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HTH3 LREZIRDSENT VB DHDOLE TS, ZoBE&2.>2ZR6T, 88
SRITILEEEX A TR E KOS Z U T oMz 3 aH K. L
tems-T, (P)HEENCRL CPEBEETCH-TH, ¥ 5o HE
PRC X0 X ORBHETUEERLREL,, FLoFHELERT 3 DES
v, ToX3RBECR, BEEFC -tk T3. (P
BEMX . HxPEX2BLTHEAICE, x THER(P,) ORERICH
BoTHy, TNUESERERZITIMHENZ V., KEL, TOBEGCRYER
BEREEHTILESHS . 61, (P SRTFATETIEECS UM
BEEiLeT3.

P EDsH - BEERECES SERERO—RY P IV LY X6 232
T, AETR, HPRREEOBANZR B OV TRRLS, B IR



Set Z =00, P={(Po)},
p=1

Yes
P=¢
No Yes

Select (P;) from P,
and set P=P\{(P:)}

¥ y Ho ¥
Solve a relaxation Optimal solution Infeasible
problem (P:'), and 2*=7, x*=% solution
find 2., x'* |

End

Yes (P.") is

infeasible

Set 2=Z,r,

X=x.'"

Creéte subproblens
(Ps),*-, (Pd), and set

P=PU{ (PP),".o (PQ)}’
p=q+l
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K7V ZLTERT3ICR, @QOEEAE BN ZHEP ) 0B
RGE, O)BHIEEP..)oRE, ©FHE0ERGTERSY 2hET 3 4E

BH5.

3.3 BARBEEHES

3.3.1 PHBEERCEILZITVIA

ARV CEABYBRAMENEEL L teb s h 3 Rl EAHEEEORE
EUT, 3.2.2HTHEANLSERERZ EAU fcland-Doigd HE S o
SELPHIYVXLCO2HET3. TOPNTYXLTR, BOEELLTY
RTOBBERCR T 3 BERBHRA 2T By o EGENEE, T 3b5§
FEE2REL, Ch2HRIIT LI IECD GO THBLES
IRtEhTLS.

3, ROBESBHSIHERE YT 3 HEEEC >V THRR S,

mME  z=dTuteTv

(Po) | #1#9%# Au+Bv=b e (3.4
uz0, 0svsv, v:€{EKR

ST, uRRATYIEMRELERERAS PV R, vRBEERRS ML
2%T. d, e IEHEBOBERAY PLVCETIRENY PLVEET. &
A, B, 5XUDbRHHFGEOZIEEAY b VICET3REUTH, BIURE
BMEZ2RIRNIIVTHS. VAVOLRBEZZIRZ M THS. EELR
G o2 TR, ATV IEBOFEANIC Y FEREIRGE 2 EXMHRYE
KERLTEZERL V3. FRHECERR EGENMNEORER I EIVWTE
Fenz., ¥2dbs5, EGBNBEORER L KD IR, BREKAI by



ORD v iOFD S5 —DDOBEEHK (AT v,) 2B, H3ICRTLIK
ROZH>OFHE(P), (P2)2EKTS.
(Py) : RB.HOTOBE(P)CHNT, vDLE - TREKRES
0sv.=s[v:"]cESBRX A
(P2) : RGB.AHOTOME(PHICHBNT, v.DL - TRHEHNRE2
[vs°]+1sv . SV. TESBRACHEE
P, v (Po) oESBIEORERIHIET B v. 0%, [v."]&
vOoRBARVRAORKEET. ZOBE, TOME(Po) oR#REFH
H(Py), (P03 5 BHNEBORBEEGNESVHOMEORERL LTER
HN%. I3 TERARYRUGTENEEREIIMEORERT, Z0RIT
EEEE 2 XIS EAOEKUSEET 3. ZoKs, RITUREREOBRD
SERU I TFHBEP.), (P2)0DS B~ﬁb‘f%6h>t:§ﬁ$ﬂﬁﬁt¥ﬂﬁ?%%
BELEL 3. H3.4@QB(POMVRITRARLEZZEE2, $E3.40)E
(P)WRTIFTREL B3 /S 2R b O TH 3 . EITBIAEEE 0 HHTIE T
VYTV RETHVBY Y T Uy I ZREEITHTTI e HTES. b
U FBEo—S»ETFOgE e HIT e i, 0o FHEEOABERS N,
BRERSERE NS, Mk, HEEEL U CFEEOERGERIC VTR

-Feasible region
for (P])
NP, Feasible region
Pl for (R)
0 b Vv G2+ Ve

B3.3 FPEEOER



M, COFETCROBER v OBRHEVPERZHEL 23,

—%, BEEEI 3. 2. 2HTHRRERESRIT 3 BA0MIc, ROBE
WWHETFXNDE. WHS Y T Ly RIS & - CESEIE 2 B BE TR,
RETHEERETHROBREFTHZ URy FERMBERITONZH, B
SO ERy FERORLTICHEMNTS. 20D, EXy PERROBIT Y
FioH) 3 BHNREROMRIZRTFOFHEECBNBEROTRERZE5X3. Lk
MoT, EXRY PEROF T v 72T 3 BHBEROESTOBME(Po) o
BERBEROYEREETH» 3 LREL Y OREL Do ST, EEENEE
2RECELETHLRAORFELTB B TE S,

EHBUEETH 3 RPHEREOREL LTORHI YTy I XEoR
Aicit, ROXS3BAKHEA OGNS . AR YT Uy D RETREBITRAEE
REEBEEF Y PERIC L > TEREFHL TP 0T, FHEOFEGEIIN
HOMPBEER L U nolEoERENEoR#ER 2 EERHATE3. L
o, FHEERZERTZ S 2CHCHL WIRER KD ZRENI L,
— D OBHHHEGEOEENAH 2ITARE Ry FER2BRL TIT> 2280
3.

Feasible region
for (B)

Feasible region
for (P)

/
.
0 b2l v Dvel+l Vs 0 el ve vel+1 v
@) (P)BRITXEREL 2 3HE (b) (P)WEITIRTREL B B1EE

B3.4 FHEESKRITAURLZ3HE



3.3.2 HEEREIBHAOBRRGE®?

3.3. 1HTHENEABEREERICEIL PLTY LB TIE, BEEL
BER P EHTIHDCEERFCLIICEIRVFABROEROH A ZME
BZIeHEETHS. ZITROIIBIRZTIHENS 3B,

(1) BENEZROEMBELAL CTRERESITONZIFHESX, TEZRY
FIBEABELZSZVSBICHETE LT3,
() TcE3RYBLAmEBEVEERERZERL , REREMNTDON
SHBEADEZEL T3,
FEHTR, BROERICAEZHELRITLEX LN HFEER L HHH
HOBRFRICH>VWTHERS .,

T HBEROBRAFECHEL R, BNBEROBECEA B EORE R
HME2BEETZIONIVEERILNS. TOLIBEHEEENCE RT3,
ERE N3 FHEORERScOMEORER,» SKEL FThTHIBEHKED
FEHSKEC D, 2OFEECHL CRERF 2T 5 TMHESEMT 3
D THs. —REHOBNBEREANOHEBRIFERNC SEIC L > THEIT
%2 . RABUSTHENE O ERENNETE, SEER v . LENER2
L OBRME SR T & S CRASEEERE L TRE N3 . ERRMAEE
OBRBERTIET B HHER v s DEV D H v 2HD, HI0REMEER

4
iT/I Iﬁkﬁ%
:PDs! : S
0 wana v e vl v
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BEDZNZTNOHMBEBOEAED,, Uk, YV ARIcESEH
B JTHORGEORFAB I SE»SREINS. LEkHoT, vk
[vs°], BIT[v 1+ B BEOHNBEROBANENET S 3
T7H&E&PD:, BIFLEAHAEP UL, ZNZThROISCEINSB.

PD3=DS(VSO_[V50]) }
PUs'=Us(1—Vs°+[Vs9])

THEES I EGERICE I PHEROBIRGKRL LT, UTO XS54
AIBRBENTNS,
(1) max-minflll :
pin{P D5, PUS}:M:X Bin{P Di, P U} -ooorereeececeecenns (3.6)

CHIET2ER 206 ET3.
(2) max-maxBl

max{P Ds, PUs}=max max{PD;, PU;} srresseesnsesaneens (3.7

BT 3ER v 20EERE T3,
(3) max-averagefl] :

PD:+PUs=pax(PDi+PU;) rorvemeemmmmmmsssncensenccnee. (3.8)

WWHET B3R v 2 0EEHRE T3,
(4) |PDs—PUs|=pax|PDi—=PU;| c-eorevrerrerreircnceneanncn. (3.9)

BT BB v B BB TS
INSOMAUDS SHEYBHOREHT 3 O OELIFISFELZV. Ub
Laa s, SHESORRARE L TRITSBENSA shiigs, LEo
HA @2 EATHOSEOEVSBELHY O, XRYTRALLELE
BBEHEEOPVITYZILATRAM @D 2H8EALTHW3 . ARV YTLyo



AT, THREFEBEZRLEEZRCFTBLTH Y, EECRRISRTS
BZEHBOBREEEFEZ2EDTVS.
(1) FREBHEHOED 5 EFASOAS BLDORERTS.
Q) REBHEHOFH, 5 LHTIEE TANSOEOEHENBAL B
bDRERT 3.

PREBRIEBEEROTH SBEENCERTZOR, Zhick->TEREN
3 FEEME (P ) OEBEMET X E R OREENS T T, BORET
BERCEWEERERSRob 3 THESBV LD TH S . |
XBETEXSNZTHS L LFPERBERFcORAATEs. 71
b5, BRENEHEEM v . Lo TER ¥ N3 =5 0 FREE OB SHEA
HioH T 3 ENERO—> O TREN, BRAOEHEMEEO HEROR
BECTAS VR EAFIREMAZ I LICE->TEKDONS, HLEKDEN
RTRES T cOMECENBEROYEREHETH» 3 EREIHDHKREL
BoTuhE, FREOEREMMEELEA S THRBERAESERITEIN
3. o

—%, SEEAOERAEL LT, BHRCE TR L BT 5 B
DZoREx bnD. TREMGHE, BEEEORERCNT S B
BOETH2 TREDNLHO» SIBCHHES 2 HIRL, T#3R0 L
BONMEREREE-OT LS T3 HETHS. LHLENS, BOMERE
BNRO» 6P REFIBASCES Y, HEARCAEREERRSHEA
TEELIRERED. BTEEEAR, BOHU L ERL L FHEE S
KL UTRRL, RESESITONS PUTRERBR oD 2 & THEAOH
ERLBEILTERLCOLGETH S . COHETR, RoBRETROVERE
B R0 B ARERE AN Y 1o, BB T LB AR & RN
ABIENTES. TRPNTY XHOMES KBIASTHS. H3.6(),



b2 NEFNTREREY, BT EEN2 AV BSOS BHIEAORRE
FEoflzRT. EAREAUML RBESSIREEOEREFEZRLTWS.
INLSZODHEEEOBRAKEICIZATN—B—ELd0, 2no24
BRABLBRERENTVS . ERXTHVBPLITVZLTEZILITY ILO
BUxs IvERBRODE T 2EGL ¢, BITEEEMNE2HAVTW3. H3.
TERITEBEEMCE S BEQBBRHHEROP VT Y ZL2RLEHOT
HB. TITR, PLITUVZILOESERHECKRE 3 WEIHE(PAD)

GRBHNTNS,

3.4 BEBBEERRFITERL OHR

2.5k S, FEILUTRAL LRERHSTEFRICH T
REEAR RN R CRRL, IN2REARITEEEORNEH O—D L
LTERT3. 2056, BESRL2BHEICHISEE 3 XITRFTITS
h, —RETHBECHEE 3 RENH S . 2 TR, BREHRORK
DICEERRSEZIY 5 382 0MEE, TROSESHBMERRCH BN

(@) THRIEEER (b) 24T & BE%EAY
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MoREMerMdc®sd r5c, 3.3F Rl ESREBKIHERO 7L
TYXLEHETS.
—Bc B OBHERSEIERERRIO XS R NS,
BME  z=dTu+ew

WHEKH Au+Bw=b
(Po) -+ (3.10)

uz0, OSwsw
wi €{wi?(=0), wi?, -, wikil}
TIT, wkBHERAS P LTHY, BROw (K + D EOBEHEEWY,
Wi, -, Wi (WO WK< Wi ) D3 5o DEERB bOL TS,
20OEFIKNGCHTHVWIRLOLARETH 3. BEBNETHRZE Ek:
OPNITY XL, BEBBEHIELLERC, SHBRECL308 - B
ERFLEGEBINEZ B D OMHRI Y T Uy 2 KL 2HE&TB I iz
oTHETES. KEL, FHRHEOERICBEALTCROLIBBERITILE
BH3. wEwBOREREUTERNLIETB L
W S WP W et 3.11)
B3k 9BkO0=sksSKs—D2REL, ROZ->OFHE(P,), (P2)%
ERT 5.
(Py) : RE.10)DOTOME(Po)icsnT, w0k - TRAWRE2
wlsSw.sSwit! CESIRX IE
(P2) : K(3.10) DcoME(Po)IcHWT, w0k - TRHEWRES
Wk Sw,Swik TE SRR R
itﬁ&%ﬁwﬁﬁﬂ&u%btu,SJLZGFﬁ&tiamK@muﬁ
T 3ERw20EERE TS, IEL, THALS LEEAFISRRA (3.5
ORDICKRACE->TRD B,

PDs=Ds(Wso_Wtsk]) }
PUs=Us(Wl:sk+ll'—Ws°)



ZZT, DBIBURZNENW-2WSHEED, 530 RN eiEs
OEMBEBOELETCHS. 510, FRARAOBRAKCH>VWTRATEH
EHzHEVsbOL L, BLTCRTESBEBREHEEOZ VIV IL 2R
A¥s. EROL S, BABREMRVHESLEOP LT X6, BEBH
BEHEEREOP VIV ZLd 5 4BICHRTES.

3.5 BEEENRKEGERTTEEN DR

RBHHG Y X7 LOoREREEHE 21T5>HE, MRBBOMEERELLTO
TERVF—OAHIBEHR, 3 0IIHBRFBEPRER L BBHAE L 0BRC
DNT XD EBRTHE 2 ERT B REROEL 3. S OB, REEHEC
$17 3 HHBEHLMARGFIIARMEBRCEL GEREERLLTERENS . &
ficik, BRBEHRPHNRACIERERR 2 2L BESBBERIERT M ERE
ORERLEHTED XD IC, BOBMERIEREHEEREO—2OP VT Y X
LEHET3. #HevRE ke UTRRCSBEREE 2 Ay, JERBHEE
EOEHIREARNS . IERMITERL ULTELX2OFESREENTVLB M,
X TR—MEENC SEE SV P 2 EH T3 . BB SEER, B
SEMECHTIRETH» B VYTV y I A2 BNBERSIHERE OB S K
BUKHDI OSBRSS 2, S5IHBREPFFEEOBACIERLbOT
H3. LEB->T, JERERTNI Y 7Ly 2 2B2HHMCHE LR
Land-DoigdFikizE S B BRI ER, $ IUCESHMELREIE.
FBEOPNITYZLEZ, BNV YT Ly 2 AEOR D —REEh >tk 2#EA
T3 LRI TEAHHNEMRBHERCBREZCHRTEZI LEXL LN
3.



