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What successful companies do to become
energy efficient operators

DNV’s experience from 20 projects
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DNV have extensive experience in assisting shippompanie
energy efficiency

Leave your
competitors behind

DNV Maritime Solutions — Management and technology consulting

» Leading management & technology = Energy management pr_ojects with 20
consultancy to the maritime industry different clients - All major segments
= All levels of operation; from the engine = First project in 2004

to the board room = Fuel costs most important motivation

Oslo, London, and Singapore = Improvement potential, 5 — 15%

90 professionals worldwide
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Key success factors to energy efficient operations

SUCCESS FACTORS DESCRIPTION

Holistic

Prioritise

Structured

Measure

Pragmatism

Follow through
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Holistic: Energy Management requires cross departmental
cooperation

CEO /BOD

Finance

Commercial / sales Procurement Projects & NB

Management and org

Paradox - nobody is fully accountable for fuel consumption either on-board or on-shore
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Holistic: Energy management addressed at strategic, tlactic
and operational levels

= Company visions and goals

» Market trends, regulations and development

» Fleet characteristics, ship types and size

Strategic Route layout and frequency
Vessel deployment, size, speed

: Spot market vs. Time Charter
Tactical

Investment in new technology

Operational = Revenue / cost optimisation

= Minimising specific fuel consumption

» Performance mgmt and acceptance criteria
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Holistic: All stakeholder groups involved to ensure
commitment, teamwork and knowledge transfer

Knowledge
transfer

Teamwork
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Key success factors to energy efficient operations

SUCCESS FACTORS DESCRIPTION

Holistic

Prioritise

= |dentify improvement areas
= Prioritise according impact and implementation difficulties

Structured

Measure

Pragmatism

Follow through
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Prioritise: Many aspects influence energy efficiency, but rgh

to start

Voyage Performance
Fleet planning, route and ship allocation
= Chartering/contracts
= Voyage planning
= Speed Management

=  Weather routing & sea current

= Port/harbour operations

Ship Performance
Hull condition
= Propeller condition
= Autopilot & rudder
=  Trim and draft

= Hull Appendages & tech. mod.

Fuel Management

Pre-bunkering
= During bunkering

= Post-bunkering

Main Engine efficiency
= Aux Engines efficiency & utilization

= Aux boilers efficiency and utilization

Consumers
Cargo Operations
= Thruster operations
= Ventilation, HVAC, lights
= [Insulation and energy losses
= Water productions

= Incinerating

Strategy and tactical plans
= Performance Management
= Competence and training

= Culture and awareness

= Environment and CSR

= Life-cycle perspective
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Prioritise: The ship energy flow has to be assessed to fgent
the improvement areas for “ship as a system”

Purchased
energy, kJ

Fuel quantity Boiler
and density efficiency
loss and
utilisation
loss
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Aux Engine
efficiency
and
utilisation
loss

10

Main Engine
efficiency
loss

Desired
output, kW

Thrust

El. power

Steam

Hull and

propeller

efficiency
loss
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Prioritisec Compare performance with established baseline

comparable ships in fleet

14,0

Aux Eng average fuel consumption for three sister ships

12,0 A

10,0 |

MT/24hrs

8,0

N — —x

6,0

01.10.2007

31.10.2007

Days

30.11.2007

30.12.2007

Onboard practices varies often from ship to ship leading to unnecessary
high power consumption
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Prioritise: Improvement areas should be prioritised accordi
to saving potential and effort required for impletagion

Business case — Improvement potential

Total, AN Areas 1317
Tatal, Veyage Perfermance L]
Fropedor condition 12
Hull cord e 1.5
Trim el Badlast ool Do
Aulopiluet 2
Vopge insTuctions 0.5
Weather ruting g
Total, Enenyy Dofcusers 6.2
Blerding Usits 0.6 Prioritisation of activities
oz, margines and wsguipment 14
Bz thrusier
=l ke mewsagemn £
Ortimised enines
A, B e, e
Tandk deamizg
Tedal, Tatad Fuel Mansgemend
Pasi-Eurkering
Foarkpring

& Hull condition

Tank cleaning
® Optimised engines

Propeller condition,

High

@ Autopilot

Blending units Aux engines and equipment
@ \eather routing

VVoyage instruction

Potemtial cawings % 0 5 10

rim and ballast conditions

Financial impact

B Bunkering

Aux. & exh. boiler,
Sludge Management

Bow thruster

Low

@ Pre-bunkering

Low High

3
Effort required
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Key success factors to energy efficient operations

