
 

 

 

 

Sh

D2.1 

De

Actua

D

hip Life

Selecte

Cont

Internal re

eliverable d

al submissi

Work p

isseminati

Lead ben

ecycle

P

ed scena

Version:  

Author: 

ributors: 

eviewers: 

due date: 

ion date: 

package: 

Task: 

on level: 

neficiary: 

Status: 

Grant Agr

e Softw

roject D

arios an

1.0 

E. Bilalis (N

T. Koch an
L. Herrera 
S. Hirdaris 
E. Oguz, H

G. Katsaou

28-02-2017

 

WP2 

T2.2 

Public (PU

NTUA 

In progress

1 

reement n

 

ware S

Deliverab

 
nd the r

 

 

NTUA), N. T

nd K. Kreutz
(ATD), C. V
(LR), F. de

H. Wang and

unis (NTUA

7 

) 

s 

SH

o: 690770 

Solutio

ble Repo

rational

Tsouvalis (N

zer (AES), D
Volbeda (FE
el Castillo (S
d P. Zhou (S

A) 

HIPLYS – Gra

 

ons (S

ort 

e for su

NTUA), U. B

D. Frank (AS
ERG), Y. Ga
SOERMAR)
SU), I. Atan

ant Agreement
GA Ref: Ares

SHIPLY

uch sele

Bharadwaj (

S2CON),    
arbatov (IST
), B. Jeong,
nasova (VA

t number: 690
s (2016) 2353

YS) 

ection 

(TWI) 

         
T),      
         
RNA) 

770  
538  



V
 

V

0

1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dis
Eur

The
aut

 

Ac

Th
Ho

 

ERSION

Version 

.0 3

.0 1

 

 

 

 

sclaimer: This d
ropean Commis

e SHIPLYS log
hor(s). 

cknowledg

he researc
orizon 202

N AND C

Date 

3 Feb 2017 

10 Mar 2017

document does 
ssion is respons

o cannot be us

gement:  

ch leading 
0 research

CONTR

Draft f

7 Final, 

 

 

 

 

not necessarily
sible for any use

sed without per

 

to this do
h programm

OLS 

for review 

including co

y represent the 
e that might be m

rmission of the 

ocument h
me under g

2 

Reason

omments re

opinion of the E
made of its cont

SHIPLYS Cons

has receiv
grant agree

SH

 

eceived 

European Comm
tent. 

sortium Partner

ved funding
ement No.

HIPLYS – Gra

  

 

 

 

 

 

mission. Neither

rs. Copyright to

g from the
690770. 

ant Agreement
GA Ref: Ares

Editor/

 

r the SHIPLYS 

o this document

e Europea

t number: 690
s (2016) 2353

/Author 

Consortium nor

t is retained by

an Union's

 

770  
538  

r the 

y the 

s 



EX
Ea
sc
tod
Th
SH
int

Sc
pro
an
op
bu
sy
fer
bu
sy

Sc
be
us
an
pro
op

Sc
pro
fun
of 
Co
the

Sc
wil
op
the
co
an

 

 

XECUT
arly on in the
enarios (ca
day, which 
his is with a
HIPLYS sof
tended audi

cenario 1 ai
opulsion sy

nalysis for t
peration and
uilding new 
stem.  Sce
rry with a h

uilding proce
stem. The h

cenario 2 de
e carried ou
ing the SHI

nd productio
oduction op

ptions and e

cenario 3 ai
oduction an
nnel emissio
ships is of

ost (LCC), p
e overall co

cenario 4 fo
ll lead to m

perations’ an
e scenarios
ncepts like 

nd included 

IVE SUM
e project an

ase studies)
could poten
a view to u
ftware activ
ience. 

ims to optim
ystem, whic
this scenari
d maintenan
hybrid ship
nario 1-B a
hybrid prop
esses, but 
hybrid syste

eals with the
t within the 
IPLYS softw
on on the b
peration and
end-of-life de

ims at supp
nd to arrive 
ons or  the 
f particular 
performance
ost and impa

cuses on p
more compe

nd profits. P
s like laser 

sandwich 
within the s

MMARY
nd in the co
), each of th
ntially be de
understand
vity towards

mise the de
ch combine
o will cove
nce and sc

ps wanting t
aims to des
pulsion syst
also includ

em design a

e conceptu
 environme

ware tool to
basis of a r
d maintenan
ecommissio

porting a re
at realistic 
installation 
interest in 
e of Life Cy
act of the re

roduction o
etitive offers
Production 
cutting, las
panels and

scope of the

 

Y 
ntext of WP

hem aiming 
ealt with by 
ing end us
s such nee

esign of a s
es internal 
er the whole
rapping and
to investiga

sign and pla
tem.  The 
ing the dis

and optimisa

al design of
ent of an SM
 be develop
risk-based 
nce optimis
oning. 

epair shipya
costs. The 
of a ballast
SME shipy
cle Assessm

etrofit/repair

optimization 
s by the shi
planning an
er welding, 

d the introdu
e SHIPLYS 

3 

P2, SHIPLY
at different
the softwa

sers’ require
eds, thereby

short-route 
combustion

e life cycle 
d recycle s
ate the optim
an the retro
retrofitting 
assembling
ation is the 

f a new Mu
ME shipyard
ped.  The p
LCA, includ

sation, green

ard during th
 proposed 
t managem

yards. The 
ment (LCA)
r works duri

in respons
ipyards whi
nd simulatio
 laser-scan
uction of st
software. 

SH

YS participa
t challenges
re tool that 
ements and
y maximisin

ferry (dome
n engines 
of the ferr

tages. Scen
mum mix o
ofitting of a 
can be tre

g process a
same as in

lti Purpose 
d, accountin
rocedure in
ding feature
ner design 

he bid stag
retrofitting i
ent plant. T
scenario in
) and Risk A
ng the proje

e to changi
ich are ess
on as well a
nning quality
tandardised

HIPLYS – Gra

nts have de
s that Europ
will be deve

d targeting 
ng the imp

estic voyag
and battery

ry, including
nario 1-A c
f operation 
convention

eated as ne
analysis of t
n Scenario 1

Vessel (MP
ng for the s
nvolves an o
es like risk-
for environm

e to optimis
s the instal

The improve
cludes the 

Assessment
ect impleme

ng demand
ential in the
as the vario
y controls, t
d assemblie

ant Agreement
GA Ref: Ares

eveloped se
pean SME s
veloped with

the develo
pact of the 

ges) using a
ry cells. Ca
g design an
covers a sh
 modes wit

nally powere
ew design 
the existing
1-A. 

PV), which 
shipyard’s c
optimization
-based stru
mental impa

se retrofittin
llation of sc
ement of ret

calculation
t (RA), whic
entation. 

d. Productio
e growth of
ous solution
the use of 

es, are to b

t number: 690
s (2016) 2353

everal differ
shipyards fa
hin the proje
opment of 
project to 

a novel hyb
arrying out 
nd producti
ipyard alrea
thin the hyb
ed short ro
requiring n

g conventio

is assumed
onstraints a

n of the des
uctural desi
act, retrofitt

ng design a
crubbers to 
trofitting/rep

n of Life Cy
ch will quan

on optimizat
f their cycle
ns proposed
new structu
e investiga

 

770  
538  

rent 
ace 
ect. 
the 
the 

brid 
an 
on, 
ady 
brid 
ute 

new 
onal 

d to 
and 
sign 
gn, 
ting 

and 
cut 

pair 
ycle 
ntify 

tion 
e of 
d in 
ural 
ted 



C
 

VE

EX

CO

Ab

 

1 

2 

2
u

2

2

2

2

3 

 

Ap

A.

A.2

A.3

A.4

A.5

A.6

 

Ap

B.

B.2

B.3

B.4

B.5

 

Ap

C.

C.

ONTEN

ERSION AN

XECUTIVE 

ONTENTS .

bbreviations

Introductio

Description

2.1  Scena
used in a sh

2.1.1  Sc

2.1.2  Sc

2.2  Scena

2.3  Scena

2.4  Scena

2.5  Scena

Conclusion

ppendix A ..

1  Introdu

2  Sample

3  Hybrid 

4  Attribut

5  Method

6  Conclu

ppendix B ..

1  Introdu

2  Genera

3  Target 

4  Prototy

5  Conclu

ppendix C ..

1  Introdu

2  Descrip

NTS 

ND CONTRO

SUMMARY

..................

s/Glossary o

on ...............

n and evalu

ario 1: Optim
hort-route fe

cenario 1-A

cenario 1-B

ario 2: Conc

ario 3: Ship 

ario 4: Optim

arios at a gla

ns and reco

..................

uction .........

e hybrid sh

propulsion 

tes .............

dology .......

usions ........

..................

uction .........

al descriptio

shipyard ...

ype ship - M

usions ........

..................

uction .........

ption of the 

OLS ..........

Y ................

.................

of terms .....

.................

uation of sce

misation of t
erry  ………

: Hybrid pro

: Retrofit of 

ceptual ship

retrofitting a

mising shipy

ance ..........

ommendatio

.................

.................

ip ..............

 system ....

.................

.................

.................

.................

.................

on of the MP

.................

MPV 9800 D

.................

.................

.................

ship repair

..................

..................

..................

..................

..................

enarios ......

the design o
……………

opulsion sys

f a short rou

design acc

accounting 

yard produc

..................

ons .............

..................

..................

..................

..................

..................

..................

..................

..................

..................

PVs ...........

..................

DWT ...........

..................

..................

..................

r/retrofitting 

4 

..................

..................

..................

..................

..................

..................

of a novel h
………………

stem in a ne

ute ferry with

counting for

for Life Cyc

ction system

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

bidding pro

SH

..................

..................

..................

..................

..................

..................

hybrid propu
………………

ew built sho

h a hybrid p

r risk-based

cle Cost Ass

ms ..............

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

ocess .........

HIPLYS – Gra

..................

..................

..................

..................

..................

..................

ulsion syste
………………

ort route ferr

propulsion s

LCA .........

sessment ..

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

ant Agreement
GA Ref: Ares

..................

..................

..................

..................

..................

..................

m               
………………

ry ..............

system .......

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

t number: 690
s (2016) 2353

..................

..................

..................

..................

..................

..................

                  
…………….

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

 

770  
538  

... 2 

... 3 

... 4 

... 6 

... 8 

... 8 

...9 

... 9 

... 9 

. 10 

. 10 

. 11 

. 11 

. 11 

. 15 

. 15 

. 15 

. 16 

. 18 

. 19 

. 21 

. 22 

. 22 

. 22 

. 24 

. 25 

. 26 

. 28 

. 28 

. 28 



C.

C.4

C.

C.

 

Ap

D.

D.

D.

D.4

 

Ap

SC
in 

SC

SC

 

 

3  Target 

4  Descrip

5  Organi

6  Conclu

ppendix D ..

1  Initial c

2  New R

3  Potent

4  Scenar

ppendix E ..

CENARIO 1
a short-rout

CENARIO 2

CENARIO 3

shipyard ...

ption of the 

isation of th

usions ........

..................

conditions ..

Requirement

ial solutions

rio ..............

..................

: Optimisat
te ferry ......

2: Conceptu

3: Ship retro

.................

proposed s

he proposed

.................

.................

.................

ts ..............

s ................

.................

.................

tion of the d
.................

ual ship des

ofitting acco

 

..................

scenario ....

d scenario ..

..................

..................

..................

..................

..................

..................

..................

design of a n
..................

ign account

unting for L

5 

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

novel hybrid
..................

ting for risk

Life Cycle C

SH

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

d propulsion
..................

-based life 

Cost Assess

HIPLYS – Gra

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

n system us
..................

cycle asses

ment .........

ant Agreement
GA Ref: Ares

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

sed             
..................

ssment ......

..................

t number: 690
s (2016) 2353

..................

..................

..................

..................

..................

..................

..................

..................

..................

..................

                  
..................

..................

..................

 

770  
538  

. 29 

. 29 

. 34 

. 35 

. 37 

. 37 

. 37 

. 37 

. 38 

. 39 

   
. 39 

. 40 

. 41 



A
 

C

C

C
E

D

D

E

E

 E

F

L

L

L

L

M

M

O

Abbrevia

CoF 

CAPEX 

Circular 
Economy 

D-E 

D-M 

EEDI 

EEOI 

EI 

Failure  

LCCA 

LCC 

LCA 

LCT 

MCDA 

MPV 

O&M 

ations/G

Consequ
(RA).  
 
Capital e
Funds us
 
Unlike a 
in a circu
extracted
are recov
 
Diesel-E
 
Diesel-M
 
Energy E
 
Energy E
 
Environm
Possible 
or by the
 
The loss 
or intend
 
Life Cycl
 
Life Cycl
It include
extension
 
Life Cycl
It is a pro
product's
but in the
have mix
 
Life Cycl
LCT is a 
SHIPLYS
assessm
 
Multi-Crit
A sub-dis
criteria in
 
Multi Pur
 
Operatio
 

Glossary

uences of a 

expenditure 
sed by a co

traditional l
ular econom
d from its us
vered and r

lectric prop

Mechanical p

Efficiency D

Efficiency O

mental impa
adverse ef

e release of 

of function 
ded purpose

e Cost Ass

e Costs 
es the costs
n and end-o

e Assessm
ocess-level 
s life from cr
e context of
xed attribute

e Tools 
term specif

S LCT mean
ment, risk as

teria Decisi
scipline of o
n decision-m

rpose Vesse

n and Main

y of term

Failure or a

mpany to a

inear econo
my a produc
se, and, at t
regenerated

ulsion syste

propulsion s

esign Index

Operational I

act 
ffects cause
a substanc

of a system
e(s). 

essment; a

s of design, 
of-life costs

ent 
approach fo
radle to gra
f SHIPLYS, 
es. 

fic to SHIPL
ns the suite

ssessment a

on Analysis
operations r
making. 

el(s) 

tenance 

6 

ms  

an adverse 

acquire or u

omy in whic
ct is used as
the end of t
d to the exte

em 

system 

x 

Indicator 

ed by a deve
ce in the env

m, structure

lternative te

production,
.  

for assessin
ave. Such as

EI assessm

LYS. 
e of tools en
and decisio

s 
research tha

SH

event, as u

pgrade phy

ch a produc
s long as po
he product’

ent possible

elopment, i
vironment.

e, asset or c

erminology f

, operation 

ng EI assoc
ssessments

ments can b

nabling LCC
n support fu

at explicitly 

HIPLYS – Gra

used in som

sical assets

t is made, u
ossible, max
s service lif

e. 

ndustrial, or

omponent t

for Life Cyc

and mainte

iated with a
s are usuall
be quantitat

CA, environm
unctionalitie

evaluates m

ant Agreement
GA Ref: Ares

me Risk Ass

s, i.e. initial 

used and th
ximum valu
fe, products

r infrastruct

to perform i

cle Costs (L

enance, retro

all the stage
ly quantitati
tive, qualitat

mental impa
es such as M

multiple con

t number: 690
s (2016) 2353

essments 

investment

en dispose
e is 

s or materia

tural project

ts required 

LCC). 

ofitting/ life-

es of a 
ve in nature
tive or may 

act 
MCDA.  

nflicting 

 

770  
538  

t.  

d, 

als 

t 

-

e, 



O

P

R

R

R

 

 

 

 

OPEX 

PoF 

Risk 

RA 

ROI 

Operatin
An on go
collected
 
The likeli
 
The com
risk is a d
its conse
 
Risk Ass
Systema
Assessm
Informati
concerns
 
Return o
 

g expenditu
oing cost for
d during the 

ihood or pro

mbination of 
deviation fro

equence wh

sessment 
atic use of in
ment provide
ion can incl
s of stakeho

n Investme

 

ure 
r running a 
entire serv

obability of f

the probab
om the expe
en probabil

nformation t
es a basis fo
ude historic

olders. 

nt 

7 

product, bu
vice life and 

failure or an

ility of an ev
ected. Risk
lity and con

to identify s
or risk evalu
cal data, the

SH

usiness, or s
accounting

n adverse e

vent and its
is the prod

nsequence a

ources and
uation, risk 
eoretical an

HIPLYS – Gra

system, i.e. 
g for the cos

event occurr

s consequen
uct of the p
are express

 to estimate
mitigation a
alysis, infor

ant Agreement
GA Ref: Ares

 operationa
st related to

ring  

nce. In som
probability o
sed numeric

e the risk. R
and risk acc
rmed opinio

t number: 690
s (2016) 2353

al cost 
o the failures

me situations
of failure and
cally. 