3.5.1 —##hz S
FFROFBIHEEEO—BE L UT—RIDZ SEEIC >\ TkRR3B.
w&/Me z =1 (x)
BIHZEME T (X) = -oevsveesrresemsssmsmsmssnssnsesenesinanaes (3.13)
XSEXSX
IIT, X, XRZNTNRASv IR ELREMAI b bxot - TRIEZ2
£7. TLh(X)IHPURERZETERTHS . —REED SEETE, #E
FE2ERL 256 BNBEESEDT 3 FHICER—RTER2ITS> . —KkT
FRTR, INTMBELT3)DHBFERNEHET R RTAER S 0VOT,
FTARTINEE T3)OEHPHILICEALERBII B TERN., 22T, x%
BT RZ I eMBTES(N-M)BEOHEEZRIPSEBI R b hxn
E, HNREZELTIOCRESNIMBEOEEZRD» SMB XY M I xs
EICOET 3. 2ok, FEEZBxnOBPNEILEd xN, B LICEEER X
OWPELRd xpic T 2 BENBEROE{LR FRROLSICEKRENS.

of of
df= d xn+
Id XN Jdxs

LB, HRERERT LS CRESMxs 2 B bx w3l

dh dh
dh= d xn+
d XN dXs

BRIALTILEBHS. LD ->T, FEEXRROZIEd xnb BEXHKO
ZRdxs DBERKRIING.15) 05

de=0 """""""""""""""""""""" (3.15)

dh )"ah

dXs

dxpg=— ( d Xy crreereeeteeeeseesenesestaniaenn (3.16)

O XN

&%, Q.18 2R C.1H KA TB &

; af of dh \'9h
df= - ( ) dxn=ATdxnx (3.17)

Oxy OXs \OXs 9 XN




(¢
s
i

. of of <ah:)”8h
JdxN J9Xxp \IXs 9 XN
AR SEAY PV eRELh, HERG2ERULES OENREBROFH R
EZHCET3ERERELTVWE. Ubdr s, —RTEROTH2FETIHRE
EEHOEARE, AcESWTRES NS . FREEZROELEIR Q.
B)ic k> TREINS . —REFERIHRIEh (x) = 0 DERHENHED 6
NEFS, 2a—MVEREIVERHPELECRE NS, —RTERORPT
BEEZHO—-o020L - TRIED > 5—HIEL RBGR, BERHeH#E
BEESHROBELSTRTS. corne R, BFANSESCH T3 HEBRET
% % Kuhn-Tucker &4 SV BRI ¥ 3 3 CREEIT ¥ N3 . Kuhn-Tucker R D
BIALHENE SEACESHTHEEENSZ . T2D5, A1 X - TKuhn-Tucker

FHrERTL

=0 (xni=xni)
A =0 (XNi=?{-Ni) .................................... (3.19)

=0 (xni<xni<Xni)

k&%. ::—("'. A.ip XNiﬁ%n%‘nl, Xwo)%imﬁéi?‘.

3.5.2 ZEREHELOKS

FHEOERE, 3. 4HTRNCECHBEHRHEL L RHICITS.
U LSS, SREZORIRGESHBESRCHBRGEOIFERIE 2 ERL
BET3LESHZ. —REDZ SBETR, XG.13)DHIZ SENRY M
ADFEORICHIBER, $IUHBREORFNI SROEBRDSNS.
Lich->T, 20ECESHOTENBEROELRD. LU 2%k», KEG.
12)»6THB LU LARE2HETZILNTES. BEOBSGLAS(E



735 A, SERE ORE S EITIRESOME T Tz A
RECHLEELSB3ILTHS. COEL2ERL, BOBRESYSHETIE.
SBT3 HHEROBREEEFEZUTOL > CEDS.

(1) LREH2VETRIER L 3HEBESHD S, TAThENERS &
CHBNELEBEALL BAOT RIS 3 W EAFISSRA LS
PEHERNT 3.

@) EEEE FTRAEOEIC 5 23 JERESE 6 BIRT 3 .

Q) BEZED> S, BNEES ICHBRE2BRAL RBSOTHAS
L EATIGOEOHEIHENRA L B3 ERLERTS.

FroO) s L)z, 3.3. 2HTARLESBEBHERCH T 35
ETHOBRIEFVB IFQIznZThRBL THE Y, 26 5 EEEMNE

y4
DJP@I‘
0 we-t Wi wr wieT wed we

() JBRPSFRITUREFEHOHmSICEFEET 356

Zz

PDS =D5 =.O

PU5=US=O

0 W T Wl we T wed e
(b) BESHSETURFLEOAES 2 WREBRECEET2ES
[3.8 HrEz#He BREHOBERGERENES)



ORBEEDFTARFLROBEFET 2 BEOBRRFEERL VB . —F,
EEBREORBSNRITUEREOARH 2 LWIBER LIcHFET 3 BEC
2, BRI S>3 FEEEROL - TREMOECENMERZ 2D, 2OFE
BEERCETIHNCOBERBLREZ. LEN-T, ZoOREE» S 2 0OH S
EEBOERZEDY, b3 mE e tBaoENEROTRLBL3.
Z22C, TEIRIHIBVURECRVWVEERER 2RO 3 Lic, BEEZHD
5 DOBIRNICEEL CLEOBERER 2) 2REL TV, H3.8@), )X, %
NENEGENEEORESVRITUREEORS, b ITHBH3 VIER
LEeHFET BRI 0T, SHER BNBEROBEREZELLLOTHS.
BE, SHESOBRARC >V TRBTSEENEHL3 0TS, 20
IS EABNEYGERTEEEOP VT Y XL, SEREEL —REDZ
SEHKL OFBNESC - CAENCEE Ty, BAMCRBE. TR TE
SR HEEOP VIV XL LABETHS.

3.6 EHOMENER2EEL LIOERER

2. 5HiTHIEN & UTREL RREREHHEFETE, #RoRMeRT
By, - BLERECRR LA 2 ET0- 1REMERS L CERER
RREIBICRETINESS2D, Tho0BHRIZAFN LM VARNVETHMY
RVOERTH Y, BEOERERLTVS. TEb5, MIEIEs TN
TR 6 OFETREL LBE, ERARLETERREER e IR
TR ERHEEEA MR I It TRETES. DL, F
HEMLIC BV TEROERD 52 OMENERZHS L HTEBHAE,
2 OWEE S - BERFCSLTEDAAL, SEICRELITE2ITS 2



Yicko CHHEBBOEHMSTEEICE 3 LEL 6N 3 62 | Eifielx, HkI
NEERHHBEFHRCEHA T3 -DIC, TROEBHEKRZ2ZRL IoERE
HBD—2DP VTV I L2HETS.

3.6.1 BEMERS
F¥, BAPEZF2TRTE9IC, ROESBAZYEGIERE2EX 3.

m/ME z=fo(uog,wo)+ f 1(wo,us,wiy)
+f2(wo,uz,wa)+-
HHRHE ho(uo,wo)=0
hi(wo,us,w;)=0 (j=1, 2,--)
u;sSu;su; (=0, 1,)

wisSw;sSw; (j=0, 1,-)

2T, ui(i=0, 1, ) IERETHARY PV, wi(J =0, 1,) I TBEHETLHK
RO MVRFRET. Fhf5(5=0, 1,-), h;(§=0, 1, )&2hEFnEHHE
BOBHE, b LUBHBRFLETEETH2 . XB.20W, BHuo,wol
FEHu,wii uz,wai - EORICKI MR T &S5 BHENERLEETS
TERRLTWS. ThDB, EIUAN OBBERwoN S 3 BEEICED
ENRIRE, ZOMOERRI 2z 2R/METE IS5UTOISCREE NS,
TP R LAV OEHEEHul, 5 snlcwolc R U TRE/LRE

-+ (3.20)

3.9 ZHOERERIER



&Mb f o(uwo,wo)

HHRGE ho(uo,wo) =0 orremeerrerirnnieccieen. (3.21)

uoSuoSuo
ORELUTREEXNS . TLTRHRLUAVOEREZBu,;(j =1, 2,) LERE
Bw;(j=1, 2,-)&, BExbhluo,wodHL T2hFhicHiST 3 85
BEoE
BME fi(wo,us,wy)

#HHRE hi(wo,u;,wi)=0
” (5 =1, 2,+) oo (3.22)
u;sSu;=u;

WiSWISW;
RSB ZIC o THREYXNS. LT, RG220 0 TcERLY
N3 X3 CEHECEENRRSEET 3 HEICR, SERBHEICH VT RN
VRN OBEE R 2 BENCOHEZERE LTERTB itk ->T, TZYAN
WOEHEZ W, S ORSRECEES L ICHSLICRETZ M TE, PX
DRVRBLGESTTEL 3.

3.6.2 HH - BEEF
el B b e THO—REOBE LN VTR, 3. 10CRT X

B3.10 ZEHOES S . OREEEK



SICTRLURVOEH 2 & 5IARKH OB LA VCHETY 3 Ly —RE
RBEICOVT, EBROEBNEREABAL I - BEZF2E23. &
BUNVOEBRPETZ2EAE2S:, Sz, - ODEIEEKRT. 22, &L
LURNVOEHBOEREE2S 1L, 2OMOERCRIELZIHFECES 240
2HDLT3.2DLEEES, (p22)D—BREMNVARNOEEGDES2U(p)
TET. T, S:BIUFSOTHNVRVDOIRTOEGIIET IER-HET
Byt EOHERDE2 z (p) TRT.
FITUEREBRSOHDICRESNE IOV THEETS. XG.20IcRT &
SICSHCET I RHMEROEIRESNIEE, z(P)RS BT RS
BB 3 BB OMEzo(p) 2, S:OTUVRNOITRTOEGIETS
ZECBET 3 BB OEICIR I e TE, RAD IS CERRTES.

2(P)=zo(p)+ 22 2 (g) rroorremmemsmmmresenessnneeeanees (3.23)
U

qe{q|p=U(q)} ................................................... (3.24)
THB. LEHoT, BIREEMEEOHNEROREE 2 (p) &

2*(p)=nmin{zo*(p)+ 3= 27 (q)} srerrrrereeereeeseenes =+ (3.25)

a

LEEXNB. 2T, zo*(p)zolp)DRBETHS. i, nin{ JXS,
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TR . MASKREOFEREZ2RT. 7, R4.10), LWIDNR2HWETB XS
IC tpank, UTankDERREL, T4 ¥ IRBEL EERSS ~FREBEO
HACRRETS. C0T, COMARIEL-THA.16) DBEANHE ¥ n
BEBEHNH B>, RETHE LEORBHOMSRICIZRARREBESR
KBARBEB IV PSAB VD EENR, BESXNZIEESRCOVTOIXRUTO
HERTH. RBMRENZ—VIZonT, $@.12), 4.13), 4.15) ok
AR, 5 I0RA 1D DT FNFE— - NS 2B IUBRBROMIRE

OTI, BEHYSY) CHBS N 2RBloax2R/IMET 3 v 5 BEEA



SEMEE R, BREBOREEASHERDS . REBIC, TTIRESN
TOBERBBOERRBEC L IRTCOMBA 2 —VICBT 3 REERAS
oY 3EMEREC L 2Ry, RUA1)OBENBEKI DEL2RETS .
UEniHE27 « PV RBRLEERR 2 ~FREBEBOITRTOMGRIZD
WTEFLU, JOMEEETZZ2IcL JORMEZRD, ZnlHBT3
BemiiEirys.

Determine an alternative
combination of diesel

generators and turbo-

generators to be selected
as constituent equipment

%

Investigate whether the

sun of power capacities Unsatisfied
is not less than the
maxisum power demand
Satisfied

For each voyage pattern,
solve optimal operational
problem in vhich the cost
of fuels consumed is

minimized
Select other
equipment
Calculate the value of combination

objective function J

Find the combination which
minimizes J and deteraine
it as the optimal one

4.5 BEREHEOFIE
(LNGHRERE—EY « VA7)



4.4.4 HRIEH

FETE, 4.4. 285 104.4. BBV TR LRERHEHEF%
PEEREOLNGHERZ LYY - YRAF LORFEHECEAL RBS0F
o HOWTHER, FFEOFDE2IKRET 3.

BEEE BRELEHERTICHRY, UToX > ckERE2RELL.
F4—EVRBHEEEERR S ~FRBEBORARETHEARZ ZNETNZSE
2343 (Npe=3, N1a=3). R Z2NThoRBE22BHOHAEI»RZ2H
82y 5BETRL T3 (Koe=3, Kra=3). H4.65 L0F4.7X, ZhZh
F4—ENVREES ICEERE S —FREBHCH> W CEERTR =B 0%
BOBEFELETRLELOTHS . LKL IGBZERBBOMEBHERS
CIRBEOMURBEE2TILEbOTHS . HHAE-FLUTLNGHOM
BY A2 VERALASRTEODOHMBNAZ—VIZKFIL M=8), EN&—Vi
HUTER, BN, HEHOBRTER, KA 7H IRER, 5 LERE

«103
20 I i

x
~35
[)

[5)]
l
l
(98]
l
|

Type 3
Type 3

Type 2

0.5

Ty7
B Tyby

l I

! _:I’ypy

Electric power generated Epg kW
5 h
[
{

Electric power generated Erg kW
N
I
{

1 2
A-oil consumption

I l

(@}

3

<102 :
Steam consumption

5 10

15
=103

Fos kg/h Grg ka/h
H4.6 F«—¥IRBHOHERE B4.7 BERRX -FREHOMHESTH



HEEREOHEEZIT- .

Foiz, AU.NCH s BBWALEHR 2 =10
i, FRFIER2 0=0.002 1, X @.17) 0EXERFREKZ R=0.15582 L 1.

1R (4.18) o 3 CEMOBMHS ¢ c=48M/kg, AEMDB %2 7 — X (a)
¢ a=60M/kg, r—2Z () 0a=75M/kg& L 1.

