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Background

A Available emission control
technologies

A Many other alternatives available

A High demands in performance
evaluation

Cost of emission control technologies

A Cost consideration

A Environmental impacts

A Other factors

A Multiple impacts decision making
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Background

A Life Cycle Assessment:

A compilation and evaluation of the inputs, outputs and the potential environmental
impacts of a product system throughout its life cycle

A Life Cycle Cost Assessment:

A a method for assessing the total cost which takes into account all costs of
acquiring, owning, and disposing of a product or system

A RiIsk Assessment;

A a systematic process of evaluating the potential risks that may be involved in a
projected activity or undertaking.

A Multi -criteria decision making:

A making preference decisions (such as evaluation, prioritization, selection) over the
available alternatives that are characterized by multiple, usually conflicting,
attributes

LCA as a tool to select the optimal alternative
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Background

A LCA has been considered to be a widely used evaluation method to determine
the benefit or performance of a product or a system from its cradle to grave.

AWith LCA, the life phases and main activities of the product/system will be
Identified and the related cost and emission release will be determined.

AWith the help of decision making method, it is a feasible and trustworthy way
to evaluate the performance of the target.

A Considering many different aspects of the target, i.e. environmental, cost and
risk impact, the evaluation could be extensively comprehensive.
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Methodology

A Life Cycle Assessment A Literatures
A From cradle to grave A1SO 15686 -5:2017, 14040:2006 &
A Environmental impacts ) 14044:2006; _
A Optimal alternative A Jeong et al., 2018, An effective

framework for life cycle and cost
assessment for marine vessels aiming
to select optimal propulsion S}éstems.
J. Clean. Prod. 137,111 09130.

A Blanco -Davis, E., Zhou, P., 2014. LCA
as a tool to aid in the selection of

retrofittiénf alternatives. Ocean Eng.
77, 33 041.

A Alkaner , S., Zhou, P., 2006. A
comparative study on life cycle
analysis of molten carbon fuel cells
and diesel engines for marine
application. J. Power Sources

Operation
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Methodology

A Set up goal and scope by
A Target
A Results
A Assumptions

A Inventory setup
A Data collection
A Normalize to functional unit
A Data aggregation
A Refine scope

A Determine
impacts/performance

A Select impact categories
A Assign emission to categories
A Determine results

LCA as a tool to select the optimal alternative

Schematic chart of life cycle assessment
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Schematic chart of life cycle inventory analysis
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Methodology

A One example of LCA and LCCA flow
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Case study 1:
Hybrid system

AHybrid Propulsion System

A Goal: to compare the performance of :
different propulsion system p!

A Functional unit: cost spent through
whole life span (30 years)

A Data : collection from different sources
or use engineersd® judgement s

Case vessel speciycation and operation profile

Speci pcati on
3999m x122m x 1.73m

100 tons (Steel)
Alternative 1 (DE) Alternative 2 (DM)
360 kW x 3 sets 450 KW x 2 sets

Length x Breadth x Depth
Displacement (t)

Hybrid (Actual)
360 kW x 3 sets (3.2 tons)
+ 350 kW lithium  -ion batter
Operational

Engine configuration

propl e

Category Sailing Manoeuvring Port
Daily operation hours 6 0.6 3.72
Required propulsion 399 144 87

power (kW)

LCA as a tool to select the optimal alternative
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Case study 1

AHybrid Propulsion System
A Drawing for various propulsion systems
b) DE c) DM
= Py O3 ® ”

ME
400V, 50Hz, 3ph ‘ . ‘ 3 x 368kVA Generators | 1 2 ME 450 kW
Cos @=0.9 ) -~ \ \ 400V, 50Hz, 3ph 1 | \
| | y Cos@= T ]
\ \ ‘ 0.9 \
Variable
Battery Speed
Bank Drives
350kWh
Solid State | Solid State
Generator Generator
375 kw
0- 65 RPM 375 kW 375 kW
0-615 0-615
RPM RPM
375 kW 375 kw 375 kw Hybri y! y!
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Case study 1

A Characteristics of Hybrid Propulsion Systems

A Advantages A Disadvantages

A Low Fuel Consumption
AMDO 0. 05 0/ k Wh;

A Emission release due to fuel
consumption reduced,;

A Long maintenance intervals:
Hybrid system has less engine
operating hours than other
systems;

LCA as a tool to select the optimal alternative

A More shore power required
AEl ectricity (day)

A Electricity (night)
0. 070/ kWh

A More upstream emission from
electricity production;

A High capital investment on
battery packs
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Case study 1

A Results of LCA and accumulative cost over ship life years

Environment impact of three alternatives
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