Risk 
ceptance. 
ons and 

 

770  
538  

s. 

s, 
d 



1 
Th
arc
the
thr
cy
en
pe

Ea
sc
tod
Th
SH
int

Th
SH
me

It 
(S
SM
pro

Th

Th
fol

 

2 
Fo
sc
de
po

Introd
he SHIPLYS
chitects, sh
e time and 
rough rapid
cle perspec

nvironmenta
erspective. 

arly on in the
enarios (ca
day, which 
his is with a
HIPLYS sof
tended audi

his report 
HIPLYS. Th
entioned in 

is acknowle
HIPLYS so

ME shipyard
oposal, som

he aims and

 To desc

 To cond
in the p

 To high

 To conf
potentia

he assessm
lows: 

 The sco

 The inc
regulato

 Potentia

 Potentia

 The cha

 The fea

Descr
or each sce
enario on t

esign/conce
oint in terms

duction 
S (Ship Lif

hipbuilders a
costs of de
 virtual des
ctive at the 
al impact a

e project an
ase studies)

could pote
a view to u
ftware activ
ience. 

collates an
his is with a
the SHIPLY

edged that 
oftware) will
ds. If more

me of the sc

d objectives 

cribe in deta

duct a quick
roposal 

light specifi

firm the sc
ally, for dem

ment criteria

ope for cons

clusion of in
ors and env

al environm

al for impac

allenges in d

asibility of im

ription a
nario to be 
the criteria 
ptual desig

s of understa

fe Cycle S
and ship-ow

esign and pr
sign and pro

early ship 
ssessments

nd in the co
), each of th
ntially be d
understand
vity towards

nd summa
 view to co
YS proposa

although th
l have func

e types of s
cenarios ma

 of the pres

ail and colla

k evaluation

ic matters re

cenarios to 
monstration/

a, on the ba

sidering thro

nterests of d
vironmentali

mental and re

ct on circula

developing 

mplementing

and eva
considered
mentioned 
n that shipy
anding the 

oftware So
wners. It is 
roduction, d
oduction sim
design stag

s, and risk 

ntext of WP
hem aiming 
dealt with th
ing end us
s such nee

rises the 
nfirm the sc

al. The ratio

he initial ac
ctionality tha
scenarios a
ay be taken 

sent report a

ate the scen

n of the scen

elating to th

be taken 
validation a

asis of whic

ough life sta

diverse stak
sts 

egulatory as

r economy

solutions ta

g solutions t

aluation 
d within SH

was reque
yards typica
functionality

8 

olutions) pr
aimed at h

develop the
mulation, an
ge itself. In
assessme

P2, SHIPLY
at different

he software
sers’ require
eds, thereby

information
cenarios to
nale for the

ctivities in th
at will be b

are conside
up at the d

are: 

narios consi

narios base

he scenarios

forward fo
activities 

ch the final

ages 

keholders a

spects invo

aking cognis

to optimise 

 of scen
IPLYS, info

ested. Corre
ally receive 
y envisaged

SH

oject is in 
helping them
e ability to re
nd meet the
n the projec
ents are inc

YS participa
t challenges
e tool that w
ements and
y maximisin

 regarding
o be taken f
e selection o

he project a
beneficial in
red at this 
emonstratio

dered in SH

ed on variou

s, as mentio

or the purp

l selection 

apart from S

olved 

sance of co

early desig

narios 
ormation tha
esponding t
were reque

d in the SHI

HIPLYS – Gra

response 
m improve t
eliably prod
e requireme
ct, LCCA (L
cluded as f

nts have de
s that Europ
will be deve
d targeting 
ng the imp

 the scen
forward, usi
of these sce

are scenari
n other type

stage than
on/validation

HIPLYS 

us criteria in

oned by SH

ose of soft

of the scen

SME shipya

ompeting so

gn within SH

at could hel
to the scen
ested; this 
PLYS softw

ant Agreement
GA Ref: Ares

to needs o
their capab

duce better 
ents for und
Life Cycle C
features of 

eveloped se
pean SME s
eloped with

the develo
pact of the 

narios cons
ing the eva
enarios is al

o-specific, 
es of scena
n those env
n stage of t

ncluding tho

HIPLYS part

ftware deve

narios was 

ards such a

olutions 

HIPLYS reso

p in the eva
narios, exam
is importan

ware by the 

t number: 690
s (2016) 2353

of SME na
bility to redu
ship conce

dertaking a 
Cost Analys

the life cy

everal differ
shipyards fa
in the proje

opment of 
project to 

sidered wit
luation crite
lso presente

the end-res
arios faced 
visaged in 
the project.

ose mention

ticipants 

elopment a

made, are 

as shipowne

ources 

aluation of 
mples of ea
nt as a start

end-users.

 

770  
538  

aval 
uce 

epts 
life 

sis), 
ycle 

rent 
ace 
ect. 
the 
the 

thin 
eria 
ed. 

sult 
by 

the 

ned 

nd, 

as 

ers, 

the 
arly 
ting 
 



Inf
of 
the

 

2.

2.1

Pr

Ob

Su
no
pro
Ca
pro
en

Sc
mi
inv
fou
wil
Ap

Ra
Fe
op
all 
sh
op
pra
CA
Ad
Us
ma
op
ex

 

2.1

Pr

Ob

Su
fer
Th
dis
op
roo
Ap

Ra
co

formation fo
each scena

e scenario i

1 Scena
syste

1.1 Scena

oposers: Fe

bjective: To

ummary: Th
ovel hybrid p
opulsion sy
arrying out a
oduction, op

nvironmenta

cenario 1-A 
x of opera
vestigated, 
ur parts: de
ll be done w

ppendix A (t

ationale beh
erguson Ma
ptimisation w

European 
ip’s produc

perates the 
actices und
APEX with 
dditionally, 
sing batterie
aintenance 
perating cos
xpenditure in

1.2 Scena

oposers: Fe

bjective: To

ummary: Th
rry with a h
he retrofittin
sassembling
ptimisation i
om can’t b
ppendix A. 

ationale beh
mpared by

or the variou
ario and the
s given in t

ario 1: O
m used i
ario 1-A: Hy

erguson Ma

o design an

his scenario
propulsion s
ystem is Di
an analysis
peration an

al impacts a

A covers a s
tion modes
i.e. Genera

esign; produ
within the fra
together wit

hind scena
rine is alrea
would be ve
SME shipy
tion to scra
ship, the fo

der propose
reduced OP
unlike mac
es will redu
interval wi

st with optim
n the long r

ario 1-B: Re

erguson Ma

o support p

his scenario
hybrid prop
ng can be t
g process 
s the same

be enlarged

hind Scenar
y Ferguson 

us scenario
e rationale f
he correspo

ptimisat
in a shor
ybrid prop

arine (FERG

n optimized 

o aims to o
system, wh
iesel-Electr
 for this sce

nd maintena
and risk asse

shipyard alr
s within the
ator; Gener
uction; in-se
amework of
th that of sc

ario 1-A:  T
ady deliveri
ery benefici
yards.  Usin
pping will b

ocus for this
ed voyage 
PEX and re
chineries, e
uce the op
ill be longe
mized energ
un. 

etrofit of a 

arine (FERG

lanning of a

o aims to de
pulsion syst
reated as n
analysis of

e as in Scen
d since it is

rio 1-B:  Fue
Marine. Th

os considere
for its propo
onding Appe

ion of th
rt-route f
ulsion syst

G) and Univ

hybrid prop

optimise the
ich combine
ic (D-E) as
enario will c
ance and sc
essments w

ready build
e hybrid sy
rator + Batt
ervice; end-
f this scena

cenario 1-B)

There is an
ng orders f
al and of pa
ng LCC me

be tracked.  
s scenario w

conditions.
educed env
electric syst
perating hou
er and the 
gy manage

short rout

G) and Univ

a hybrid sys

esign and p
em which c
new design
f the existin
nario 1-A.  
s already b

el consump
he results a

9 

ed is prese
osal are pre
endix. 

he design
ferry 
tem in a ne

versity of St

pulsion syst

e design of 
es internal 
s opposed 
cover the w
crapping an
will be consi

ing new hy
ystem.  Fou
tery; Batter
-of-life.  A c
ario.  A deta
). 

n already e
for hybrid sh
articular int
ethods, the 
As the cos

will be place
.  Potential
ironmental 
tems includ
urs of dies
cost will b

ement will c

te ferry with

versity of St

stem to be i

plan the retr
combines i

n requiring n
ng convent
However, s

built.  A de

ption betwee
are very pro

SH

nted in the 
esented her

n of a no

ew built sh

rathclyde (U

em for a ne

a short-rou
combustion
to the con
hole life cyc

nd recycle s
idered.  

ybrid ships 
ur modes o
ry; Battery c
comparison 
ailed descrip

existing and
hips and the
terest not o

flow of ene
t reduction 
ed on inves
ly, hybrid s
impact in c

ding batterie
el generato
e reduced.

compensate

h a hybrid 

rathclyde (U

nstalled in l

rofitting of a
nternal com
new buildin
tional syste
scenario 1-B
etailed desc

en D-M and
omising an

HIPLYS – Gra

following s
re, whereas

vel hybr

ort route fe

USTRATH) 

ew-built sho

te ferry (do
n engines a
ventional D
cle of the fe
stages. In e

wanting to 
of the hybri
charging.  T
of hybrid w

ption of this 

d evolving 
eir design, 
nly for Ferg
ergy, emiss
heavily dep
tigating the
ships will h
comparison 
es are bas
ors, thereby
  It is expe

e for the rel

propulsion

USTRATH) 

ieu of a con

a convention
mbustion en
g processe

em. The hy
B has the c
cription of t

d D-E propu
d similar an

ant Agreement
GA Ref: Ares

sections. A b
s a detailed

rid propu

erry 

ort route ferr

omestic voy
and battery 
Diesel-Mech
erry, includi
each stage, 

investigate
id ship ope
The scenar

with convent
scenario ca

market for 
production 

guson Marin
sions, cost,
pends on ho
e most optim
have compa

to convent
sically main
y it is expe
ected that 
latively high

n system 

nventional s

nally power
ngines and
es, but also
ybrid system
constraint th
this scenar

ulsion syste
nalyses ca

t number: 690
s (2016) 2353

brief summ
description

ulsion 

ry.  

yages) using
cells. A hyb
hanical (D-
ng design a
cost analys

e the optim
eration will 
rio consists
tional syste
an be found

hybrid shi
and operat

ne but also 
 etc. from 

ow ships’ cr
mum operat
aratively mo
tional desig
ntenance fr
ected that 
the saving

h initial cap

system   

red short ro
 battery ce

o including 
m design a
hat the eng
rio is given

ms have be
n be done 

 

770  
538  

ary 
n of 

g a 
brid 
M).  
and 
sis, 

um 
be 

s of 
ems 
d in 

ps. 
tion 
for 
the 
rew 
ting 
ore 
ns. 

ree. 
the 

g of 
pital 

ute 
ells.  
the 
and 
ine 

n in 

een 
for 



hy
lon
an
an
en
pla

 

2.
Pr

Ob
as

Su
wit
an
de
op
ret
ma
de

Ra
sh
as
en
life
ris
de
sc
sh
ap
in 

 

2.
Pr

Ob
pro

Su

Th
(LC
wo
C. 

Ra
is 
mo

ybrid system
ng term life
nalyses are 
nd operatio
ncompassin
anning of th

2 Scena
oposers: Va

(A

bjectives: To
sessment.  

ummary: A 
thin the env

nd using the
esign on the
ptimization, 
trofitting op
ainly repair
etailed desc

ationale beh
ip design, b
sessments

ngineering s
e cycle optim
k analysis 

evelopment 
enario prop
ip type an

pplications. A
a software 

3 Scena
oposers: As

bjectives: To
oduction an

ummary: Th

a) Installat

b) Installat

he scenario 
CA) and Ri
orks during 

ationale beh
of particula

odelling too

ms. This su
 of the ship
also neede

onal saving
g LCCA, a

he retrofitting

ario 2: C
arna Maritim

AES) 

o carry out 

conceptua
vironment o
e SHIPLYS 
e basis of a
Operation a
tions and e

r functionali
ription of th

hind Scena
based entire
. A special 

specification
mization. In
that the S
and the ve

posed will be
nd have a
Although th
tool that ca

ario 3: Sh
stilleros de 

o support 
nd to arrive 

he propose

tion of scrub

tion of a bal

includes th
isk Assessm
the project 

hind Scenar
ar interest f
ols that will 

pports the 
p. However
ed to evalua
gs during t
aims to sup
g process, a

onceptu
me (VARNA

the conce

al design of
of an SME s
 software to

a risk-based
and Mainte
end-of-life d
ity to a new
is scenario 

rio 2:  Scen
ely on the S
focus is att

ns, as well a
n this scope
HIPLYS so
erification p
e applied to
lready coll

he market fo
an be emplo

hip retro
Santander 

a repair s
at realistic c

d retrofitting

bbers in an 

llast manag

he calculati
ment (RA), 
implement

rio 3:  Scen
for SME sh
enable opt

view that a
r, since rem
ate the feas
the remain
pport decisi
and in this p

al ship d
A), Instituto 

ptual desig

f a new Mu
shipyard like
ool to be de

d LCA, inclu
nance (O&

decommissio
w-construct
can be fou

nario 2 dea
SHIPLYS c
tributed to t
as to constr
, scenario 2

oftware tool
phase of th
o an MPV. T
ected infor
or MPV is c

oyed to desi

ofitting ac
(ATD) and 

shipyard du
costs.  