£4.1 BEOURNSHE L RBBODIREE

Type k 1 2 3

poax k¥/(kg/h) | 5.000 | 5.972| 6.306

Diesel a pox kv | -75.0 | -226.9 [ -365.8

generator | Fpax kg/h 65.0 1 105.0| 168.0
Foax ke/h | 115.0.{ 172.0| 280.0
cpax *10%*Yen 2200 2910 4070
p rax k¥W/(kg/h) ]0.2553 | 0.3175 0.3441

Turbo- a Tox kV [ -174.5 | -596.8 | -957.0

generator | Grax ke/h | 2250 | 4400 | 6850
Grox ke/h | 4600 | 7550 | 11500
crox *10%*Yen 5320 7570 | 10280

Main ) pur kW/(keg/h) | 0.3871

turbine 5 kW | -1548

Main PwuB 0.8595

boiler q MB 12.25
I MB 11.43

High duty P cH 3.031

CORPressor | q cx ke/h | -2013

Low duty PcL 3.031

Heater PH 41.55

F4.2 MBNE—Y L RXNVF-FTE

(LNGHERE—EY « YZXFLH)

Voyage pattern m| P k¥ | F ke/h| F & ke/h | G kg/h | E* k¥ | T h/Year
Loaded voysge at torrid zone 1 20420 - 5390 0 1000 2000 2832
Loaded voyage at temperate zone 2 29420 5140 0 1200 1850 912
Ballast voyage at torrid zone 3 29420 3770 0 1000 2100 2472 -
Ballast voyage at temperate zone | 4 20420 3600 0 1200 1950 792
Departure and arrival 5 7355 0 0 1000 2650 192
Anchoring 8 0 0 1000 2200 480
Loading 7 0 43960 48960 900 3120 240
Unloading 8 0 ‘ 0 0 1100 6050 240 -




BEBIVER R4, BPDEHBEEOR, S5BDETICOVT,
AT LOBERBE L UTRESNLZEBROT « — Y VRBH L BERRY —
FRBYBOEK, ZoFEBORNE, EHE, ICBEERTLILLO
H3. £4.3(@), DRIz ENF—Z(a), OB TS. TLEVXT
L OIS FOESEEBRICOVWTHRLTWS., REL, T+ —¥LVRBEEE
ERESX ~FREBBNTRHER - EAROLSD 2 AS WM T B oIS,
HRAE2RBEOLDOEHARRICH T3 EAEC HEPZOMBOILDD
CEHEERCHT3EABECRCHITRLTVS . RAIOER I,
DHETFAECHBRLTOBL BT EY, RMEMBEREORD, 55%
HDITORLLBLTHZ X5, BEREROBNICL3RWEORLELE
AEOELEE IABEICE->TVS. 0y, ZROMREL VB

£4.3 BBHERLFHER

(a) r—2Z(a)
Numbers of constituent equipment Cs Cva Cer C:

Diesel generator Turbogenerator x104 | x104 | x104 x104
Type 1| Type 2 | Type 3 | Type 1 | Type 2 | Type 3 Yen/Yearffen/Yearfen/Year{fen/Year|

1 1 2 1 3323 22438 | 82355 | 108118

Optinal 2 1 2 1 3213 22921 | 82354 | 108488
combination | 3 1 1 1 1 3518 22677 | 82354 | 108548
14 2 1 1 3730 | 22514 82354 | 108598

5 1 1 1 1 1 3861 | 22577 82354 | 108792

Actual 1 2 3546 13691 | 95885 | 113122

coabination
() =2 (b)
Numbers of constituent equipment C: Cva Cur Ce

Diesel generator Turbogenerator x104 | x104 | x104 | x104
Type 1 { Type 2 | Type 3 | Type 1| Type 2 | Type 3 Yen/Year\Yen/YearlYen/Yeari¥en/Year

1 1 2 1 3213 15650 | 93982 | 112845

Optinal 2 1 2 1 3323 13896 | 95852 | 113071
combination | 3 1 1 1 3415 13878 | 95851 113144
4 1 2 3546 13771 | 95851 | 113188

5 1 1 1 1 3518 13803 | 95851 | 113272

Actual 1 2 | 3546 | 13771| 95851 | 113168

combination




B Y AT LOBREFTEICHWTIRER L EHE 2 L LICBHRKRCED,
EUNEEEOHS,» SRETFHEZITOLENH B L 2RBLTH3 . &4,
4(a), G, 2hFnF4L.3G0), O)ORMEEBEROYXFLIIHLT,
BREN 2=V ICB T s HBREBOREER T RERBERTRLILLOTHS.
FHAEHS JCCEMOBUREY Y OWHERELRLTWVS. F—X (@)t
b)2HETZ L, BEERET « Y VRBE-APRE-TVBRETTH
2%, EMBRAE2 -V s snEEATRRE {RL-T13. T&D5,
F—2 @) OB, TLLTF«— Y IRBESER TS Y, KER
S —-FREBBIMBNTRIZRLLTVBETERL., —Fr—20)0
Baw, ~BoMBA2—VERSEL U TERERR S ~FRBRICL-T

Fi4.4 RBUMBBERICHTIREERSE
(@) r—X(a)

m| E®Ri2 kV] EfRis kV | Ef225 kW | E12 kV | FI ke/h | Fi ke/h
1 600 1400 0 0 418.5 1491.1
2 450 1400 0 0 393.4 1767.4
31 700 1400 0 0 435.2 3184.2
4 550 1400 0 0 410.1 3376.9
5 ] 1400 1250 0 536.3 2087.4
6 300 1400 0 0 452.0 75.2
7 400 1400 1320 0 652.3 1332.7
8 800 1400 1400 2450 732.0 8217.3
b) r—Z ()
m|ESR;, kV| EfR.3 kV| Ef82s kW | E5 kV | F8 ke/h | Fil8 ke/h
1 0 . 0 0 2000 0.0 2137.3
2 450 1400 0 0 385.0 1767.4
3 0 0 0 2100 0.0 3852.2
4 0 0 0 1950 0.0 4012.2
5 0 0 0 2650 0.0 2875.7
6 0 0 0 2200 0.0 765.1
7 250 0 0 2870 65.0 2169.1
8 250 1400 1400 3000 625.0 947.5




REBE2TV, FESBT 1 —ENREBBICI->THDATHS ., 22 CHiEN
Z—ym=2B0VTTF «—EIEBHEBERIATVI DR, BHEEES
NS FA— P NVRBBICIZRELTTRERZ EIIRABEEICZ, BER
SR —FREBE2EAN ANV TEETZ IV LT+ VI RBHEEEANL
NV TEET 3 HBERERPEN LIV IDTHS.
EEOLNGHICREBSN TV H#ERE, 2500~3000kVo LLBIRIAT O
ERRS —HRBE=H L500~1000kVD/NMNEDOT « ~ ¥ VREBEB—BTH3
®0  roEHIE, TLELNGROBEEESDLEL, RBSEEERICE-
TRV eBbhza, 22T, EVIFLCEVWEEBERE L TE4L.30
%Tﬁuﬁimﬁﬁmuoht%ﬁﬁmﬁﬁéiw,%n&ﬁ&mﬁﬁﬁa
ZORBEAAHEREr—~2@), G rdbicA—0BR2Y, TLUTHEER
Ka—FRBEPEHIATHS . ERREEOYITLLRRY, F—
(@) THT 4 ~EIRBERIBIEH ATV EOR, MEOT 1 —¥
NVRBEL BERR S ~ KRB 2 EFEE L CEERER S ~FRBEOAN
LRVEETER3EVD, BERERSY —FRBE2BHBICEBAN LRIV TE
BT3B ERGESRVEDTHS. BH, TOEY T LLR/MEEE
BEOYXTF LAOEMBEEOLE, r— 2 () TI1.046, 7 — X (b) T121.003

®4.5 KREHBERICHT 3 BEERASK

m| Ef8: kV| Ef213 kV | Ef25 k¥ | F82 ke/h | Fi ke/h
1 0 2000 0 0.0 2137.3
2 0 1850 0 0.0 2380.9
3 0 2100 0 0.0 3852.3
4 0 1950 0 0.0 4012.2
5 0 2650 0 0.0 2875.7
6 0 2200 0 0.0 765.1
7 250 2870 ] 65.0 2169.1
8 250 3000 2800 65.0 1768.5




ERSTV3., Z0X3C, BRERTHEFEOFHICL>TEIYIFLIBE
IMNEBBEEOYAFLICEVWLDOTHZ 0D, H3NIETEEER2 X5IcHE
XEBVATLBEETION L VIS KRILSENITOIZ e TE 3,

4.5 REtEtEIHEF2

4.5.1 LNGBFT+—EN - HRXE-EVHEEVAT A

RICHA SR ITLNGRF«—EN s FRE—VLYEESIRAT L2 &
BONKE T2, H4.3IcH0T, BBCHLALESRUTOBEYTHS.,
CL: O— -+ 5 2—5 « il
DE: Fu—¥NLZYIY
DG : 74« —¥IWREH
(T: HRR—EVREBHE
H:ke—%

Lov pressure steam
High pressure steam

Steam demand

~——-~— Low voltage electric pover

G¢ —-— High voltage electric powver
A-oil — --— Waste heat
Low voltage Epe DO == Fuel .
electric power T —~—Foe Boil-off gas
demagd Grg Cgt B,
E .q—f_.
5 SF @)

i
| C-ail |
N Fsn {
Propulsion; | | :
demand r_-H e
Ehd i} ;\‘1\ Gt
High voltage 'EBT -
electric power e s
demand

4.8 LNGHF«—FN - HRE—EIVEESIIFTL



M: BEH

SH: MERAD

SL: BER AT

TG : EERSA S —HFREEH
TH: BERS S —KEEH
R : KESR

FREBRIRR, —SHRIEBN, CABIRIEYR, BRRIBHOTh2ZN
FNET.

ZOVRFLTR, HEIRT A —ELZ Y IV L BEMICI-TELNS.
B, T X4 —EY U RBHLBERR S —FRERILI-TRETIEE
%bmivfﬁﬂéﬂ§.?4“ﬁkI3§VﬁC§ME,iﬁﬁRQ"E)
REMILNGRYI»ERETIRANAI TN ADH2RIES RS X HICR
rncwsd., TRBERKS - FRBHEI, TR - VRBHBORER2H
BLERAS»oRETIBEERRCI-TRHING ., ¥(IEIDVRXTF L
T, BT INVF O L EERR X —KREBHY, t—%, 0—+Fa—F«
FHE Y OBBoRH 2T« — ¥ LY IV eI R - RBHEORSS
FALVEZEOFRA I SRETIEERRCL-TTS . —7, BEBAR
AEHmZREEE3T « ~YNVREH, BERRS—~FREBH, b IUEERE
HO—ok-THEEXNS. Fhk—&en— - Fa—F ¢ THEX, KA
WEAI7HZ22MBLTHRA—~E Yy RBHICHG T3 v cElsh 3.

4.5.2 BEREEHEREOERL

Fa4—¥N e HRE—EVEEIRT LIZBOTR, BES—LY - Y27
LERRHBART TABLHENOEBBBOATERI: X-TiGEENh3
ke, BSERENOREORE, HICEAAROREICHEL TSHORER
BEETS. TRIDOVRATFLTR, FANAT7HRRERCERRETS L

NG&Y 2 OBAMEx0BEHRFAOITOATHS ., 2hdH Y AT LOREHEE



CEECEETS. 22T, FMTREBPLNGRY Y OBRHE ¥ bRE
HE-ED, BAMCKRE T3 . - oo, BENEREOBS, 6 BEHR
BBLLNGRY Y OBRMOEMBREE, SSTITRBIEEKANTTIH D
HECI>FHERER2EZERICAN, FREEEOR/NMLERS . $h4.4
iemEkc, EFHE-FELTLNGHROBEBY A I LB THL 20K
ﬁwmmﬁﬂa~yéaib,%na—yusmrﬁzsnzmzwﬁ-%ﬁ
Eaﬂ4wx7ﬁx%éimﬁb1%$§%ﬁﬁé%i%ﬁot?%.tﬁb.
BRI E2ITICHY, ROLIBRELRT .

(1) BEUAOBEBNINWLELOLNZ T+~ NVREY, BERR S —
FREM, bICEERCEL TR, H52 L DEBHENREXL
Twaboel, BEERAGRIET ORE 2175 .

() ARE2-EYRBHER, BESOEOHEDY SAFEOBBOMSE
TREHLTHYARETEZHOLTS. 2OMOBBOREENRR
—Rel, ZNThHPBEROHAROHEEL» SRET S .

Q) BBHECEL THECEEZBEROS3HE, T3D5T 1 —¥L

 IYYY, BEMEEEAAD, 30RO Fa—5 < ERE
E—&iZonTi, 2hdFhn—xNhol THBESEOEEL2ITS .

UTemsERetsitmiEozg 2175 . @Lics I3 ERHESE LT,
4.2 304 . AaficRVREESOMICE : §ERA, Q: BHER AV
3. FREHMBCHTIRIMBLS2HBATRT .

BEER BHSOBREELUTKRRARERTS. T EEOREQ)
L9 HRE -V RBEBOBBERAFIROL I ICKENS.

N K
1= ﬁT g:'r tarnk=Nar

n=1 k=1
tarnk<E{0, 1} (n=1~Ngr, k=1~Kar)

LGTIKEZ UGT2kE """ U TRk (k=1~Kar)



ZOHBOBBOREELRRIZ—BTHIOT, RLAEF 4+ —¥ T YIViCH
WTREAOBBEERG 22873,

K

DE
2. upe1k=1 p
o Tl 4.21)

upeix€{0, 1} (k=1~Kpg)
E5IEREQR LY

UD51k=usuk=UM1<KM—k+1)€{0. 1} (k=1~KDE)} (4.22)
tout=uix€{0, 1} (k=1~Kcp)

3%, IiEL, Kpe=Ksv.=Ku, $LUPKcL=KuTdH 3.

gestifE  BO4.9, —HEL T, FA—ELZYIVIZOVWTITRIFE—

DAHABERZRLIEDDOTHS . T« —¥ LY IV O IIHL. b

SR LS cEX(LTES.

P8R ix=ppexFf¥1x+ apex & 1
QBB 1x=r pexF¥1x+ s pex 8 ¥ 1x
Foex 08B 1xSFEB1xSFoex 6 1k
e (0, 1}

Z O OBREE ORI L TOABCERLSTETH S,
FANFIHIARER H4.100BHRIF AN A 7 H ZAREBORGHE
Fe! LNGR Y7 DOMES t OBRZRLILDOTHS . MBBPORE
DREBITF LD, RADLSITHMBNE —VIZ k> TRET 3 HE
v REHECEG TET.

P = y (T g coeeesrerssesomsresssressantsissassetasetasserassnsscananes (4.24)
F-HAL0OERZTRT LS, RBICHEXATH3EL2E T X 5 ICBif
Exolk - TR#T, t28EL, RAO IS CHKA VA7 H AREE 2R
HMES0—REBRTERTS.

Fs=al+blt}
t=tst

(k=1~Kpe, m=1~M)
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51, FeCBAGNBBORA NI ABRETZIESCHH A8 —1
VREH, 4%, BIU¥D - - Fa—F A ERBICXoTRANFTH R
Mﬁf%aiﬁm,mﬁﬁmj?%ﬁgﬁaé.

K K

. GT GT H
Fsémn{ > Foarxttarnks 2= PG Hk UH1k,
=1 k=1

=

—

k

A D

cL
> (pcxGelk+ qoux) u Cle} """"""""" (4.26)

k=1

IRINF—+ NSV H ITERER HA.8» BRI NF—DONRSY

ABLTTBRBERI KDL S IcEFIXNS.

- 87 ’
K
Pd(m)z }E‘,EPg‘glk+ g P(}ﬂ)k
k=1 k=1
-BEEH
K N.. K K
E hdm < ZT:HE b+ }“_Gj sf:TEhg'y,,k— ( ZM E"ﬂi’ﬁE”‘f’R)
k=1 n=1 k=1 k=1
-{KEEH
E“’“’éES’B‘*’E%"‘EW
-BERES
K K
ZTHGMH-hk: ZS:HthlKlk
k=1 k=1
\
- KERSR
KsL Ksu Su o
Gi™s ST G®in+ = G®ix— (G‘Fg+ 2 G+ = GS’L’M)
k=1 k=1 k=1 k=1
-BEXR
K Ny K
ZSHleﬁik=; AV_G-T ﬁTQWnk
k=1 n=1 kai

K K
ES:LQgYm-—- A?EEQ.S?:)IK

k=1 k=1




- Rl

N K K K
F= ﬁT ZGTFg‘?nk= ﬁLFS‘L)m: 5_-}1 F ¥«
n=1 k=1 k=1 k=1

(m=1M) eeeeeeeeenenss (4.27)
HHBE S THMBOSMBEEC ), FE%E A TEREONNR
PR BN B U TERE T B .

