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Shipyard Brodotrogir d.d.
Divisions: ShlprIIdlng & Shiprepair

Hull erection on Parts _ma i E: ,
launching berth A | section assembly: /ot
. outfitting and paintik

Ship conversion
on the wharf

T

Ship repair on
the quay

Ship repair on w
the floatlng dock f/

Outfitting,
Test & See trial

Recently the Shipyard was the subject of new investments (from a private owner)
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Shipyard Brodotrogir d.d.
Main product: Chemical tanker 47.000 TDW (T-Design)
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Outline

» Characteristics of Shipbuilding
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Characteristics of Shipbuilding
Engineering to order vs Mass production

Shipbuilding main characteristics:

Customization to order

Customization within certain constraints

Product is partly designed and engineered to order
Modular design where some modules are standardized and
other are customized

Low volume

Complex, non-repetitive production

80% repetitive on process/product level — 20% is
engineered and produced to order

Production in loose networks

Manual processes

Handcraft

Long through-put time
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Characteristics of Shipbuilding
Business process: Streamline and Milestones

Based on the basic specifications ~ Use of various CAx technology  Steel parts are assembled in form Not only for the estetic, but for the Celebration of ship completeness - Confirming the function and

provided by customer, Brodotrogir  for perfect planning sizes and of mikro panels, panels, protection against the corrosion,  on slipway, Christening of ship by - performance of ship and of all
made a broad design to get a rough  shapes of all elements for eggboxses and huge boxes — s applied excellent painting to  the owner, cutting the supporting  equipment with the same
overall picture of the ship and building ship form and for perfect sections by high class of welding. sustain severe conditions in the  rope with bottle of champagne for condition of the voyage.
subsequently offer a proposal to the planning resources and sea. this celebration day, launching a

customer. The bid proposal is a technology of production. ship in the seawater, and pulling

very important step of Brodotrogir's the ship to the outfitting berth.

business since customers largely
depend on this proposal to decide
whether to place an order or not.

Therefore, Brodotrogir try the best
to show own full ability.
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Painting
&
Hull erection

Lounching
&
Outfitting

Once bid proposal is accepted,
Brodotrogir proceed to discuss the
specifications in detail and settle on
the final price of the ship. Once the
ship price, shipbuilding process,
general layout, specifications, etc.
are determined, an agreement is -
made and Brodotrogir produce After the design is done, steel  Qutfittings, such as piping, stairs Cranes of 100 tons and 50 tons  Finishing and testing of all ship  Celebrating a completeness &

Basic design of ship. There are plates nad profiles are cut based hand rail and so are fitted to the  lifting the sections up to 100 tons  systems and finishing of maiden voyage of the ship.
various factors that influence ship ~ on the design with high accuracy section. and erect hull of more then accomodation space (furniture, ~ Ceremonial opening of the
performance: load capacity of on the numerical controlled 10.000 tons. fixtures). bridge and changing the ship
cargo, ship stability, speed, fuel cutting machines. flag.

cost and so on. The key function of ~ For bent the steel plates and
basic design is to design the ship  profiles for the curved parts of
so that all those factors comply with ~ ship hull are used pressing and
the specifications. rolling machines with special
manufacturing technique.
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Characteristics of Shipbuilding
Basic concepts in engineering: Project and Process
Management - Streamline

support

CONTRACT DELIVERY

DFE DFA, DFM, DFR WBS, PWBS PRP/MRP
CAD, FEM ERP PLM
CAE CAM, CNC. CAT PPC SFC

Detailed Design, Preparing Production

Contract , ! Materials Planning .
And Parts Manufacturing Planning and Desing
Basic Design and Assembly and Procurement Data Managment
(Hull and Ouftfitting) Engineering Shop Flor Control
N N _/
v Y

Naval engineering Industrial engineering

N -
N
Engineering

Shipbuilding Project management and Process Management
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Outline

* Developing a Lean and Green Shipyard
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Developing a Lean and Green Shipyard
Main concept: Do simply and green by removing the waste!

ean focus

Improvements to
eliminate waste in the

Traditional focus
* Work longer-harder-faster
* Add the people or equipment

Energy

metrics, |
osses

Unused missing
Processing Motion Defects people information.