g works are

existing RO

gement plan

on of Life C
which will 

ation.  A de

ario 3 focus
hipyards. It 
timal retrofi

10 

a retrofitting
maining life 
sibility of re

ning service
on making 
point of view

design ac
Superior Te

gn of a new

ulti Purpose
e Varna Ma
eveloped.  

uding featur
M) optimisa
oning. It ap
tion functio
nd in Appen

als with the 
criteria, cove
the shipbuil
ruction, ope
2 offers a fu
l should of
is tool. In c
The partner
rmation tha
currently no
ign also oth

ccountin
SOERMAR

uring the b

e: 

OPAX ferry 

nt (potential

Cycle Cost 
quantify th

etailed desc

ses on the i
indicates th
tting/repair,

SH

g of a hybrid
expectancy

etrofitting by
e period o

concerning
w, scenario

ccountin
ecnico (IST

wbuilding ac

e Vessel (M
ritime, acco
The proced

res like risk
ation, green
pproaches t
nality, with 
ndix B. 

developme
ering life cy
ding limitati
erational, m
ull overview
ffer. Such a
cooperation
rs of SHIPLY
at can be 
ot very good
her types of 

ng for Lif
R 

bid-stage t

to cut funne

ly) 

(LCC), per
he overall c
cription of s

improveme
hat the SH
, working in

HIPLYS – Gra

d system w
y is a key f
y analysing
of the vess
g retrofitting
1-B is of pa

ng for ris
) and Atlant

ccounting fo

MPV) is ass
ounting for t
dure involve
-based stru

ner design f
the shift of 

a capacity

ent of a soft
ycle cost an
ions of an S

maintenance
w of the basi
a scenario 
n with Varn
YS project h

used to 
d, the use o
ships. 

fe Cycle 

to optimise

el emission

formance o
cost and im
scenario 3 c

nt of retrofit
IPLYS softw

n parallel w

ant Agreement
GA Ref: Ares

would be be
factor for re
g the capita
sel. SHIPL
g, as well 
articular inte

sk-based
tec Enterpr

or a risk-ba

sumed to b
the shipyard
es an optim

uctural desig
for environm
an SME sh

y to build n

ftware tool f
nd environm
SME shipya
e and end li
ic abilities a
is benefici
a Maritime
have exper
calibrate th
of this scen

Cost As

e retrofitting

ns  

of Life Cycle
mpact of the
can be foun

tting/repair 
ware shoul

with LCCA, 

t number: 690
s (2016) 2353

eneficial in 
etrofitting, c
l expenditu

LYS softwa
as product
erest. 

 LCA 
rise Solution

ased life cy

be carried 
d’s constrai

mization of 
gn, product
mental impa
hipyard from
new ships. 

for concept
mental and r
ard in terms
fe costs in 

and introduc
al in both 
shipyard,

rience with t
he develop

nario will res

sessmen

g design a

e Assessm
e retrofit/rep
nd in Appen

of ships wh
d have virt
environmen

 

770  
538  

the 
cost 
res 

are, 
tion 

ns 

ycle 

out 
nts 
the 
tion 
act, 
m a 

 A 

tual 
risk 
s of 
the 
ces 
the 
the 
this 
ped 
sult 

nt 

and 

ent 
pair 
ndix 

hich 
tual 
ntal 



as
ma
wo
SH

 

2.
Pr

Ob

Su
ex
an
co
Re
sc
un
pro

Ra
a k
off
pla
las
an
an

 

2.
Ta
in 
sc
life

 

3 
It i

Sc
It 
av
ge

Sc
Sc
ea
ha

Sc
Sc
ret
mo
pe

sessment a
anagement 
ould face. T
HIPLYS soft

4 Scena
oposers: At

bjective: To

ummary: Pr
xample nece
nd welding.
nstruction c

eturn of Inv
enario.  Pro

nderstandab
oduction sy

ationale beh
key point of
fers by the s
anning and 
ser welding
nd the introd
nd included 

5 Scena
able 1 show
section 1. S
enario that 

e stages’ wh

Concl
s recomme

cenario 1 
is suggeste

vailable, sce
eneric featur

cenario 2 
cenario 2 is 
arly design o
as the poten

cenario 3 
cenario 3 is
trofitting/rep
ore about r
erforming re

and RA. Th
plants are

Therefore, a
tware tool to

ario 4: O
tlantec Ente

o optimise t

roduction o
essitates us
  An add
concept, w
vestment (R
oduction op
ble as produ
ystem of a s

hind Scenar
f interest for
shipyards w
simulation

, laser-scan
duction of s
within the s

arios at a
ws how the s
Some attrib
includes de

hich is men

lusions 
ended that t

ed that the 
enario 1-B w
res of the S

ideal and i
of a ship ba
ntial to show

s focussed 
pair activitie
reducing co

etrofitting an

he design a
 among the

a scenario a
o integrate 

ptimisin
erprise Solu

the shipyard

optimisation
se of thin sh
itional con
here as mu
ROI) will b
ptimisation 
uction is inc
shipyard can

rio 4:  Lowe
r European 

which is ess
 as well as
nning qualit
standardise
scope of the

a glance 
scenarios d
utes indirec
esign, produ
tioned as o

and rec
he following

project foc
would be as
SHIPLYS so

it is propose
ased on life 
wcase the fu

on the op
es and it is
osts, identi

nd repair wo

and produc
e most com

addressing t
modelling a

g shipya
utions (AES

d’s producti

 will includ
heet materia
sideration 
uch as pos
e calculate
is a strand 

cluded in life
n be found i

ering produc
SME shipy
ential in the
s the variou
ty controls, 

ed assembli
e SHIPLYS 

directly or in
ctly and/or c
uction, oper
ne of the cr

comme
g Scenarios

uses on Sc
ssessed or u
oftware. 

ed to be co
cycle perfo

ull functiona

ptimisation o
proposed 

fying risks 
orks. 

11 

ction planni
mmon retro
these activi
and lifecycle

ard produ
S) 

on system 

de transform
als, which in
will be tha

ssible stand
ed, given fo

that is pot
e cycle cost
in Appendix

ction cost w
yards. Produ
e growth of 
us solutions
the use of

ies, are con
software.  

ndirectly me
collectively 
ration and m
riteria. 

ndation
s (or variant

cenario 1-A
used toward

onsidered in
ormance, an
ality of SHIP

of shipyard
to be cons
and enviro

SH

ng of the i
ofitting activ
ties would d
e analysis a

uction sy

in response

ming to a n
n turn need
at where t

dard assem
orecasts re
entially par
ts. A descri
x D. 

while simulta
uction optim
their cycle 
s proposed
f new struct
nsidered be

easure in te
relate to the

maintenanc

ns 
ts) be consi

A and then, 
ds the later

n the projec
nd also the 
PLYS life cy

d design an
sidered in t
onmental im

HIPLYS – Gra

nstallation 
vities that E
demonstrate
abilities.  

ystems  

e to changin

new vessel 
new or upd

he shipyar
blies of the
lating to fu

rt of the oth
ption of two

aneously re
mization will 
of operation
 in the sce
tural conce
eneficial an

erms of the 
e criteria m
e and end-o

dered within

should the
stages of t

ct, as it can 
production 

ycle tools. 

nd productio
he project. 
mpact in a 

ant Agreement
GA Ref: Ares

of scrubbe
European S
e the effect

ng demands

type portfo
dated meth
rd moves 
e ship are m
uture applic
her scenario
o possible c

educing prod
 lead to mo
ns and prof
enarios like
epts like san
d should b

assessmen
entioned. F
of-life consi

n the SHIPL

e time and 
the project, 

show the o
system req

on planning
Here the o

 shipyard t

t number: 690
s (2016) 2353

rs and ball
SME shipya
tiveness of 

s 

olio, which 
ods for cutt
to a modu
manufactur
cations of t
os too. This
changes in 

duction time
ore competit
its. Product
 laser cutti
ndwich pan
e investiga

nt criteria ci
For example
iders ‘throug

LYS project

resources a
to explore 

optimisation
quired. Thus

g systems
optimisation
that is mos

 

770  
538  

ast 
rds 
the 

for 
ting 
ular 
red. 
this 
s is 
the 

e is 
tive 
tion 
ng, 

nels 
ted 

ted 
e, a 
gh-

t. 

are 
the 

n of 
s, it 

for 
n is 
stly 



Sc
Pr
Op
rat
fun
sc
no

 

Ea

Re

Pr
op

Op
ma

En
de

En
im

Im
ec

Fe
de
so

Ov
as
sc
mi

N-A

 

Tw
ne
co
the
of 

Ap
SH
sc
ow

 

cenario 4 
oviding sup
ptimising sh
ther than t
nctionality t
enarios wh

ot be consid

Assessme
criteria 

arly design 

etrofitting 

roduction 
ptimisation 

peration and 
aintenance 

nd-of-life / 
ecommission

nvironmental
mpact 

mpact on circu
conomy 

easibility of 
eveloping 
olutions 

verall risk 
ssessment of
cenario and it
tigation 

A: Not applic

wo flowchar
ew ship des
rresponding
e SHIPLYS 
the softwar

ppendix E c
HIPLYS Sta
enarios and

wn business

pport to op
hipyard prod
treat produ
to be deve
ere relevan
ered separa

ent 
Scen

Hybri
sh

ing 

 

ular 

f the 
ts 

Focus
the hy
other 
showc
functio
develo

cable 

rts have bee
ign and cor
g to scenar
software s

re. Additiona

contains a s
akeholders’
d ask for th
ses, thus co

ptimise shi
duction syst
ction syste
loped using

nt data for s
ately but wi

Table

narios 1-A &

d propulsion
hort route ferr

Partially 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

s is on optim
ybrid system
aspects 
casing SHIP
onality can b
oped  

en develope
rresponding
rio 1.  Both f
hould be ab
ally, the var

summary of
 Advisory 
eir views as

ollecting valu

 

ipyard prod
tems are cr
em optimisa
g, in varyin
software de
thin the fram

e 1:  Summ

& 1-B 

n of a 
ry 

S

Co
design

risk

ising 
, but 

LYS 
be 

Scena
in softw
applied
types o
SME s

ed and are 
g to scenario
flowcharts w
ble to deal w
rious require

f each one 
Committee
s to how th
uable feedb

12 

duction sys
rucial activit
ation as a 
ng extent, s
evelopment
mework of t

mary of scen

Scenario 2

nceptual shi
n accounting
k-based LCA

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

ario 2 will res
ware that ca
d for differen
of ships and 
shipyard 

shown in F
o 2 and the
were develo
with. Each p
ed databas

of the abov
for the pu

e problems
back. 

SH

stems is a 
tes included

separate 
scenarios 1
t is made a
the previous

narios evalu

p 
g for 
A 

S

Retrofit

ult 
n be 

nt 
any 

Focus i
retrofitt
aspects
SHIPLY
can be 

Figures 1 an
e second ref
oped in ord
particular bo
es are also

ve scenario
urpose of i
s that SHIPL

HIPLYS – Gra

recurring 
d in scenari
scenario 4

1, 2 and 3,
available.  T
s three scen

ation. 

Scenario 3 

t or repair wo

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

is on specific
ing, but othe
s showcasing
YS functiona
developed. 

nd 2, the firs
ferring to a 
er to visual
ox correspo
presented 

os which are
nforming its
LYS seeks 

ant Agreement
GA Ref: Ares

theme in 
ios 1, 2 and
4, it was e
, particularl
Therefore, s
narios.   

orks 

Sc

Optim
produ

c 
er 
g 

ality 

Focus is
product
changes
aspects
SHIPLY
can be d

st referring 
pure retrofi
lise the vari
onds to a dif
in the flowc

re going to 
ts members
to address

t number: 690
s (2016) 2353

all scenari
d 3. Therefo
envisaged t
y using tho
scenario 4 

cenario 4 

ising shipyar
ction system

N-A 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

s on specific 
ion procedur
s, but other 

s showcasing
YS functional
developed. 

to a compl
tting work a
ous tasks t
fferent mod
charts. 

be sent to 
s about the
 relate to th

 

770  
538  

os. 
ore, 
this 
ose 
will 

rd 
ms 

res 

g 
ity 

ete 
and 
hat 
ule 

the 
ese 
heir 



Figure 1:  

13 

Ship design

SH

n flowchart.

HIPLYS – Graant Agreement
GA Ref: Ares

t number: 690
s (2016) 2353

 

770  
538  



FFigure 2:  Sh

14 

hip retrofitti

SH

ing flowchar

HIPLYS – Gra

rt.

ant Agreement
GA Ref: Ares

t number: 690
s (2016) 2353

 

 

770  
538  



 

A
On
res
(1-
pro
an
op
en
inc
reg

Th
of 
an
an
E 
the
sy
sa

It 
arr
sc
inv

 

A
MV
No
be
Ma
op
on

Optimi

A.1 Intro
ne of the ob
searchers in
-A) aims to
opulsion sy

nalysis for t
peration an
nvironmenta
clude a bra
garded as a

he basic ide
propulsion 

nd they will b
nd hybrid. T
system will 
e loads to g
stem has b
ve energy c

must be n
rangement.
enario 1-A 
vestigated. 

A.2 Sam
V Hallaig (F
ovember 20
etween Sco
anoeuvring 
perational pr
n the propos

sation o

oductio
bjectives of 
n order to p
o optimise 
ystem, whic
this scenari
nd mainten
al impacts 
anch for ret
a new desig

ea is to cond
systems. F

be compare
he main dif
convert fue

generators 
been calcul
costs becau

noted that s
 One para
only (it is g

mple hyb
Figure A.1) 
013 and sh
onser to Ra

Time: 2 m
ractice for t
sed voyage 

S

of the d
us

Ferguso

on 
the SHIPLY

provide a de
the design

ch combine
o will cove

nance and 
and risk a

trofitting of 
gn and build

duct a Life C
For the sele
ed under dif
fference wil
el into elect
and batterie
ated by Fe

use the batt

scenarios 1
ameter whic
iven for sce

brid shi
is the wor

e can be u
aasay and t
mins, At Sl
the hybrid p
plan.  The 

Ap

Scenari

design o
sed in a 
on Marine a

YS project i
etailed life c
n of a sho
es internal 
er the whole

scrapping
assessment
a hybrid p

ding process

Cycle Asse
ected ship, 
fferent circu
l be due to 
tricity and d
es based o

erguson Ma
teries are ch

1-A and 1-
ch may be 
enario 1-B).

ip 
ld’s first se

used as a t
the total vo
ip: 8-23 m

propulsion s
specificatio

  

Figure

15 

ppendix

ios 1-A 

of a nov
short-r

and Unive

is to offer a 
cycle view o
ort-route fe

combustion
e life cycle 

g and recy
ts will be c
ropulsion s
ses, includi

essment (LC
the costs, 

umstances: 
the fuel co

drive motor 
on specific r
arine. One p
harged duri

-B do not 
 taken into
.  The detai

eagoing hyb
target ship 
oyage dura

mins). The 
system, as 

ons of this fe

e A.1:  MV H

SH

x A 

and 1-B

vel hybr
route fe
rsity of Str

toolkit to th
of their prod
rry (domes
n engines 
of the ferr

ycle stages
considered

system ( sc
ng the disas

CA) for a se
environmen
Diesel-Mec

sts: D-M sy
to propel th

route. The a
potential ad
ng night tar

include hul
o account i
iled arrange

brid Ro-Pax
for scenari
tion is 30-4
aim of this
well as the

erry are give

  

Hallaig. 