Kpe K K
Cee=R | = copexepeix+ 2 cuxiMixt 2= CTHK M THIK
k=1 k=1 k=1
Nor Kar KsL Ksh
+ > = carkMarnkt 2 CsukMsLikt 22 CsHk U SHIk
n=1 k=1 k=1 k=1
Ky KeL
+ 2 cHxiHikt 220 CCLkMCL1k+CTR+CDG+CTG) (4.28)
k=1 k=1

P&t AR EEC - D EMELZHOTCHETS. iU, B OUER
BEc BRRMEX t 0—RE¥TEEINZDHDETS. TS

Csi=Re }
ci=di+et

—%, FHEAR L LU CERCHEHB SN ABHRECEHOa R, BHTNC
HKANAIHZADaARb2EAZ. AEH, CEH, BLUEKRAINFITHRO
BiizzhThoa oc, bLUoeos2T3L, AEBLCEMH, Z5TKEK
ANWATHADAX M ZNEFN

b Koe Ksu
Cvo= 2 { 0aF R+ (ﬂc( > FfRu+ = Fg'ﬁlk) T ™

.m=1 k=1 ‘ k=1
....................................... (4.30)
M
CVB= > (ﬂBan)T(m) ................................................ (4.31)
m=1
kixs. Lkeh-T, BB TH 3 FEBRERC . &
J=C€=CfE+Cf[+CVO+CVB ................................. (4.32)
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4.5.3 mERIETEMECRE

4.5. 2HCTEME nicRERHETEIFE %2 4 . SfichAN BRI E-
THESERITE ¢ REERAENECEENC BT 3. SMiEN2 -V
U, AR, #i0, HRECRERS. COL¥E, 4. AMOREE
EEHALErY, RAHBO—oTHZRMESIKN AN 3 7 H ZRERC
EEBERT 20T, FA NI THIREN S 3 MiEH OBBRERG R HRH
Ex 2 ABICRETBHENHS. LiHoT, SITRELINCRET XS5
BERHEOFH2ERAT3. $TFERAMBC OVLTHEL2REL, BR

Determine the scale of each equipment

to be selected as constituent

l

Determine the insulation thickness

and the operational policy for voyage
patterns in which the boil-off gas is

generated

Determine the operational policy for

other voyage patterns

Select other
equipment

Calculate the value of objective constitution
function J '

Y

Find the equipment constitution

vhich minimizes J and determine it

as the optimél one

FM4.11 BBERIHBEOFIH
(LNGHBF4—EN - HXE2—EYVEEI AT L)



BWEC e2kD3. R, ERHBCL3FTARC o2 KA N A7 H RRE
BHBMBNR VST SEARC oL, FHERIZEORAN AT H RFE
SIEOREEN 2 — Y IR T B EEBC IS, Cr+Clot+Copki/MET
3 L5 BEFRME S B KA N AT H RRENH BRI & — Y OBBERSH
BRETD. RIS, FANZITHIAREBZWREBRBENA R —VICo0WTH
RS EEELEY, CheR/MET3 X5 MBERERE2RD 3.
PLEDFHE 2T RTOBERRI SV TITY, X(4.32) 0 J ORMECHIET
ML BERLTS.

4.5.4 WHFEHEG

BEEE EHAHAEOF ¥ HRE2—ELVEHEY RF LOREEHE
273 hlcy, BT CRERGE2REL . SERH#EI=ZEROR
o, oBETHE Ut (Kee=Ku=Ks.=Ksu=Kra=Kar=KcL=
Ku=3). L2z, F+—~E¥NTYIVRELISTRTHAT1I~3» 5BET
3. $4.5.2HTRRELSE, Fa—¥LZYIY, BEME KEFRA
S, B3RO — s Fa—F«EHL E—RIZon TR, ThThBAHH
2EEL, —C L THBHEREETS. 6, FRE-EVYRBHEOK
ARETEEH 2= L (Nor=3). F4.612, —SOMBH XTPRH
OHRBHHEELERER, 2SRRI MR EDOAAT 2 2RLED
OTH3. LNGHROMEY A 2 VIIRLTIRTE>OMBNN R -V IcKFIL
(M=6), ENx—VIcHUTHEN, BRR, BHAOZINVF—RER, KA
VAT HRARERSFTRE, ZoICERMAMEGHR2EREL . BN
Z—ym=1, AcOWTUHKA VAT HIRERHB DT, 4.5. SHTHN
RESCHRMES b HBERAR2ZARCRETS. MBS —2m=
IBICDONTRFEANFTHARENZVOT, FNR—VICHO>WTHILICH



SEHAAHRERETS.
RS ICEE £4.81, RELHEORBRESNIY X7 L ORI EH
SR, REIMMEY, SOTCCFERMEREERLILLOTHS . ZoERIC
g, BRMES t R EBEICELLE->TH Y, BHRHEECER2 X

F4.6 preBFE@EEa X b

Diesel engine
Type k 1 2 3
poex kW (kg/h) | 5.408 | 5.640 | 5.896
4 DEk kWl -1226 | -2222 | -3302
roex kW/(kg/h) | 1.251| 1.205] 1.154
S DEx k¥ | 245.2| 444.0| 660.4
Foex kg/h 920 1280 1620
Fpex kg/h | 3000 3940 4300
cpex *x10*Yen | 61180 | 72710 | 83120
Insulation material
a kg/h | 5226
bi (ke/h}/n| ~5997
t n 0.3
T n 0.5
d: x10%Yen | 45000
e x10*Yen/m | 525000
Fuels
Va Yen/kg 60
vc Yen/kg 48
Y8 Yen/kg 70
Capital recovery factor
R { 0.1558
F4.7 MBNEZ-YV X VY —RE
(LNGH#T 4 —¥W - HRE—EVEEI AT L)

Voyage pattern m | P9™ k¥ | G9™ kg/h | E4™ kW | ERe®™ ki | v ™ | T h/Yean
Loaded voyage 1 29420 1100 | 1900 0 0.87 3744
Ballast voyage 2 29420 1100 2000 0 0.81 3264
Departure and arrival | 3 7355 1000 2650 0 |o 192
Anchoring 4 0 1000 2200 0 0 430
Loading 5 0 900 3120 1500 0 240
Unloading 6 0 1100 6050 0 0 240




EWARERTHIV Y - X VF-FLUTCHEDHZ LNGOHEHER 2K
(MxBLIBRAMEZ>TVS. TOGHE, FANAT7HRRERSDE
A HAR—CVRBBICIZIREBRL/NEVOT, RESHEN2B3LDIC
RATIOT 4 —¥WLYIVHBREINTWS ., T H XL~ OEBHIE,
RAETCEXOLNIBORANAITHZAZBETEB LI CRAT2, 302K
PREENTVS. RAIIBREFHERGRL LT, SERBHZCHT38h0
BHBEOAFUVRVEEMB IEFRA VA TITHROBEEREZTRLILLOTH
3. #EHT, TLUTEBYROBWT 1 —¥ LY IVICI->THESLN,
AEOHVBEM-I->THDODATWS ., FEEBHR, ZBOFANVATH

#4.8 REHBHER L FRER

Diesel engine Type 3
Hotor Type 1
Low pressure steam boiler Type 3
Equipment High pressure steam turbogenerator | Type 1
constitution | Gas turbine generator Type 2,3
High pressure steam boiler Type 1
Low duty compressor Type 1
Heater Type 1
Insulation thickness t m 0.5
Cost of equipment Cee  x10*Yen/Year | 34310
Cost of insulation material C x10*Yen/Year 47910
Cost of heavy oils Cvo  x10*Yen/Year | 184630
Cost of boil-off gas Cvs x10*Yen/Year 81830
Total cost C. x104Yen/Year | 348680

F4.9 BEZEERHR
P3| Piy | EMH1y EPg EMTo ERR E® E® Ff1s{ F¥n | FH& F{

‘m k¥ k¥ kW kv kV kv k¥ k¥ | ke/h | ka/h | ke/h | ke/h
1] 25000 | 4420 750 0 | 583 0 0 | 1900 | 4800 0 0 | 1938
2] 25000 | 4420 | 1993 | 3885 0 800 0 | 1200 | 4800 548 172 | 1359
3| 7355 0 | 1837 0 0 800 0 | 1850 | 1807 749 172 0
4 0 0 | 1428 0 0 800 0 | 1400 0 860 172 0
5 0 0 | 3000 0 0 800 850 | 1470 0 | 2058 172 0
8 0 0 | 3000 0 0 800 | 2310 | 2940 0 | 2314 172 0




ABRETBMBE N2~V m=128%, FEXH M- THROFHEED
SIS, TROLEF«—¥VRBH, BERSY ~FRBMLXES, KER
SZe —ARBHONIEENCEA TV,

COBRFEFARUL IO, FFECI-TCYRT LERBR OB L &
BAE, BO6TICLNGEY I ORMEET OREZABEINCITO> LN TE
3. $AFERMOFRAOLNGRRBHKY X7 LOREFHECEHAT 3
TickoT, BFROEBHOUBRHEbITAZbOLERZ OGNS,

il

4.6 #

AETWE, REHRY AT LOREEHEICH VT, BEOREHR & RiEE
A2 EBHCRET 32 —2OREREEFEFELZRRL . RERETEE
FIRE 2 MRS E L REERERE I H8L , ZhZTnFEEL BB
BRHEEOPVI VXL 2 EAL, RIS RER2EHTES 2 2RL
. FRRHEEMNERZ OO LNGHABIEY X7 LcRBERET
B2EHLLER, RENEFEOBS» oGENCL»LERICRIHE 2
RETZZeHTE, REREEEFEOFTDIHLZREIL . &b, ZFER
MBHR Y RTLEGTRRL, O 2 V¥ —H8Y X7 LOREEEICH
HETEETHBILELLNS.



#OF RemalRia HELEI
HENRY AT LOmERGHEES

5.1 #

)

FETR, 2.5 THENELTRRL IS, RBHRIITFLOR
FETEIC BV TBBOREER L REERA R RABCAR I RET S
D—oOORFREIFEFE2 LEKNCTRT. 27, $4F oA BB
BLRUF-HEY 27 Lo L CREREIEEEo—RyERL 21T S .
T, BAMBICNL TR TRERER 2 AL, BRoMtEEEL
REE2 COBBEHOBERLLTET I L > TRERHEHENEL2ES
BEMEMETERE L LTERLT 3. KIS, HICENERS ITHBRENE
HCBEUTEE TSR s iBac o TERL 2T, 20BERTRT. ¥
651z, HRBEBRCHBRGCEL T Lo EMTIEREE2ZRL RBSICOVL
THEAMEZITV, 20RELTT. LROREEES XCIERTEEORE
LT, #nEN3 .48, 3.5 CESBEREHERER 2R EEHK
EHRHEES LR SBHERIEREHERO P VT Y X L2 EHT 3.
i, MBS ERTHEERY, BBERLRL L CEE - GIERFLRT
0-1BEHEMS IVAF VAN 2R TERER OIS, 3.6k
SRMEEMNBERDSEFETS. Lid-T, BEL LTERYONRBNER2ZR
ULSBREBEDOP VT Y X b2 MHAA RESHBREMHEERO7 VIV X
LR2EATS. BRIC, T+ ¥ IUBRRBHEI AT L, BLITELNGHRAR
A 27 L OREHFEICARERIEHEFEL2EHL LEBAETL, 207



DR HERT S,

5.2 m#EREtEtEEEO—RIERL

AT, RERHEFEZ2YER T3 LD, B4BLREBCEL LR
FTEO>RABETHES R BRANAROMBE ~Ex 2ATNERL x
FNF~HIB Y AT LOBRHHEC>VWTERTS. LVEBEEIRFTLAD
HEARY, RIFEBHACRT XS ICHBHRSEOIER, XTI RLF— -
NSV 2B LUBRERTEOEFIC IV EHICITAS. TR, BEnED
(n=1~N)OBBOANBITHATINF—~OBZ ZhFNx 5 LTy,
D2F LT B ERNVF-RBERL yITET. TMEOEHE-F 2R
L, BE—FIHLCHEBERAFEORE21T>60LT3. KL, &m
B (m=1~M)DFEAE—F 2R T DI FEBC LARF(m) 246173,

5.2.1 #BHEE
FPFEEHBHEO—o TH BT RINF D AHABERIC > wTERLLTS.
5. L — RIS EBHREBELERLILL0TH3 . BHEURRZzAZThOR
BMORTAAKGLU TR TS L e i, BEPRCBIABOHMACEIZ X r—
W AU EPBEDSNB D | Lichi-T, MBRHEEEISsthe s
ADNB ICEBBARORBE L TRR T itk TERTES . 2T
I, BERBeETEATHREBROER - £1hC X3 kSt o R ERER
FTO-1BHMBUEEAL, BREEFEERAOL I IZRT.

v =g (xP, 00 5)

x(n2) BPSXPSTE (na) w} (n=1~N, m=1~M)

swefo, 1} ) 5.1)
s



TZT, naREnBDORBORELZRTHENARE, ¢ (xT, na, 6) I8
BOAHNBIREZETER, X(n)BL¥x (n)RZATABBASOL -

TREZ2XTEHT »%. i S TR OEE « FIERH 2 R 0-1BEE
HTHh,dP=085L0P=12, EnBOORBIBEMBEDOEMAE—FT
FNFNEERES 3 VIEGRBICHB I 2TT. LkdH-T, g8 (xP,
Nn, & i,m)uf%mkﬁé FP=xP=0cBTyP=033ESCRET 34

x Yn/xn=g(xn~)?na1)/xn
;C qn = )?Ekj
. \
(8}
c
2 . : Type K
o b1 type k
Type L
Ynzg().‘n.,zn,w
qn = k]
= \ Type K
3
5 8n =1
© T 1 i
ype i
N4 Type k
5n=0

X)X (%)
Input x,
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EhHsd. B4ARLAKC, SHEIKESOREOBEL» SBETEZHD
L, BESEEZRIRLAn BRADO LS CHiiER L3bDE T3S,

na€{0,n ', n B, n K} (n=1~N) coveeeemeeeeeenss (5.2)
ZITC, na=0RHEBPERINABZVWILEZTODOLTS. THEKED
(k=1~K)DOHBEULT, 247k LREX)OHBIEHITsB2EZTooicE
FEFlkl2HFFTns., KL

0<.n [1]<n [2]<...<n 0 P (5.3)
315, TORE, SERBBILARAEEINEA0AEGYTRETHY, R
(5.3) DFREHD 5
‘ d=na/n" (n=1~N, m=1~M) -rereerereecccsnenn (5.4)
2E873.

5.2.2 XxLVF¥F— - NSY B IUVTHRERK
IRNVF~HKESDE LLREE2HE T DICE, g#8HE—FIt-

ANE

N

yd(’“)§ z: ygn) (m=1~M) ....................................... (5.5)

n=1

DRILL BT S0,

5.2.3 HHE#H

&EWC, BRI LTERLRITS. v ABCRENEFEOH
B oRBROBNMEENS. TTIRFLOERMBHEC AT, 4FEML ¢S
ZRCCEBBOVIRBE 2 FHREE CIREL CFFETZ. T5b3

N
Cf=ZRC(T)n) ...................................................... (5.6)

n=1



TITCRIERERBHMTHS. £, c(na)ln.CRINZHBOHMEO
MHRER2ETRETHY, n.=0, TBOLSHBFLREL BWIES, WM
REEIBLr3RHE LY

BRILTS. —FH, EHCHEHBE N3 ANIRAVF—~0a X b TH2EMEA
BECW, ATTZNVF—0BEES 0, EmBOOEFE — F OEMHEYEER
BEzT™:T32

M N
Cv= 2 ) (Z Xgn)) T(m) ....................................... (5.8)

m=1 n=1

Lich->T, BMETREBNERTH 3 FRBERC .

