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Study on optimal equipment and operation planning
based on the characteristics of

reciprocating engine power generators
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1.1 HEYE

HERIE R LA R IZ LD AR ATRE = R LX — DA BHED S TVD DY, DT E i =
AR EMED T THEN S, —RIZIASE KT DITITE STV, BUEERO A R
EHEAT DR ERMEL TUIREL—ELEL TR DU RHY, Ly T axm DU ER
fiiidy —E L RIEE DERFBHIIFELRVD, FERH AR CTOREENEL, TAY
—E U TCIEAELHEBE (DRI LD AL T F VAR Y 2 — L ~D BRI N2 E D
FRD®H5.

LT DU DT, HATU D UATHER AT AL SOx & £7, AiRBERINIC LD
NOx (k72 EPDELE COBAGLR S THY, I7—H A7 V70 E OEIFIT I > TIHBEL LK
S EALTUR, AFREETOEARBEE MO TND. BARNRI)HE BRI S OR T
kDl Z2HAE, ENTIHEMBE G T AT V0O HZREOBADRFTNTND.
)7, 74— BTV EBNIL, BEEHNEI L THLERL, BN T2 EH RS
BRI 72 E DHRIREL O S PED & S s, B %3 Te3E 5 MR EBRFXON AA LT TR
Bk COREICLZI NGNS,

EROEEY, BREIZBW LY TR VU R EFRIEOFET/NS2L, FEHCHH
H I8 I 1T DR I B O BT A DR R ITHI BRI LRI R ELHF 5975, BULE,
INBIFENFESLT VR —2al VAT A(CGS) 72l Bkx 7 A7 ACIEAEILTY
5. ZOWNDTe U AT MO Z (L L, EHZRLZ N FSELFIEEZHNLSEHFHITIE
HICREREREFFO.

1.2 H#FEEER

BE, AT DLR0F 4—B LoD bnat- by axmy D0 ORI B4 40 B
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TO CGS RiEfRt~A27n27UyE (MG) DFEEFETOEERMEL THZHOLN TV,
EFE MR AR OEHEME N IR DI RICE > TINb DO KARE T HZ 81, =¥ —0D%)
FKAGFHIMES D CGS & TFHIBRIRRR LD I ~DEFRE/RD, I B S EE e
7T ThDERM MG O )T TIFE O M U ~DFE ) FEDILK
~DOHEBREZRD.

BB AGHEEFEORRIFHERFHIIB TR, 16K, (LT DIT _ATEYT 4R
AT F AT AR AR EDFHENBEINTEOT, FFEMERN EROMGFORMNHS.

F7-, BUE, — R AFREAOL L ax DT EEERIC L K&l w5 o
DY, ZIEIVRIEDR TR D7, 16K, FEBHEAN R O MERETTIE, md- ol e
Lo —T D VAL EE y hTOFM AT O, TGRS LI T ORI
FEAME,  BIREISER HIRNEI S A ARV TIT O T ol il miEE 2o A=
VA )VARN, AT F AT BRR, FHBIC Lo TUTE BB RV ST AR G ST
TR MEZ R DT LITHEAER DR Z KT 5LV ) M CTEETHD.

ZITC, AT, by 7 uxr DU REHREORIEEBEL, FEREIZIH 7237
Rl —rarE{THOZL T, B Om _EEF ekt E R EFEEAOF AR L
ZHMEL TS, IRAHEEAIEFHEIEMIP) Z T, 5fif i - 8 A G o fomE b 2170,
PEFRD FIE T SIS QOB B IC DWW THBLERICIRL LS bR T a iR gtk
YRalb—arE 7. CGS it OREICERL T, #bE, FERA T T A7 kR,

R TR OIR G RE B EL, W HFEER OB 2R R EFIEOREEEZTV, b
D AMEF 5.



F2E R VAT A

2.1 EEE . ERI TR ER

AT TR P ORTHE HHE, KO CGS AW TWL T r—ELTy
DUETATLDAZEE T 5. BUE, —RENCIASER LTV D EERBEHOL Y TR Y
EEHEE 1000rpm Z8iEL T, EAVLL Ba @b, Ll F o= DA ks KilEi
B[2-1]. FIUABOLKMETHERT DL, hEIX R B0 RESTEODBERNEL, A
TFUAZNNNR N, AT T U A AMEL /5.

AANEEEZDHE, — BN ] ORE A BT 572D 1T RIS A
FITHS. EmdegiE, [FUCH ) ThHIIFE/NYE & CRrE /N SKRE LFLHET, 1
HIDDOBATANNEN L T HEFIEARFORGT BN IEN DY, PR 2 L s DMK
<ENZBIERAHE AR O/~ — R VTR RS . BEEZ LT, #lx1X, 50Hz Dl
750rpm OO HIEFE TIXSME 258 AIEEEL 1500rpm O I 4 Wil7es. —J7, dodkiTE
W AR TR EDNLED @A T T ABBE L CThHT2, RIEN %% 2 12358 124
PEDI R, RIRE AN S W EE AR DI RIEN <R, & AR B i D A2 HATT iy 703
IpBI=8, R OSA X AN B S O ASHAAEFE DS i . 12 0E, 1500rpm 0D i ik
& 750rpm O HEHFEOFIUH ) O ERR A LT DL, B AR ORI A
5y, PR EZ /NS BND[2-3, 2-4]. AN BIEOE S OFF A T BRBEC L FAEE ORIk
DXBLAI TH LT @R OGA IR D m <7D, IR T, TN T AR
DAFIFIAL T F L 2RI BT RE R L EA 55,

FRolisy. RHFEOFHERZZBE LGS IR ENEROAT T AaAMNIB
TENMEDR S HEENEFITHLD, BRAFE BV ULEEE SR L2 - TRY, MEH
IZRDEELOLNFFEN LT —ITILE 272, UL, FrElE7ZRE CTIERRHE ALz
DITHEE RO B LB HERLT UV E D A CEASNG W EWMERIDID DR S,



22 a—VxRXL—IalrTRAT A

A=V xR —ar T AT A(CGS) 13H HFE R OEIRRF IR AT 2B EFIH 35
P2l R —FI BRI ET5. CGS IZFEREDOPEEE BRI L, 227 - #a75 DOEJREL
TR 2720, #urt - RENER B EORRPHFGF TEHVAT L THD. DD, BES
L7 ax D TTRERRS LD CGS 13E DRIRRIZ2 502875 70% ~85% 1 T1EL , BT RITKRES
HIRL T,

UTAE, HIEKERBEREA~ DX R EL TH =X —OHEED RO O TEY, O FEELT
BH DM D~ D=2 =X — DS, RFIH TR AF —OIE ST RLF—0
BRAVLRIANZ Z DN TWDHT, CGS IEZDRRILRIH D TGIED—>THD. 2014 4
I IR =L — EEARFHEIZIB VT CGS X=X —Z b ARG T4 51k
D—D>THIFI ML HESH[2-5], BUE, HARATEEL TWDEEBIORAEND CGS
TIUNIRBER TIEAR 21,000 Az, A ETIE 13GW 282 5[2-6].

FELT, ML, W HERA TEARE ML CWDH AT VAN, [RRH Aa—D =
KL —al ks T —4 2017J[2-2]0 50 Hz 5 /L 68 Fli% [Al#% 1000 rpm Z55 512 5 sk -
HOERE IS T 2 B ORE ORI S 4 Table2.1 (TR T. 223, ZORANRIZPEEE
IBAKDI, FTIFTAKELRAREL TR LD ENE N DR EEKT .

b, FERICBONTTHHES AR THHY, PRI E & O RIL &
B - HOd LI GEIT AL N WER D, 5T, WD A THLHRBIXEEARITTHEEIC
BWCTEH L THIUZH D, B REHESRES) FIHBZ WA M Chiidml
PR HR L7205,



Table 2.1 Difference between high-speed and medium-speed gas engines

Gas engines (50Hz) Average of Average of
High-speed Medium-speed

Rotation speed [rpm] >1000 <1000

Rated output[kW] 891.5 4842.6
Total efficiency Case: Hot water only 79.1 79.7
[%0] Case: Steam and Hot water 78.6 80.9
Generating efficiency [%] 38.6 47.3
Heat recovery Hot water only 40.8 27.6
efficiency [%] Steam 194 15.6
Hot water (low temp.) 20.7 17.1

Maintenance cost Higher Lower

Installation cost Lower Higher

221 HUBGBERES AT A

BR BE R A OB D A E L A7 2 (DHC : District Heating and Cooling) (520572 =
FNX—HEGT AT LOBANEDHINTEY, TDO— 2L TER -2 -HHIOEE T AT A
Tdb CGS NEASIILTND.