HIPLYS – Gra

B 

rid prop
rry 
athclyde 

he shipowne
ducts and re
stic voyages
and battery

ry, including
s. In each
. Furthermo
enario 1-B)
ssembling p

elected case
nt and risk 
chanical (D
ystem will pr
he ship; hyb
advantage 
dvantage of
riff. 

l form opti
s the size 

ement of the

x ferry.  She
ios 1-A or 
45 minutes 
s scenario 
e preferred p
en in Table 

ant Agreement
GA Ref: Ares

pulsion s

ers, shipyar
esearch targ
s) using a

ry cells. Ca
g design an
h stage, c
ore, this s
). The retro
process ana

e ship with 
impacts wi
-M), Diesel
ropel the sh
brid system
of D-E com
f the hybrid

imisation a
of the eng

e engine ro

e was ente
1-B. The d
 (Transit T
is to find 
propulsion 
A.1. 

t number: 690
s (2016) 2353

system

rds, as well
gets. Scena
 novel hyb

arrying out 
nd producti
cost analys
cenario co

ofitting can 
alysis. 

different typ
ll be analys
-Electric (D
hip directly;

m will distrib
mpared to D
d system is

nd machin
gine room 

oom will not 

ered service
esign route
ime: 20 mi
out optimiz
system bas

 

 

770  
538  

 

 as 
ario 
brid 
an 
on, 
sis, 

ould 
be 

pes 
sed 

D-E) 
 D-
ute 

D-M 
s to 

ery 
for 
be 

e in 
e is 
ns, 

zed 
sed 



 

A s

 

A
Th
ind

D-
are

Th
en
Tw

Fo
ele
so
rep
tar
im

 

D

D

S
M
N
c
T
p
T
d
M
F
(l
E
c

sister ship t

A.3 Hyb
he hybrid pr
dicate the fu

M propulsio
e also two g

here are thr
nergy as dem
wo variable 

or a hybrid 
ectricity. Wh
me circums
placement f
riff, it is pote
pacts shou

Diesel-Mech

Daily hours 

Shaft power 
MCR (kW) 
Number of e
onnected 

Total installe
ower (MCR

Total ME pow
emand (kW

Main engine
Fuel consum

itres/day) 
Estimated to
onsumption

M

LO

L

B

D

D

T

M

T

T

to MV Halla

brid prop
ropulsion sy
uel calculati

on system 
generators 

ree diesel g
manded. Li
speed drive

propulsion 
hen the pow
stances, ru
for one gen
ential to de
ld be consid

hanical: 2 x 

(kW) 

engines 

ed ME 
R in kW) 
wer 

W) 
 load 

mption 

otal fuel 
n (litres/day

Tab

MV Hallaig 

OA 

BP 

Breadth 

Draught 

Deadweight 

op Speed 

Max Beam W

otal Propuls

otal Power 

aig, MV Catr

pulsion
ystem uses 
ion for these

includes tw
in D-M syst

generators i
ke D-M sys
es are appli

system, tw
wer require
nning two 
nerator. As 
crease the 
dered in de

Table A.2:  

450kW Eng
Max pro

pow

75
45

2

90

84

93

) 

ble A.1:  Sp

Wind 

sion Power

for 9 knots 

riona, was l

n system
D-E system
e two differe

wo engines 
tem, which c

n the D-E s
stem, two pr
ed to conve

wo battery b
ed is low, b
generators 
the battery
fuel consum
tail, such as

Fuel consu

gines 
opulsion 
wer 

50 
50 

2 

00 

40 

3% 

 

 

16 

pecifications

Service Sp

aunched in

m  
m instead of
ent propuls

connected 
can be use

system, link
ropeller unit
ert between

banks are c
battery bank

is not effic
y banks cou
mption duri
s the emiss

umption of D

9 knots 

25% 
6 

267.5 
450 

2 

900 

291 

32% 

441 

SH

s of MV Hall

4

3

2

peed 2

 December

f D-M syste
ion systems

with two sh
d for electri

ked to the s
ts are appli

n DC and AC

connected w
ks can be u
cient and b
uld be char
ng the ship

sions from o

D-M propuls

Maneuv

3%
0.6
120
450

2

900

130

14%

22

548

HIPLYS – Gra

laig. 

43.50 m 

39.99 m 

12.2 m 

1.73 m 

100 ton 

9 kno

37 kno

2*375 kW 

265.5 kW 

r 2015. 

em. The foll
s. 

hafts and tw
city supply.

switchboard
ed but drive
C electricity

with the D-
used as ma
attery bank

rged by ons
p operation. 
onshore pow

sion system

ering I

0 
0 

0 

0 

% 

8 

ant Agreement
GA Ref: Ares

ot 

ot 

owing table

wo propelle
. 

d which can
en by two e
y.    

-E system t
ain power s
ks could be
shore powe
 However, 

wer generat

m. 

n port 

16% 
3.72 
72 

450 

2 

900 

78 

9% 

85 

t number: 690
s (2016) 2353

es A.2 and A

er units. The

n distribute 
lectric moto

to help sup
source. Und
e applied as
er grid at ni
environmen
tion. 

Overnight

57% 
13.68 

 

 

 

 

 

 

770  
538  

A.3 

ere 

the 
ors. 

pply 
der 
s a 
ght 
ntal 

t 



D

 

D

S
M
N
c
T
p
T
d
M
F
(l
E
c

 

An
be

Ac
op
hy

Diesel-Electr

Daily hours 

Shaft power 
MCR (kW) 
Number of e
onnected 

Total installe
ower (MCR

Total ME pow
emand (kW

Main engine
Fuel consum

itres/day) 
Estimated to
onsumption

nother purpo
elow, thereb

1. Genera

2. Genera

3. Battery 

4. Battery 

ccording to 
ptimize the o
ybrid system

ric 3 x 360k

(kW) 

engines 

ed ME 
R in kW) 
wer 

W) 
 load 

mption 

otal fuel 
n (litres/day

ose of this 
by resulting 

tor  

tor + Batter

 

charging 

FMEL, the
operation p

m layout is p

Table A.3:  

kW Engines
Max pro

pow

75
36

3

10

84

79

) 

scenario is
in an optim

ry 

e batteries 
phase with c
presented in

Figure A.

Fuel consu

s 
opulsion 
wer 

50 
60 

3 

080 

48 

9% 

 

 

 to investig
ised design

are charg
changing ba
n Figure A.2

2:  Layout e

17 

umption of D

9 knots 

25% 
6 

267.5 
360 

1 

360 

322 

89% 

434 

gate the fou
n and opera

ed during 
atteries by 
2. 

example of 

SH

D-E propuls

Maneuv

3%
0.6
120
360

1

360

144

40%

19

538

r operation 
ation of the h

night tariff 
generators 

serial hybri

HIPLYS – Gra

sion system

ering I

0 
0 

0 

4 

% 

8 

modes of t
hybrid syste

so the sce
on board.  

id system. 

ant Agreement
GA Ref: Ares

m. 

n port 

16% 
3.72 
72 

360 

1 

360 

87 

24% 

85 

the hybrid s
em.  

enario will 
 One exam

 

t number: 690
s (2016) 2353

Overnight

57% 
13.68 

 

 

 

 

 

system sho

consider a
mple of a se

 

770  
538  

t 

own 

and 
erial 



In 
wil
in 

 

 

Ba
les

Ma
roo
sh
no
wh

 

A
Th
co
an
tar
sy
sta
co
co

Th
an
ret
B)
A.5
co

order to ex
ll be compa
Table A.4. 

 

Daily Fue

Engine lo

Engine lo

Engine lo

ased on the
ss fuel at fu

 Greater
 Reduce
 Reduce
 Uncerta
 Insuran
 Noise re
 Possibil
 Lower li
 Flexibili
 Propuls

MCR) 

any conside
om and dis
ip were voi

ot so signifi
hich should 

A.4 Attr
his scenario
nsists of th

nalysis, env
rget is to d
stem. It is 
age, the ferr
nsidered. T
ntents.  

he optimisat
nd the end 
trofitting of 
. Therefore
5).  The on
nventional 

xplore the p
ared to corr

el Consump

oad at 9 kno

oad during m

oad at port 

e information
ll load and d

r redundanc
ed fuel cons
ed impact of
ainty of futur
ce against 
eduction 
lity to opera
ife cycle cos
ty of operat

sive perform

erations ca
sposal of ba
d in D-M a
cant. The p
be conside

ibutes  
o aims to op
hree parts.

vironment a
determine th
essential to
ry will be sc

Table A.5 ill

tion will con
life of the f
the new hy

e, the optim
nly differenc
system and

potential adv
responding 

Table

ption (litres/

ots 

maneuverin

n received f
during man

cy 
sumption 
f CO2 emiss
re fuel costs
increasing e

ate in zero e
sts (such as
ting modes 

mance at lo

n be made
atteries. As 
nd D-E pro
process for

ered in deta

ptimise the 
. First, the 

assessment
he optimal 
o take into 
crapped and
ustrates a g

nsider the w
ferry (scena

ybrid propul
isation app
ce is to con
d install the 

vantages of
D-M and D

 A.4:  Comp

Die

/day) 

ng 

from Fergus
euvering. S

sions and o
s 
environmen

emission mo
s lower mai

ower power

e following t
suggested 
pulsion ferr
r batteries 
il on its cos

design for 
ship build

, risk asses
distribution
account fin
d recycled. 
general view

whole life cyc
ario 1-A). If
sion system
roaches of

nsider retrof
new hybrid

18 

f the hybrid
D-E systems

parison of f

esel-Mechan

548 

32% 

14% 

9% 

son Marine
Some other 

other polluta

ntal regulati

ode when v
intenance fo

r conditions

the installat
by FMEL, 

ries. Theref
disposal w
ts, environm

a short-rou
ding proces
ssment and

n of operati
nancial, env

All the inve
w on stage

cle includin
f the perfor

m for an exi
Scenario 1

fitting as a 
 system. 

SH

 propulsion
s.  An exam

fuel consum

nical Dies

e, the benef
potential ad

ants 

on 

vessel is at p
or batteries

s when dies

tion of batte
the location

fore the sen
ill be recom
mental impa

ute ferry us
sses should
d decision 
on and ma

vironmental 
estment, em
s of optimis

g design an
rmance of t
isting ship c
1-A can be 
new constr

HIPLYS – Gra

n concept, th
mple of such

mptions 

sel-Electric 

538 

89% 

40% 

24% 

it of the hyb
dvantages a

port 
) 

sel engines

eries, such 
ns (spaces)
nsitivity of e
mmended b
act and pote

sing hybrid 
d be optim
making. Th

aintenance 
and risk as

missions and
sation for th

nd productio
the hybrid 
can be also
also applie
ruction proc

ant Agreement
GA Ref: Ares

he results o
h a compar

Hy

To be a

To be a

To be a

To be a

brid system
are listed be

s are not e

 as changi
) for batteri

engine room
by battery m
ential risks. 

propulsion.
ised includ
hen while i
on the hyb
spects. At t
d possible h
his scenario

on stage, o
system is p

o considered
ed to Scena
cess which 

t number: 690
s (2016) 2353

of the analy
rison is sho

brid 

analysed 

analysed 

analysed 

analysed 

 is that it us
elow: 

fficient (<50

ng the eng
ies in a hyb

ms changing
manufactur

 The scena
ding the co
n service, 

brid propuls
the end of 

hazards will 
o and the m

peration sta
promising, 
d (Scenario

ario 1-B (Ta
will disman

 

770  
538  

ysis 
own 

ses 

0% 

ine 
brid 
g is 
rers 

ario 
osts 
the 

sion 
life 
be 
ain 

age 
the 

o 1-
able 
ntle 



 

Th
All
wil
de
ca
the

 

A
In 
me

CA
de
ca

OP
co

To
ap

 

wh

PV

FV

i 

n  

 

Fig

Design an
disassemb

Operation 

End life sc

he cost ana
l the impact
ll be used f

etermined by
n be delive
e target ship

A.5 Meth
a previous 

ethodologie

APEX can b
emonstrate 
lculation, su

PEX can be
sts for each

o analyse a
pplied. The N

here: 

V0  CAPE

V  OPEX

 Interes

 Lifetim

gure A.3 sh

Table A

Stag

d productio
bling for sce

and mainte

crapping and

lysis for ea
ts on enviro
for the deve
y building a
red.  The ri
ps are diffe

hodolog
project (EC

es applied in

be calculate
the initial e

uch as stee

e calculated
h year shou

and evaluat
Net Presen

EX: amount 

X: cost of op

st rate; 

me of vesse

ows schem

A.5:  Stages

ges 

on stage (inc
enario 1-B) 

enance stag

d recycle st

ch stage w
onment will 
elopment of
a database 
sk assessm
rent in thes

gy 
CO-REFITE
n ECO-REF

ed by apply
expenses o

el plate and 

d using the 
uld include f

te the costs
t Value form

spent initia

perative exp

l (years). 

matically the

s and conte

clude 
C

ge C

tage C

ill be derive
be assess

f the SHIPL
and they w

ment will ap
e two scena

EC), the ana
FITEC will b

ying breakd
of a produc
machinery.

same idea
fuel and ene

s of these 
mula is pres

PV=PV

lly for the im

penses, for a

flowchart o

19 

ents of hybr

Cost analys

Cost analys

Cost analys

ed and utilis
ed based o
LYS softwa

will be rated 
ply a mode
arios, additi

alysis of diff
be considere

owns in co
ct.  The co
. 

 for the ope
ergy costs, 

different ci
sented as fo

V0+FV·(1−(

mplementat

any given y

of the propo

SH

rid propelled

M

sis 
Envir
asse

sis 
Envir
asse

sis 
Envir
asse

sed for life 
on current r
re. The risk
and analys
l similar to 
ional risks s

ferent paint
ed for this p

nstruction p
osts for ea

eration and
repair and m

ircumstance
ollowing: 

1+i)-n)/i 

ion; 

year; 

osed LCA pr

HIPLYS – Gra

d ferry optim

Main content

ronmental 
ssment 

ronmental 
ssment 

ronmental 
ssment 

cycle cost a
ules and re
ks during th
sed so that 
that develo
should be co

ting candida
project too.  

phases to d
ch breakdo

 maintenan
maintenanc

es, Net Pre

rocedure. 

ant Agreement
GA Ref: Ares

mization 

ts 

Risk as

Risk as

Risk as

analysis us
egulations a
he whole life
a virtual ris
ped for sce
onsidered. 

ates was ca

determine th
own should

nce costs.  
ce costs and

esent Value

t number: 690
s (2016) 2353

ssessment 

ssessment 

ssessment 

ing Table A
and the resu
e cycle will 
sk assessm
enario 2. Sin

arried out. T

heir costs a
d be listed 

The operat
d so on.  

e (PV) will 

 