SUCCESS FACTORS DESCRIPTION

Holistic

Prioritise

= Develop plans and set goals

Structured . .
= Commitment and continuous effort

Measure

Pragmatism

Follow through
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Sructured: Continuous effort are the only route to sustai|ab
energy efficiency improvements

+5%

Cost Baseline

-5%

- 0
10% Commitment to

_ Energy mgmt
-20% Implementation

Investments

Time

Increasing energy Decreasing energy costs by Further savings
costs applying simple energy efficiency  due to promotion
initiatives “Housekeeping” of energy-efficient
practices
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Sructured: Overall meta plan with expected time for saving
realisation

Phase 1 Phase 2 Phase 3
Opportunity identification Solution development Implementation
‘ T
Saving
Analysis SUSTAINABLE realisations

Us$
Way forward plan

OPERATIONS (way of life Nk
* KPI's

* Measurement

* Reporting

* Job descr’ptions

* Procr uures

1st round

Engine Performance
Speed mgmt

2nd round
Prop polish

3rd NEW AREAS
rd o :
Hull cond Culture & awareness
* Ship allocation

Trim/draft |

‘ ‘ \ \ \ \

4 8 12 16 20 24 weeks
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Key success factors to energy efficient operations

SUCCESS FACTORS DESCRIPTION

Holistic

Prioritise

Structured

Measure

= Define KPI's and manage energy efficiency performance
* Invest in tools to measure performance

Pragmatism

Follow through
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Measure: Energy efficiency are typically defined as specif
energy consumption

= Challenges with measuring energy efficiency:
- Ships don’t have measuring equipments
- Many factors with large uncertainties influence efficiency
- Difficult to isolate effects of all factors

= “Simplicity” is the approach to start measuring

- Define Energy efficiency indicators that are linked to company value chain
(transport work)

- Start measuring performance where uncertainties are low
- Build up confidence in data and performance
- Extend and include new efficiency indicators
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Measure: Energy efficiency requires measuring and analysi

Overall fleet performanc

2,8%

1,5%
0,2%

4,4%

4,5%
5,4%
1,7%

4,0E-03

e

2,5% 0,380

o 1,0% @ 0,453
o,

2 2,1% 0,457
et

s 2,7% 0,380

o 4,09 @ 0,401

a 3,0% @ 0,416

o 2,3% 0,360

Hull & propeller

Hull & Propeller Propulsion Efficiency Indicator

3,5E-03

3,0E-03

2,5E-03

—
=
=
o
I
=
c
=
=

2,0E-03

1,5E-03
1,0E-03

19.12.2006 08.01.2007 28.01.2007 17.02.2007 09.03.2007 29.03.2007 18.04.2007 08.05.2007

Date

—=— Liberty Eagle Loaded Liberty Eagle Ballast

Buffertime Target

Vessel speed mgt

0.045
0.04
0035
0.0z
0.025%
002
0015
0.m
0.005

4l Buffertime
Target

Engine performance

Main Engine assessment Test Date

Engine balance (compared to avereage) Yellow
Prnax Maximum combustion pressure 5
Peomp Compression pressure 4
FPI Fuel Pump Indicator 5
Texn Exhaus gas temperature 7
Engine efficiency (compared to new building sea trial)

Prax Corrected comb. press. drop compared to engine ref. 5
Peomp Corrected compression pressure drop compred to engine ref. 5
Texn Corrected exhaust gas temp. increase compared to engine ref. 10
AT Turbo charger differential temp decrease compared to ref. 15

Engine thermal load - MCR achivable
AP.,,  Scavenging air cooler air side fouling (mm H,0)
Engine overload
a_Pmax  Angle of maximum pressure less than 11,5 or greater than 16° 11,5
Pigniion  Max pressure rise more than manufacturer's recommendation
Fuel oil consumption (compared to NB sea trial)

td FO consumption increase to refence per day @ NCR [+4,31 (t/d)] 0

Red
7

5
10
9

10
15
15
20
100
280

16

Value
%
%
%
%

%
%
%
%
%
mm

deg
bar

31122007 Warninglevels  Result

3,8 %

Investment in measuring equipment and business intelligence system is necessary
to have reliable data and efficient performance analysis
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Key success factors to energy efficient operations

SUCCESS FACTORS DESCRIPTION

Holistic

Prioritise

Structured

Measure

= Don’t seek perfection or overcomplicate things
Pragmatism = Carry out pilot tests
= Celebrate success and failures equally - Have fun

Follow through
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Be Pragmatic: Don’t seek perfection or overcomplicate thing.

