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Abstract:

In this paper, decision making platform in early stage of R&D process is proposed and the prototype is

developed. The proposed platform helps decision making process by simulation whose modeling is built

by system approach. According to the platform, decision makers frame a problem, build the model, and run

the simulation for all of their options. They are able to observe the tradespace based on the simulation result

and obtain insight for the decision making.

We applied the prototype of the proposed platform to the alternative fuels problem for shipping. It

demonstrates the feasibility of the proposed platform, and we are able to discuss the advantage of the

platform.
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Fig. 2 Overview of architectural decision making platform.

AW TIE, ZOBBIRET 7 v b7 +—2D 5 b,
Modeling Framework 5 X8 Simulator % ~7'1 k& A

7L LTH% L, LNG REHINME A Z /T2 7 r Y
=7 MIOWTHEHAEZ{T- 7.

37024 TR

3.1 Modeling Framework

AWFFE T, Systemmodeling %9 % 720 D FJE% LA
TOXIITRETS.

AT = RV =W

System boundary O 7€ 7
AT LD lity DEFE

VAT AR oRER - EX L

. = RIB T LT Y A ORE

F9 7=/ MIEP 5D Stakeholder Z ¥V L,
DHEITS. 2O, Yayxs MIET 5 ERR
ETE H % 1 - Stakeholder 17z D7, EEVEHEA
MIDOEtR, & LTy AT A BENHTZT Needs 23]
DEIEMICEEHIT I EREETHD. ST,
Stakeholder Value Network[5]% FHV 5. IRIZHISR & §
HY AT LOEREZRET 5H. Sociotechnical 723 A
TAZBWTY AT LR AL D LT 5 LM
TE, b LT X5 L 2T ADZEHZIE L
BCTERVWEVWHIRMERDHD. ZZTEVATAD
BMS A2 br— AT DI GRETHVRT
LDOBEFIZOWTHEmT 2. MR ATANEE -
7L ZAT, MDD D Y AT LDTA TV A
VR Glity) 2 B B . D AT v FTEDI- ity L,
VAT DAOFEBRICHERGP A A M b Ll a
L— a3 UORERZFHI L, Tradespace OYRRZAT
D72, ility [ FEBIREE OHBNZE > THEIZSE
ENBUER D, 2 LTEDEER E ility 12,
VAT LEFEROT D, BAEMICIE, AT ASA
19 D HIMEN S ility 2FHETE 5 L 9 AeER e
WVETHD. BTy MIBITDFT U A4
DEREEITH. VT IVADOHEELE, vYIalb—v
3 DO DOYPHEORELE®RT L. v Ial—
Ta ryOYIEICE, BEREEOa L Fr—LT
T LHEEREEE & 2N DS OHIIEIZ S T HD.
BoNEET NV EER LY T VA EANE LT
2o L—HITH & ET

I N

3.2 Simulator

3.1 125455415 System modeling DFE R % ¢ Lz
Ral—YalrETOo7R TSI LB L. v
2 b —Z I —T 2 b= Z2DEERA N b
2b—var&ITH. 3.1 TEFRLE ility BL O
FUVFICE> T I 2L —FDAN, HOREES.
BRI, BRREEB EEOF T g a2l



7= Morphological Matrix[6] & U A DEEE AT]
LB L, WISt ility DY 2 L—3 g UEERN
HhEns.

4 MfERERMHERE~DER

4.1 FLBHIZ

BA%& L 7= Modeling Framework 35 X UY Simulator % {X;
BREHREAN 70 ¥ = 7 b~ 5. BRMICIT,
REREHR OB A ZE 2 T D EE LNG S
V2 TEEDOEANEREFT L TWAR— A L—#
—DEEREIZONWTT —ARET £ %17 9.

I AAZT 4 2BLT, LY I2b—2D
EMER 72 B ORGE, BLUOBE LT v ¥4
R THRE L BERRERFIENFEIRTELH
L DWEREAT .

42 DRFLETYH

4.2.1 RT7—=0FRILE—50H

YERE L 7= SVN % Fig. 3 (R d. fifiioo A &34
KHOARBDZ ENHAEIOTrY 27 MTBWT
LA 72 B 240 D) DIIR— F AR — 2 — LT
ThdH I ENPRMIZKIR ST,

Equipment &
Service Supplier

Shipbuilder

aaaaaaaaaaaaaa

sssssss
rvice

......
aaaaaa

pppppp

policy
Policy Maker

nnnnnnnnnnnnnnnnnnnn

Fig. 3 Stakeholder value network of ship transportation.

4.2.2 System boundary DEE

KRy —AALT 4 DRIV I 2 L— X DEBOMK
REE, PR L= 1 R A 2L > TIRE LR
RETIENEBTEDH L 2ERTHETHD.
ZDTDVEELL FICHENERE /2D 2 L 2R D
72, Stakeholder analysis [Z 33\ CHULAY 2 55 A $1
IR— MAN L —F— LT L DEOR Y B Y %
VAT LAOERE LTRIE L.

4.23 SRTLDIlity DEE

422 TERLIZ@EY, SBEIOF—ATIIMELR—
MANRL—F—IZEFEHTAH. VAT LOFMmIZHN
Zility & LTI, = A b3k, BREMRE, BLO
Wik DEEERT D, BARBIZIE, 3R MhEtk L
L CIABIh = [$/ton*km] %, BREEMERE S LTl b o
7 &7- Y O SOx, NOx, CO, DHEH| H[ton/ton*km] %,
Bk & LTI BSR4 LR O EIA (%)
EEFTDH. IO ilitly &Y AT LD A
N ERRS LEHE T, Tradespace % Atk 7 5.

4.2.3 SATLEKRDOEE - X1

ABDY I 2 b—3 3 THWEET /L% Fig. 4 12
/K. Fig. 4 IZE7 /L% Object Process Methodology
(OPM)[7]EHWTERHEL TS, EFED ) — )
FT7Vx s bERL, HHEO ) — KR T av A%
#FT. OPM Tl, VAT L5247 V=7 beFutk
ADHEEGEEZR, TNLEHFEEOY 7 THERED
FHZET, VAT LAEERTS.

Fig. 4 OPM model for the simulation.
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Table 1 Morphological Matrix of stakeholders’ decisions

Decision Alt 1 Alt2 Alt3 Alt 4 Alt5
Fuel HFO LNG | MGO | HFO/ | MGO/
LNG LNG
Engine Gas Dual Gas-
fuel diesel
Scrubber Yes No
LNG Japan | Singap
bunkering -ore
location
LNG Truck Ship Shore
bunkering to to to
method Ship Ship Ship
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Table 2 Input data for simulation

Port properties
Item Unit Portl Port2 Port3
Port name Yokoh Ras Singap
ama Tanura ore
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
Item Unit Value
Average speed knot 15
Deadweight(Cargo) ton 300,000
FO tank capacity m3 5,000
FOC ton/ HFO LNG MGO
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
Item Unit Value
HFO $/ton 620
LNG $/ton 606, 760, 925
MGO $/ton 1106
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Fig. 5 Tradespace: initial cost vs fuel cost efficiency.
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Fig. 6 Tradespace: initial cost vs. NOx emission
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