770  
538  

A.5. 
ults 
be 

ent 
nce 

The 

and 
for 

tion 

be 



 

A 
flo

 

 

To
Op
ch
be

characteris
wchart of th

o comply wit
perational 
aracterisati

elow: 

sation meth
he principle 

Fi

th current re
Indicator (
on method

Figu

hod will be
is presente

igure A.4:  F

egulations, 
(EEOI) wil
 with EEDI

ure A.3:  Flo

e selected 
ed in the fol

Flowchart o

the Energy
l be cons
/EEOI, a n

20 

owchart of s

and applie
lowing figur

of character

y Efficiency 
sidered in 
ew LCA sc

SH

ship LCA mo

ed for the 
re. 

risation met

Design Ind
the enviro

core is desi

HIPLYS – Gra

odel. 

environmen

hod principl

ex (EEDI) a
onment im
igned and i

ant Agreement
GA Ref: Ares

ntal impact

le. 

and the Ene
mpact. To 
its equation

t number: 690
s (2016) 2353

 

t analysis. 

ergy Efficien
combine 

n is presen

 

770  
538  

 A 

ncy 
the 
ted 



wh

D 

gG

LC

mc

i 

 

A
Th
sy
op
tha
the
the
ex
the

 

 

 

 

here,  

D

GWP LC
re

CAeffGWP LC

cargo Ca
pa

In

A.6 Con
his scenario
stem comp

peration con
at the fuel c
e system w
e perspectiv

xisting ships
e additional

istance (na

CA CO2 in
eleases ana

CA energy e

argo carrie
assenger sh

ndex of sum

nclusion
o aims to inv
pared to the
nditions duri
consumptio

will provide 
ve of costs
s, the retrofi
 disassemb

utical miles

ventory ag
alogous to C

efficiency G

d (tonnes) 
hips; 

mmation. 

ns 
vestigate an
e conventio
ing the serv
n is reduce
more detail
, environme
itting of the
bling in the d

 

௘௙௙ீௐܣܥܮ

) correspon

gregate in 
CO2; 

GWP score 

or work do

nd verify th
onal D-M an
vice life of th
d. As this h
ls in design
ent and risk
 system wil
design stag

21 

ௐ௉ ൌ
∑ ݃௜

∑ ሺ݉௖௔௜

nding to the

grams com

in g CO2/to

one (numbe

e many pot
nd D-E sys
he vessel a
hybrid propu
n, productio
k. In order t
ll be also a

ge. 

SH

ܹܩ݃ ௜ܲ

௔௥௚௢,௜ ൈ ௜ሻܦ

 cargo carri

mprising cl

nne-nm; 

er of TEU 

tential adva
stems.  The
and make th
ulsion syste

on, operatio
to make hyb
nalysed thr

HIPLYS – Gra

ied or work 

assification 

or passeng

antages of t
e hybrid sy
he best use 
em is promis
n and recy
brid propuls
ough this L

ant Agreement
GA Ref: Ares

done; 

 and chara

gers) or gro

the hybrid D
ystem could

of main en
sing, the LC

ycle stages,
sion a poss
LCA analysi

t number: 690
s (2016) 2353

acterisation

oss tonnes 

D-E propuls
d consider 
gine power
CA analysis
 especially 

sible option 
s, consider

 

770  
538  

 of 

for 

sion 
the 

r so 
s of 
on 
for 

ring 



 

B
A j
Pu
the

 

B
Th
70
ve
dry

Ty
ton
typ
sh
se

 

 

Co
Va

.1 Intro
jointly deve

urpose Vess
e principal o

.2 Gen
he target of
000 to 1400
ssels are n
y cargo: gen

ypical featur
ns, movable
pes of ships
ipping in th
a is given in

onceptu
arna Maritim

oductio
eloped scen
sel (MPV) is
objectives o

neral de
f this scena
00 DWT wi
non-cellular 
neral, bulk a

res of this t
e bulkhead
s in short se
e Mediterra
n Figure B.3

ual ship 
me, Institu

on 
nario by AES
s assumed 

of the SHIPL

scriptio
ario is the c
ith predomi
vessels de

and heavy o

type of ves
ds and twee
ea shipping

anean Sea a
3. 

Figure B.1

Ap

Sc

design
to Superio

S, IST and 
to be built 

LYS project

on of the
conceptual 
nantly two 

esigned to c
over dimen

sel are box
en decks. S
g of goods i
are shown i

1:  Short sea

22 

ppendix

cenario

 accoun
or Tecnico

VARNA is 
within the e
t. VARNA is

e MPVs
design of a
large carg

carry differe
sional and/

x-type holds
Some statis
in EU in 20
in Figure B.

a shipping o

SH

x B 

o 2 

nting fo
and Atlant

presented 
environmen
s accounting

s 
an MPV, a
o holds an

ent types of
or containe

s, cranes w
stics about 

014 is given
.2 and good

of goods in 

HIPLYS – Gra

or risk-b
ec Enterpr

here, where
nt of an SME
g for the sh

small hand
nd a cargo 
f cargo, inc
rized cargo

with a minim
the curren

 in Figure B
ds for short 

EU (2014). 

ant Agreement
GA Ref: Ares

based L
rise Solutio

e a new de
E shipyard 
ipyard cons

dy vessel in
tank. The 

cluding near
o. 

mum lifting c
nt exploratio
B.1.  Goods
sea shippin

 

 

t number: 690
s (2016) 2353

CA 
ons 

sign of a M
and satisfy

straints. 

n the range
multi purpo
rly all types

capacity of 
on of differ
s for short s
ng in the Bla

 

770  
538  

Multi 
ying 

e of 
ose 
s of 

60 
rent 
sea 
ack 



 

 

Fig
rea
ca

gure B.4 in
ason to exp
rgoes, but s

Figure
(So

F
(So

ndicates tha
pect more o
strong com

e B.2:  Good
ource: http://e

Figure B.3:  
ource: http://e

at MPVs ar
orders to be
petition from

ds for short 
ec.europa.eu

Goods for s
ec.europa.eu

re one of t
e seen in th
m other ves

23 

t sea shippin
u/eurostat/ w

short sea sh
u/eurostat/ w

he aging s
he coming y
ssel types. 

SH

ng in the Me
web/transport/

hipping in th
web/transport/

ship types (
years. How

HIPLYS – Gra

editerranea
/data/ databa

he Black Se
/data/ databa

(www.equas
ever, MPVs

ant Agreement
GA Ref: Ares

 

an Sea.  
ase) 

 

ea. 
ase) 

sis.org), wh
s are not fa

t number: 690
s (2016) 2353

hich can be
acing a lack

 

770  
538  

e a 
k of 



 

Po
“B

 

 

B
Th
MA
sc

Sc
de
int
inc
up

Im
en

ositive trend
usiness are

.3 Targ
his propose
ARITIME LT
enario 2 is t

cenario B w
esigning and
troducing h
cludes the i
pgraded, con

mplementing
nvironment 

ds in MPV
ea maritime 

get ship
ed scenario
TD shipyar
to design a

will also exam
d building n
igher qualit
dentification
nfiguration 

g new techn
will genera

Fig
(So

V fleet seen
– business

Figure 

pyard 
 is targetin
d, as a par
nd build ne

mine and tr
new ships, 
ty requirem
n of require
of the supp

nologies and
ate higher u

gure B.4:  A
ource: The w

n in Figure
s developme

B.5:  MPVs

ng the envi
rtner of the 
w MPVs at 

race correct
by impleme
ents and b

ed product c
ly chain, as

d building n
uncertaintie

24 

Age of existi
world mercha

e B.5 have
ent”, Februa

s worldwide

ironment of
SHIPLYS 
a shipyard 

tive measur
enting new 

better life-cy
capacities fo
s well as res

new ships in
es concerni

SH

ing ship typ
ant fleet in 20

e been reg
ary 2015. 

e contracts, 

f a small a
project, is a
similar to th

res to move
production

ycle perform
or all trades
source leve

n a shipyard
ing the tec

HIPLYS – Gra

es. 
014) 

istered by 

mDWT. 

and medium
a good can
hat of VARN

e from main
 technologi

mance. On 
s involved, f
lling. 

d without his
hnological 

ant Agreement
GA Ref: Ares

 

the DNV 

 

m shipyard,
ndidate.  Th
NA MARITI

nly ship repa
ies and ma
the produc

facilities to 

storical exp
requiremen

t number: 690
s (2016) 2353

Trend Rep

, and VAR
he objective
ME LTD.  

air activities
aterials and 
ction side, t
be installed

perience in t
nts, person

 

770  
538  

port 

NA 
e of 

s to 
by 

this 
d or 

this 
nel 



qu
ma
sp

Th
me
fra

 

B
Th

Th
ge

 

 

ualification, 
ay involve 
ecific requir

he descripto
edium shipy
amework to 

.4 Prot
he ship that 

 Length 

 Length 

 Breadth

 Depth, m

 Draft su

 Deadwe

 Speed: 

he midship 
eneral view 

schedule, m
recent stat
rements ma

ors of the n
yard, includ
be carried 

totype s
is going to 

overall LOA 

b/w perpen

h, moulded, 

moulded, D

ummer, d = 

eight  DWT 

14 knots 

section of t
of the ship 

material flow
te-of-the- a
ay evolve re

new enviro
ding the unc
out within th

ship - M
serve as a 

= 126.08 m

ndiculars LPP

B = 20.00 

D = 10.40 m 

8.29 m 

= ab. 9800

the prototyp
are shown 

Figure B

ws and sup
art equipme
equiring par

nmental co
certainties 
he framewo

MPV 980
prototype is

m 

P = 113.75 m

m 

 t 

pe ship is s
in Figures B

B.6:  Midship

25 

pplies and i
ent for prop
rticular atten

onditions th
related to t

ork of this sc

00 DWT
s an MPV w

m 

shown in F
B.7 and B.8

ip section o

SH

involved co
pulsion, ma
ntion. 

hat are goin
them, will b
cenario. 

with the follo

igure B.6, w
8, respective

f the prototy

HIPLYS – Gra

ost. Furtherm
anoeuvring 

ng to be im
be included 

owing chara

whereas a 
ely. 

ype ship. 

ant Agreement
GA Ref: Ares

more, as th
or chargin

mposed to 
in the risk-

acteristics: 

longitudina

 

t number: 690
s (2016) 2353

he new des
g/dischargi

the small a
-based des

l profile and

 

770  
538  

sign 
ng, 

and 
sign 

d a 



 

 

B
A 
pro
sh
ap
fun

A 
str
ba

Re
ca
to 

Th
sta
hu

Th
eq
co
en

.5 Con
conceptual
oposed to 
ipyard and

pproaches a
nctionality, w

risk based 
rength of th
ased on a co

ecent devel
rried out by
be account

he assessm
ate function
ull, employin

he effects o
quipment an
nsequently

nvironmenta

nclusion
 ship desig
be employ

d including
also the shi
with a capa

approach f
e ship’s hu
ost-benefit a

lopments o
y IMO on th
ted for. 

ment of hull g
n based on 
ng First Ord

of the ship
nd of the sc
, the effect 

al impact an

Figure B.

Figure 

ns 
gn optimiza
ed within s

g construct
ift of an SM

acity to build

for the stru
ll girder, rel
analysis. 

f risk base
e Formal S

girder reliab
the IACS p
er Reliabilit

pyard manu
cantlings of
of the risk o

nd cost of lo

7: Longitud

B.8:  Gene

ation of a M
scenario 2, 
ional, oper

ME shipyard
d new ships

ctural desig
iability, con

d approach
afety Asses

bility and pr
rogressive 
ty Methods.

ufacturing p
f the ship h
of the expec
ss of huma

26 

dinal profile

eral view of 

Multi Purpo
accounting

rational an
d from a m

s.  

gn of the v
nsequences

hes in the d
ssment (FS

robability of 
collapse an

. 

processes, 
ull on the p
cted cost of

an life. 

SH

of the proto

the prototyp

se Vessel 
g for the co
nd failure 

mainly repair

vessel will b
s of structur

design of s
A) and Goa

structural f
nalysis to e

of the use
probability o
f failure will 

HIPLYS – Gra

otype ship. 

pe ship. 

and her sy
onstructiona
cost asses
r functional

be performe
al failure an

ship structu
al-Based St

failure will b
stimate the 

e of new m
of failure of 
be analyse

ant Agreement
GA Ref: Ares

 

ystems’ cha
al limitation
ssment.  
ity to a new

ed, involvin
nd optimum

res, as we
tandards (G

be performe
e ultimate ca

materials a
f the ship h
ed, account

t number: 690
s (2016) 2353

 

aracteristics
ns of an SM
The scena
w-construct

g the ultim
m safety leve

ll as the w
GBS) are go

ed using a li
apacity of s

and advanc
ull girder a
ing for agei

 

770  
538  

s is 
ME 
ario 
tion 

ate 
els, 

ork 
oing 

mit 
ship 

ced 
nd, 
ng, 



A 
sp
op

Re
en

Sc
tas
da
de

Th
pro
co
sh
sh

As
co
(Ta

 

 

 

 

 

 

 

 

special foc
ecification, 

ptimization.  

etrofitting op
nvironmenta

cenario 2 is 
sks in the 

atabase dev
ecision maki

he proposed
oposed pro
nceptual de
ip with a c
ipbuilding. 

s Figure B.9
nceptual sh
ask 3)  and 

us is attribu
constructio

ptions can b
al impact is 

going to be
SHIPLYS 

velopment, 
ing and imp

d scenario 
ototype MPV
esign frame
conventiona

9 schematic
hip design 
fast hull ge

uted to the 
on, operat

be also con
taken into c

e used as a
project, inc
models for 

plement rap

is flexible e
V is used 

ework of the
al diesel o

cally shows
(Task 1), r

eometry pro

Figure B

 

shipbuildin
ional, main

nsidered for
consideratio

a generic sc
cluding inte
LCCA, env
id virtual de

enough and
as an exam

e SHPLYS p
r hybrid ele

, the scena
risk-based 

ototyping (Ta

B.9:  Schem

27 

ng limitation
ntenance a

r decommis
on in definin

cenario to t
egration of 
vironmental 
esign and p

d can be ad
mple to dem
project, whic
ectric prop

ario will be o
structural a
ask 4). Tas

matic organiz

SH

ns of an SM
and end lif

ssioning. Th
ng the targe

est the dev
rapid virtu
assessmen
roduction p

dapted to an
monstrate t
ch can be e
ulsion, usin

organized i
assessment
k 4 will be c

zation of sc

HIPLYS – Gra

ME shipyard
fe (scrap) 

e greener d
t structural 

veloped mod
al prototyp

nt, risk asse
rocess prot

ny small an
the develop
employed to
ng advance

n three con
t (Task 2), 
carried out i

enario 2. 

ant Agreement
GA Ref: Ares

d in terms o
costs in 

design acco
reliability le

dels and to
ping and lif
essment an
totyping gen

nd medium 
ped interac
o design any
ed new tec

nsecutive ta
risk-based

in parallel w

 

t number: 690
s (2016) 2353

of engineer
the life cy

ounting for 
evel. 

ols in differ
fe cycle too
d multi-crite
nerators. 

shipyard. T
ctive intellig
y other type
chnologies 

asks related
d maintenan
with Task 1.