LRIN3B.

BRrLT, 102 v ¥—#8> 25 L omiEReetEmEE, X6.
1), (6.2), (5.4), (5.5) OHPRES LUBHREUROFAREOTIE, R
G.9TEXSNZENEHEEZRMETS X5 RBBESE LR TEHHE -,
HWROER - FIEREZRTO-IBBRELRIP, SIUVBBOAFHLILALVER
THEEHR Py P2RETZ LV —OOEAHMEZHHEREE LTE
R (A (I

5.3 REOBE

5.3.1 mERHEEEOERL
FEITI, B OUBSECIIERMEE 2 R TR ERELUTs I 2icd»
T, 5.2fic—RcER L RRERETHERRE 2 B SR MR A E



RS e LeRstiibl, kYoM RERe TS,
B OMEEISE L MR HEOFL ¥, B0 AHABREES. 2
T kSRS TENL, RG.1)0SEIROKRY I |

y=p(na)xP+qnn.d®™
(1’1 =1~N, m=1~M) ..................... (5.10)

2EX3. 22T, p(nn, aln)IBBuEEEcHY, e TE
U OBKELTEHRTES. T ITR, BBHEOZ(LOEE2
BEL, BBSOHEBHHEALIERFEELRTRE2 n0—REHTELT
3. REBRRS-EUVPFASOAHNBERICBENTRSN B X512, K(5.
1) DAHEABROZSEp (n)BRADIIC—ELTS.

(M) =Py  (nm1~T) erremsesermrrrmsenenessssscsenns (5.11)
Z O OHEERFIEE L PHRFEBIUTOL 5 n nd0—REKTET.

a{nn)=Qo+Qinn
E_(nn)=2(_0+_)$1nn
n=1~N)

Yn=P(7a)x,+q(7,)

c Mh= ’?[k]
> Type K
2
5 Bn=1
o
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"
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én
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Input x,
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X(na)=Xo+X1nn

c(nn)=Cinn »

BaElE~A0ZR  R6G.12) ko> THBEREHOER2ZITI &,
RG.10)H IR G. ORI n L ST OBOESRENS. TR,
UTFERT LS OZROEL2—ROFCERL , BERHHEEELES
BHESSEHENEL L TERTS. 3, n b PO 2RAOERE
BicX-oTEPCERTS.

EP=0,a0 (n=1~N, m=1~M) --reeeerreemmneeinenns (5.13)
X6 AN OBEEMEETH B -DHICX

O L

(s®=1) (n=1~N, m=1~M) ---reer (5.14)
Mn n =

BRILTBLENRHZ, 22T, RE DB EROH>OBEHBRGECL-T
BhIoehces,

n {1} 6gn)§ &g“)é n {K1 6(nm)
77n+TI K] 6gn>_n lKlé&(nm)énn}
(n=1~N, m=1~M) -eeeeeeeees (5.15)

Fbs, SP=00FESRG.15DEIXH» S £ =0, § V=103 (5.15)
DE2RXD» S EM=n By, XG.1H)IHYRG.IDIWESNB. LicH-
<, XG.13) n@EH L L H Iz (5.15) 2 HWHPREFO—FL LTEMTNIT L.
EPEBBERTH B, R6.15)IC LY § POMMEREAFERE N30
T, B neERTILER SV, ULy, BERHHERNELE BN
EHSHEEEC R R N b,

HURABORE SR CERT 3 BARSTESTHEEO T LT Y
ZLTR, BROTREZ2BICRETZ ES5ICR->Tw3., Z2tl, X6.1)
DEIRICH T BER <D, H TR G.15) DHIRICHY 3EH & P OTHE
CET R HNRE L, BROTRENSTTH 3 2L S RECE R, HIREH




DERETTS. BRxPH IV EPIEONT, TNENROBHEREITS .

2P =xP— (Xo 8P +X, £8) }

m=EP—n 5P

(n=1~N, m=1~M) -eereeeeeces (5.16)

#(5.16) DEBIC L > T, xPH LY ECOTRBICET 5505842, 24
ZFRzPH IO TRENSETHIEWSRFCERZ N TCES. F
RENBTHS LV SRER, FHBREL UTERT 3 DENEL, BE
B HIREROBEFESIETH S .

BREUT, HA IO XLF~BBY X5 hORERH ENELE A
SEHSVH ENECREL ., BENERE HURAEIROL SR hs . &
BEL, %(5.4) 5% (5.18) OBARD S BRICRLT 5 OTERAL TV S,

HiB8%K ¢

N
J=2=

n=1

M
[Rclnnm = (2P +(Xo+Xin ') 8P

m=1

+Klagn)}T(m)] ............... (5.17)

AR :
YiP=Poz{+{(PoXo+ Qo)+ (PoX:+Q1)n 1M1} 3P ]
+(PoX1+Q1OH '
ziPs{Xo—Xo+X1—=X)n M} + X -X) 8P
ers(pn®M—npitH)sE

nat(n K —n 1) §@P—nMgePSn,—n 1 5P

smefo, 1} J
(n=1~N, m=1~M) oo (5.18)
na€{0,n 1,012, nK} (n=1~N) -ooeereeeeeees (5.19)
N
yd('“)§ > y%m) (m=1~M) .................................... (5.20)
n=1



5.3.2 BRI HEEEORS

WEETHES LCRRORE  BEAHERIT I, R6.190CHT B
BSOS BRI n ORRIE, B ATIER(5.11), (5.12)1 5 B
SO PLIE : DR 2 ST EERORMOM 2 K5 — 2 2 ESTH
EFELRIhERSR N, 2 TeRBNATRELZEHEL, BEELc X3 E
ok O E D=REESBIMET B £ 5 RET 5. BAMET A SRR
¥4

K il
h= > {wakl S (Pox ¥+ Qo Qi n™— y U2

k=1 2=l

+WE (Xo+ X1n™=xx)2+WE X+ X1 n™—%x) 2

+W[}(](Cln[k]_ck)2} .......................................... (5'21)

3%, 22T, xPryPREAThkOBRBYZ AN HIOELE
DOMETIEF 4202, TLLYRIZOF—282ET. Xk, XxP
XUl A7 ROBBORBFEE L IWHRFEECETZzET—222h
FnEY. WH~WPREARHTHY, BHOEOA—IHBELLILB L
SICRETZONEZ LN, 2270, WH~WHomlEr LT, 2hZ¥n
1 g‘ v¥#2, 1/xx?, 1/xx%, 1/ck?2 52 CatE2{T-o ik, WHTHEH
@1(523311-9’fﬁ%b {723 XS5CWE~WEDOE2ZEELBEIHE21TS. R6.
200 hBBDE BB DORERER
ah/al‘=ah/an=01‘ .......................................... (522)

rEENB. LEL

= (Po,Qo.Q1.X_o,¥1,X0,X1,Cx)T}

ﬂ=(n (1] . N [21 ,, N lK])T
® (5.2 RIEFERAIFEA BB D, ELIRITPLITYILIHE ST
Bekoz., $¥n M =cw/c 12WET3 L5 ICHHEHORBEN2R



TS5, RERESNLnCOEICHLT, h2RIMET 3 & 5 @S0l
B E e MEREEL2RTREOET 28T T3 . 6, BEShKTIC
MUThzaBMET3E58n28ETS. BEOBERZT & oL 2L
233 TRETS. T30 n2RD3HERIFLATHTBALBEL 2L
THMBIZRITTES.

BOMUSHEmHELEORE RRMEShRERIHENEL, 3.
4ﬁ?ﬁ&tﬁé%ﬁ£ﬁﬁ%%mﬁmywjuxau;ar$<:aﬁ?%
3. TRARG.IN~G.20»5HEP B ES I, FRYMICIXEE. 4RT &
S EBRERASEETS. LT, BRILEFCHERITI oo,
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5.3.3 REtatEEH

5.3.1E$ k5. 3. 2 BWTRRL LRERHEHEFEOBDMER
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AECW, TN TCRERHHEFELHTT 2 LOCRBESEOBE» SHR
ENBTXNF—HIGI X T LOREEEICOVWTERLTERLD, TR
74—V REH, BERKRS —FREH, 25 FHEFASOZBHEOH
R 2 MRS ZF LOREEHE21TS .
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hEYT. $CRESE, EREH, FRREEERZZhTARL, BHS
BT 3 BRBRES2RATERT. ZOYRAFLTR, BRAREYIVD
BEREFATIHAR - 22/ AP L CEBZME YL IHPFE ATk
Tt n3. T, BARABRHERES 3T « — YV EBH L BERR
& - HREBROLFEEC - THB TN 3. BRBERC S ICBHRE
BERTEEEEREIS, RN -T2 3ATD60BRTRRERGe:
RELVIVOAFEISZNThRESNDIDHBOLE TS . ERLICBWTE
AT32o0f0iE5R, 5. 285 L5.3. 1HCHAVWbOLA—THY,
FHBCEIIERBRES2RATTT.

RiEREREOENR(L  FIAERESORBREIUTOL SR
KecEs.
-5 4 —¥ VB D6)
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Foa(npan) 0 S FRn=Foa(npan) 8 88n

O B8n= npen/ nbd
dg~<{0, 1}

(n=1~Npg, m=1~M) ------ee (5.24)
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- EKERR & —FFEEH (T0)

Efn=pra(nrten) GRat+ arae(nran) 8 ¥a
Gra(nran) 8= GRS Craln tan) 8 Fn
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n=1 n=1
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BHEr ETEHEROBRBERZTRLELOTHE . WTNOBBIZHOVWTH,
EF—LOEL5.3.2HOFHICI->TRELLELRBL—RLTHY,
HWRHEr RTHEEROEREL2SHEINCRETS LN TES.
#5.20, ZEONKE THIHMOMBY A I VBV TRESNLEHO
REHZEHT-FICOVT, REMB I AT LICHTIRRS LTBHRE
B, R T4 H5ORARER, Lo ICEHELEGRYE 2%
BULELOTHS. 2T, ThsnBERE— Ny Rti@AAEL2E
BULEHS, BEESHER2RETS. YXAFLEREBE, 2hThRs51
WCRIZSEEOBBEOME, 6EERREL L, Kog=Kre=Ksa=32 L.
FBBBORAREAEEH 2 Noc=2, Nre=Nea=1l2Ll1. 5612, B
A EFRER 2 R =0.1558, AEihii X CHEBOBME 2N Zh oa=60M/ks,
»c=48M/kgt L 1.

#5.2 EHE-Fzx V¥ —RE

Operational mode m|GI™ kW | E™ kW | G kW | T™ h/Yean
Rated load 1 1245 1590 8715 6744
3/4 load 2 1245 1690 6536 336
Departure and arrival | 3 1245 2090 0 216
Anchoring 4 1245 1390 0 1464

£5.3 BBOREERE REEALK
(F+ —EVMRBHEY AT L)
Equipment constitution DG 16 BA
Type 3 Type 2 Type 1 Type 1
m| Eg, kV| EfR: kV| E¥ kW | G, kW
1 0 501 1100 0
Operational policy 2 0 822 368 0
3] 1280 810 0 1245
4 646 744 0 1245
Capital cost C+¢ x10*Yen/Year 2184
Operational cost C. x10*Yen/Year 9228
Total cost C. x10*Yen/Year 11412




FO.IIRBEHFEC I > TH N B OREHR & RBFEAFH, 26
CIEREREZTRLICLOTHE . ERAHCEL TR, € -Fm=1, 2,
FTROBHTRX 22 /4 onRRA2ABTCE 21548, BERRS K
REWHHOC, FRF Y URBBIBHNHICEE Y n, BERSEHHE
FhTuns. FEMAE-Fm=3,4, T2b5%H R - 2a /A P»6R
SHFRELRVIRES, BERR Y —FREBB LI v BBDROFTHT 1+ — ¥ IR
BESEEIATH3 . #ESRCEL R, LEOERAFE2BEMCER
LIREENTWS. R ATEAE - Fm=1Tk, 24 710EERS S —
FREBEBRIBFHR - 22 49D 50BKRZTRTCHAT3 ¥ TERN
DT, LHKRERHBEOBEERR Y ~FREBEBLERE T IRLEL SN
3. L2LEahs, BERSRY —FHRBEBORBICLZ3RMEOEMEILS,
T4 —ENRBBOAFH LRV 2 LFCHAREZENS 2 HBEROHIC
Y, OIS THBERBESNATHS.

DESRUR IS, ARERHHTEFRC IWTRECEELE->TVS
BEOBRLERASREARCYRILRETIILSTES. 1o, #EHR
E2—o0EBCI-TERL W3 0T, BETRSBBEAROEESRNS
WIEESIE, FFEREIFCEYTHILEA LGNS,

5.4 JEREORES

5.4.1 =mERFHEHEHEEOER

AicR, BEOHBHECTERBBEORT —~ 22 L VBEILETRLY
2, 262 ERTHEECERELZ BO BRI OVWTKRETS3. Likh-T,
BEBIE s L CHNRHFTRAZEHRCEL CERB L 2 Y, BB HERE



2 BEHHEHIFRERE L LcEeRET 3.

pEs ottieteit ¢ MHREEOIL  HBROMEFE 2R T AL ARRKC
DNTIREX OBEELNSTRETHZH, 22Tlk, FHEOHBBIC-we=
REC X3 EN2EATS. 705, RE.1)OBIROERe 2

(XM, nn 0™ =pna)x™24+q(nn)x™+r(n.gd é®
(n=1~N, m=1~M) -eeree (5.32)

243, 22T, p(na), alnn, r(n.)3BisstgEStiicdy, M
2ETHHER OB L CERTeE3. 1, A6.D08E2R, 5 LuR
(5.3 BV CHEHREFEEEETERX (1), X (14, p (na).a(nd),
r(nn.), BEFIERG.OCSOTHREBOWPRHE 2R THRC (na) 2,
RAD LS IC2NEN N DRBIIC L > T—RIGICKETT 3.

x(nn)=Xo+Xinnt+Xz2nn?)
x(nn)=Xo+Xina+Xznn?
p(na)=Po+Pinnt+P2nn?
a(nn)=Qo+Qinn+Q2nn?
r{na)=Ro+Rinn+R2nn?
c{nn)=Co+Cinnt+C2nn?)

B AYOBBORERE LIERFEER, chosoBcl->THoBER
(EEIT 3z eHTES.