DHC IX Fig. 2.1 IR TS K O &30, [EBIGH T 7 NE XN D8 T LI m BRSO R A
Tl OB E R BT 5250 T e B, —EOHILN TR IR - #615 £ Do #E
T 129 7\ — AT £ T BT O B A B (MU g 5~ 7 0 b) TR BRI RES
M=K R - R E OB A B DO BEEZ Y~ T DY AT L ThA.

DHC O ANIZXY, UL FOII RN R T&5H[2-7].

® AW LICEFREER A R O VG KRIOMER 2 B A TEXH720, TRLFXF—hE D
] EAHIRFCED.

o HUKNOTEFEM CHRE Y — PR DT20, ZRENDMERN BT Z RS X
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Fig. 2.1 Schematic view of district heating and cooling
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LA, —HRBIIZ CGS ICBEHSNAREWEIX RICH AY —E U EH AT V0D 2 FFHTHS.
TNOERETLHMXFEIC TEEBWIE THL, TNOOREIIREERD . HAZ—
EAIRBN RIS AL T F U AN B 52 DEVO AN D AT T U ARV a— )V
ZET DL, RSB R ERE OB BRI TF Y 3 5B @R (EOH) &L TR 4
HULENDDH[2-8]. DT, i A KENIZ =R F —FEPKIE I T35 AT, &H)
[E$ 32 < T2 n T AL — B v O IIARIFI 2 DE MDD, — T, HATL D AIAT
TR B AZ I FIER O BE Z T e, 1ZEAE D DHC TR AXF—FEN 1 HOR
BEE B CTRIBIZE T D720, oYU d s A EENE LA IR T LER D, D7D,
DHC @ CGS T, FED ERFEEEL TH AT DU NEHEAZN TS, DHC 1280
T, 75K K O RGEB e & L THEBVR A DR T v 3@y CGS 8 ALTGE
DINRBLOBFFTED.

CGS NEMEDTRNF =V AT LTHLHBIIBD A —RFATHY, Zhblid N —
F ¥ L7V yR[2-9] R A~ —hT R NX — Ry N — 7\ SN0 R EIRE L CTHERE 52
ERBFFEN TV, FRIC, BWasEmtEd 2 E#E O DHC T, £&EWRr—7 L0l eE T
B S TRY, TRLX —(X CGS D= FNF—AT —ar NEEElMEES L TV,

LML, CGS ITIXRTEZL DOFENFIEL, TOFED — DI T FNX — VAT BEEK T
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Dk TR ERPERE D RFEIZ 5T CGS BIRDNEDRKEILEFZNTLEIEVIZENDD.

CGS DFFHEE7 TR DWW TR LI B ATHFRIIIE 12 %<, £O—HITRD LBV THDS.
AT LOJE R AR R OV R E IR T D0 ] FTREZe L —, BRE, BLUBREE
~ELE T D FIUCEE DN T+ — v R4 HT[2-10], CGS A EEMETLGIEAT LIRS
DOFEFEI I L ORI O AT [2-11], JRERES X —E A DO T H AV BRE D
CGS X ETHIEDTRNX — R F I EB ATREIEOHRE[2-12]0395. Fo, SFSF
72515 T CGS ORRFMERA LN L EMGEESI TN D, BIRET AL LI AT T4 DFR
B EE AR AT T BRO =R — T LRSS CGS DI SSER - HADK
BTNV X— VAT AOREACE T T L OFER[2-13]X°, AMFFELRER, CGS D kic
IRA BRI e EEZ L QWA HIL5H5[2-14]. ZOMh, FAEFRE= R —L A G D
B EHET T UL TDOH ATV CGS D FEERD B THEii I TV DH[2-15].
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I HRTLUra—Tx R —iarOiEsrZ B LU RiERE

ARIELE 4 BT, FRCRAMBTELD CGS 2K T oL 7R Vv DO—2ThdH
AT VUNCIER T 5. CGS Ol O fcidiE B 2098 [3- 1112 25T avTERY, A4
FATBNTHZ ORRIF I E B A 5.2 D58l EIZDWT MIP & AW Tl {bA4T
9.

B fEHI D DHC O = 3L —g&fifil28B8VC, CGS DE NIFZFRIED = 3 LF— {52350 5
HINZATRDEVINR D DD, LU ED K, CGS DIFEIETE LR IZIXFE 1721 The<Z D
PRI H OB b I IEL, TR F — G038 CLEY. 207z, =X — G DIE
MR T D7D DBIRD/ Ny 77 T IR OB N2 & O K3 b 8L 725, F7z, DHC O
B K EZ LT DITHENE DB KR &L D, ZOIHREHEMEOBLEND, HATL T CGS
(BT DHAT L D FERIMDOT _ATEVTATE AL, HAT DO EZEETHTL
ICESTHELLE R OB BIEBE~DHELTMT 5. LT r DURERMITTOT
ATEVT A M EWFNL—IXINCIT S fE CORMEM 2SR Th o LRI, TAT Y
> CGS DRI Zh RARFERE O 5 7 i E (272> CRIES DIE (R TAEL DT ANMIDNWTHE
ESNLHZETMmTHD. LinL, CGS DES B EOT 1 NF — G ChOH ATV
DFHEIME 1 DRBIT/ NS, ZORBEE ELRWGE T I35E ] Bl hath DR 5 20 R
TAEREEARDAREMN DD, DY, Bl A B OBREIZB WO IR OAEIME IEE )
R FEME BT HILITEETHD. AP TIX, DHC O CGSIZHBITHH AT VU Ol
ZEE L TR ERELRIELL 725 O SROR & BRFTEICAECDR B OV T3
L—armB{T0, ZOA AEERGET 5.

FT, BRI FOF A I A B BT DT RIS BL T, ZEii e mAE DR
PEIZBIL T, —AICIZRT IS D12 IS DWW TS JES R\ B RR O HUEER0 H ) O il 32
PEIZ 1T DRl A LV HBLS TRETE L, ZZiOEIEME TS T D[3-8, 3-9]. F7z,
BREFEMZAE 5 CGS IZ DWW TR AR MR D KT 5B BT SAL[3-5], KEGEFEEIC
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AL ClEas =D ) OARHeFEM b — o 7 OBE R (LM T LTV 5[3-2].

)7, AT CGS DIFFEVEDFAMIC B L Tl VAR (b B 22 D AT A
DAFFEAMEIZ DWW, HEO IR HIRIZ TE N LD I BILG AR A EL, [RIRDIEHD
&, BNFEEDH ) OB RIEZ B EZ TR I T T D ([3-6, 3-7]. ZHBITHF AN, /£
TARLF =K O = R L —FF I LD R FEMEICE B LTS, CGS D % i 25 St
2 351T D AR VIS DUV TUE, BB O R SE A INE L TR A AMORFE AT
[3-3], £7257 BRFEIR O R FMED RE ST LD BB E ~D WBL THERE O R EIED
T TCAAR =V LERD IR B Z WV TRETSLTOD[3-4].

ZIT, AR TIEIH AT D OMPERAEIZIER L, ZhEBRIISE BUfRITE21T5.
FHEIMEE 1L D& RO D ol A BRI WO TSI O R & RF I RIT T 2D
ETNGEATY, ZOEFELB B LIS EIZBIT T ATV CGS DA S it~

DA RD L AN ET 5.

32 a—YxRb—ialERICBITAREEEEDET VL

321 EkESR

WBEERE T, JIS TIE Y 3L R R TRk 23 TR B I8 D LD S AT 7= 33k B D 24 5 IRE
SCOBNLNE I 7-0 ORI A | LB SND[3-10]. T72bh, SO A ETRIENIRE
(CET=T AT L35 EfGe LRI NICEBE 2S5 A T DR A R 3. MR, FEltlcd
WTHRIEL TS AR (30 D i (i 25 - BT RF T - 2 DRI A U D s {3 VLT
FzInd.

n(t)
N(t) -At

A(t) = (3.1)

EHRITBERLFEC IR TS, EHEREI YL S OO ITIHMEE L TL T
WeE, HORFRTOEBHE T HRO BN R H VDR AR | LERIND[3-10]. Tl
FEREFEILE 27T, EHPOT AT L5 S ALK RINIZE BN T T3 R 2R 7.
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322 FEIBERERRERH

WIS T R CRINDD, VAT LB A1 20 E 5 LRI BIfR 72— &
L% ZoLE, BEER O R RIZEE R A TR I, B 2y g R R e
MTBF(Mean Time Between Failure){ZLA FOX TRIND.