 

770  
538  

ring 
ycle 

the 

rent 
ols, 
eria 

The 
ent 

e of 
for 

d to 
nce 
 



C
A 
op
sc
wit
co

 

C
Th
Bid
bo
pro
de

Th
vo

Th
ho
inv
un

It´s
pro
de

In 
an
do
the

Ad
an

Ship 

.1 Intro
jointly dev

ptimisation/a
rubber syst
thin the en
nstraints.  T

 Demons
 Develop

criteria, 
 Carry o

at the s
resourc

 Be able
stages. 

 Introduc
both at 

 Assess 
configur

.2 Des
he nature o
dding and p

oard the ve
ovided by th

esign activiti

he main ch
lumes, and

he dynamics
oc decision
vestigated 
nforeseen. T

s also impo
oject drawin

elays and ex

a timely m
nalyses and
ocumentatio
e project, in

dditionally, f
nd impact 

retrofit
Astilleros

oductio
veloped sce
assessment
tem and/or
nvironment 
This scenar

strate the e
p a Virtual 
for fast and
ut concept-

shipyard, an
ce needs an
e to keep th

ce a reliable
the early de
the throug

rations. 

cription
f repair and
preparation 

essel or in 
he ship ope
ies in prepa

allenge for 
 to develop

s of the rep
s that will 
during the

This creates

ortant to un
ngs provide
xtra cost for

manner, befo
d preparat

on and inter
n order to re

for LCCA, L
in terms o

tting acc
s de Santa

on 
enario by A
t of either o
r a water b

of a sma
rio is aiming

ffectiveness
Prototyping

d cost effec
-stage desig
nd use thes
nd build a m
he bid-stag

e modelling
esign stage
gh life imp

n of the 
d retrofitting
time is ver
close inter

erator. Along
aration for a

shipyards 
p an overall 

pair and retr
have to b

e course o
s a challeng

derline that
ed sometime
r the retrofit

ore a shipy
tions have 
rnal procedu
educe the th

LCC and R
of resource

Ap

SC

countin
ander, Fund

ASTANDER
one or two 
allast mana
all and me
g at satisfyin

s of the SH
g system to
tive evaluat
gn 3D CAD 
e to establi
ore comple
e technical

 method for
 (supporting

pact of cha

ship re
g projects d
ry short in c
action with
g the same 
 repair, con

is to estab
project sch

rofitting pro
be made a
of the proj
ge, both in p

t repair ship
es by the o
ting. 

yard accepts
to be m

ures, play a
hreats of occ

A purposes
e consumpt

28 

ppendix

CENARIO

ng for Li
dación del 

 

R (ATD) an
different ty
agement p
edium ship
ng the objec

IPLYS integ
o incorpora
tion of alter
 modelling 
ish a data s

ete analysis 
 informatio

r lifecycle a
g bid decisi
anges at v

epair/ret
differs subs
comparison

h the ship o
line, the sh

nversion or 

blish realist
edule. 

ocess is com
as work pr
ject, poten
planning an

pyards usu
owner and r

s a contrac
made. Revi
an importan
currence of

s, it is nece
tions and 

SH

x C 

O 3 

ife Cycl
Centro Te

nd SOERM
ypes of retro
lant, both o

pyard like A
ctives of the

grated mod
ate LCCA, e
natives. 
with the de
set suitable 
model. 

n and pass

analyses (co
ons) and at

various stag

trofittin
stantially fro
n, and a lot 
operator. T

hip operator
retrofitting p

tic estimate

mplex. Typi
rogresses. 

ntially revea
d logistics o

ally face in
reality. This

ct for a repa
ew and p

nt role to ac
f extra costs

essary to es
environmen

HIPLYS – Gra

e Cost A
ecnológico 

MAR is pre
ofitting will 
of them ass
ATD, acco

e SHIPLYS 

elling and li
environmen

tail required
to determin

s it through

osts, environ
t later stage
ges in orde

g biddin
om long ter

of facts ca
The work sp
r is also ofte
project. 

es of work 

cally, there 
The state 

aling issue
operations. 

consistency
 incosistenc

air or retrof
preparation 
chieve the r
s. 

stimate and
ntal emissi

ant Agreement
GA Ref: Ares

Assess
Soermar 

esented her
be address
sumed to b

ounting for 
project, as 

ifecycle app
ntal and ris

d for produc
ne work loa

h into the d

nmental, ris
es for detaile
er to arrive

ng proc
rm new bui
an only be d
pecification
en driving th

activities a

is a large 
of differen

es that we

y issues be
cies cause 

fitting proje
of approp

required lev

d quantify th
ions, hazar

t number: 690
s (2016) 2353

sment 

re, where 
sed, namely
be carried 

the shipya
follows: 

proach. 
k assessm

ct construct
ad, process

etailed des

sk) for desig
ed design.
e at optim

cess  
lding projec
determined 
 is commo

he engineer

and their w

number of a
nt systems
ere previou

etween the 
interferenc

ct, a series
priate entit
vel of scope

he overall c
rds and ris

 

770  
538  

the 
y a 
out 
ard 

ent 

tion 
ses, 

sign 

gns 

um 

cts. 
on 

only 
ring 

ork 

ad-
s is 
usly 

2D 
ces, 

s of 
ties 
e of 

cost 
sks 



oc

 

C
As
Th
ob
co
ve

 

C
Th
SH
ins
en

Th
sc
“A
up
on

Du
sy
rem

No
frie
SH

Th

 

ccurring duri

.3 Targ
stilleros de S
heir contribu
bjective of 
nsumption,
ssels in ope

.4 Des
he first scen
HIPLYS too
stallation o
nvironment. 

he French 
rubbers in f
rmonique”. 

pdated MAR
n maintainin

 In Octo
months 
 Rem

scrub
 Insta
 Rero
 Insta
 Insta
 Fabr
 Insta

other

ue to the lim
stems, the 
moval/moun

 In Janua
 In Marc

convers
 In Sept

scrubbe
in a new

 In April 

ote: All the
endly fleet.
HIPLYS eva

he modificat

ing the proj

get ship
Santander i
ution to SH
Astilleros d
 environme
eration. 

cription
nario study p
ols) of som
of scrubber

company B
five of their 
 As these 

RPOL VI Re
g the use o

ber 2014, t
project, co

moval of the
bbers. 

allation of th
outing of the
allation of ne
allation of th
rication and 
allation of n
r auxiliary jo

mited space
tight deliv

nting proces

ary 2015, th
ch 2015, t
sion at Astill
ember 201

er installatio
w upper dec
2016, scrub

 vessels a
 The overa

aluations. 

tions in M/V

ect impleme

pyard 
is a shipyar
HIPLYS pro
de Santand
ental impac

n of the 
proposed h
me retrofitti
rs in existi

Brittany Fe
r vessels, na
ferries regu

egulation, a
of the cost-e

the M/V “No
nsisting of: 
e existing 

he new seve
e existing pi
ew pump ro

he new exha
mounting o

new electric
obs. 

e available 
very time w
ss (Figure C

he “Cap Fin
he M/V “B
leros de Sa
5 commenc

on was, unli
ck structure
bbers were 

are currently
all process

V “Normand

entation.  

rd focused o
oject are ex
der is to i
cts and pro

propos
ere focuses
ing activitie
ing ROPAX

rries has c
amely “Nor
ularly opera

an extensive
effective hea

ormandie” w
 
exhaust sy

en scrubber
pe network

ooms. 
austs and w
of new enla
cal systems

in the casin
was achieve
C.1).  

nistere” arriv
Barfleur” als
antander. 
ced the ins
ke in the ot
 between h
installed in

y operating
s could be 

ie” (the first

29 

on repairs a
xamples of
ncrease th

oduction co

sed sce
s on the ho
es recently
X ferries t

completed 
mandie”, “C
ate in SECA
e program t
avy fuel oil, 

was docked

ystems an

rs (four for t
k in the casi

water system
rged funnel
, control sy

ngs and the
ed by mea

ved to Astill
so experie

stallation of
ther membe
er two exist
 the M/V “A

g making B
assessed/

t of the serie

SH

and transfor
f this kind 
heir produc
osts not on

nario 
listic asses

y addressed
to cut funn

in Astillero
Cap Finister
A areas an
to update th
and, conse

d in Astillero

d replacem

the M/E and
ng. 

m piping. 
l. 
ystems, ins

e important 
ans of a co

eros de San
nced the s

f scrubbers 
ers of the fle
ting funnels

Armonique”.

Brittany Fer
optimised i

es) are roug

HIPLYS – Gra

rmations of 
of works a

ction efficie
nly of the s

sment and 
d by the s
nel emissio

os de Santa
re”, “Barfleu
d in order t
he fleet has
equently, ins

os de Santa

ment of the

d three for th

ulation, stru

interference
orrect plann

ntander for 
same type 

in the M/V
eet, of a clo
s. 

rries a muc
in the light

ghly shown 

ant Agreement
GA Ref: Ares

f already ex
and activitie
ncy and re
shipyard bu

optimizatio
shipyard, r
ons and to

ander the 
ur”, “Mont S
to comply w
s been perf
stalling scru

ander for a 

e silencers

he A/E). 

uctural mod

e of piping 
ning and st

a similar pr
of open l

V “Mont St.
ose loop typ

ch more en
t of the ou

in Figures 

t number: 690
s (2016) 2353

xisting vesse
es.  The m
educe ene
ut also of 

n (through 
related to 
o protect 

installation 
St. Michel” a
with the new
formed, bas
ubbers. 

less than t

s by the n

difications a

and structu
trategy of 

roject.  
loop scrub

 Michel”. T
pe and hous

nvironmenta
utcome of 

C.2 and C.3

 

770  
538  

els. 
ain 
rgy 
the 

the 
the 
the 

of 
and 
wly 
sed 

two 

new 

and 

ural 
the 

ber 

This 
sed 

ally 
the 

3. 



 

 

 

Figure CC.1:  M/V Noormandie beefore (up) a

30 

and after (do

SH

own) retrofit

HIPLYS – Gra

tting (©  BR

ant Agreement
GA Ref: Ares

 

 

RITTANY FE

t number: 690
s (2016) 2353

ERRIES). 

 

770  
538  



Figurre C.2:  Scruubber instal

31 

llation modi

SH

ifications in 

HIPLYS – Gra

M/V Norma

ant Agreement
GA Ref: Ares

andie. 

t number: 690
s (2016) 2353

 

 

770  
538  



 

Alt
an
pro
too

Th
sh
for

 

though ther
nd solutions
oviding thus
ol evaluatio

he ROPAX 
own in Tab
r applying th

F

re were sim
s were diffe
s additiona
n.  

ferry on w
ble C.1 and
he same sc

Figure C.3:  

milarities am
erent from v
l informatio

which the p
 the sample

cenario are s

Complete s

mong the va
vessel to ve
on that coul

roposed sc
e general a
shown in Ta

32 

scrubber sy

arious scru
essel. Equip
ld be used 

cenario will 
arrangemen
able C.2. 

SH

ystem in M/V

bber system
pment and 
for the sce

be first ap
nt shown in 

HIPLYS – Gra

V Normandi

ms installed
materials u

enario simu

pplied has 
Figure C.4

ant Agreement
GA Ref: Ares

ie. 

d, the actua
used were 
ulation and 

the basic c
4.  Typical s

t number: 690
s (2016) 2353

 

al installatio
not the sam
the SHIPL

characterist
similar vess

 

770  
538  

ons 
me, 
LYS 

tics 
sels 



 

 

 

It c
ex

Am
ex
EC

can be noti
xpect more o

mong the t
xhaust gas c
CAs seems 

Type 

Year o

Lengt

Lengt

Bread

Displa

Dead-

Gross

Powe

Figure 

Year of 

1999

2000

2001

2002

2003

TOTA

iced at this
orders to be

three soluti
cleaning an
to be the e

Table C

of vessel 

of built 

th Overall (L

th Between 

dth 

acement 

-weight (DW

s Tonnage (

r: 

C.4:  Gene

built # 

9 

0 

1 

2 

3 

AL 

s point that 
e seen in th

ons to the
d LNG) the 
xhaust gas 

C.1:  Main c

LOA) 

Perpendicu

WT) 

(GT) 

eral arrange

Table C.2:

of Ships 

7 

10 

26 

17 

12 

72 

the series 
e coming y

e emissions
favoured o
scrubbers.

33 

characterist

ulars (LBP) 

ement of the

:  Similar ve

Average
meter

170

167

179

178

177

174

of existing 
years. 

s control a
option for sh
 

SH

tics of samp

Ro-Ro p

1999 - 2

Around 

Around 

Around 

Around 

6500 ton

Around 

Around 

e representa

essels data.

e length in 
rs (LBP) 

0.17 

7.96 

9.74 

8.91 

7.38 

4.83 

ships show

rea fuel su
hips spendin

HIPLYS – Gra

ple ship. 

passenger s

2003 

200 m 

175 m 

25 m 

20000 tonn

nnes 

30000 tonn

35.000 kW 

ative ROPA

Avg. Ma
Tota

25

37

41

37

34

35

wn in Table

ulphur limit 
ng all or mo

ant Agreement
GA Ref: Ares

ship 

nes 

nes 

 

AX ferry. 

ain engine 
al kW 

5180 

7459 

252 

7973 

4375 

5247 

e C.2 can b

question (
ost of their s

t number: 690
s (2016) 2353

be a reason

(distillate fu
sea time wit

 

770  
538  

 

n to 

uel, 
thin 



As
the
de
the

 

C
Sc
pa
sc
an
the

 
Th
 

 

s mentioned
e ship-owne

eviations in 
erefore the 

.5 Org
cenario 3 w
assenger ve
rubber) in o

nd has colle
e scenario c

he following 

 MV “Mo
used fo

 The shi
and pow

 The shi
 The EG

exhaust
 The inst
 A new n

overboa
treated 

d previously
er (drawing
terms of co
cycle of rep

anisatio
will be first 
essel (Figur
order to co

ected inform
could be ad

remarks sh

ont St. Mich
r propulsion
ip is also e
wered by W
p is operate

GC system 
t gases. 
tallation wa
network was
ard during t
water durin

y , it´s a ver
gs, specifica
ost and it´s 
pair.   

on of th
applied fo

re C.5) whi
mply with M

mation that w
dapted to ot

F

hould be ma

hel” is a RO
n and locate
quipped wi

Wärtsilä 9L20
ed in SECA
installed, o

as made by 
s also insta
the operati

ng operation

ry common
ations, etc.)
necessary 

he propo
r assessing
ich has bee
MARPOL.  
will be used
her ship typ

Figure C.5:

ade regardi

OPAX ferry
ed in two en
th three Die
0 auxiliary e
area contin

of the hybrid

installing on
alled to feed
on in open

n in closed l

34 

 risk that th
) and the r
to perform 

osed sc
g the retro
en equippe
ASTANDE

d to calibrate
pes and wor

 M/V “Mont

ng the prop

y fitted with
ngine rooms
esel genera
engines.  
nuously.  
d type, trea

ne scrubbe
d scrubber s
n loop and 
loop. 