HYRGEROBKE FHRIXTHRAT 2 ROBBENEREHEERO? VT
YRACHBVTH, BEOTREZRET S X5 -T0s. coTl, R
(.1 DE2RICBI B ERxTOTRECE T 2 HNRGF2EHOTRESS
THBVIRHICER, HRGEROBREZITS. 7305, THER

zP=xP-x(na)dF (n=1~N, m=1~M) - (5.30
EoT, xPOTRECHETIHNEHF2 2 POTREBZETCHBLVWIR
HIZERZILHTES. TRESETH3 LI RERFBIHVRGELLT




EWTBDENEC, BROCHBRAFBOBRNSTETS 3.
HRELUT, H4 10T XVF—HIRY 27 LAORBREHBEHEC 53
BB e HHRFRRAOL S cEE NS,

B #IB3#K «
N M
J== [Rc (na)+o E{Z(n'")‘l'i(nn)@%‘“’}'[“m’] (5.35)
n=1 m=1
B -

yi=g (2P +x(na) 8%, nn, 61)
ziP={x(ns)—x(na)}dP

™= nan't (R=1~>N. m=1~M)

----------- (5.36)
sm™e{0, 1}
na€{0,n 11, n 2 - K} (n=1~N) -eoeeereeeeees (5.37)
"
yd(m)é = ygn) (m=1~M) .................................... (5.38)

n=1

5.4.2 REREEHEMEEORSE

BHEHES JTCRBORE  5.4. 1ETRN XS EEEL21T-
RiEs, RE.JDVCHEAZREOBEL X G.3NCH T 2 BB 2R TR
Bn ORBEZRETZLESHZ. 2 TRE.IHOBERBOBE LEKIC
R REZEAL, BHELIC X3 EERF -2 DE L OZRRELR/IME
T3 E3CHRETS. TRd5, FHEEK

K [
h=3= [W‘f" = {g(x%,n"™, 1)~ yFPR+WE{x (n™) - x«}?
k=1 2=1

+WQw§xnmn—§ua+wwwc(nmr—cgz] ------------ (5.39)

2RMET B EHICEHBRZ ML



QO, Q«vaZ; R09R1v RZ’COvCIvC2)T

[21 ,y T [K])T

I'=(Xo0,X1,X2,X0,X1,X2,P0,P1,P2, }

n=(n't,n
RHRETS. ZOoRMOEEEHEGE S UERERELEETcH»Y, 3.5.15H
TR BN SBREOBERIC Lo THERIERICBL I LB TES.
EOMNESI At EEOMA  EXMbE hicR SR FHEEE T, 3.
SEH TR BRI HEEROP LTV I LI E>TRL ST
3. $1:5.3HOBRKOES LARCEEHECIBENERIEFET S
ko, ZHROBBHER2ERL LIBEREEOP VT Y X L2 EATS.

5.4.3 REHEtESM

5.4.1H&LU5.4. 2HIcBWTRRAL kRERFTEFEOT ML 2
BRIET 3 s, MA4OLNGHRABHKR Y X7 LoREIEICEHT 5.
BHEHR4.4. 2HTHERRDBOLA—THY, T+ ¥ NEBHLELR
SR - FHRBEERIHARETS.

mERetitEEoER‘E ‘bbb, 4.4.2HB L05.2
gicAHWRES2HVS. FLFRBE I BRIBBLES2HIATCRT. &
T, F—VIRBRLEERR X ~FREBBOHGBFEE2UToL S cER
£33.
-5 4 —¥ LB D6

E#n= g p6(F 88, n pgn, 8 8n)
Foa(nopan) 0 8n= FBn=TFoa(npen) 3 8n
8 %8n= noan/ nbd

sma<f0, 1}

(n=1~Npg, m=1~M) -o-eoe= (5.41)
noan€{0, nbd, n®, -, nbé’'} (n=1~Npa) - (5.42)



- EKERR S — KRB (T6)

EfRn=g1c(G%n, n Tan, & F&n)
g_TG(nTGn) 6?‘8n§ GRa=CGraln tan) & ¥a

S nran/ nt
{0, 1}

(n=1~Nr7e, m=1~M) ---oe-ee- (5.43)
ntan€{0,n%, n®, -, n%'} (n=1~Nrg) - (5.44)

BESESORRE» SREENZO— « Fo—F 1 TR, N1+ Fa2—
74 FHE, b —%, E2-vY, BITCERA SO ZAThAK Q.
B)OBRTRINZDBOLL, TITREKTS. RIS, TERNE— NS
Y 2B ICFRERER A.18) 0B THEF K L kiZ2LToOBINZEBHID
DIck->TERENS . BRI, BMETREENELTH 2 EREEHER

Nog Nrg
J=R1{ = coel{npan) + = c1c(n 1an)

n=1 n=1

M .
+ Z (@aFR+ @ cFIB) T coreececceerentmececnccacccenn. (5.45)

m=1

rRENB.

BEB IEER 5.8, SEEOXA 707 1 — ¥V REBBOEES

HERLELDBDOTHS. 4.4, BLOICRT LT« —~ ¥ LVREBHO
PERERHE E L CRBE-ABHHEERBERZRSTHEEL . UhL b,
CEBICRES. SR T ISR AAF ULV IV EWEFT VRV TCREYE S
FL, 2RIDVHEEFVAN B3 VRBEF VAN CRGEHSET T 2 dhig
LE->TW3. —F, REOEERR Y ~FRBRORBE-RIHERER
X, BA.TIORT LSS LAYERLELTEINS . Ths oiits X
URIERORT —% 2V, 5.4. 2HTORL LGB ES S BERARERY
BHERORHE L ZRYOEZREL . ZOR0RE, HREFESERD
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—RERISEWC ., BIUVZEEOR A ToRBEBEROBEBL T I
5, %(5.32) 5 LU (5.39) O REEED T+ TS .

HHE—FLLUTRL2ASTRIMEBNAL—VREZZ, ULILEML, TN
TOEAE—F2ZRTICRIARGERML2ET3 0T, Ri20#EFE—
kD55, ERESEERENE RREC LRA S TR RET 0L
#2603 m=1, 30EAT—FOAEEECAN, BERHHELT1.
2 OMOERT— FIZon TR, HENREREEREETFREREL .
F4—PNREBHLEERR S —FREBIE, 2nhFhn5.8, H4.TISRT=
SDRATOME» SRETREL L, Kpg=Kre=32 U1, B ARET]
E¥EZNpe=Nrg=28 U, 5612, BEFXEHRE%2 R =0.1558, AEH
IUPCHBOBM2ZZNETN 02a=060M/ks, ¢oc=48M/kg& L 1.

%5, 43 BB HEC £ - T 5 N MEOREWER L REHRLE, &

103

2.0 I
Z
8
L

1.5
3 .
o
a Type 3
[
O 10+ —]
o
3 Type 2
Q
L 05 —
O Type 1
<
w

I l
0 1 2 3 2
A-oil consumption *10
Fos kg/h

5.8 7« —YILRBHOMRSH
GEREHE 2 ERL IBE)
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STIEMBEZRLEDOTHS . ZOBEOREHBERIT, 4.4. 417
TR 1A 3@) OBRICBVWTR/MEFEEEOR» 5 =8D, TR D5
BOBARBEUARER 2 Ne=Nr1ec=2¥ U LB ORBBBERIC—RLT
By, RUBKERZEATVS. F«—PIURBHE, BERR2 - FRBH

HILZHEBEINTVEY, BBUROFWT « ~ELRBESPOICHEHER Y
nTn3. BERRZ - FEBHIBHIFTEESZIVEEICOAEEZRIATL
3. 20Xk5c, BEOHEHE - FIERHFL4 . 4. 4AHTHENRIFEL4() DFER
rEBOBMZTRLTWS. LED-T, T4 —ELRBHEOMEBHEHOTK
BMELIC X 2 WRERICET 3 RER\OBEILBINEVWEERS. &
NITHEFEOERBESIT LI ICBET3 0L EZR 513, LHLI
BE, FT4—ENVREBOAF LA MCRESHBHEESRONS . AW,
HEE-Fm=1TR 20T+ —ENVRBBILHCHPHOEH LI THE
EXhTdy, A4 OERLIER > MZTIL TV . Thix, F4.
BOMEEREN CI BB YRBRAAFHF VANV TRALZZDICHL T, K5.80

5.4 HBOREHRK & RBFEATH

(LNGHRBHEGY XT L)
Equipment constitution bG T
Type 3 | Type 2 | Type 3 | Type 1 | F® ke/h | Fi8 ke/h
m|Ef: ki | EfR2 kV | E®, kV| Ef, kV
1] 129 704 0 0 404.2 1491.1
2| 1198 651 0 0 375.0 1767.5
3] 1360 740 0 0 425.5 3184.3
Operational policy | 4| 1264 686 0 0 394.1 3376.9
5§ 1400 764 0 486 41.2 2280.9
6| 1400 800 0 0 452.0 75.2
7 1400 763 0 957 441.8 1665.3
: 8 1400 766 3000 884 442.4 1258.2
Capital cost C ¢ x10*Yen/Year 3518
Operational cost Cv x104Yen/Year 104460
Total cost C . x10*Yen/Year 107978
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HRER M OBAICRBIAEA VALV TRAL BRI IDTH S,

PECRU XS, BREHED T LOREEEICS W TR O
B Y ORI ZRLLEETY, FRERGEITEFEC L->THED
BEEBR L REERAAREARICHRICRETEI LN TES.

]

5.5 %

FETIX, RBHEY XFT LOREEIEICH VT, BROREEHR & KiEHE
AAE2AHCHE IS RET S LOO—FERERL k. BREBCHLT
HRHAELETRMER2EAL, BROMRNET  RIFE 2 - OBEHZH O
B LTI LIcE-> T, mBEREFTEMEL2 BEHHELItEREL L
TERMLL 7. BEHEE, s IUIEREREL LcoEXzRL, 20
ML T2nEN3 .48, 3.58CRRAL LESHHETHETEIBEES X
CESEHMTEHERRHEEOP VT Y X L2ERAL L. 20K, ZHREOMK
BHEKRICEBL, 3.68TRRUVLEROBENERZ2EZRL LoHRE
EOPNTYZLZEAL . BRBIC, REFTESBHAIC LY FRERAFHETF
BRoBMEERLE. B85, ZFEIRBHEI AT LETTREL, iox
FNF—HE Y 2T LORFEFECHBHAETCHB LEASNS.
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#0% BnBilamiEEC
HEfRY 27 LOREETHERY

6.1 #

o

FETR, BhoRBsnz o x V¥ HGHORBHKE Y XF 10—
FleLT, FRE-ECVRE - BRI HXRABHB O X7 21T 3 53
SHEC Y WK T3, IR TRV VOBRETCH 2 EAHEOAH 2]
T, EEEOBRY» SERAEER/IMET 3 L33 XT LEREROREE
BAKC VTR T2 . BRERALFRCHVYTREE - F1hc k2Bt
FHEoFERE, $ICBIAFHEEC I3BBBROT(eZRI- AN, &
EEAERE 2 BB ERE L Ltelikss. RlEkitgEcsy
T, 3.3f8CRTF LB EERREHEEOPVIY Z L2 EHT2. &
BB 2ASCEETES L5V RTFLERT 2 0BAADER, B
RIS RBECHEZITAZ LS CEBREROBHBEERELEATS. 51T,
EM2AL CHENCREERSR2ETTES L5, BEERAREEY
27 L2HETB. BBIC, HAX—EVHERB - BRKAASHARBHBR IR
TLOHZHAGE R REAMNKREBEAL LT, RiEEAARERY X T LICE
SEEMOLRXNF -[EOEHNT 3O XF LERBRORGEA AR 2
BET3Lebis, RV XFLEDURICE>TIYRT LOFHUOERL
FHERECTH 3 E XN F - HOBFHOFMMRITY . ok, BEBOWH
HABSOREEELE, BT IVE—H, &ICEBEAOBECOLTNA
SAPYYIBRGHRITS. i, RBKI AT LOERFRO—ELT
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kD SRBENTVAMEUDLRPBNBUELRN VI k3R 0B
y, BREEAGROFAELERT.

6.2 HRA—-EVER- BREIASHAMBHEY A7 L

H6.1, ZROMRLETIHAZ~LUVRE - BRAKXASHARBOHIEY
27 LO—RIEBERZRLLLOTHB. T ITR, ABHE I A7 L1
R LTH R -V RBBRPUERFA S0 TR, SESREBPE —
PRV, BRRET EORMKEBRLERICANS . FLFERCIZEN
BECMAT, YATLOTERMRBBTH 3 BH S —KHHMPE — XY
7, ZOMOBRBETHIF Y TOHAE, BITBEEEHBHEBL TV 3
RBOBHTBELERICANS. F6.LCH LT, BBHL LESRLUTO
BHTHB.

BA : HEBHFKRA D

BY : B KA

CE : BE& —~FSWRBHSHE

CG : HRE—EVREHL ~RIGHEERGHE
CS : BRLISHBRHGRE

GT : HRE2—ELVREH

HH : ERBSFRICIRES

P : E—bHEVT

WV : BB ARIRSE

PC : BEBAKBAKRYT

PH : BEBHBAKXY 7

PV : BRIBARKEY

RE : BE& — KW

RG : H & —b VRS & —F s
RS : RIS
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FLERBIRR, —FERRIBH, ZABKRRIR, BRIBBofNnEZhT
nFET. |
A2 - YRR - BRAXAASHFRAcE, #HA 2RI 24—
VRBHLERC Lo TRAMBEK YN . BAR, YRF LEREMNTHS
BE & — KSR — R T ¥ OXH, XY TORHE, BEIBON
HoNERHEBOBN, BIUVRBERANOHRBHLLTAHAVWSNS. &1,
HRE v RBBICIZEERBN2ERBEE IS T IHSL—ROICE
B33, BHABARCRIRBBHLEHB L 0UFHX, BITTHAANS
3. CCTRBHRKZ -MEARK L BIBHRKICHT, TRE—EL VR
BEOMOBRERELBAREL OBERRB2 - RCEETESZ IS5ICIR
FLEBREIT>TN3.

HRE2—EVhSORBIRBF AL THRY A, BT X VF—2L
THRY—FHCHBAEX NS . RTXVF-BRETIBEICR, HHH X2
BEIET3RMPRASCI->THBENS . FTLAMRBRRREEEAS Y I
BExnzd, .ITRINZRERLLTRLTWS . BEAGKREE—F
YT, BEa—FEEE, T2 —CURBE2 —FQmiE, RRRIRGHRE
DXFBIZIC - THBEND . —05F, BEB IVKRBAEKIKAIH» SR
ET2RA[LMTRMRITILICEST, e bRV FICI-THB TN
3. ¥XLIRRATERS JUMBRASIck->TfiGE 3.

6.3 BREEFEREOEN L
TR, ZHNS ICHENCEST2ENCRTIINF-RBRENTY

RECHERL, UhbEREOBED 5Y 27 L OMAC HER BRSO
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WHEHZAO2ZX M 2RMET 2 IS ERBBOREER SR >LWTHRET
3. DT, ES. R T H AR~ YRABHKEY 257 2o U T mBEHE
HREoERX 27> . BB 3 FERESRROBYCHS.

-IRIF—B
E : &h
F : BEHEERE
G : xR
Q : BEME

Q° : BERSKAE

Q" : BEREARE

Q" : RBFHEARE
-z ol

J : EHEE

N : MEREA

P, a, r, s @ HEEMEETHE

5 : BEERoEE - £1E 2 R T0-1HUEH

¢ —RBHRES 3 VWIIHENIBARE E OER 2R T0-1BHEH
o : Bhd30REHEH OB

T, () : BBOAHSZVRIHATIVF—D L - TRIA

- T{EF

buy : H®

disp : RABEHE

gas ¢ #HIH R

n : HEnHDOBEE
sell : FXBH

- AT

: kS

2 B

P IR NVF-FE
: —RBHFRK

: BB :
O SRR LN

- 50 Q0 o
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2 : Y2AFLHBHAR
m : g
w : KBE

FLBABBCHETIREMBIS2BATRT.