MTBF =

(3.2)

[FRRIS, (BB LD —E LT D BB TR R i TR S, s
PRFFFEIMTTR(Mean Time To Repair)lZLL F O TRIND.

MTTR =

(3.3)

323 HATLILOT_ATEYF 4
a) T AFEYT
SR, B OMEER ARSI I DT B ThDHLLT, bR/ B AT AR
BPy(O)ET B, TAATEYT 413 BRI BYETTREARIEIC b HIERL TE R ENDDT, Po(t)
DT _XATEYT 4 ThDH. AR D ENE NGB P (D)ITP(t) = 1 — Py(t) &725.
DR A LRI He 5%, BT AR BE DRI T TR EN S,

dP;t(t) = —APy(t) + uPy(t) =p — Po(t)(2 + 1) (3.4)

ZOWGy SRR DRI IR L7225,

U A
_ AP EYNY: 3.5
Po(t) A+u A+u € (3-3)

HOLMBIT O OT SXAZEVT A ATIFRATH 265,
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1 T
AT =7 f PO(t)dt
0

. A . (3.6)

+ _ ~Q+WT
A+u A+w?2T A+ 2T

A(T) =

ZIZTIE, 1M T = 8,760 7 _ATE YT 1 A% 4 H O EfER O FHEITH .

b) MFENE—DIRARER
T RAZEVT 4 A% T, B/ 7 — 2 OFRARERE RDD. NEDHT AT DD
BNHFEL CWDEE R Z— L ORATERITR A TEREINS.

FP, = yC), AN7Y(1 - A)Y (3.7)

Fo T, #fE Y —yDFRA B EOIFHE H /AR, FEAEMRICH G655 B)EFELT, K
AL7eb.

FD, = FP,x D (3-8)

33 a—VzXb—varERHDET VL

3.3.1 =5 AL DR
BITE, HARDZLD DHC TIEZRAX =TT N TOE S RRITH U CREE DAL
ICHRECTEDREETH DN, R SIFATFHB L, EOARTES D B HEAG 23 R #7235 2
$% DHC bHY, AWFFE TR OBEN REEEET LB EZBETD.
HAT D IR, B OMFE N TERLRST GG, TXNNF =TT OZ BRI
B OFME S WENIREICHHMO T AT P BAF TR AR T, TS L
THHE R EDNED, EEARETD. £, VAT DI VU LB 3L X — b it

-13 -



T DD, MERFICIIAT XL — R ELELAGALH D, ZO, o #Y Tl
SEB DR CEIRNWZER E DR ENRETHID, = O fEE IEIZ I TALDE
RO K TRV — DR BT IR T VT 4% ZHHBNTET AL L.

332  KBRETOIHIEMBEET AT A

ARG THRETLTZ CGS DY AT AEALE =L X — RO EFK % Fig. 3.1 [IRT.

—IRTRNNF—TEERETHY, i =L —DFERIEnlX, & JPWR, 125 B
HET, #5 FRKHTW, @B ZIFCOLTHS.

BEINTENRMET DR BERMOOMFGIND. =D ATENTZT TR, mEIVA
T LRPERH ANBEIE DT L — b T 5. PEEVRATICEDHER T AB DR
[T R Ol F FTRE ChD, BASHRERA-fii X =m0 DU IV AT A BRI E U2
AKVERE B FHERBEAS SR KB IS FTRE CHD. 708, MBIV ENTHE BB 256
I, REEEL TRKPITHHEN, =RF—nREnD.

228, WAL A IR AL BRI ARIIR AR =RV 2l iE, ST THEHR
FTHTHLF—HET & COL Z8IRL GEATEXDHDOLL, BRIHEICO W TUIA KNI A &
IR T 2.
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PWR WHW STM HTW
GRD ;i
FUEL CHP >9
GBO
ABG
TCH
19 WIZIW )T
-=»| WZH | |
® GEN I
> SZw -)T
=>»| SZH
ABD
Definition of energy (En)
PWR : Power, WHW : Waste hot water, STM : Steam,

HTW : Hot water,

COL

Definition of equipment (i)

CHP : Combined heating and power supply system of gas engines,

HET : Heating,

ABD : Steam absorption chiller,

COL : Cooling

ABG : Gas absorption chiller, (ABGH at heating operation)

GBO : Gas steam boiler,

GEN : Waste heat absorption chiller, (GENH at heating operation)

GRD : Grid power,

SZH : Steam heat exchanger for heating,

SZW : Steam heat exchanger for hot water supply,

TCH : Centrifugal chiller,

WZH : Hot water heat exchanger for hot water supply,

WZW : Hot water heat exchanger for heating

Fig. 3. 1 System flow and index of technologies
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I, FRE LTI DR w120 DR HAl, £hZL COP(Co-efficient of Performance)Z
Table 3.1 {27~ 37[3-11, 3-12].

COP LIIRAEtR I ED MR LI, BRI AN L= F — I L TENTE T O L F—%
A TCELDERTHIE THL. BTN SN e x X —%28) 1L, HlOo=RL¥—%
9%, B i A% &) 1 IR BEE) 3 o8 a1 L ISR L T L7e T AD T B A T
T5. ) BEE RS T ORI X =RV CHEELZ RN T 2.

Table 3.1 Cost and efficiency of assumed equipment

Cost
Equi Effici
quipment [JPY /kW] 1ciency

High-speed Gas engine 220,000 (Refer to
Combined heat and power

Medium-speed Gas engine 330,000 Table 2.1)

Gas absorption chiller 25,700 (COP) 1.3

Steam absorption chiller 36,500 (COP) 1.45
Cooling How water absorption chiller 36,500 (COoP) 0.7

Exhaust gas absorption chiller 28,600 (COP) 1.35

Centrifugal chiller 51,400 (COP)5.5

Gas steam boiler 7,200 95%
Heating,

Steam heat exchanger 26,000 98%
Hot water supply

Heat exchanger 10,000 98%

333  BHBEK

xt5L7e% DHC OifiitERAE MIP IZEVERLL ThalibaATVy, ZOAMITIS U &
PRI A - A EA BB CRIET2FEL AT 5. BRBEEIEMAE ML, e
S/ METHERIEOREBIOM I ER L.

FERTE HIPY I E CE[IPY LA E[IPY]DOFITHS.

Cannual = Crx T Crn (3.9

- 16 -



[ 7 B Vi AR SR e £ B LT BAB R % | R 720 OSBRI b D ERHE
BHOIEARRETHD. FKRAEI ORI A B[kW], % 0H 2 BEAR[IPY/KW], it F]1EH]
Fa AOTERAEE AR [IPY], KBTI [CW], BAFEARHETPY/AW - H 12 H VN TUGUTR
S5,

r(1+7)t
Crx = Z qCp; X PrCp; X T+i-1 + (qCpgrip X PrCpgrip X 12) (3.10)

i

EENVE IR DL RY, B EITEHE[IPYBLOH ADNEEEE[IPY], HATL YD
AT U ABIPY N E 5.

Crn = cGd + cFl + cMt 3.11)

KRB TEHEIPY IR RET DA, H, Wi, BREIEERIEIENDRHFE SI0EEEa
[IPY/kWh]&Z Ol &E[kWh]Z VTR TRENS.

cGd = Prggp X z qOWeRrip,aham T Prgan X z qOWGRID,a,hnm (3.12)
d,hDm d,hN,;m

FER O AT A AR [IPY /KW, 7577 ARG O H J1[kW]EBSh R 2 IV Tk
X TEEND. 22T, EnlTAMMAICTHEINS = X/LX —, & IPWR, BEEEJFHET, #A5

FHEKHTW, &5 ZJRCOLTHS.

Ow;
CFl = Pry X Z <q‘ﬂ> (3.13)
iG,d,h,m,En QEfiG,En

HAZL DY DAT F o AR REEA R RN L U CRAMJPY/h] 23R 3. T A= DU 234

BRZNCRREIL QD EE 1, TRUSDLEE 0 (2D AF VB OTDNH AT O ERL R
ME72n. WAL DA T F o A IR ATEINS.
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cMt = Pry,; X z 9OPicc,anm

(3.14)
iCG,d,h,m

334 HlROEH

HHFG TOT R —HIGITHONT, LUFOLRMEHRELT-.