SH

he informati
real ship do
new data c

cenario
fitting of th

ed with an 
ER shipyard
e the develo
rks. 

t St. Michel

posed case 

 four main 
s.  
ating sets l

at the main

r system wi
system with
to run the 

HIPLYS – Gra

on from do
o not match
collection a

he MV “Mo
exhaust ga
 has exper
oped applic

”. 

study:  

Diesel eng

ocated in th

n engines a

th by-pass 
 sea water 
scrubber s

ant Agreement
GA Ref: Ares

ocumentatio
h. This fact
nd new “dra

ont St. Mich
as cleaning 
rience with 
cations.  No

gines, MAK

he auxiliary

and the aux

on the exha
and to disc

system with

t number: 690
s (2016) 2353

on provided 
t causes la
afts”, affect

hel”, a Ro-
system (S
this ship ty

otwithstandi

6 M 43 ty

y engine ro

xiliary engin

aust lines. 
charge efflu
h cooled alk

 

770  
538  

by 
rge 
ting 

-Ro 
SOx 
ype 
ng, 

 

pe, 

om 

nes 

ent 
kali 



Alo
ter
ap
Ris

 

As
de
an

 

C
As
us
fol

Bu

Bu
qu
etc

Sin
sh
co
sh
pla

ong  the  lin
rms of plann

pplications w
sk Assessm

s Figure C.6
esign (Task 
nd 3D virtua

.6 Con
stilleros de S
eful for retr
lowing requ

udget estima

uilding on t
uantification 
c.), as well a

nce a budg
ipyard pers
mpleted by
ould be pro

anning of th

nes  of  SH
ning and pr
which will b
ment from th

6  schemat
1), retrofitt
l prototypin

nclusion
Santander 
rofitting and
uirements: 

ation based

he detailed
of the mat

as complete

get should i
sonel group
y each grou
ovided by th
he works. In

HIPLYS  pro
roduction co
e integrated

he conceptu

Figure C

tically show
ting plannin
g (Task 4). 

ns 
considers t
 repair wor

d on the com

d engineerin
erials need
e hardware 

nclude not 
ped in sect
up (not only
he tool, for e
 addition, la

oject,  this  
ost. The sce
d with softw
ual retroffitin

C.6:  Schem

ws, the scen
ng and prod

hat the soft
ks if it has t

mplete quan

ng provided
ed. This sh
(pumps, en

only mater
ors is esse

y type, but 
each sector 
abour hours

35 

scenario  c
enario will u
ware able to
ng design s

 

matic organis

nario will b
duction cost

tware tool t
the followin

ntification o

d by the ow
hould includ
ngines, scru

rials but als
ential.  In th
also cleara

r and each o
s could be e

SH

covers  retr
use technolo
o perform L
tage (see F

sation of Sc

e organized
t (Task 2), 

to be develo
g basic cha

f the neede

wner, the p
de raw mate
ubbers, etc.

so labour ho
his way, co

ance), an es
operation. T
easily calcul

HIPLYS – Gra

offiting  des
ogies embe
CCA (Life C

Figure C.6). 

cenario 3. 

d in four ta
LCCA and 

oped within
aracteristics

ed materials

program sh
erials (plate
). 

ours, introd
onsidering t
stimation of
The conseq
lated. 

ant Agreement
GA Ref: Ares

sign  and o
edded in exi
Cycle Cost 

asks related
risk asses

n SHIPLYS 
s and meets

s and labour

hould displa
es, profiles, 

ducing the q
the differen
f the numb
uence of th

t number: 690
s (2016) 2353

ptimization 
isting softwa
Analysis) a

d to retroffit
ment (Task

project will 
s , at least, 

r hours 

ay a compl
pipes, cabl

quantity of 
nt works to 
er of perso

his is adequ

 

770  
538  

 in 
are 
and 

 

ting 
k 3)  

be 
the 

ete 
es, 

the 
be 

onel 
ate 



All

Th
inf
the

It a

Th
ind
an
so
pla
the

All

On
wo
po

 

Th
red
the
alr
en

 

 

low to optim

he software
frastructure 
e dry-dock (

allows “high

he vessel´s 
dividual mo
nd equipmen
 that there

anning of th
em. 

lows the de

nce the ma
ould be eas
ossible. This

he above re
duce energ
e advantag
ready availa
nvironmenta

mize the use

e tool shoul
(cranes, as

(or tier) cou

h” detailed e

model mad
dels of diffe
nt. This info

e is almost 
he installatio

etermination

aterial and e
sier. Definit
s improves c

equirement
gy consump
ge of being
able and c

al and risk a

e of shipyar

ld include a
shore conn

uld be plann

engineering

de with the
erent system
ormation sh
no differen

on or remov

n of the mos

equipment 
ion of the m
competitive

s will allow
ption, enviro
 based on 

could be us
assessment

 

rd´s own ma

a model of 
ections, etc

ned. 

g 

e SHIPLYS 
ms. It shou

hould be gro
nce betwee
val of the eq

st adequate 

list is com
most adequ
eness of shi

w Astilleros 
onmental im

real retrof
seful to dev

criteria, for

36 

achinery 

f the shipya
c.). In this w

tool must 
ld contain a
ouped by la
en the mod
quipment, a

 dates for m

pleted, logi
uate dates f
pyards (Jus

de Santan
mpact and 
fitting carrie
velop a Virt
r fast and co

SH

ard with its 
way, an ade

not include
also models
ayers and b
del and the
and will red

material and

istical plann
for materia
st in Time).

nder to inc
production 

ed out in th
tual Prototy
ost effective

HIPLYS – Gra

dry-docks 
equate coor

 only gene
s of every p
e dealt with

e real vesse
uce non de

d equipment

ning of acq
l and equip

rease its p
costs.  The

he shipyard
yping syste
e evaluation

ant Agreement
GA Ref: Ares

(or tiers), 
rdination of

eralities abo
pipeline, ca
h as a singl
el. This wil
esired intera

t reception 

quirement a
pment recep

production e
e scenario 
d. A lot of 
em to incor
n of alternat

t number: 690
s (2016) 2353

as well as 
f the means

out the ship
ble line, ste
e whole thi
ll allow eas
actions amo

and fabricat
ption could 

efficiency a
proposed h
information

rporate LCC
tives. 

 

770  
538  

its 
s of 

p or 
eel, 
ng, 
sier 
ong 

tion 
be 

and 
has 
n is 
CA, 



D
Th
at 
as

 

D
Du
is 
me

As
red
as
so

 

D
De
so

On
po

 

    
1  A

o

.1 Initia
he shipyard 

a new fut
semblies) is

 Oxy-fue
 Manual 

product
 A certai

workpla

.2 New
ue to chang
far more se
ethods is in

s an alterna
ducing prod
semblies (m
lutions for s

.3 Pote
epending on
lutions for i

 Use of l
 Use of l
 Use of 

flow of p
 Use of a

nce more de
otential solut

 Design 
 Reconfi

standar

                  

A variation o
operations, re

Op

al cond
plans to m

ture portfol
s targeting 

el and (optio
and semi-

tion technol
in sequence

ace dimensi

w Requi
ge of vessel
ensitive to h
itiated1. 

ative inves
duction tim
modular pro
specific pur

ential so
n the actua
ncluding th

aser cutting
aser weldin
new struct

production, 
advanced q

epending o
tions for int

of a catalog
iguration/up
rdised assem

                 

of this topic 
esulting in ot

ptimisin

ditions 
modify its pro

io. As an 
typical med

onal) plasma
-automatic 
ogy. 
e of assem
ons, crane 

rements
 type portfo

heat-induce

stigation an
me, a study
oduction). S
poses (e.g.

olutions
al conditions
in sheet ma

g equipmen
ng station fo
ural concep
including e

quality contr

n the actua
roducing th

gue of para
pgrading of 
mblies 

          

may be sw
ther types of 

Ap

SC

g shipy
Atlantec 

oduction pro
example, p

dium thickne

a cutting, 
shielded a

bly stages 
capacity, w

s 
olio, a subst
ed distortion

d in order 
y can be in
Standardise

based on c

s 
s (e.g. prod
aterial may i

nt 
or small pan
pts like san

effects on re
rol tools suc

l conditions
e standardi

meterised a
existing pro

witching to v
material and

37 

ppendix

CENARIO

yard pro
Enterprise 

 

ocedure (ty
production 
ess materia

arc welding

primarily di
welding tech

tantial amou
n and relate

to achieve
nitiated to 
ed assembli
compartmen

duction volu
include: 

nels 
ndwich pan
esources 
ch as laser-

s (e.g. produ
ised assem

assemblies 
oduction fa

vessel modif
d more uses 

SH

x D 

O 4 

oduction
Solutions 

ypical block 
of plate a

al. Processe

 (including 

ctated by p
nology etc.

unt of mate
ed quality is

e lower pro
find a new
es are inte
nt function, 

ume, supply

els which r

scanning fo

uction volum
mblies conce

built from s
cilities to e

fications to 
of higher thi

HIPLYS – Gra

n syste

erection an
nd profile 

es used inclu

some var

production f

rial will be t
sues. A sea

oduction co
w approach 
nded to be 
location, st

y chain orga

require spe

or dimension

me, supply 
ept may incl

standardised
nable optim

make them 
ckness. 

ant Agreement
GA Ref: Ares

ms 

nd zone ou
parts (cutti
ude: 

riations) an

facility limita

thin sheet m
arch for bet

ost while s
 based on
parameter

tructure load

anisation, c

ecific modifi

nal control 

chain organ
lude: 

d parts 
mised produ

capable of 

t number: 690
s (2016) 2353

tfitting) aim
ng and sm

d compara

ations such

material, wh
tter product

simultaneou
 standardis
ised structu
ds etc.). 

cost), poten

cations to 

nisation, co

uction of the

polar shipp

 

770  
538  

ing 
mall 

able 

 as 

hich 
tion 

usly 
sed 
ural 

ntial 

the 

st), 

ese 

ping 



D
As
the

As
ch

 

 

.4 Sce
s regards th
e following: 

 Create 
reductio

 Perform
 Simulat

investm

s regards th
aracteristic

 Select a
 Develop
 Verify st
 Perform
 Simulat

product

nario 
e introducti

an innova
on requirem

m a producti
te productio

ments and co

he introduc
s may be th

an existing o
p assembly 
tructural pe

m a producti
te productio
tion technol

on of thin s

ative design
ments) that in

on planning
on and com
ost effects f

tion of the 
he following

or new ship
standards 

erformance 
on planning

on and com
ogy investm

 

sheet mater

n (e.g. rug
nvolves use
g for one up
mpare diffe
for vessels

standardise
g  

p design for 
catalogue, 
of redesign
g for a singl
pare differe

ments and c

38 

ial in produ

ggedized b
e of new pro
p to a larger
erent solutio

ed assemb

identificatio
possibly by
 
e vessel up

ent solution
cost effects 

SH

ction, the b

attery pow
oduction tec
r series of s
ons, determ

blies concep

on of structu
y applying sy

p to larger s
s, determin
for vessels

HIPLYS – Gra

asic scenar

wered ferry 
chniques 
hips 

mine ROI o

pt in produc

ural patterns
ystem engin

eries of shi
e feasibility

ant Agreement
GA Ref: Ares

rio characte

with subs

of productio

ction, the b

s 
neering me

ps 
y of approac

t number: 690
s (2016) 2353

eristics may 

stantial wei

on technolo

basic scena

ethods 

ch and RO

 

770  
538  

be 

ght 

ogy 

ario 

I of 



S

S

S

 

Fe
sh
in 
Fe
co
the
en
ke

 

Th
me
sy

Th
co
sta
sh
ea
ev

Th
me
pe
Un
the
the
en
cy

Th
the
un
co
dri
ba
ca
wit
on
en

Summa

SHIPLYS

CENAR

Shipyard p

erguson Ma
ipbuilding a
building co

erguson Ma
llaborate w
e next gen

ngineering a
y business 

Objectives

his scenario
ember of th
stem used 

he hybrid pr
ver the wh

ages. Poten
ort route fe

ach stage, c
valuations of

his scenario
echanical (
erspective o
niversity of S
e LCA (life 
e ship oper

nvironmenta
cle.  

he basic ide
e selected s

nder differen
nsumption:
ive motor to

ased on the
lculated by 
th D-E prop

nshore pow
nvironmenta

ary of SH

S Stake

RIO 1:  O
p

proposing th

arine Engin
and marine 
ommercial s
arine is a pr
with internati
neration of 
and marine 
area. More

s of the Sce

o proposed
he SHIPYLY
in a short-ro

ropulsion sy
hole life cyc
ntially, impli
rry will also

cost analysi
f the hybrid

o will determ
(D-M) and 
of ship life c
Strathclyde
cycle asses
ration phas
al assessme

ea is to cond
ship, the co
nt circumst
 D-M syste

o propel the
e specific r

Ferguson 
pulsion syste

wer grids du
al and risk im

HIPLYS

holders

Optimis
propuls
he Scenario

neering Lim
engineerin

ships up to
roven innov
ional partne

greener v
fabrication

e details of t

nario 

d by Fergu
YS consort
oute ferry.  

ystem comb
cle of the fe
cations of o

o be conside
is, environm
 propulsion

mine the be
diesel-elec

cycle, inclu
e and others
ssment) ap
e. The SHI
ent to cost 

duct LCA fo
osts, enviro
tances: D-M
em will prop
e ship; hybr
route under
Marine and
em, the hyb
uring night 
mpact of the

Ap

 scenar

s’ Advis

ation of
ion sys

o: Ferguson 

mited, a m
g company

o 115 metre
vator, havin
ers on the d
vessels. In 
 contracts 

the compan

uson Marin
ium), is aim

bines intern
erry, includ
optimising t
ered using t
mental impa
 system.  

enefits of a
ctric (D-E) 
ding the co
s in a previo
proach is a
IPLYS proje
and risk a

or a selected
onment and
M, D-E and
pel the ship
rid system w
rtaken. The
d, potentially
brid system 
tariff. This 
ese system

39 

ppendix

 

rios for 

ory Com
 

 

f the de
stem use

 Marine 

member of 
y based on 
es in lengt

ng built the 
developmen

addition, 
and is deve

ny can be fo

e, together
med at optim

al combust
ding operati
the propulsi
the generic 
acts and ris

pplying hyb
propulsion

ost, environ
ous Europe
a feasible w
ect will enh
assessment

d case ship
d risk impac
d hybrid. Th
p directly; D
will distribut
e advantage
y, the forme
is to save f
project wil

ms in order t

SH

x E 

the pur

mmittee

esign of
ed in a 

the SHIPL
the River C

th and othe
world’s firs

nt of alterna
the compa
eloping ma

ound at http

r with the 
mising the 

ion engines
on and ma
ion system 
functionalit
k assessme

brid propuls
. The com

nment and r
ean Union p
way to evalu
hance and 
ts and from

p with differe
cts will be a
he differenc

D-E system 
te the electr
e of D-E c
er can save
fuel becaus
ll investigat
to determine