7 Ohno Waste |8 Waste

»
Vl‘ Vl

Production Inventory Transport Waiting

Lead time

Lean = eliminating waste
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Developing a Lean and Green Shipyard
Systematic modelmg of future state

#1 2. The use of set of tools to 3. Identification of potential
view current state improvements

cWgnd planning
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5. Design of the future
structure (FMC i FMS)
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= B ¥ , Selvery ) b | B
& * N = ‘ el .3‘17‘:'1 5 Method for sil ion and optimisation of the production in
: { | \ Brodotrogir especially for the valuation of special concepts

To build a successful Lean companies is needed: energetically and fairly
systematic presentation rated where the company is, where it should be, how it
will get there by applying Lean principles and what are the benefits of it.
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Developing a Lean and Green Shipyard
Systematic modeling of future organization

1. Identification of potential 2. Development of process 3. Implementing process
improvements based organization based organization

WP 210 Value stream analysis for the administrative processes WP 210 Value stream analysis for the administrative processes WP 210 Value stream analysis for the administrative processes
Main Business Processes Map (1st level): Current State - Potential for Inprovement Main Busi Pra Map : Possible Target Pr Main Business Processes (Target State) — Overview of Tasks
Management Processes Management Processes Business Process (NO ORGANIZATIONAL UNITS
N RoaNcA e
Reporting Market Positioning Infrastructure Change Management St N ] Conversion
[ Lack of systematic ,.new products development* | Development :: r::;iillc) Bt Managament Eiuilding After
Fi Reporting Human Re re ‘Communications. = itiati
Difficult interface function N b nance Ay ™ il Development){/ Mitiation g‘,ﬁr:.l“v;l:‘. SWANS )/ sales
between customer and design s o ) Core Process BusinesolProcecs £ Repair
production
Purchasing [Cor e - Technology & - Market - Standardization of -Overall - Material requirement - Claims
Project Production —— competitive preparation  drawings and responsibility planning
Sales Develop- Design Whis Sub delivery, Wity Building ey intelligence . Customer  documentations - Overall - Purchasing, subcontracting, - Customer
o Preparation Transport Issues Sales - Forecasting of ~ development - Design for planning sub delivery relationship
ubcontracting Repair SIS - Offer Manufacturing - Controlling - Work order (schedule, work-
One face demand management - Contractual design  _ Goordination Shop drawings, bl of
O Lack of (semi-) feedback from ion to work rocesses - Translation into _ Gontract - Classification material, instructions for
customer | | serial production ‘ T : - newlmodified  management drawings & theoretical I,':,:':I':g production
e of design 9 ME Sy Cortl EIELS LI ey :M':m 1o - Prliminary  documentaton hrocons - Production Conirol
- - Development of i
Lack of feedback from production Support processes Human Resources Controlling / Accounting | Facility Management | Environmental Safety necessary design - EEEEET Improvement - Manufacturing, assembly,
Administration Management Security technological - Detailed design (incl. outfitting
T mIs Quality Control Legal Issues Warehousil Harbour ] . T i 1t pl: - M: it of technical &
e (Floating Obj. Mgt) ‘ Measuring, analysis and improvement processes competancies :mpenen;an) 9 e Al Taa
- ” - Product life- - Documentation of
Human Rsources Conroting Accountin | Fachy Viaregeren) [ Wawe | Envror | satty ‘Slcumy d I I I I L L c;d:c o - Certification
management - Sea trial & delivery
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w __] Business Consulting Services

Further analysis identified several opportunities across Change Modules for
operational improvement that could be initiated immediately

How do we do it—Combine the following ...

HR Best Eractices Business Analytics

= BT needs to increase project management capacity (skills and number of resources)
and lay down a foundation of the transformation project office—PM is BT core skill
needed both for the ion and for the i

Current BT management will need to execute the transformation—the first step is to
raise above day to day operations, transform yourself and your team; strong
leadership skills will be needed both at he board level and in the top management
echelon

= BT workers need to be better informed, more engaged and proactive in the

transformation which calls for more interactive approach using available channels I —

and opening of the new communication channels Performance Measures & KPls Defined Data Models
« BT needs to advance its current HR management activities beyond HR admin— new (i.e. ERP)

performance/ benefits as well as i ities are ial S

elements of the transformation

= The shipyard needs to improve its quality control and asset management processes
and establish entities i form p! i to improve quality of
interim products and therefore the end product quality as well to improve asset
management capabilities

Cjelovita izgradnja Lean tvrtke sadrzi: Uskladenje i integriranje svih dijelova
organizacije tvrtke i lanca dobave u procesno strukturiranoj Lean organizaciji

samoprilagodljivog oblika i veli€ine sukladno promjenama koje zahtjeva kupac.
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Developing a Lean and Green shipyard