H =R —T T MDA DRAG SN NI BN, WA R, KT
Wz 55 iR & AETEBUK ik e 72 5. Al TIHE SO B =R LF —EnD 1R H VDT~
RIKWiZE, &80 ) [kW]E SR OB R CRET X — (ML 72 EL . (A
U<, B ERIH OB - K DA R A A &I — 7RI RE<LEH SN D.

q0wWic q h)

DmEw = Z —_— 3.15
En,d,h i ( QEfi,En ( )
qCpiy qCpin >

+ = DmPwy;,, + DmPw 3.16

; <QEfm,Htw QEfin et " e e

FRRERIRIPE MRS ICENZE DO AR B R BE[kW]IL, TNENOE—7FE I

RESHEffHEND.

DmPwpy, < Z qCpip
iP

(3.17)
DmPwey < Z qCpic (3.18)
ic
B OB O H IR O R EZ B R 2 .
qO0W; g nm < qCp; (3.19)

HEEPE AT VTR K GEN 137 ABRENES 4 DAB iR /KERENE Sy SAB Ik THEINS.
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PRI AT R KBS D75 B [KW 1T A ABRENER 4> D B [KW]EEE LG5,

qCpcen = qCPpas (3.20)
PEBAEE AT IR KA R B [KW D 40%703F OIR/KBRENT /3 D E[kW]ET 5.
qCpcen = qCpsap X 0.4 (3.21)

HEE AT IR K 0D 1377 A BREHR 55 IR KBRENER 73 D& FHE 5.

qOWeeN,ahm = Q0Wpap,anm + Q0Wsap,anm (3.22)

77 A BREN T - PR AT ORI A IR A O X, B ZRI3mKR s, AF3EAK M

T5.

HALL DU RREBRIEILER B ED 50%LL FOE AR COREIL A HEE T 5. K{H AT
VUVREBE ORI E B EF O INTEERR B WO TR DKL D.

0.5 X qCpicc < gOWicg,a,nm < 4CDicc (3.23)

728, MRS I T AT DIEE U2 B B E I OW I NI Ty 7 HRICREY T,
HIEACTOLRI RS DET 5.

=

335  #kE-EEOETVL
WIEZERTD7 — AT, TAZ VU OEFIEIZE>TRRTLENENLDT RLF —
[KWh]~ i THIE 21TV, ENTEE A TERWIITOWTIANT AT 1 21T
ZO%E, BB CTHLER B HIPYILEE L [IPYEZ T E[IPY], L F LT 4
DPY]DFITH5.
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Cannual = Cfx + ¢y +cPn (3.24)

NFNNT AT DWTITHEALE N H TV O HAlZ VT, O E=RALF—HLZDFE
Ffig A gL TS5, OFD, BAOMIE AR R ITK T T AT IT— R F —EHETH
KDKITFEEDONHR 44.1%2FC[3-13], MBULE R R I HOWTIFERRIZ2=T =20 COP
ZHFEICLTZ 3.0 THRUIMEET DL, =TT A[IPYIZLL FORITHE- TRREND.

cPn = Pr,, X z ED,,

y

(3.25)
pEWCOL,h,m}

X Z {pEWPWR,h,m + (PEWHET,h,m + PEWHTW,h,m) x 0.441 + 3.0

hm

F7, XFNNTAEEETHEEIL, BRI F T OW TG NEE 25 TRy
NI T LR B.

q0wiqp,
Dmgnanm = z < QE} . m) Z PEWERa,nm (3.26)
iL,En

BB, RETNTEHTAT D OWEORA, KOMEROTE TIL 1 R TIThide
T, bbb, #EFRA R OB HITMERNTE TL, B T #RITEER L2 FETRBIZRE
DHbDET 5. Flo. TRAF — RN RICEDAEFEIFBENRE ~ORFHI BT ANEE THLHE
BEZONLTD, FRIZOWTHERAZERTD. (AL VDT AT VU DERENEL
T, NEOHNyBE(Yy=12..., N PIET 5584 E S —yT 5.

AT OEEI A BITIEIH AT NTEEG TE TN 0 L5055t 2R TS
XREIRDH AT VLR EBRMOH kWX, 85, ZORERDOH, 20 HONORERE
AT, IkOXD LY.

q0Wice rppm = 0 (3.27)
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336 NRTA—ZORE
a) HARATUTV

LA AR B T DT AT P DO ERAEL D, EE T 7700kW DHF AT 2w
DEEZ 0~6 OFiPH CHERELE ST

B, HWAZL VU3 EHM 1 BOEBHIITIER R 8000kW 2 OAli&E) /) 300kW %
ZLBIWEETH B,

b) WREICEIT D NRTA—F

AWFFETIX MTBF:8000[h], MTTR:24 [hEHHE LTz, ZOEZE HWCTR M L- M k=R, &2
B, ST RATEVT 4% Table 3.2 (IR, £z, Fig. 3.2 (KM 7 — 2 OFAEMERE R
R

1S EBICL DTN T 3 mEE )RR FEFT O E R HALEY, 2,800[JPY/kWh] % £ H

L72[3-14, 3-15].

Table 3.2 Parameters about the failure

Ratio of failure 1 Ratio of fixing Average availability 4

1.25%10-4 4.17x10-2 0.997

=21 -



1E-16 1E-14 1E-12 1E-10 1E-08 0.000001 0.0001 .
m No failure

1

failure

2 .
B 2 ynits in

failure

I a3 e
4 B 4 units in
-|||||||||-l||||||||-||||||||!-IIIII|||!-.|V-W-‘W.““ failure
s I I
E— failure

M 6 units in
failure

Number of installed gas engines
W

Fig. 3.2 Outbreak probability in every trouble number pattern

o) —TAVT k&, RiEE

A VIR AR AR R A B L, —EHT-VO R EENE L TR L 72, 3210 it F 4
e [£R], FlFr [%], M OB UEEE R[-]Z Table 3.3 (T~ 7. TR THLIEERMDL
M AFEETHD 15 4, FIE 3% L, % fmfEHEIER 0.0838 L725.

Table 3.3 Fixed ratio

Service life: t [#] Interest rate: r [%] Equipment depreciation rate [-]

15 3 0.0838

EIEEITRM O CGS EAIZL> TERF OB BILEN ENDGA IS RIRSNA I
WAL T 5. BT AR E BN ORI & EE IR E 5B TR EL, Table 3.4 124%
—TAVT AR R

73¥, BUE, —MRANICITE ) E IR 13 B I EAAMI N OREEITR 20, R
DOBLEDLU B = RNV —T TN DORBIZLDREICOWTUITHORVET LT
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Table 3.4 Tariffs

Electricity Gas
Basic charge Usage charge Usage charge Usage charge
(Daytime: hD) (Nighttime: hN)
PrCpgrip Prgap Prgan Pry,
[JPY/kW *month] [JPY/kWh] [JPY/kWh] [JPY/kWh]
1,631 16.7 12.22 6.48

34 Tlal—valrfER

341 HARETOIHIBBBEREL AT LATEEE

AR ECAEE T DHC OB %t G Hisk oD 36671 O IR i f& 4 Table 3.5 1279, ZAUEFERIC
TYUTHIK TEEISZ DHC 22BICLzb O THY, B L TERBL O =
LT —N 2~3 B, AT, ENENR 15 B COL 74 A NVEEAEE, @EIT

ADABRTIVH 10 BFTH% THY, fx KESIAMIE 38,527kW ThHD.

Table 3.5 Floor space according to the type of industry

Building type Floor Area [x10° m?]
Office buildings 320
Commercial facilities 360
Residences 120
Hotels 70
Total 870

B, RO I —ar T, A, B, RIS CE 1 S EOE T R
B DR TRV X —BELEE L, kT — XISV TCER - HER KB D AR oA
ff R — TSI LTz, BT — 213 B ARIZE 1T 5 R 7 A fif 7 — & [kW/m - h[IZAE L 7=

=923 -




K EFEDIESIRIAEE T UT2b O T[3-16], A H 534705 BE B« HE - 3T 8670 & O R 72 Hitik
DREIND.
DHC @ 1 fERIO% H O-H, L, kA —HHICOOFTFE F— 1% Fig. 3.3 IZRT.
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1000

800

600

400

Demand [MWh/day]

200

1000

800

600

400

Deman [MWh/day]

200

1000

800

600

400

200

Demand [MWh/day]

—Power

| ——Heating /\
— Cooling / \
Hot Water

/\W
—_/ AN
X

1 2 3 4 5 6 7 8 9 10 11 12

Month
(a) weekday
——Power
L | ——Heating
——Cooling
|| Hot water

1 2 3 4 5 6 7 8 9 10 11 12

Month

(b) Saturday

——Power

- ——Heating
—Cooling
— Hot Water

— =
X X

SN — S

1 2 3 4 5 6 7 8 9 10 11 12

Month

(c) Off day
Fig. 3.3 Energy demand of assumed DHC
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342  ANIXTAEE

HELIZAMITHL, £7, MEZZE LW EMARR MR OR#E L T ATV
ALV G LEAGHELIND 6 £ TSI E OFERIEH T AL, IRICHT
ATV DR E B L CRBRICT ATV B8% 1 D 6 TS HE OERE
oA fERT U=, 2N DO % Fig. 3.4 (TRT .