6.3.1 HiBkEE

FIH6. 10V AT LOBREBETCH 2 RMBOMREE 2R (LT 3.
-HA4%—b VKB G

6.2k, HR& -~V RERBEOMERFEL U CRHERELRER, X

35
Eor
==== Qgr ’
30 p 22/
% / //// //

2 Intake air temperature / ,/ 71
2 28°C / 7.7 //’

251 L)

58]
(=]
!

o
l
o
nﬂ

Electric power generated Egr
Waste heat recovered Qgp

10—

| | l | |
0 1 2 3 4 5 6

Fuel consumption Fgr t/h

B46.2 HR&E—brRBEOMEFY
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CRRIHEER L BRABOBEKRERLLLOTHS . BF6.ATRT LI, H2R
2—CVRBHOBESHIBEICI->THORE X ELTE3 €9, 2
TRNaBEOH A2~ Y RBEIRES 300 L, REHEERFarnl
REBEEcr, ¥ IVRERAEQ0BRERATET.

Esrn=pParnFarnt acrndarn

Qorn=rarnFarnt sarndarn

(n=1~Ngr) e (6.1)
ForndamnSFarnEFarndars ar

8arn€{0, 1}
T, Parns QGTns I aTns SarnlXHERRMEEENSHEE, £/ Fora, Farnld
ZNZFNRREZROL - TRETH»3 . 6.2 T T LI, HFR& -V
VREBOBES IS OERIBRBEIC L->TRET 30T, BRREBREORK
LLUTERTS. Sar B 0ER(Sarn=1), 30 EFL(Iern=0)2
ET0-1BBEHMTHS. ¥olo, H ALY REBHONE) DRI FHHEE
HEeRATHELLTERTS.

E&rn=p&mnFaornt a8rndarn (n=1~Ngr) rroooreeeeeee (6.2)
Z D OBR BB ORERECH L THH X2~ Y RBEB AR, UT
@Y E'ENAL2ITS .
- BE# K A5 (BV)

Gewn= PBwnQBwn+ qBwn O Bun
EB8vo=pPBwnQbwnt qBwn S Bun
Qpwn 8 wnS Qewn= Qsvn O pun
dsun€{0, 1}

- #BBIR A 5 (BA)

Gsan=pBanF Bant 9Band Ban
E§ n— pg nF n+ QB n6 n

A A BA A BA (n=1~NaA) ............... (5'4)
Fgandsan=Fsan=Fpandsan

88an<€{0, 1}
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- H 2%~V BE & — KRG, BHE (C6)

Qfen=PRranF rant A rGn O RGN )
Efsn=pRenFran+ aBsndran
Ecen=rpPcanFran+ acandran { (n=1~Ngg) -=sooeemereees (6.5)
FronOren=F ran=Frandran
dran€{0, 1}

- BE & —~HNWEERE) , W2 (CE)

Qfen= PREnEREn+ QREn G REN )
ERen=pPRenEren+ aBendren
Ecen=PceEnERren+ acenORren [ (n=1~Ngg) -oeroeeereeeeee (6.6)
ErenOrenS ErenS Eren O ren
Jren€{0, 1} )

- REBR IS T B RS),, HEE (CS)

Qfsn=PrsnGrsn+ Qrsn O Rrsn )
Efsn=pRsnGrsnt qBsndrsn
Ecsn=pPcsnGrsnt acsndrsn [ (n=1~Ngs) woeeereeemeees 6.7
GrsnOrsn=Grsn=Grsndrsn
Jrsn€{0, 1} )

-k—FEY T HP)

E— bR FICRBELAOBFAE—FB53H, 2 TREE(Sfa=1), B
B(3pn=1, »3VRBBOP=1)D>5—F—F2HRL CHliETE3
borl, ettt ekATRT.

Qfrn=pfpnEfirn+ qfirndfipn)
QRrn=pPhRpnERpn+ afendilen
Qien=pHpnEflrnt qlpnOffen
Effn=pfBaEfpn+ qfBndfirn
ERn=pREnERrn+ altndlen
Efn=pMBoEfrnt aBndifn
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EfpnSfpnSEfpnSEfendfien [ (N =1~Nyp) --oreeeeeeeee 6.8)
EfrndRenSERpa=ERrndfien
Efendfrn=Eflrn=Effrndin
Ewrn=Efirn+ Elpn+Elrn
Efpn=EfBn+ERB.+E#Bn
Ofipnt SRpnt SllpnsS1l

8fen, Obpn, OMens(0, 1}

TR, R ASBEBBIUVBBRER2ARICITS B TCEBE— b RY
THELBARINTVS. Z0ES3 b — bRy 7OMEFHCHLTH, ¥
AR ERDO XS RS TH S .

— BEF5 FIMAC R (HH)

QRlun= P uun G HHn
0= Guun= GHun

- WiEHRACIRE WV

Qfwn= PHwnGHwn
0= Guwn=Gnun

- BEAEAREY 7 (PC)

} (n=1~Npypy) cereeeeerrrmeeessanrnosserannnne 6.9

} (N =1~Npyy) ooerereeeemereemmeseeececene 6.10)

Ercn=prcnQBcn
0=Qfcn=Qfcn

- BB RiRAKK > 7 (PH)

} (n=1~Npg) crocrrmrmeresreeeornraneenee. 6.11)

Erun=prunQBun
0§ QBHn§ QBHn

- MEHEAKE > 7 (PW)

}(n=1~NPH) .............................. (6.12)

Erun=pprunQBwn

(n=1~N ) .............................. (6.13)
0= Q¥wn= Qhtvn } o |
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6.3.2 TRIVF—+ NSV ITFGRER

H6. 1 6B LA NF IOV TLUTOT RV E— . ){ﬁyxﬁsiveﬁ%%
BERAMGESNS . BACOOLTR—RENRFE L B BHRKICST, BR
BEBLBHIRFK e OERERE T T ERE EAVTERTS. £ =13—RE
AR oERE, T =0RBNBARK L oKLY. H6.1TRER
BRe2ETZIAvFR2EHOMBOLICT L TRRLTVEN, T2kl

REEDZOHB—B LIS R2EE TS,
- —REHHBR
Evuyt+E&=E:+E*+E®**+E®*4+E 1.

Nor
E&= > {aernEamn

n=1

) Neg T
E#r= 3 &RenErent 2 & BpnEupn

n=1 n=1

Nar Now Nea
Ete= 3  §8rnE&nt 2 {BvnEBwn+ = £ BanE Ban

n=1 n=1 n=1i

NRG NRE NRS
+ Z: gﬁGnEﬁGn'*' Z g&EnEﬁEn"' Z gﬂSnE§Sn

n=1 n=1 n=1

Nup
+ 2. §hfpnEfen

n=1

N N N
E&f= §EE§55nEcx-:n+ ﬁsgéSnECSn"' ic§ 5GnEQGn

n=1 . n=] n=1
N N N
+ ic§5CnEPCn+ ZE-Hé'ﬁHnEpHn'i' iw§ fwnE pwn
n=1 n=1 n=1%
E*=E®¢
- BB B

EéT=Ei+Eim+Eia+Eit

N
Edr= 3 (1-& atn) Earn

n=1
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r (6.14)




Nee Nup
Eir= 37 (1-& Ben) Eren+ = (1-& Ben) Enpn

n=1 n=1

i Nar Now Nea
Ele= 30 (1"§ &Tn) Edrnt+ = (l'g BWn) Egwn+ = (1"§ gAn) E Ban

n=1 n=ji n=1

N N N
+ 5 (1-& Ben) EBant S0 (1-€ Ben) Efent 5% (1-€ Bsn) E Bsn

n=1} na=j n=i

N
+ ‘viP (1'§ ﬂPn) EﬁPn

n=1

N N '
Eif= 3 (1-& en) Ecent 3¢ (1-€ &sn) Ecsnt 3% (1-£ &en) E can

n=1 n=1

N N
+ 3 (1-& fen) Epcnt S5 (1-& Bun) Epun+

Néc
n=1
"i:w
n={

(l'g an) EPWn
n=1 n=1
Ei=Fid
................................................ (6.15)
-5
N N
ﬁwGswn+ gGBAn W
n=1 n=1
Nuw Ny Nes r (6.16)
=0+ = Guun+ 2 Guun+ 2 Grsnt+Gaise
n=1{ n=1 n=1
G=Gd 7
- SBREHEBK
Npe Neg Nes A
Qe= > Qfcn= > Qfent+ 2 QﬁSn
n=1 n=1 n=1
Neg Nyp L eereeeeeeetesaaenas 6.17)
+ > Qfen+ 2 Qfirn
n=1 n=1
Qc=ch )
-BEHRK
: N N N
Qr= iHQBHn= ZH:HQan"" ﬁthpn
=1 n=t =l ceeeesessesccrecaeen. (6.18)

Qr=Qr¢
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- ¥ im Aok

N N . N
Q,w= éwQ¥Wn= EHWQHWn"" ZHPQﬁpn
n=1 n=1 n=l ttettereesesecsseeess (6.19)

Qv=Q~¢
~ BER
A RE -V REBM Y BRA A SRk Y k—D2zy P EL
THBEXNBBENBOT, RKADTZNF—  ASYARXSNEL B3,
Qorn=Qpwn (N =1~Ngr) -woorreerrreermeseeenecoc.. (6.20)
tetZU, Negr=NpuTH3.

~ #REL
NGT b
Faor= 2 Farn
n=1
Naa ‘
FBA= Z FBAD S R R T T T L L R L T T T X Tty s (6.21)
n=1
N
a
F ra= é F ran
n=1 J

6.3.3 HIBE#
HEEAOEME LT, EREOEAY» S BURHMYS Y 0EAE, 3313
ANTELVF—TH3 BB LEWHA 202 X b
J=WbuyEbuy"‘0sel\Esoll+‘¢tas(FGT+FBA+FRG) (6.22)
BHEEAL, TOBIMEEELZ. TIT, Obuy, Pse11, PsasitENTHIEH
B, ¥XBH, BIERTHAORMEERT. 6.2 CRPEABAC I3
AZBDOIXPLLULTERLTWVS,
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6.4 HEEREEORE

6.4.1 REeBYUREIEEOER
6. B&TEK{téfﬂt%ﬁl’sﬂuﬁﬁ'%‘)X?‘Amﬁiﬁgﬁﬂﬁﬂﬁiﬁﬂ. b9

(6.1)~(6.21) OHHIFRGH L CBREREHROFAREOTIC, R(6.22)0E
BIBIE e BAMET B & > R MBEEAS R ETERERET B 1 5> o0k
SRYRMIEEEE 22, 220k, BELLT3.3MTRREESEY
BEEREO P VIV X L2 EHT3. 5.3 1 HTCRLEES IS, B
BRBBEOANBRZRIERH L CEBER 2TV, AHBOTRMECET3
RG22 ERBOTROTHEEAVBTH I L S REICER, #HURGEH%
EHT3. exiE, FX2—CYRBROMESEEZETR6.1) 0%3R,
TROLRENHEROL - TREICE T2 HURGR, THEHR

Féra=Famn—FaraBara reremssmmsssinsssissssisnnians, (6.23)
il o 4

OS Féra= (Farn—Farn) Sarn wwoweseseessesmeeuecuenacees (6.24)
T3, RG.20DF era202 WS ARG IESBRBHHEEO7Z NV
TV ZLICHECHARENTVBOT, HICHPRRGEL L TEZERTILE
B, MRS HBRARS—DHD TS . 2 OMORRMBICo01TY,
ANBERTEHRCBIL CEHEREITS 2 BIC X - THARGHOERST]
s, o o

6.4.2 YRATLERT—20OBAAN
HR2—EYHBOHEY 27 LI 51 3 MERRICI S C ORBEH S0 ,

EBBEERC oL TRETASRERY T LENEL 3. TOBE, BE

BUBUHESEADANT —& 2 LT, Y5 LR 5REE 15 HHMH
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PHHRE OBERICE T3 REY» 62327 02 ERTILERS Y €7,
ZOERRBMCTHS . KL 2T, BHROEH00, HREOHIC0DES,
EHELEERLEDEIX010AXE D270 —2ERL, HIHRERCH
HBRHRRXO—HI 2Ic2 70— oM T 3 EROMEBEIHRBE2RALZIN
6w, 2R, LIS BANFERORME 2HEBI3 LDIIIR
FLBRT S OBXANEZ2EATS. TibS5, EALEhi-RiELEE
OB, ¥ IUHPRGR 2 BEEEEAOALLL, BX» o270~

e R R L L Y O O
"Data for MILP aodel of gas turbine cogeneration systenm
'+¢+¢#ﬁ'¢++¢+¢++¢¢+#0++#++¢##++1‘4#¢#§+##’#####*’f#*#*’##
’

'Cost of electric pover and fuel
25.0EB+70.0FGT+70.0FRG+70.0FBA

1

'Performance characteristics of equipment

EGT1=5.725FGT1-8.895IGT1
QGT1=7.394FGT1-9.1241GT1
FGT1<4.6611IGT1
FGT1=FGT1D+2.3311IGT1

EGT2=5.725FGT2~-8.8951GT2
QGT2=7.394FGT2-9.1241GT2
FGT2<4.661IGT2
FGT2=FGT2D+2.3311IGT2

- o - . - . - -

FGT1>FGT2
FGT1-FGT2<4.6611GT1-4.6611GT2+0.0001
L]

"Energy balance and supply-demand relationships
, .

---------------------------------------- [Vaste heat]

------------------------------------ (Electric power]
EGT=EGT1+EGT2

ERE=ERE1+ERE2

EAGT=EAGT1+EAGT2

EABV=EABW1+EABV2

B6.3 Y XFABRT—%
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ANOEHBHEMC X THBMCITS . 6.3k, YXFLERF—& 2L
TOEMNBEHAS LTHBRGEAOFAZRLLbOTH3 . BEAbv 6270~
ANOFELCIFNELZ v, BEBEHRAS LUHPFRERD> o B#H L 205k
BeHHl, REL L2702 T 3. ZHROV X MNIFIERES X 2 BN
4, FEBIC - THNBERPHHNREOBRHICEHN 382 BERTIC
T3ZeHTES. FLBHUHRERET T 5 Loic, HPRFICET 24T
LML T3, LEOoBAANEL2ER TV, F & - REH
WIOZATLOBBERZ EOEFCH U CHRRICHIETB LB TES.

6.4.3 BEREBROBHHE

6.3ficERN b ni-REEAFERE S VTR, BEoRBRELY
TERVF— - NS5V 2B ITEFTREKRRCE L 0FAWHURESRN S . X
e, RKOBKRZABICKR T I LDICELOYHBLZRITERRIT
ENCEBL, $RAHOREC LIz 2BRITIONEZLL. UL
ZH6, BELHEOYROTE, SBANE, AWKt AWCIEEEZS2
WEL, 270—28NT308EF L. 2T, HECHETE 3R
TR EMIC L > CHBCHEEL, BIBRICOVWTRELEERITo
%, BIEROREEDS S BN EREROREHE2KRD3. 6.4.2HT
BREBAANETR,

1= BaXat BaRadrr  rerereeeesemsesereiseseaeaeensaasains 6.25)

Dk, ERFVREOEDCH—-OEH x 1 B 3HE, 1 2EBEXHL
LTHIETS.
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6.5 mBEATREEYRT L

Aficix, 6.3 cEALENIBREICHT 3 REFEMATENE2 £
2AL CHEBMCRE T 3 Lo BRL RREERASREEY R L2 FT.
X6.4, REERASFRERIRATLICIZNBORENZRLELOTHS.
BUREOBELZ LU TICRT.