HIPLYS – Gra

rpose o

e and in

f a nove
short-ro

LYS conso
Clyde in Por
er marine a
st hybrid fe
ative, energy
any has co
rine and of
://www.ferg

University 
design of a

s and batter
aintenance, 
on the des
ty of the sui
ents will be

sion compa
parison wi
risk assess
roject, Eco-

uate the env
extend the 

m operation

ent types of
analysed an
ce will be m
will conver

ric loads to 
ompared to

e about 2% 
se the batter
te and eva
e the optim

ant Agreement
GA Ref: Ares

of inform

nviting f

el hybrid
oute fer

ortium, is a
rt Glasgow.
and industr
erries, and i
y-efficient p
ompleted n
ffshore wind

gusonmarine

of Strathc
a novel hyb

ry cells. The
scrapping 

ign and pro
ite of softwa

e considered

ared with ap
ll be carrie

sment. Wor
-REFITEC, 
vironmenta
application

n phase to 

f propulsion
nd they will 
mainly deri
rt fuel into 
generators

o D-M syst
of diesel fu
ries are cha

aluate the li
al propulsio

t number: 690
s (2016) 2353

ming the

feedbac

d 
rry 

a commerc
. It specialis
ial fabricati
it continues
propulsion a
numerous c
d energy as
e.com/. 

clyde (anot
brid propuls

e scenario 
and recycl

oduction of 
are created
d for thorou

pplying dies
ed out in 
k done by 
showed   t

l impacts fr
n of LCA fr
the whole 

n systems. F
be compa

ived from f
electricity a

s and batter
tem has be
uel. Compa
arged from 
ife cycle co
on system a

 

770  
538  

e 

ck 

cial 
ses 
on. 

s to 
and 
civil 
s a 

her 
sion 

will 
ing 
the 
. In 
ugh 

sel-
the 
the 
hat 

rom 
rom 
life 

For 
red 
fuel 
and 
ries 
een 
red 
the 
ost, 
and 



its 

Fe
ma

 

S

 

VA
se
co
go
foc
wo
ex
htt

A 
life
req

 

Th
ba
co
ma
as

Th
dim
SM
sc
ma
de

Th
wil
de
de

 

Pa
mo
pro
by

VA
ma
sh
alt
en
be
ap

operation. 

erguson Ma
ake more re

CENAR

Shipyard p

ARNA MAR
rvice provi
mbines tec

ood basis fo
cuses is s
orkforce, op
xpansion of
tp://www.va

key aspect 
e cycle pers
quirements 

Objectives

he objective
ased life cyc
nceptual s
aintenance.
sessment. 

his scenario
mensions) a
ME shipyar
enario, som
ade use of.
eveloped wit

his scenario
ll be involv

evelopers ha
eveloped ap

Expected b

articularly in
odels, facto
ocessing co

y the project

ARNA MAR
ake more r
ipyard`s ex

ternative p
nvironmenta
e highly app
part from Mu

 

rine Engine
eliable pred

RIO 2:  C
l

proposing th

RITIME LTD
der specia

chnological 
or the comp
hipbuilding,

ptimization o
f market p

arnamaritime

to offering 
spective at 
and risk as

s of the Sce

e of this sce
cle assessm
ship design
. Task 4 is 
Tasks 4 an

o covers co
and marine
rd in terms
me applicat
. These app
thin the pro

o, in the firs
ved in the d
ave experie

pplications. 

benefits to t

n recent tim
oring in  ma
osts, and th
t to make re

RITIME LTD
reliable est

xisting produ
production 
al impact an
preciated. T
ulti-Purpose

eering Limite
ictions on o

Concept
ife cycl
he Scenario

D, a membe
lized in cla
knowledge 
pany's man
, which wi
of technolog
positions. M
e.com/en/. 

advance s
the concep

ssessments

nario 

nario is to d
ment. The s
n, (Task 2
focused on
d 5 will be c

nceptual sh
e engineerin
s of engin
tions will be
plications w

oject in orde

st instance,
developmen
ence with t

the shipyard

mes, most s
arket trends
he lack of h
ealistic asse

D expects th
timates, giv
uction capa
and techn

nd the proje
This scenar
e-Vessel, an

ed expects 
operational o

tual shi
e asses

o: VARNA M

r of the SH
ass/special 
and experi
agement to
ll allow for
gical and or
More inform

olutions to 
pt ship des
. 

develop a so
scenario is 
2) a risk-b
n fast hull g
carried out i

hip design a
ng systems
eering spe
e developed
will have the
r to provide

 will be app
nt and testi
his ship typ

d from SHIP

shipyards ar
s and the ris
historical ex
essments at

hat the dev
ven the cli
acity. At the
nological s
ection of the
rio and the 
nd to other s

40 

that the de
optimization

ip desig
ssment
MARITIME L

IPLYS cons
survey rep

ence in shi
o look into 
r more eff
rganizationa
mation reg

clients is th
ign stage b

oftware too
organized 

based struc
geometry p
in parallel w

and optimiz
s. Special f
ecification, 
d within SH
e attributes

e the functio

plied to a M
ing of the f
pe and coll

PLYS 

re required 
sks of new 
xperience. U
t the ship co

velopment o
ent require

e same time
solutions, 
e risk base
software d

shipyards in

SH

evelopment 
n. 

gn acco

LTD 

sortium, is a
pairs of dif
p repair for
expanding 
icient use 
al structure,
garding the

he ability to
by rapid pro

l for concep
in three co

ctural asse
prototyping 
with Task 1.

zation in ter
focus is giv
constructio

HIPLYS, wh
s of being in
onalities me

Multi-Purpo
final produc
ected inform

to take a c
specific re

Under such
onceptual d

of this scen
ements in t
e, the possi
the evalua
d maintena

developed c
n addition to

HIPLYS – Gra

of this scen

unting 

an SME sh
fferent type
more than 
the produc
of the tec

, utilization 
e shipyard 

 assess an
ototyping, a

ptual ship d
onsecutive t
essment an
and Task 5
 

rms of nava
ven to ship
n and ope

hilst those t
ntegrated u
ntioned (Fig

se-Vessel. 
ct resulting 
mation will 

cautious ap
quirements

h circumstan
design stage

nario will en
the early s
bility to stu
ation of t

ance in the 
can be ada
o VARNA M

ant Agreement
GA Ref: Ares

nario will en

for risk

ip repair an
es of vesse
 25 years t

ction portfol
chnological 
of new tech
can be o

nd present o
assessment

esign acco
tasks relate
nd (Task 
5 is related

al architectu
building lim
erational co
that already

using a soft
gure E.1). 

VARNA MA
 from this 
be used to

pproach to 
s, efficient p
nces, the a
e is much v

nable SMEs
stage of in
udy the imp
their effec
early plann

apted to oth
MARITIME L

t number: 690
s (2016) 2353

nable SMEs

k-based 

nd engineer
els. The ya
hat provide
io. One of 
capacity a

hnologies, a
obtained fr

options from
of product

unting for ri
ed to (Task
3) risk-bas
to product

ure (main s
mitations of 
osts. For t
y exist will 
tware platfo

ARITIME L
scenario. T

o calibrate 

their busine
production a
ability provid
alued. 

s shipyards
quiry and 
lementation

ctiveness, 
ning phase 
her ship typ
LTD. 

 

770  
538  

s to 

ring 
ard 
s a 
the 

and 
and 
rom 

m a 
tion 

sk-
k 1) 
sed 
tion 

ship 
an 

this 
be 

orm 

LTD 
The 
the 

ess 
and 
ded 

s to 
the 

n of 
the 
will 
pes 



 

 

 

 

S

 

AS
av

 

Th
fun
an

Fo
inf
an
sta

Th
for
sa

Fo
sc

Th
the
de
Se
eff

 

AS

Figu

CENAR

Shipyard p

STANDER 
vailable at th

Goal and s

he ship retr
ndamental c

nd retrofitting

or ship repa
formation of
nd to perform
age to optim

he scenario 
r retrofitting
fety and en

or this purp
rubbers in a

he scenario 
e important 

eveloping th
econdly, this
fectiveness 

Business a

STANDER’s

ure E.1: Con

RIO 3:  S
A

proposing th

is a shipya
he website h

scope of the

rofit proces
changes in 
g projects d

air and retro
f a repair o
m LCCA, LC

mise retrofitt

will be foc
g/repair act
nvironmenta

pose, a ship
an existing 

will serve t
t issues and
he optimal 
s case stud
of the SHIP

and technica

s key objec

nceptual Sh

Ship ret
Assessm
he Scenario

ard focuse
http://www.a

e proposed 

s is a reen
the archite

differs subst

ofitting proce
r a retrofit, 
CA and Ris
ting design 

ussed on th
ivities wher

al impact in 

p retrofittin
ROPAX sh

two importa
d informatio
data struc

dy and othe
PLYS mode

al issues to

ctives are i

ip Design a

trofitting
ment 
o: ASTANDE

d on repai
astander.es

scenario 

ngineering 
cture, funct
tantially from

esses, the S
can be use

sk analysis. 
and produc

he optimisa
re the optim
a shipyard 

g recently 
ip), is propo

ant purpose
on requirem
cturing, unc
er similar p
els once dev

o be address

increasing 

41 

accounting f

g accou

ER 

irs and tra
s/. 

process of 
tionality or o
m long term

SHIPLYS g
ed to asses
In summar

ction and to

ation of ship
misation is 
that is mos

carried out
osed as a c

es – firstly it
ments, which
certainty me
projects will 
veloped. 

sed within S

production 

SH

for Risk-bas

unting fo

nsformation

the vessel
operation o

m new buildi

goal is to de
ss the optim
ry:  To supp
 arrive at re

pyard desig
more abo

tly performi

t in ASTAN
ase study.

t will promo
h SHIPLYS
easures, an
provide a 

SHIPLYS  

efficiency; 

HIPLYS – Gra

sed Life Cyc

or Life C

ns of vesse

l which in 
f the vesse
ng projects

evelop softw
mum cost an
port a repair
ealistic costs

n, planning
ut reducing
ng retrofittin

NDER (rela

ote a high le
 will use to
nd user int
wide rangin

reducing e

ant Agreement
GA Ref: Ares

 

cle Assessm

Cycle C

els. More 

many case
el, but the n
s.   

ware that, g
nd time for 
r shipyard d
s. 

g and produ
g costs, ide
ng and repa

ated to the 

evel of disc
o gain stron
terfaces fo
ng and rob

energy con

t number: 690
s (2016) 2353

ment. 

Cost 

information

es can invo
ature of rep

given suffici
the retrofitt

during the b

uction syste
entifying ris
air works. 

installation

ussion arou
g insights i
r the mode
ust test of 

sumption a

 

770  
538  

n is 

olve 
pair 

ent 
ting 
bid-

ems 
sks, 

n of 

und 
nto 
els. 
the 

and 



en
op

AS
pa
(LC

AS
mo

Fo
of 

To
ow
(dr
ter
da

A 
req
co

Sin
ma
LC
pro
ac
pro

 

Alt
the
rec
fer

Th
sc
“A
de

nvironmenta
peration. 

STANDER r
articularly in
CCA), envir

STANDER 
odel is requ

our consecu
retrofitting a

 Retro

 Retro

 Life c

 Own

o highlight th
wner for the
rawing, spe
rms of cost 

ata collection

cost brea
quirements
nsidered as

nce retrofitt
aking proce
CCA packag
ocesses of

ctivities in o
oduction an

Other relev

though this 
e holistic a
cently addre
rries to cut f

he French 
rubbers in f
rmonique”, 

evelop and c

al impact; in

requires int
n SME ship
ronmental a

recognise t
uired that inc

utive tasks i
are envisag

ofitting desi

ofitting plan

cycle cost a

 (shipyard) 

hat althoug
e retrofit, us
ecifications, 
 affecting in
n on board 

kdown stru
. Necessary
s well. 

ting project
esses, a po
ge that is 
f a ship m
order to sup
nd to arrive 

vant informa

scenario co
assessment
essed by A
funnel emis

company B
five of their 
so ASTAN

calibrate the

ncreasing s

tegrated vir
pyards, and
assessment

that to be 
cludes all th

in the deve
ged: 

gn 

nning & prod

analysis & ri

virtual proto

h sometime
sually the t
3D model,

n the cycle 
which enab

ucture sho
y codes for 

ts are cha
owerful vali
integrated 
ust becom
pport a rep
at realistic l

ation 

ould be ada
t and optim

ASTANDER
ssions and t

Brittany Fe
r vessels, na
NDER can 
e SHIPLYS 

safety; and

tual modell
d optimal R
t and risk as

able to se
he necessar

lopment of 

duction cost

isk assessm

otyping. 

es a detaile
traceability 
 etc.) and t
of repair, t

bles a quick

uld be im
follow-up m

racterized 
dation met
within the 
e a genera
air shipyard
life cycle co

apted to any
mization (th
 which are 
to protect th

rries has c
amely “Nor
count on e
application

42 

, reducing 

ing tools w
Retrofitting/
ssessment.

rve the shi
ry informati

SHIPLYS t

t 

ment 

ed 3D mode
between th

the reality s
the shipyard
k retrofitting 

plemented 
material qua

by short p
hod like sim
SHIPLYS 

al and rele
d during th

osts and env

y ship type 
rough the 
related to t

he environm

completed 
mandie”, “C
experience 

ns. 

SH

production

which enable
/ Conversio
  

ip retrofittin
on for the c

tools for a h

el is delivery
he docume
ship do not 
d need to p
design, pro

aligned w
antity, subc

planning pe
mulation wi
framework

evant part 
e bid-stage
vironmenta

and works,
SHIPLYS t
the installat

ment.   

in Astillero
Cap Finister

and usefu

HIPLYS – Gra

costs in s

e improved 
on with life

ng developm
complete pro

holistic asse

y as technic
entation pro

match. To 
perform its 
ocurement a

with work s
ontracting c

riods and 
ill be furthe
. Simulatio
of producti

e to optimis
l impacts. 

 the first stu
tools) of so
tion of scrub

os de Santa
re”, “Barfleu
ul informatio

ant Agreement
GA Ref: Ares

shipyards a

 Retrofitting
e cycle cos

ment proce
rocess. 

essment an

cal docume
ovided by th

avoid large
own 3D mo
and plannin

specificatio
cost and ho

highly dyn
er develope
n of plann
ion prepara
se retrofittin

udy propos
ome retrofi
bbers in ex

ander the 
ur”, “Mont S
on that ma

t number: 690
s (2016) 2353

and vessels

g/ Conversi
st assessm

ess, a prod

d optimisat

entation by 
he ship-ow
e deviations
odel based 
ng phase. 

n and ow
ours should 

amic decis
ed towards 
ed product
ation plann
ng design a

ed focuses 
tting activit

xisting ROP

installation 
St. Michel” a
ay be used

 

770  
538  

s in 

on, 
ent 

uct 

tion 

the 
ner 
s in 
on 

ner 
be 

sion 
an 

tion 
ing 

and 

on 
ties 

PAX 

of 
and 
 to 