TATL DS BB LIRNERIE, HATL Y 4 BETRATATU DU B0
PEVBRPERNTAER AR T2, 5 BBITEINCECS. DX, RKFFEO S TIIH AT
YUV 4 BEADEETROEISEERL Y, ATV 5 B UL ORI R A 5
ThHHIENRED. ZIUTKIL, MEE B R LIS G I ATV 5 B ORI b A
T ANDL G RLL IR o T2, [EE B EEBBE OB FHIT AT T 4 BB RHIRNA,
HATL P DRREIME IR AT DTV T 42Nz DE 5 BEE ERD. 2k, #AxT
YUABOBAERER TIX 5 BRI AR TH AT YU OEIME ILICKHE TEORENAR

RLTNDHIEZRLTND.

- 26 -



B Penalty for Heating

Penalty for Cooling
1 Penalty for Power
u Valiable cost

E Fixed cost

Without considering
failure With considering failure

4,500

4,000 -

3,500 -

3,000 -
2,500 -

2,000 -

Annual cost [M JPY]

1,500 -
1,000 -

500 -

Numbers of Gas engines Numbers of Gas Engines

Fig. 3.4 Comparison of the system cost by considering failure

343 BEERICSTORE
WIEZZELIRWIGE LR EZZ B LI COBMGRRM A &% Fig. 3.5 1T, MKHELHE
AR =A Fig. 3.6 lRT . Fo, A EOHINEIE % Table 3.6 (27
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B Gas steam boiler

50,000 ® Gas absorption Heater -
45,000 m Exhaust gas absorption heater
g = Heat Ex. Steam to Hot Water
=2, 40,000 ® Heat Ex. Steam to heat i
%‘ 35,000 - ® Heat Ex. Hot Water to Heat -
<
§ 30,000 = Heat Ex. Hot Water to Hot Water
‘g‘, 25,000
g
3= 20,000
=3
= 15,000
10,000
5,000
0
0 1 2 3 4 5 6
(a) Without considering failure
50,000 B Gas steam boiler
® Gas absorption Heater
_ 45,000 = Exhaust gas absorption heater
E 40,000 = Heat Ex. Steam to Hot Water
%» 35,000 E Heat Ex. Steam to heat
g m Heat Ex. Hot Water to Heat
5 30,000 m Heat Ex. Hot Water to Hot Water
=
g 25,000
B
2. 20,000
[Sa)
15,000
10,000
5,000
0 -

(b) With considering failure

Fig. 3.5 Capacity of heating and hot water supply equipment
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Equipment Capacity [kW]

Equipment Capacity [kW]

80,000
70,000
60,000
50,000
40,000
30,000
20,000

10,000

80,000
70,000
60,000
50,000
40,000
30,000
20,000

10,000

® Gas absorption Chiller
= Steam absorption chiller
= Centrifugal Chiller
Exhaust gas absorption Chiller

0 1 2
Number of gas engines

3 4 5 6

(a) Without considering failure

B Gas absorption Chiller
B Steam absorption chiller
= Centrifugal Chiller
Exhaust gas absorption Chiller

1 2

3 4 5 6

Number of gas engines

(b) With considering failure

Fig. 3.6 Capacity of cooling equipment
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Table 3.6 The ratio that the capacity of the apparatus increases by considering failure

Number of Gas engines
1 2 3 4 5 6
Equipment
3
=4 GBO : Gas steam boiler 144% | 100% | 106% | 133% | 100% | 100%
5’ | Energy
)
consumer | Gas absorption Heater
93% | 95% | 95% | 96% | 152% | 114%
(same of ABG as below)
Exhaust gas absorption
heater (same of GEN as 100% | 100% | 100% | 100% | 101% | 96%
below)
SZW : Steam heat
exchanger for hot water 127% | 100% | 106% | 116% | 100% | 100%
supply
Energy
SZH : Steam heat
transformer 100% | 100% | 100% | 92% | 100% | 100%
exchanger for heating
WZW : Hot water heat
100% | 100% | 100% | 101% | 100% | 100%
exchanger for heating
WZH :Hot water heat
exchanger for hot water 83% | 100% | 95% | 83% | 100% | 100%
supply
a ABG : Gas absorption
=3 93% | 95% | 95% | 96% | 152% | 114%
5 | Energy chiller
0a
consumer | ABD : Steam absorption
100% | 100% | 100% | 100% | 99% | 100%
chiller
TCH : Centrifugal Chiller 691% | 599% | 573% | 433% | 69% | 99%
Energy
GEN : Exhaust gas
transformer 100% | 100% | 100% | 100% | 101% | 96%
absorption chiller
H AT FE R D YERE FTREZR IR0 A I AR ARG % 0\ R M L7 )

(2% . RWFZEDOGMTIIMIEE EOFEIZ )OO, ATV 5 BLLFOr—ATIE
PR ATV IR KR I AT D O BITHFIL T R, Z AL RITIEINERDFEITR
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HZEMD, ATV 5 BRPBER K THENEH TELRRETHLILER DD,

WAL B LT A CORBREOBINEIAIZONTY, iR RN @R L/ T ATV
5 AU EEERID FOHAELTHEBN RS> TND. TR VY 5 B EORA, iz
BT DEN AR TRAKFEDO R BN TS, — T, ATV 4 BLLFOBAL,
AWM IR A DR I L, Z— R, TARATORENEINT D, TAT Y
URERENCH DA, BEENIEAEL TH NI T T OEFNZ BT RFIRR M+ 12HY,
RO BT — /A RIVLIE T EN COPADRRE LV H NP KRELRD. 16T, HEIZ
F0WAD T DHEBSH O W IR R KB O R N T 5. — 75, RF O HH
BalE, £, B — 2RO gREICx L THHRER I ORI E TH D03, REHBIZIZRHIT
WHTZDIZ TRV — 2RI U Cakeli B AN 22l 72 T AR A TR0 4 — R R DN B A SIS,
ZL T, ZDTEFEARICOHLREITEHNINDS 2D, D5y, AR IR A D
BRI TS,

3.44 RFINVTADRITTE

B DT VT Bl 2800[JPY/kWh]h D, RICIEEI AR L CGatbh b KR E X,
2~3 ff%&72% 5600[JPY/kWh], 8400[JPY/kWh]~EZALSHT-[3-17]. EDHE DFR T AR~
D% Fig. 3.712, £z, TATL VU B EEALS B T256 OF M~ T V7 1 %6% Fig. 3.8
(R

ZOHBED LTIV T LMD E T, HATL Y 5 BE AR TOEMOE NI AN
HIRNEVOFERITIE DO, TATL DB 2 DI0E> TN T A Hfli DiEWIC
KDRBN /NS I TN S D, T, BEIEIMCE S TH AT DU BB O ML
ERDHOD, EERITIX Fig. 3.3 (TR T EBVEEE ORIRFEROMEZR D3I F RN 20D
ERNS, MIH AT D BN A DI TRIFICRI A TE, NETHZR/LF —E'EN
INEL T2 BT LB TRL TN,
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4,000
¢ Power Penalty 2800Yen/kWh
3,900

. B Power Penalty 5600Yen/kWh
o 3,800 A Power Penalty 8400Yen/kWh
&
= 3,700
2 R
= 3,600 .
=1
5 3,500
[
|
3,400 ¢
4 4
* *
3,300 \ \ \ \ |
1 2 3 4 5 6

Number of gas engines

Fig. 3.7 Influence on annual cost of penalty cost changing

80,000
B Power Penalty
70,000 2800Yen/kWh |
T‘? __ 60,000 = Power Penalty |
S >~ 5600Yen/kWh
= £
5 2, 00,000 ® Power Penalty |
E 8400Yen/kWh
40,000 -

