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Energy efficiency of ships - legal approach and legislation
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Among the mandatory regulations related to energy efficiency of the marine ships, which are already
implemented and are being enforced, following regulations can be highlighted:

MARPOL Annex VI, chapter 4 — Regulations on energy efficiency for ships

As a direct and practical way of implementation of above regulations into practice, following
procedures have been specified:

attained EEDI — attained Energy Efficiency Design Index (regulation 20 of MEPC.203(62)),
required EEDI — required Energy Efficiency Design Index (regulation 21 of MEPC.203(62)),
SEEMP — Ship Energy Efficiency Management Plan (regulation 22 of MEPC.203(62)),

IEE — International Energy Efficiency certificate and supplement (appendix VIII of MEPC.203(62)).

EU MRV - EU Monitoring, Reporting and Verification of CO, emissions (started 1 January 2018)



Ship energy efficiency legislation and functional loop
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Ship energy efficiency legislation and functional loop

The MRV (Monitoring, Reporting and Verification) regulation aims to quantify and
reduce CO, emissions from shipping

31 August 2017 30 April 2019 30 June 2019
Monitering plans submitted Verified annual Publication of
to accredited verifier emission report data by EC

1 January - 31 December 2018
First reporting period

¥
/ 2019 | 2020 D

1 January - 31 December 2019

First reporting period

1 March 2018 31 December 2018 31 January 2020* (& yearly) 31 May 2020 (& yearly)

Ch 4 of MARPOL SEEMP Part Il assessed Companies to create annual Flag/RO to issue SaC

Annex V| enters for compliance by Flag/ FOC {Fuel Oil Consumption) (Staterment of Compliance)

into force RO. CoC (Certificate of reports and submit to Flag/RO on the FOC report
Compliance) issuad.

*The IMO DCS regulations requires companies to submit the FCC by end-March 2020 (and yearly), but DMV GL, as an RO, will strongly recommend earlier submission to rectify
possible errorsfnon-compliance and ensure timely issuance of the 50C

Ship owners will have to monitor the following parameters on a per-voyage basis:

* Port of departure and port of arrival, including the date and hour of departure and
arrival

Amount and emission factor for each type of fuel consumed in total

CO, emitted, distance travelled,

* Time spent at sea, cargo carried

Transport work



Energy Efficiency Design Index — formula and principle of calculation
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Auxilary engines | Power Excluded EED |
Boiler Cargo heat
A = Cargo pumps

, = Cargo gear

- Ballast pumps
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Shaft motor Shaft Waste heat recovery, etc. & .
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Shaft power [ ] Main engine
PS . ME
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Required EEDI reduction program for container carriers

The ship “Energy Efficiency Design Index (EEDI)” has been formulated as a measure of the CO,
emission performance of ships. The EEDI requires a specified energy efficiency, that could be
primarily, expressed by fuel consumption per capacity mile (e.g. tonne mile) for different ship
type types and size.
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Ship main propulsion and engine efficiency - simplified consideration

There are a few factors on
which the EEDI of the ship
would depend upon:

1. Engine Specific Fuel
Oil Consumption !!!

Source: MAN Energy Solutions

Engine
energy
balance

Hull
resistance

Propeller
loss

Fuel 100

Transmission
loss

Exhaust

Cooling

Propulsion

Thrust

Weather
Hull Residual
loss

Hull

Total power output 54.3% (55.0%)
Shaft power

Electric production of
Output 49.1%

WHRS 5.1% (5.7%)
Gain = 10.4% (11.6%)

Lubricating oil
cooler 2.9%

Jacket water
cooler 5.2%

Exhaust gas and condenser
22.9% (22.3%)

:> Air cooler
14.2%

' Heat radiation

0.6%
Source: MAN Energy Solutions

Fuel 100%
(168.7 g/kWh)

Source: MAN Energy Solutions

Ship energy balance
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The comparison of ships EEDI

DWT 50 300

EEDI = 18.158

Daily distance 585 Nm (1085 km)
24.4 kt
Engine power nominal/service 36 560/31076 kW