Result of systematic modeling of Lean structure

Example: Brodotrogir hired Fraunhofer, IBM, SMDS and others to help
them with the transformation planning and implementation—extreme
makeover: half the size, double the output, three more business models

1. BRODOGRADILISTE (57% kopnenog g
2. BRODOREMONT (3% kopnenog dijela
3. NAUTICKI TURIZAM (15% kopnenog d
4. SERVIS MALIH PLOVILA (5% kopneng
5. ADMINISTRATIVNA ZONA (6% kopnerj
6. ZONA PARKIRALISTA (5% kopnenog
7. PROIZVODNA ZONA-MALA PLOVILA

SNIS Comsulting Source: Fraunhofer/ Brodotrogir

Brodotrogir d.d. MhuSsc.NigaivoRRweem, diganrghipbuilding at shipyard Bbodotrogir, AIM|rGplefareTtaeijs bincaptatibe 21 0 DLARyraditeljstvu

The shipyard itself becomes a completely different animal—lean and
mean profit machine and still building, repairing and/ or servicing ships

skladiste ¢eliénih limova i profila
izrada dijelova i panela
montaza sekcija

bojanje

montaza blokova

gradnja prstena

gradnja trupa

Source: Fraunhofer/ Brodotrogir

8 opremanje na obali
9 skladiste opreme
10 radionice za izradu i opremanje gradnja trupa

1
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Developing a Lean and Green Shipyard

Main tool for implementation and for continuous change process
(Becoming Lean): 5S+1 and 5S+1 Office

3] ;s 5S+1
Sortirano - ;f‘—-——' .
Identifikacijai & £ Offic
odstranjivanje < - |
nepotrebnog ] o |
3 Sort
Samoodrzivo .
Upravljanje provjerama +1 Sjajno
i odrzavanje pravila Cisto i uredno
(standarda) Sigurno g
Sustain i bez Shine
nekorisnog
. Safety,
;%?ﬁ, e BilR
. Standardizirano Sistematizirano
Sortirano Uspostava procedure Orqanizaciiai
Identifikaciiai zaodrzavanje 35-a ozg’naéavai -
odstranjivanje Standardize I
nepotrebnog Set
I3 Sort
{ Samoodrzivo
Upravljanje provjerama +1

) i odrzavanije pravila Cisto i uredno
— (standarda) Sigurno g
. { Sustain i bez SO
nekorisnog

. ?[Q\Safetyxé/g 18

Standardizirano
Uspostava procedure

Sistematizirano

zaodrzavanje 3S-a Organga0|J§|
\ . oznacavanje
Standardize
Set
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Developing a Lean and Green Shipyard

Value stream mapping (Material and Information flow mapping):
Basic tool for identification improvements and manage 5S actions
VSM mikro
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1 smjenaldan (8 h) Zahtjev 10.000 spojeva/brod
Q|5 51630 Dispeceri 0,5 h (odmor) Takt =100 dana/10.000 spojeva ]
51900 Poslovoda transporta 0,5 h (prekid) =1 dan/100 spojeva 10.000 spojeva
Raspolozivo vrijeme= 420 minkan = 420 min/100 spojeva DPRitam 100 dana )
Raspolozivi radni dani= 240 danigod = 4,2 min/spoj (‘cme cilevi’)
e
Q|1 1630
fosovate < UNAPRIJEDITI UPRAVLJANJ 10 dana
odocjevara
PROCESO 17T
1670 lekoyod.itel\
Zdvajanje | Trasiranje | o “t"’:;‘;?'
dostavljanje rezanje o
A - q 51900 £ . Q1 51000 QO3 st
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prikljuéaka pili il transporta oditel) kontrole radionice AKZ montazu
v — Ol sten O ser0
Tc =28 min ‘\ \\\‘\t ~ Posloyoqa Poslovoda brusaca
QO 0+1 o ey, | aavariaca
Tpz=15min A A4
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O 0+1 Tc = 210 min Tc = 210 min Nafezivanje Te=28mi Tc = 210 min 2 Tc = 210 min Tc = 210 min Tc = 560.min Tc = 420 min Tc = 180 min
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o
\OJ 1 TPz:‘Fmin @2 ©4 U4 ©2 ©2+1 Zauzeée = 85%
W2, W3, WA, WA, W3, W4, W5, W1, W3, w4, ws, || [Toxdsmn W3, W4, W5, W6, W1, W3, W, W5 W3, W4, W6, W3, W4, W6, W3, W4, W5, W3, W4, W5, QO 1+2
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rodirivanje /| W6, w7, W9
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(&4) Brodotrogir d.d.
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Developing a Lean and Green Shipyard
Change management: Do it every day, planned, in small steps

LEAN PRODUCTION Rezultat pilot projekta 5S+1
Implementacija 6S Pipe & Locksmit Shop

ILA adiA [ . { g
e . Al L / ‘ i g

8 LEAN PRODUCTION OSTVARENJE PLANA
Implementacija 6S — S6 Zastita okolisa

47 TJ. 19.-24.11.2012.

6S — Implementacija-Pipe & Locksmith Shop

12:10:2012. -

@ Brodotrogir d.d. mr.sc. Mario Rovan, dipl.ing. emel ijeta oko nas 24.11.2012.