30,000 -
20,000 -

10,000 -

1 2 3 4 5 6

Number of gas engines

Fig. 3.8 Annual penalty cost, sum of Power, Heat, and Cooling
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3.45  HEEEELRER COMIER O

R 2 L QR B R R &, TR A5 L T SRl B e A A L Sk L C, iR e 2
VHIBY 2l —al BTl kA Fig. 3.9 (RT. ik 342 OfiRIchHHERY, #HHEE%
JEL CWOARWESEE SR COH AT DT 4 B, WilbEE % B LT s s R Tl 2
YVATS BTHD. HEZEEL TOROBEE K CTIIEA~DOXG 3 IS RS, T
TV UNBENDIEILE T HIETE B IAKR R RL, ENEIUSST AT 4RSI
5. BIEAZELIRWT ATV 4 B TORIBEEIGAEROFER T ANT, BfELZE LT A
TV 5 B CORBEEIER O DIE E<leoTe. ZOZRIINFT AT A AR &2 DI1FLE
KRELIRDHEENZHY, TSI~ F T 4% 2800[JPY/kWh], 5600[JPY/kWh], 8400[JPY/kWh]&
TALSET- B, B11-3F VT 1 2800[JPY/KkWh]|DSAlE TlllEa2 Z 8 L4 OER 2 A%
100%&E 3 5L, ZIEI 101.2%, 105.3%, 109.4%E K&/, 2k CGS BAIZLHRHE D
RTHDHE, Fig. 3.10 (ITRTEBVZNZNDT—AT 95%, 84%, 64%ETHAD 45, Tl
% B G LT OE B SRR AL CIEAT T AN H DD EIE 1D 7ade T2, MilEa B8 LT-5%
FHENIAT VT B O ZZ B R 2 5 1<, RRIFAYRU A7 2 [l CE D LSz,

-33-



m Penalty for Heating
Penalty for Cooling
= Penalty for Power

4,000 m Valiable cost
3,500 f— ——— == B
53,000
9
s 2,500
‘% 2,000
§ 1,500
Z 1,000
500
O T 1T T 1
CGS5 units CGS4 units  CGS5 units CGS4 units  CGS5 units CGS4 units
with without with without with without
considering considering  considering considering considering considering
failure failure failure failure failure failure
Case
Penalty : 2800 JPY/kWh 5600 JPY/kWh 8400 JPY/kWh

Fig. 3.9 Comparison of the annual cost by considering failure with changing power penalty

unit cost

800
~
% 700
2. 600
g
& 500
15
-2 400
g
£ 300
15
3
— 200
«
g
= 100
<
0
CGS5 units CGS4 units CGS5 units CGS4 units CGS5 units CGS4 units
with without with without with without
considering considering considering considering considering considering
failure failure failure failure failure failure
Case
Penalty : 2800 JPY/kWh 5600 JPY/kWh 8400 JPY/kWh

Fig. 3.10 Comparison of the economic effect by considering failure with changing power

penalty unit cost
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AL T Y O T ATV CGS PMEASIND DHCIZBUWN T, AT P Dl
fifE =% 5 B L T B it D R AT L7

7, MEEZE LG TIIEFOENT vV REMBAMOE —ZICH AT VUM ME
1T 2ZENBESN, BARBIGRE N R E I T o7 T DT IR R OB AKF B D
BMMRFAE LT 0Tz, Flz, BBEEBE LIS OERMOST VT A OFUIH AT DB
AP NT MLV BT D23, A ERRGEL P Tl W05 A b ER 2 AR H < —
TUMNITIE ST, 2, OB ORFIDHEINUT-Z LD 7 T o 7 i O 45 B
ML —KTHHN, ATV B OB LOEFEDOFR AR IT B> THEE B DN F R
(RS DRERITIEF 1NN &I, ZORENMZ OGNHIELHH THS.

A BIOSA ORISR AT LAORRFMEIC DWW, %35 8 L e\ i s (i i ¢
DHATL VBN 4 BICHL, BELZBET L5561 5 B THHIEIRENTZ. DOFD,
BB FEIC IR A Bl T AT Y U BEIIE DDA RS D ERH SIS oTz.
F7o, BEABEL TOROERIEEK CHEAIEE L5 E, HO1UoiEL B EL CEHE
SN L DB A AR L7z
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Nomenclature

Index

d Days integer from I to 365

D Days in the term for evaluation 365

En Types of energies PWR, WHW, STM, HTW, HET, COL
h Hours integer from 1 to 24

iC Cool water supply equipment ABD, ABG, GEN, TCH

icqG CHP of Gas engines integer from I to 6

iG Gas consuming equipment CHP, ABG, GBO, GEN

iH Hot water supply equipment CHP, SZH, SZW, WZH, WZW
iP Power supply equipment GRID, CHP

m Month integer from 1 to 12

N Numbers of CHP of Gas engines integer from 1 to 6

T Hours in the term for evaluation 8760

w Day types Weekday, Saturday, and Holiday

Variables and parameters for the failure modeling

A(T) Average availability in the term of T

A Average availability

FD, Expected value of days of failure pattern y

FP Status in Failure

FP, Possibility of failure pattern y

N(t) Numbers of CHP in operation in t

n(t) Numbers of failure in ¢t

Py(t) Possibility Equipment can be in operation in t
P;(t) Possibility Equipment cannot be in operation in ¢
PEwg, Shortage of energy as penalty (En)[kWh]

Pryy, Unit price of penalty [JPY/kWh]

t Time

y Numbers of equipment in failure

At Unit time

u(t) Possibility Equipment to be in repair working in t
A(t) Possibility Equipment to be in Failure status in t
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Variables representing the cost for the objective function

cFl
cGd
cMt

cPn

Cannual

Cfx

CT‘TL

g OpiG,w,m,h
qCp;

qOW;qn
qOWGRID,d,hD,m
qOWGRID,d,hN,m
T

t

Parameters
D mEn,d,h,m
DmPwg,
PrCp;
PrCpgrip
Prg,

Prgap
Prgan
PTicGms

Pry:

QEfipn

Cost of fuel gas [JPY]

Grid power monthly demand charge [JPY]
Maintenance cost of gas engine [JPY]
Penalty cost [JPY]

Annual operating cost [JPY]

Fixed cost [JPY]

Variable cost [JPY]

Operating state at each time as binary
Rated capacity of equipment [kW]

Power supply from equipment [KWh]
Power supply from Grid in daytime [kWh]
Power supply from Grid in nighttime [kWh]
Interest rate [-]

Service life [year]

Energy demand in a time-domain (En) [kW]
Peak of Power demand (En) [kW]

Unit price of equipment (i) [JPY /kW]

Grid, monthly demand charge [JPY /kW]
Unit price of fuel gas [JPY /kW]

Grid, usage fee for day-time [JPY /kWh]
Grid, usage fee for night-time [JPY /kWh]
Cost of maintenance [JPY]

Unit price of Engine maintenance [JPY /kWh]

Efficiency of equipment (i, En) [-]
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TAGHERF T DT OIIFIA T T AL DR E N LETHY, 77 FOWLFICRE IR
L5 2D REMEDRH D EREIILTND[4-1]. £z, KITFEFTO T AT —E AW THED
YAZEE TR T F U AAN B JE R T HIEIZEY, AT T Aa AN HEARFEL TVD

- 40 -



WELHD. HAZ—E LTI, BEEHRG T 2RBERIIE 0 SR O LRSS i 2 S li 22728
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OIL G 1 DA HALRF I TOMEH T ADRGEL THY, $5 1 DITRERF I35 2
FERR B O 8 & Fl AL T D LIS R DR SFaA RO L T D.

