully control the 
design and construction phases. This 
new generation of vessels included 
minehunters, corvettes, frigates and 
submarines. 

The story of shipbuilding in Spain is 
one of sustained effort to innovate and 
remain relevant in a challenging medium 
that we are yet to master, and resilience 
in a constantly changing international 
landscape. Across the centuries, the 
Spanish Navy's support of industry's 
development has resulted in a rich 
marine heritage, from which present 
and future engineers and seafarers will 
continue to benefit. NA
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V et h I nt e gr at e d L- dri v e
T h e m o st c o m p a ct t hr u st er e v er

E xtr e m el y l o w m o u nti n g 

r e q uir e m e nt s, hi g h e ffi ci e n c y, 

mi ni m al n oi s e pr o d u cti o n
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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

N A V A L A R C HI T E C T
S w a n s e a - £ 3 5- 4 5 k

A n i n n o v ati v e Wi n d a n d W a v e T e c h n ol o g y c o m p a n y 
ar e l o o ki n g f or a N a v al Ar c hit e ct t o j oi n t h eir 
d e v el o p m e nt t e a m. T h e y ar e l o o ki n g f or s o m e o n e wit h 
Str u ct ur al, St a bilit y a n d M o ori n g A n al y si s e x p eri e n c e 
w h o i s e x cit e d b y t h e R e n e w a bl e s S e ct or.

E L E C T RI C A L P R O P O S A L S E N GI N E E R
B elf a s t - S al ar y d e p e n d e n t o n e x p eri e n c e

W e ar e w or ki n g e x cl u si v el y wit h o n e of t h e U K’ s 
pr e sti gi o u s S hi p y ar d s. T h e y ar e l o o ki n g f or a n El e ctri c al 
E n gi n e er wit h d e si g n e x p eri e n c e, i d e all y i n t h e Cr ui s e/
D ef e n c e M ar k et. Fl e xi bl e o n l e v el of e x p eri e n c e.

N A V A L A R C HI T E C T
S o u t h C o a s t - £ 3 5- 4 5 k

W e ar e w or ki n g wit h a n I n d e p e n d e nt M ari n e 
C o n s ult a n c y t o s o ur c e a N a v al Ar c hit e ct t o j oi n t h eir 
i n n o v ati v e t e a m. T h e y ar e o p e n t o e x p eri e n c e a cr o s s 
all v e s s el t y p e s.
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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

A u t o s hi p S y s t e m s C or p or a ti o n  1 3

Cr e a ti v e S y s t e m s   1 3

F a s t s tr e a m R e cr ui t m e n t Gr o u p  4 1

I n t er n a ti o n al R e gi s tri e s 1 1

Lif er af t S y s t e m s A u s.  I B C

P al fh n g er M ari n e  9

S ar c  4

S o ni h ull  O B C

T G E M ari n e G a s E n gi n e eri n g  1 3

T wi n Di s c  O F C

V a n z e t ti E n gi n e eri n g  2

V e t h  4 1

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 O ct o b er 2 0 2 0

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 Th 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
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