= Don’t let imperfections and
hurdles stop you

= Pilot tests unfinished solutions

= Use learning from pilots into
permanent future solutions

Celebrate success and failures equally — Have fun
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Key success factors to energy efficient operations

SUCCESS FACTORS DESCRIPTION

Holistic

Prioritise

Structured

Measure

Pragmatism

= Build culture and competence

Follow through
9 » Measure performance towards agreed targets
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Follow through: Energy efficiency is common knowledge to
— most companies have a long track record

\
s /a
%‘ 2 S /2 \
< 0 & ! T
© 2 8’ e ! €.
. . e ey . —_ )
Energy efficiency initiatives © E ¢ TL >0
) o) © s 215 2
T ©» T afilf)
1
. . : : : : |
Develop KPI structure for monitoring of vessel performance e SRRl > AU SO it St
: = : - !
Establish database for vessel performance data e . ...... g ......... .: ........... Il
: - . - |
Improve seafarer knowledge and competence to reduce fuel consumpton e R > SRS SO LR !
. - 1
Create procedures for optimal settings for trim and ballast e froeee g ------ TP i st |
H H - H |
Create procedures for optimal vessel speed in voyage planning e dosannens freeees a ----- feeeen S - !
: : s b
Determine optimal antifouling system to beused e Ferssenendeeniens a ...... Feossbonndennn, X
- - - - - |
. . . H H H 1 H
Determine optimal hull cleaning programme .. fooeeee v a ...... R |
. . . H H H H I
Determine optimal propeller cleaning programme e R S - a:. ...... ,
: : : o ) !
Implement Weather routing reporting on all vessels e Serssesndennans in ----------- |
H H H 2 . 1
Include more time in voyage planning to allow for speed reducton e Froseanes frosesnnes Frosnens a‘, ...... !
H H - H | H
Create procedures for engine, hull and propeller monitoring e Besnsenafanies 0 ------ bt |
H H H H 1
Ensure fully functional sensors and equipment for engine performance monitoring e Freseesegeee Q ------- '\,'
: : : : Vo

Install system for engine performance monitoring

Optimisation of cylinder oil consumption

The real challenges occur when it comes to implementation and benefit tracking
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Follow through: People, processes and technology are key
enablers to ensure energy efficient performance

Enablers Performance

Processes &
organisation

.
Tools and
Technology

People &
Competence

Promote incentives to reward desired behaviours and performance
to speed up the implementation process
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Follow through: Measure progress against defined targets

Business case — Improvement potential

Torkad, AN Srza= 119
Tatal, Veyage Perfermance 58
Fropalor condition 11
Hull mrad i 1.5
Teim and hallas rnsdiine
Vopge insTuctions 6
Weather suting
Total, Enenyy Cormus o _
et wliony ity -
e e %, Propeller condition Tank cleaning e
tlerbge ::.:m: I @ Autopilot ® Optimised engines
(iitiris e eniines |
A, B e, b & Measure progress and follow up
Tank deonieg g_ Blending units .
Tadall, Total Fuel Manasgenent = 3 mVeather routing 5
Fankaring c Low Case
g . 40 Mid Case
Patemtial sawings % 0 i ggév- iﬁﬁt‘éfollef a5
§ -9—) 30 A
@ Pre-bunkering g 25
20 1
15 —
° 10 —
0
o Effc 5 -
0 - \ \ \ \
0 2 6 12 24 36

Time to realisation [months]
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Key success factors to energy efficient operations

SUCCESS FACTORS DESCRIPTION

Holistic

Ensure ownership and commitment
Chase opportunities beyond technology
Involve whole organisation (ship and shore)

Prioritise

Identify improvement areas
Prioritise according impact and implementation difficulties

Structured

Develop plans and set goals
Commitment and continuous effort

Measure

Define KPI's and manage energy efficiency performance
Invest in tools to measure performance

Pragmatism

Don’t seek perfection or overcomplicate things
Carry out pilot tests
Celebrate success and failures equally - Have fun

Follow through

Build culture and competence
Measure performance towards agreed targets
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Safeqguarding life, property
and the environment

www.dnv.com
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