Gas engine’s energy supply
{Multiply by Number of units) -~

1ajejy JoH
A

Optimization of CCHP operation cost for each time

funeay

lamag

Time

Gas engine’s operating hours
(Multiply by Humber of units)

Pattern Time

Optimization of the maintenance cost on elapsed time axis

Fig. 4.1 The axes of optimization for CGS operation cost for each time and maintenance cost on

elapsed time
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ek, P2l —rallB WAL T U A T E LT E R MR L 2B T R EE
BV OO Al 2 O TRESH T&E 2. LoL, AFFETIIS L TERINTIAD -
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VAT aRAEEF L CREZAF LS RO DN, 2T LH &=y hOTEERREH 1 LFE —12
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AT T AFERNZ EOWNENTHIKD 3, — AN POl R0 i B o 5 AN AAL T T
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Table 4.1 The schedule of gas engine maintenance

Operation hours[h]
1000 2000 3000 4000 5000 6000
Maintenance stage
Ah v 4 4
High-speed
Bh v 4
type
Ch v
Am v 4
Medium-speed
Bm 4
type
Cm
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IZERESNDDEITR RN, HAT VAT RFEBEIRF AL T F L AR SATE LTS A
T THEREICADUENR DD, ZOT2), BRIHIIIH AT P DA T F o 2 b —
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HIRF R DD T RIB R ] TAL T F U AT oD T8, SEIDO AT T 28 OFEH O
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51 ORhELT, ARIFFETIE CGS A M LOMOD SEATIHFFE L RIFRIZ CGS WD T RTD
P an ORI E HN 2 S LEH 2 ANO Fng i/ M3 B 72D A 32 — U A it 375,
AWFFED i b L 13RI G P O & BRIV, AfMfRA AiSE CHE T AT Vv
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*tGeL702 D DHC Ok itz MIP (2L i b a2175. FERLEERE H[IPY % B iBa%sL
T, Zha/MbT 5. AFEMEERE IZEEE[IPY 2 E[IPY] DO TH 5.

Cannual = Cfx T Crn 4.1)

[ T5 3 =D X(3.10), ZEEITIXGIDDEBYT, BEHOMERE, T ABEITEN

Zh(3.12), KB.I)DLBVTHLN, AT T U A LEIBRE G TA T AN
SNBSS NS,

cMt = Z (F bgicemsa X P riCG,mS) + Z (N bgicemsa X P TiCG,ms) 4.2)
icG,mS,d icG,ms,d
433  HlREH

HHIFISRIRL, 55 3 BERILLT 2.

434  HRAZVVUAUTFURTBRADET VAL

AT F AT BERATIL, ARG SICEE E T AT F o AR R DN L & FLYE LS
JAHENAT NS, £, —RANCREIEA G OITHE R @RI H D 2D, —FED
WIBIA T F U AT TE AT F AL B2 D RO ORI E SN FFbH 5. £ D i
EEEZ, AT TITE AT T AFRImSIZ 3t 90 2B A& 8] & i AL T I ERN E 7%
T5.

ME], BHEDAT T RTBWT, ENENORGA, 1E3A, &7 B ORBRFREITRO L
BY.

Fwkicems,a = FWkicgmsa-1 + (F bgic¢msa — F ediCG,mS,d) 4.3)

Nwkicemsa = NWkicg msa—1 + (NbGicems.a — Nedicgms,a) (4.4)
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AT FUAMEEE, AT F U AR H B2 2L TR 3 B o B d) 0 BN IR R
(1[unit-h)NSHBEAEEE T D720, FIEIEEH AT F 2 AR DE TR DAL T F 2 AA
[unit-h]2>HORTEI L OFIFEIT 6[unit-h]&LD /S,

Ftlicgms,a < 6 X Fbgicems,a 4.5)

Ntlicgms,a < 6 X Fbgicms,a (4.6)

HATLL DV DAT L F AT T A PDA T F o AR A EE LT AT E S

N7, BEREOUT 213 0 T EOETHS.
0HTic6ms,an = 0 4.7)
BB HEICCDB AT T ZFERMS TN H AP ORHBIFRE R 7777 L Z [unit-h]&, F Dk
KA L 72D AT F 0 AA S [unit-h], FIEIA T T RN FEITESNTZ LR O IR FE O BAARMEIX
WARDLEBVERIND.
oHTicoms.an < FYPicams X (1= Ffnicoma) + NyPicems X Fficems.a (4.8)
Ffnicgmsa = FfMicemsa-1 + FbGicems,a (4.9)
AT UNITF AT D DIERIZIVEEINL T, Sfbr>1 1280 T, kXD ERY.

OHTicG ms,an = OHTicems,an—1 + 90Picé,an (4.10)

AT F UV ARAZEET DEA T F U ABMEZOBBREFE AT 2% 0 ISR D, 7033, i
A7 1[unit-h[IZBWTIE, AT LB BT AU EDRH LT, Fih=1 TiX, RADEEY.
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—Operation hours

OHTicms,a1 = OHYicems,a-1,6 + 90Picc,a1
—Fbgiccms,a X FyPicems + Ftlicgms,a (4.11)

=Nbgicems,a X NYDicgms + Ntlicgms,a

FiRDEZ FrkFdHEAA—V1T Fig. 42 DEEY.

Y NYPicems
Ntlicgms,a
Max rise in one
Nbgic msa day
X NYDicGms
] N
= 9O0Picc.an 'T—
g
g NWEcG s a
e ~
: ~
)

il

|
:IIIIIIIIIII‘LIIIII/

:NDgice.ms.a Nedicns.a| — Time-domain
i First day Last day
L Maintenance period o
P >

Fig. 4.2 Variables related to operation counter and maintenance

FZHERDICC FHEI RN TEI L AT T AL RIRFIZ R A LRW=D, STk EY.

9O0picc,an + FWkicgmsa <1 (4.12)

9O0picc,an + NWkicgmsa <1 (4.13)

BHF DICC B HREITAD AL T T ANERDHFITENT=D, SRTkDEED.
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Z Fwkicgms,a <1 (4.14)
msS

z Nwkicmsa <1 (4.15)
msS

AT F U ABGIE, #T BINBHE AT AT = mSIZ s 35T 2 H H W d (mS) Al B
BEns.

F bgiCG,mS,d—Wd(mS) = Fedicgms,a (4.16)

Nbgicems,a-wams) = Nedicgms,a 4.17)

435 RIA—ZDRE
a) HAZVTV

BANTDHAT LD ATH R SR OB AL 2 ThhHikTE /) 3800kW 2 A8 E
. MAOBEIL 3 L, iCG = 1~3LLTRSND. DFY, MESILDAMITRIL T 3800kW
DHATLL YV [4-7, 4-8)8 3 =y NCHERSILDET L ET 5.

b) AT FUADINTGA—H

AL CHE LTz it - i oz 24 3 FEO AL 7 AFERI DR T4 Table 4.2
[ZRT[4-9, 4-10, 4-11]. F/o, AT T U AHEWEEIZOWTTIE T AL T OO JEH T T
bildbDELT.

Table 4.2 Maintenance elements

Type of engine
Items Parameters High-speed type Medium-speed type
Maintenance Stage mS Ah Bh Ch Am | Bm | Cm
First’s span[h] FyDicc.ms 1000 | 2000 | 4000 | 2000 | 4000 | 8000
Regular’s span[h] NYDicGms 2000 | 4000 | 8000 | 4000 | 8000 16000
Working days wd(msS) 3 7 12 2 3 12
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4.4 TIlal—valsfER

441 HIBABEIATLAOBRBERBIOREOREE

KETHETS CGS 1E, HMETHHATL DO S, B — 28 EENEERTH
15,000kW T2 DHC 2 1/3N—F 5L T 5. A \F— ORiiRGM:, (FRFIEIL3 #E
[FIC TN, RETIT— HE6-D>OHNIFHEICHEIT D720, HEIZIL 4 RO A
Tz,

AHRE T DHC DG kG Ml oD SRR I D IR i ff 2 Table 4.3 1 Z7~7.

Fig. 43 (ZDHC @ 1 FE/] DA H OY-H, 10, IKH —HHI-DDOFTE 2 —, Figd 4124

FLEFO - HHOTFEEBOHIZRT.

Table 4.3 Floor space according to the type of industry

Building type Floor Area [x10° m?]
Office buildings 125
Commercial facilities 140
Residences 45
Hotels 30
Total 340
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Fig. 4.3 Demand per day of assumed DHC
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Fig. 4.4 The sample pattern of a week of assumed DHC
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AW TIIH AT P DMBEDE DR BGEES D720, e h A f a5
B, ORI A, FEH2 APE LA, @E L B-PE2 A, PEHOR I HBD 40D —A
ERGET D, 2B, £ H3, H2M1, H1 M2, M3 EREFR3%.

R 72 g & E B O FA 72 A ioH % Table 4.4 [R 77, ZONOD 1 - H3 OREROTE
MAFETHY, @aT X TRYEIERIND. ZOMOr —ATH TR FIEIC LA TF
VAT AZE R L TRELLIZH D THS.