150 000 kg/day
3 500 000 m?/day
467 100 kg/day
7 800 kg/day

‘ Auxiliary engine 4 x 2 200kW

Year of build 2010

* the same class of the ship,

* exactly the same main propulsion
type and engine — two stroke, large
bore, slow speed, MAN ME type,

e the same fuel oil

Year of build 2014

CED] 14 993 TEU
50,0 e DWT 149 360
(9(coz)/tnm) T
40,0 Daily distance 432 Nm (800 km)
18.0 kt
30,0 Auxiliary engine plant 4 x 4320 kW
200 Engine power nominal/service 54 900 /46 665 kW
Fuel consumption at contract speed 218 000 kg/day
10,0 o Exhaust gas flowrate approx. 5100 00 m3/day
0,0 DWT (1) CO, flowrate 678 852 kg/day
500 50000 100000 150000 200000 250000 300 000 NO, flowrate 11 340 kg/day




Ship energy efficiency technical measures
Carbon factors (CF)
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= Tt e e e If engines are operate on fuel that results less CO,,
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- the ship will have lower EEDI factor.
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3. Innovative mechanical energy efficient technology !!!

CF
(t-CO,/
t-Fuel) 3.205 3.151 3.114 3.000 3.030 2.750
Various solutions on the market today - and how they can be combined
' Post swirl fins Rudder Bulb Kappel PBCF AHT Nozzle Mewis duct Pre swirl fins

Efficiency rudders

Becker twisted fins

Post swirl fins
Rudder bulb _

Kappel | B —
AHT Nozzle

Mewis duct

IEETEN .
Efficiency rudders

2-4%

I Can be combined Can sometimes be partially combined
Source: Becker Marine Systems

I Should not be combined
Source: MAN Energy Solutions




Ship energy efficiency technical measures

4. Innovative waste recovery systems !!!

Graphical representation of A/Es energy Gl et

balance without WHR  Lubricating oil

B HT Charge air
1 LT Charge air
B Exhaust gas
M Radiation

I Effective energy (el.
power)

B Exhaust gas with utilization
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Main engine steam)

Graphical representation of A/Es energy
balance with WHR

1,15



Ship energy efficiency technical measures

4. Innovative waste recovery systems !!! Graphical representation of main engine
energy balance with WHRS
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Ship energy efficiency technical measures

4. Innovative waste recovery systems !!!

Steam turbine and power turbine generator
principle of operation and service experience
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Source: Mitsubishi Heavy Industries

WHRS, can be considered as low maintenance demanding.
Standard maintenance of exhaust gas boiler and steam

system in regular intervals can be expected, such as:

e main Exhaust Gas Economizer exhaust side cleaning,
soot blowers inspection and maintenance,

safety features inspection and functional checks,
occasional inspection of boiler drums.

Turbo generating set, from view point
of maintenance, can be considered
minor maintenance demanding.

Inspections in regular intervals are to
be carried out in accordance with
maker’s recommendations and
continuous monitoring of operational
parameters is to be established.

The most maintenance demanding
element is power turbine, which during
operation requires regular dry cleaning
of turbine rotor.

Gearbox Generator Gearbox Power Turbine

Source: MAN Energy Solutions




Ship energy efficiency technical measures

4. Innovative waste recovery systems !!!

WHRS in operation - realistic nominal performance
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Ship energy efficiency technical measures

4. Innovative waste recovery systems !!!

EEOI

EEOI with different cargo legs

30,0 (9coz)/t-nm)
28,0 - .« EEDI
26,0 - (9(coy/t-nm)
24,0

22,0
20,0

O\
N S~

18,0

16,0

14,0

12,0

10,0

8,0
6,0

4,0

2,0

Mcarco (1)

0,0

DWT (t)

0 20000 40000 60000 80000 100000 120000 140000

WHRS in operation — realistic
performance

Daily fuel oil savings 4 + 14 tons

and 1 100 + 3 800 tons/year
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Conclusions

* There are four terms of concept that describe ship energy efficiency
aspects: EEDI, SEEMP, EEOIl and MRV.

* The concept of ship Energy Efficiency Design Index is related to the
emission of CO,, as a result of fuel oil use.

* Primarily, ship speed reduction presents the most effective tool to
achieve compliant EEDI, also reflects lower NO, and SO, emissions.

 The ,Green Ship” status can be obtain by further Energy efficiency
improvement, where WHRS is recommended.

e Construction of WHRS, with exception of turbo generating set, can be
described as standard. As the challenging aspect, turbo generating set
might be presented, however, can it be considered highly reliable.

* Fuel oil savings are dependent to ship operational profile, mostly
distances and ship speed might results in substantial changes.

e Estimated payback time of investment cost of WHRS for analysed ship is
6-7 years.
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