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Decision Alt 1 Alt 2 Alt3 Alt 4 Alt S5
Fuel HFO LNG MGO HFO/LNG | MGO/LNG
Engine Gas! Dual fuel? | Gas-diesel®
Scrubber Yes No
LNG :
bunkering Japan Singapore
location
LNG . . . .
bunkering | Truck to Ship | Ship to Ship | Shore to Ship
method

1) Spark-ignited Leanburn Gas Engine, 2) Low-pressure Dual Fuel Engine, 3) Gas-dieselglagine
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Port properties
[tem Unit Portl Port2 Port3
Port name - Yokohama Ras Tanura Singapore
Loading speed ton/h 3125
Bunkering speed
HFO, MGO ton/h 104
Shore, Ship to Ship ton/h 104
Truck to Ship ton/h 10.4
Ship properties
[tem Unit Value
Average speed knot 15
Deadweight(Cargo) ton 300,000
FO tank capacity m’ 5,000
. HFO LNG MGO
FOC ton/mile 0.20 0.16 0.18
Emission rate - SOx NOx CO,
HFO - 0.012 0.0045 3.1
LNG - 0 0.0009 2.75
MGO - 0.0006 0.0045 3.2
Market properties
[tem Unit Value
HFO $/ton 620
LNG $/ton 606, 760, 925
MGO $/ton

N
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Low-pressure Dual Fuel Engine: 17.5[MS]
Gas-diesel Engine: 13.6[MS]

e NNUHY VI HERIZDWNT
MGO/N> A1) > 7 HEER 10[MS/Unit]
ING/N> AU > X — I F )L 940[MS]
LNG/X> A1 U > 7R 50[MS]
ING/NX> B > T ~Z w7 0.5[MS]
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e Reference Architecture
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e UIX (User Interface & Experience)
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Reference Architecture

“The reference architecture provides a common framework for future
planning of systems concepts, technology development, and operational

testing...”[1]

Mars Design Architecture 5.0 -NASA[2]
Mars Design Reference Architecture 5.0 mission sequence summary.

- { i|:; --500 d "'-. .
500 days on e

Crew: Ascentto high Mars orbit
Q Craw: Prepare for Trans-
I

In-5itu propellant production for &Ascent Wehicle

Aerocapture | Entry, Descent & Land Ascent Vehicke
Earthinjection

Aerocapture Habitat
Landerinto Mars Qrisit

Crew: Use Onon (o
i transfer to Mabitat Lander:
Carge: then EDLan Mars
~350 days
toMars

9 Creve: Jettisen drop

tank aftertrans-Marginjection

~180 days out to Mar

carg By sharing the mission, concept and plan, a
Vibide lot of researcher, companies can bring their

Ares-1 Crew Launch

idea into NASA’s plan, evaluate it as one

alternative option.
-~ | Eventually, NASA is successful to stimulate

4 Ares-V Cargo

3 Ares-V Cargo Launches
Launches

~2G
months

e their domain's innovation.

[1]Bret G. Drake “Human Exploration of Mars: Challenges and Design Reference Architecture 5.0”, Journal of Cosmology, 2010, Vol 12, 3578-3587

[2] https://www.nasa.gov/pdf/373665main_NASA-SP-2009-566.pdf
R&D 7B Y =7 MIHBRBRBICHB I Z2RBAEXE 7Y b7+ — L DR



Systems Approach X — X TI{TH BB RED B A%

e Systems Approach> UL 5 38R
7\7 7RIV X — ﬁ\bﬁAiU FREDER. VAT L
SEAPRINICHR LAY SEBREE T TL

:%Aﬁwﬁ%\ﬁ¥= 2EBDMmEE,. BERREDR
WAL T A ENTES

R&D AT 7 MIHAERREICHIT2ERBREXIET 7y b7+ — LD