2FwTL  YRTFLEBRT — 2 2HA A, YRAT LOBBER ERE
+3. 6.4.2HTHERLESE, YRFLERT 2 I EHYBEKT
H>2EHE, PIUHORETH I HMBUESERPZIVF— - NS
V2B IUCERBER2BXEZRLU DO TH Y, Thh Smidi{bitsE
BT —2ER WD TB.

2Fw 72  HAL -V RBEOHEFEORAEEKEEL2ZEETS
h, BRF—% b LTREC L OARBOE2HEARS, ThlcE
SEH2E-CYRBEOUBEEEZRET 3.

2573 BESLOZIXVF-REF—&, BIUBH - BT H
&F—RE2RARD, CNHDM, BIVRTF v T 2TRDIH X% —
EYREROBBERHECEITERTFy T I TERL L2 70— %8
ET3.

27w 74 BABBREHERCE S &EHEC LY, BREED
iz FEREPEF VANV BEOREERAREZEEL, ZOKE
rEEoLICHATS.

27975 AT v 74 THRONIER2EMOATNC, FIEM TR
L, #hT3.

BH, AFv 7 2~4RFEHOANCHEES NI DXV F—REN S~V T8
2, F—OORBENF—VICHTBIREILICRERITENS. 1, &l
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HHAHERY AT L Lo TRESNIMBERL R SR 2 VF -8
DEMABREHL, ZNHESOUTEIINF ~HOREN 2 TET 3 .

@—;—/ Systenm constltutxon /

[Constltutlon of tableau l Step 1

[Reduction of tableau]

Atmospheric data /
‘ }Step 2

Performance characteristic

values of gas turbines

\
>/ Energy demand data /

Tariff of electric pover > Step 3
and town gas

[Modification of tableau] )

\
Optimization calculation

by MILP \, Step 4

Output of results 7 J

Repeat for every hour

Repeat for each demand pattern

[Suning up of results]

* Step 5
Output of results/

((End )
B16.4 BEEAHEEEY 2T b
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6.6 RFHH

6.6.1 HEIXFL

H2H - VHBHEI AT L0H2HAGTESBHICE.SMiTRTRL &
BEAAEERY XF L2 AL, AT LBRBROREER AR EET
3. FRRERSRATLLOUBIC I > TET RN F - HOEFRE LM TS .
H6. 5 NRI X F LOBEERE2RLLHOTHS. F6.5@QRBHIR4—F
VRE  BRFASHRN(IRTFLA), H6.50)RERGFR (VX5 LB) 2R
+. H6.51 B ZWBES W, HE : BB « RIBFAMTEE, PS: BHKER
HYTETRLTVWS ., 2OMOBELSREC.ITHERALLLOLA—TH%.
FRERER, —EBRRBN, ZS8EIR, BRIBHORNEZAT
nRT. |

56. 10— RETMBER L BL T, YAFLATRROEELELH3. (a)
BHEEARZENAROAL TS, b)GHIEE U TRABRIUSHBOA 2
RET3. QP HEVT7ZRELLBV. (DBEAS LIRS ORITHRE
ELTHBOLOZRET 2. )RAXBRNSHRBABSHROGH H» S, GH
KEEA Y TOHH2HRMOHLTCERTS. ORLTELERELAL.
—5, VAT LBTREBHRIHEBICE-T, FHERE - KRBHORT ZN¥F—
REBFASCIoTrNETRPIICHBENS . L, ERO—BRIKY
TORHEOT N, HLUZOMOY T LAERBEOBEE N UTER Y
ns,

6.6.2 HME#
B DS E T2 BNS LRI FF— ARSI, No0EEFY
LWEemo0RFhhroBRINTVWSE., 22k, —EBH2¥H, £8H, &K
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BeoBMU THERMCOHEOREHZ2REL , FRRBC v T—Koeic24
KEDOBNE LTKERE - KB0RRERE5A3 b0 T3, —fleLT,
B6.6(a)~ (=2 nEFn1 A, 48, SBAFEKHI 3T XVF—~FEN

Purchased electric power Epyy

Sold electric power Egey

Town gas

—’——T

e

For

Eor |

for auxiliary
equipment

a:

Steam

» Electric power

I B —

Auxiliary equipment

= Heat disposal Gdisp

Commercial power line [
e - .

Electric power

demand
Ed
Epc Space cooling
C demand
D Qcd
Epn Space heating
Qh demand
= qhd
Epw Hot water
W demand
- de

(@) HRE—EVRERB -BEAFASHR(IAFLA)

Purchased

electric
L —

power

E_buy

Commercial power line [E

Electric power
for auxiliary
equipment

Ea

G

P
h
-F

Epcc
25,
Ee

7S

I c
Ors LG
Cotd
water .

L Q
hw

T

—-—Epw
93!&%8*"?LE>

b)) #EXEX(XFALB)
6.5 #HEANHI RF LOMBER
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Electric power
demand

Ed

Space cooling
demand

ch

Space heating
demand
th

Hot water
demand
Owd



Energy demand MW

Energy demand MW

Energy demand MW

Space heating th

Electric power Ed

15¢
0r Hot water Q"9
5L Space cooling q°¢
0 + . . L "
o 8 12 16 20 24
Time h
(@ 1A(#H)
Electric power Ed
15t
10+
2Sing qit/Spice soling
5t g Hot water wd
o . * o —
0 4 8 12 16 A
Time h
) 4 B (FH)
KV
. cd
o5 L Space cooling Q
15 Electric
power E
10+ d
Hot water QW
5 Space heating Q¢
0 - : .16 L
o 4 & 2 B 20 A
Time h
(c) 8 H(¥H)
6.6 TRIL¥F—-BENE—Y
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—v23d. BATERCIER2BL TAEIZEBR VY, FH
Bes234 AORIINFREBRIMOFMEEUBL THrBHIDELB-T
W3, FETXVF-FHEHALUCZEFEOH R 2~ Y REBHBR Y T L
(YRFLAL, ADBEZORNEE L, EXHR (VX7 LB) & OH#t - B
2175, BV AT LEBEBEORE L B LK. 1IIRT.

BREERAAE, Bxxv¥—#, b ICEELEL CORMERIcHE R RIT
FTEFELT, EELHBHA AORESET N3, BROBH A XoB&R
ZORBEEICL->TKIGCEAL >30T, HBLBHH A0B L2 KL
L, LR HEEAOBE > WTHRS. CoT°l’, BEBLHRHA OB
e —REXNF— - X—XCFHAL, RADL S ICBIifilka2EET 3.

¢ puy[Yen/kWh] X 0.35/0.86[Mcal/kV¥h]
@ sas[Yen/kg]/11.85[Mcal/kg]

a =4.82¢vuy/ P sas

L, K628 IR TEISCHBORBREY» SERABRE COBRSRDR
23B%LLTNDE, ZRONFLTEIH ALY VREBHSY AT L TRER

#6.1 YXTLERBBORAB L BH

Systen
Al A2 B
Constituent equipment Maximum output Number | Number | Number
Earn=3.45 MW
Gas turbine generator | Warn=6.79 Geal/h | =1 | Ngr=2 -
a7 (Intake air
temp. 17.57C)

Vaste heat boiler BW) | Gawn=10.7 t/h* | Npw=1| Npu=2 -

Auxiliary boiler(BA) | Gpan=15.0 t/h* Npa=3| Npa=2 | Nga=3

Steam absorption | 7yg..=4.84 Geal/h | Nrs=6 | Nrs=86 | Nes=6

refrigerator (RS)
Heat exchanger (HE) QhEn=12.6 Geal/h | Nue=2 | Nue=2 | Nye=2
* § kg/cm? gauge saturated steam
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HEEEANOTRBHZ2EZRL T3S, BREXEVRBOHCERLFKETS
TrRERBLTCIOGEBOEMo e 1Mo ruyicFLLODOE L, EAHGEIC
SWTR/METREEERTH 3 BUBHYY OFFAE2, X6.22) 0Ky
h

J=0buy(Evuy—Ese1 1)+ @sas(Far+ Fpga) oooememeeeees (6.27)
215,

6.6.3 HMRHIUEER
BEERAAR YRTLEBHERORERERAREEERIC O VTHRRS,
- LT, K(6.26) DEE - #HH XBMHka=0.9520B8c, YR
FLAQZOWTHEEULRLA, 48, 8A(¥R)cBUsHBL 24—V
VRBBOREERNS -V 2, ZnEFnRE.7(@)~ ()R T. 1 AT
SHICRBIINVF~REENSZ VLD, FRE2-~VYRBHEIAM2BE=
BLLBAFUANLNTEESNTVS. LAHLEYS, 4 HCRRTZIIVF—
BEESDOTVLYD, FRE-EVREBEHRIEBROFEE —~ZRKIc—R TS
MIZxnT3. Zhty, BEPHFHBCBW TR I IR - Y RBHBOHE
RIcHo TRETIRAZFYAATCERVWREYD, YRAFLBOXSWBHZ
HBIX-T, THRIINVF-2HBFASC I > TENENHSLICHBR T
BHERFROEAHMOL HSERABHSEL 23 2 L h¥3 . €681k, F6.77%
EOMEN S, BHRZ—EYRBBIC OV TRATER S N3 AHEL o1,
ZAMMCEHLILDLDOTHS.
Lorn= (X Eora)/( = Eara) X100 (n=1~Nar) -(6.28)

::?.2;ﬁ—ﬁﬂ&%nuaﬁéﬁbrmﬁméﬁ?;E&SIb.ﬂx
H—vYRBBOANE Lo BREHNICKELEH T MBS, 21,
48, 5H, 108, 11 BoFHB-R_ED0H R~ Y RBBOATR
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MW

157+

S
$
le)
a 10F Purchased E
o st 6T E buy
= GT1
5 st \ |
= WZ"C’ 6T Egrp S X
S 9 . ol . 2
0 4_ 8 12 16 20 24
Time h

(@) 1 B(ERH)

Purchased Ebuy

Electric pover MW
1S

5L Ist GT EGTi:
0 o s & & & P 'y
0 4 8 12 16 20 24
Time h
(b) 4 A(%H)
= 20
sl Purchased Ebuy st GT
g Eem
Q
> 10t 2nd GT
L E
T GT2
§ s
: 0 P . [ 1 1 dn
0 4 8 12 16 20 24
Time h
(c) 8 A(EH)

H6.7 HEH IUCH RS-~ YRBRBOREZERANS —Y

%
g

Load factor gGTn
o 8 8 8 &

Month
F6.8 HX&2—vYREBEBOAFEOEMIIE/
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Lo WBIELB TS, UEDERBRT LI, TR - VRBOHK
YRFLORFEHERITIBSCR, 2R VF-BEORHNS L OBRINE
o k3 A R4 —CURBROAFKOZH 2 +HICERTILENS 3.

wric, HBS JUBHH RBEHOREERLGRAOFE>WTKET 3.
B6.9(a), B, TRENTXFHAL, A2EOVTR(B.28)TCEESND
FEHOH XL~ RBBOAH X Lorn, BHTICRACERINZEHD
BRAENREICNTIRHUBRICLZ2HRRERE] K (6.20) 0EHE - 7 X8
itk a & OBRERLILbOTHB.

Now
d=(zt:Gdisp)/(Zt iGBWn) X100 coereoremernecenenees (6.29)
n=1
=R 100
- Load factor
5 of GT iGT] R§te of heat
= L disposal d
1 9 ©
o oo 50
oo
(&) —
g Y4 ©
L g ow
Q
he) Q o
S BZ l | |
S &85 o0 . — ,
0.4 0.6 0.8 1.0 1.2 1.4 1.6
Unit cost ratio o
(@) ¥XF4HA1
»e 100
- Load factor
N!;_;; BQ of Ist GT Q’GT]
- A Load factor
& 3o 50 of 2nd GT ¢
- =
o H—E o
> :g_ Rate of heat
B Lo | disposal d
o [1 Bl und 0 O ]
- X T

0.4 0.6 0.8 1.0 1.2 1.4 1.6
Unit cost ratio a
(b) YRFLA2

[6.9 HR&—UYRBHBOEMARRS LU
FRRREEXLHE - B H B ML OBER
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VRFHLANCHNTR, aS0.60FE, FRAE - Y REBBOBANRK 2ar,
BRIEZ->TWE., Thik, HERESBH T ARBEL UKL TS DD TE
Wieis, ERGROEAAROGBIRTHB L 2RLTWS. 0.6<{«
S0.930158, Lo TIY, REERJIRBTHY, EFHE2ALTO
BRPSZBANERIINVF—FRILSDOE MBS ROBIZL 2> T3,
0.U=< as1.350848, BRREBELZICLPPDLET Lo B KATS. =
OEE, RIZXNVF-REENDZORHEFHCR, BREBREAR, 53 0WREX
HROEIZE 23 FICRTINVF -RBREESSORFEFTCR, BHBESK,
HB3VRIEXBHAROEE L 53 . Bifitk a RISy, REOHGRREH
gasEmL, ZOERIA2 -V RBEBOATE Lor1 b JTRBERKJ
BEKRTS. hid, BEERBOLRICH-T, REFEBLZHATYTLRRE
2o ABBWMCBBZILRRLTVS. a>1.BOBRICE £2ar125100%
ey, MARBCETS. YAFLA2AIBLTR, as1.33088, —&
DOHRE -~ YRBHOAFE Lor LREEXRJIIIFLAIOMIZIZL
AE—BTSZ. —HEDOHFZAA—ELURBBOAFEE Lo H L, =
BORBREL CEBIBRVAL IRV IS CERBLENS—BAD2WSIBT
MRS, ULhLENS,1.33< aS 1. BOBETEDOH X5 — L YRR
BoOERALRSRERARD SBHEEAR, »30RERBALTRIC &
DY, LaRWTS. 60, a>1.BToEHOLEIMREBCETS. 2
th 5, H2E-EVRBOHKY 27 L ORERAT NS, Bifitka DRI
o TRERFR, BuaitSsN, BHEELGRK, BRBHHROHCEWL IO
FEHR 2 BOWCEAL RS SERL TP 23,

BIxV¥F—¥ ocl, REERAARE2YXT L0EARE2R/MLT
3IO5EAAREERLCLBOT, BT XVF—~HoBED S BEsEA
HECOWTRIBRHTIHESH 3. LrLENS, ExxFr—#Hik

— 128 —



2FLOENHZRITEESTFMHEEL LT I{EH LTS, Z2THF

6ntﬁ%mowfﬁiiw¥—ﬁ®i%b6@%@&bra%,%mzw#—

H2HEIBEBELT, RATCEBINZIVAFLADOYRFT LBICXT 3 4EHE
ITERVF—HBIIHONWTHEHETS.

B=(Qrg— Qoa)/ Qop X100 reoceerererccrcriiiiioriicaene,
15
Operational policy
>
2 —o— Optimal
()]
$> 10 ——— Thermal-following
© @ ~—-— Electric-following
v 5
2 -
49
“ o
>
—
o O
= w0
|
= O
< O
0.4 0.6 0.8 1.0 1.2 1.4 1.6
Unit cost ratioc a
(@) ¥XFAHA1
15
Operational policy
—o— (Optimal
Foe] ——— Thermal-following
0] 10— —-— Electric-following
%3&
Y-
(=]
[~d
Q O
2 -
© -
S~ m
>
—
g @
N7, |
[~ =4
[=ge]
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