Brodotrogir d.d. M.Sc. Mario Rovan: Lean shipbuilding at shipyard Brodotrogir, AIM, Conference, Split, Croatia, 21.09.2013. 16



Developing a Lean and Green Shipyard
Measure improvements: Tangible and Intangible

LEAN PRODUCTION
Benefit?

Implementacija 6S - S6 ZaStita okoliSa

PLAN ORLIENT ALJJSKO’L F\'ASPQREDJ\ KONTEJNER}'\ I SPREMNIKA ZA PRIKUPLIAMNIE OTPADA

‘ '; 1260 m = 540 m,+720

Jednokomadni tok (“one piece flow system”) umjesto guranja (“Pusi'l systerﬂ,)

OSTVARUJE SE UKLANJANJE SVIH 7+1+1 RASIPANJA | SMANJUJE EMISIJA

PLINOVA U ATMOSFERU ZA PREKO 50%(W10)!!! W10

W2 W3 W4 W5 W6 W7 W8 , W9  Rasipanieenergie

(l_amlsue plliova)

6S — Implementacija ¢

[& Brodotrogir d.d. mr.sc. Mario Rovan, dipl.ing. 6

Brodotrogir d.d.

LEAN PRODUCTION POLAZNO STANJE

Pipe & Locksmit Shop

Implementacija 6S

1. Funkcijska organizacija za 6S — Samoocjena 1/5

6S rutina - Audit

Tvrtka/Organizacijska jedinica: Brodotrogir d.d. / 21 SamOOCjen_iivaé

Nas cilf je uskladiti radno okruZenje sa svjetskom razinom

Razred A:150-136, Razred B: 135-116, Razred C: 115-90, Razred D: Ispod 90
Samo vjerodostojan (dokazivi) razred A moZe se odlikovati Izwénoét’:u 6S rutine

SORTIRANJE: Osiobodili se nereda. izdvojiti poirebno za rad.
1. Dali je radni okoli§ uredan?

2. Dali su svi materijali i alati uredno odioZeni?

3. Dali su koleti | dielovi oznadeni i ispravno pohranjeni?

4. Dali je osigurano | dokumentirano obrazovanie zaposlenik

| LEAN PRODUCTION

POLAZNO STANJE
Pipe & Locksmit Shop

Implementacija 6S

1. Funkcijska organizacija za 6S — Samoocjena 4/5

(8 Brodo

1. Sortiranje

6. Sigurnost

5. Samoodrzavanje 3. Sistematiziranje

4. Standardizacija

——Amax —~~"Amin ——~ B-min ~— ——C-min e=——D.min e=—Rezyltat22.07.10.

Prvi prioritet u akcijskom planu dobivaju najlosije ocjene

@ Brodotrogir d.d. mr.sc. Mario Rovan, dipl.ing. 6S — Implementacija-Pipe & Locksmith Shop 26-07-2010.
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Developing a Lean and Green Shipyard
Don’t forget people: They are the most valuable asset that the
company has

LEAN PRODUCTION OSTVARENJE

Implementacija 6S - S6 ZasStita okolisa PLANA
29.11.2012.

Radni tim koji je izdrzao do kraja!

TR
- 5
%

&2 Brodotrogir d.d. mr.sc. Mario Rovan, dipl.ing.
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Outline

 Conclusion
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Lean — Measurement of improvement

(Scorecard)
0 Known best practice: Without implementation plan
1 Implementation plan: No ongoing activities
: i . Brodqtrogir

2 Ongoing activities on best practices - i< tHerel
3 Best practice implemented in some manufacturing

cells
4 Best practice implemented in all manufacturing

cells
5 Model of Company for best practice

The simplest measure is carried out by comparing their own productivity and
business process management with best practices.
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Thanks four your attention!

Questions?

And what do
you think
about lean?

M.Sc. Mario Rovan, mario.rovan@brodotrogir.hr
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