Table 4.4 Case settings

. Medium-speed
Case High-speed type type Note
Conventional 3 0 Equal operation
H3 3 0
H2M1 2 1
Optimized

HIM2 1 2

M3 0 3

443  HATUUUEERRE SBRE=R

Ral—valfEREL T, SR TOT ATV ORI E R T, 7238, 777 ROk
fifix 1 A% 4 RS LIS X E) o 7 B R R O L7 T D,

BHIDAT T LU THERD 7 — A% H3 O — AL, @A AT DRI AT V%
il U7 i b S L7 — AL LS TN — 2DV TR 5.

Fig. 4.5 |Z Case: Conventional, Fig. 4.6 {Z Case: H3 OiEfisfE Foa ~7. 7035, (a): B in s
DHERE, (b): FIELTD 8 A D—EHAM (HNALRERT : 1275 255 1458) DK AT V0 DOIERD
R, (o): AR ORI H AT DU S — 2 Th 5.

1 =R D CGS D HOEMHE LA D | B HT-0OFAEE 1 AR OPEED 1 BRESMEICD

VT, Fig. 4.7 |Z Case: Conventional, Fig. 4.8 | Case: H3 OfE R4~ T .
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Fig. 4.6 The operation for Optimized operation of H3
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Fig. 4.7 Conventional operation of 3 units of High-speed type

- 56 -



250,000

GENH ABGH
B GBO(STM) B CGS(Hot Water)
200.000 B CGS(Heat)
£150,000 |
z
5
=
3 100,000
50,000
0
1 Day 365
(a) heat and hot water supply
100,000
Z
s 50,000
&
=
o

1 Day 365

(b) wasted heat from co-generated heat
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Fig. 4.10 The operation for Optimized operation of H2M1

- 60 -



Accumulation of the operation hours(h)

Output(kW)

6000

—High(1) /
5000 -+
e—Mid.(1) Bm
4000 -+
—Mid.(2) /
3000 /
Am
2000
/ Am
1000 / Ah
f’
0
, og 3 & 3
Time (1 year) VS za N
cnon O O o0
(a) Transition of operation hours and maintenance timings
12000 m High B Mid.(2) mMid.(1) -
10000
8000
6000
4000
2000
0
1 124

hour

(b) The sample of operation configuration

Fig. 4.11 The operation for Optimized operation of HIM2
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Table 4.5 Annual operation rate and average load factor
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Nomenclature

Index

En

hD
hN
iC
icG
iG
iH
iP

mS

Days

Types of energies
Time-domain in a day

h < 4 is day-time

h =5 is night-time

Cool water supply equipment
CHP of gas engines

Gas consuming equipment
Hot water supply equipment
Power supply equipment

Maintenance stage

integer from 1 to 365

PWR, WHW, STM, HTW, HET, COL

integer from 1 to 6

integer from I to 4

integer from 5 to 6

ABD, ABG, GEN, TCH

1,2,3

CHP, ABG, GBO, GEN

CHP, SZH, SZW, WZH, WZw

GRID, CHP

Variables representing the cost for the objective function

Cannual
Crx

Crn

cFl
cGd

cMt

Annual operating cost [JPY]
Fixed cost [JPY]
Variable cost [JPY]

Cost of fuel gas [JPY]

Grid power monthly demand charge [JPY]

Maintenance cost of gas engine [JPY]

Variables for operation and gas engine maintenance

Fbgicems,a
Fedicms,a
Ffnicems,a
Ftlicgms,a

FWkicGms,a

Status, the first maintenance first day
Status, the first maintenance last day

Status, the first maintenance done

as Binary
as Binary

as Binary

Time moved forward the first maintenance

Status, the first maintenance working day
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9O0Picc,an
NbgicGms,a
Nedicgms,a
Ntlicgms,a
Nwkiccms,a
0HTic6 ms,a,n
qCp;

qQ0wian

Parameters
DmEwWgy g 1
DmPwg,
Fypicems
NyDice,ms
PrCp;
PrCpgrip
Pry

Prgap

Prgan
Pric,ms
QEfi,En
T

t

wd(msS)

Status, gas engine in operation as Binary

Status, regular maintenance first day as Binary
Status, regular maintenance last day as Binary
Time moved forward regular maintenance

Status, regular maintenance working day as Binary

Gas engine running hours count [unit-h]
Rated capacity of equipment [kW]

Power supply from equipment [kW]

Average energy demand in a time-domain (En) [kW]
Peak demand (En) [kW]

The first maintenance span [unit-h]
Regular maintenance span [unit-h]

Unit price of equipment (i) [JPY /kW]
Grid, monthly demand charge [JPY /kW]
Unit price of fuel gas [JPY /kW]

Grid, usage fee for day-time [JPY /kWh]
Grid, usage fee for night-time [JPY /kWh]
Cost of maintenance [JPY]

Efficiency of equipment (i, En) [-]
Interest rate [-]

Service life [year]

Days of maintenance work [days]
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512  ~A7uZYyROaxbg/ME

MG D a2 i/ IMbE T 25 L O FEATHFFEIC DWW T, B RE T 1L — PR
FIARENBESNS-3, 5-4], T ARMEIC OV THLE RSN TVDDS-5], ZDZ%<
1%, RS ARFO R FHE O L Th . AT ANMIOW TR BEGREI L F6I T, 3£
B AR R Lo CEB TR ER M ENE I —E TRHIIN TNDLDODBHLH[5-6,
5-7, 5-8], ZAVTILIEH F OB M IR CIINRPFEHET DRI ENZ EI0 0. #EK
DIEFEITOREFT AR 5> D ME[S-9]72E, PXATBRIZITELT @iV G EE DT AT TR
A — 7 NEANEL IR DI BB O = AT R IBUC R ESND. FERIEORE 1 — 7 % X 73
TEAT LU 7o BRI BT BINE I Z K D E D36 FE i F D i LS & 5 H3[5-10], T8 B g i) e e
 HAE LT EE AR O I X O Z S, IR E R @<, BIZK Y
2RI — 7 TAT o 1235 B IR B T D BRI I T2 5 LV O L & 5.

AHFFETIE, MIP (2o TR A far S8 C Il S D J6 FE R i O AT 3 HH 0D e iii il 4 35 7
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(22N Th, RO BT &\ VS B DIl Wi NL L GRS L CRBLT 2877 TIEA RS
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AWFFETIRGE T HHI i F BT AR B = b _EALHEILE E (361 5 A oy 4E 7
LEA~OHIEET Y7 LU THAALRTTRET D, £7°, TOERO 1 KH T~ RO &/ MED)
DR ARMEETE BiRIC 1kWh HALOKT < U MEISG U TR\ < &R ERHE O 1=y e
PO ART I HEIG L RO~V NI ZEAERL TR E, EEEOEM TIZLIITENT U I
U T =y hOEERAE LS AR A ST 5. <N 7R EOFRERHOMA T/ ¥ — 1%
HOREDT ~ U REBROFPHN TIIELLRW D, T~ ROSHKEEAI 2280 - D (2,
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B, Rz PRS- F R GEM T O ERMERELE A DMEEITEER CILEFITD
NTRY, £z, SEGETHHED DG TIREEINLEAF, il 3y CAf ol
RECH DT, LIHOIH7RFERH TOREZREBEFALTOR MG TSR ATREE S 2.
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WFFETIE, DG OBREREIZIS W TRRIZ T A N EEZ AR A AT R b & 00 T WS EE Dbl &
170, BEMEERIEEHETAC L > TH 2=y O AR S HE L T 5 FEZRE T D,

_________ 1
Powcler '
Demand value . SUPPY '
Grid
(kW) |
Vv Control '
Parallel operation | Unit ~.| Diesel 1
controller Targeted 7" |Controller 7| Generator |
Select DG combination output DG Unit 1 |
pattern depend on value (kW |
Demand value . |
|
Control |
] Unit N | Diesel | | |
Targeted 1~ |Controller 7| Generator
output DG Uit N
value (kW) nit

Fig. 5.1 Structure image of the control system
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5% EFHEOBAHEMN TAMKEZ BHEL T DG OH ML SRS LTV AT AICE
FLAM RO REMFET D,

MG ~DFBERMBINICELL DV AL O SEATHFEE L T, ZRETIC MG O
L EMFG D FEFENZEL L T DG ITHAEFTRET RV —EFEMAE AL —AR[5-12], &
WL [E 26 U CHlE ST R R BEZ D~ RV AN AT LD EFE T 0y =7 MM T [5-13],
AR RLX — L HEMOET /L TOEIEI A ML OMRFES[5-14], B TOFE
AEBR BT O TWD[5-15].

LNLIRING, ZOE ST BYE N AR T2/ WIS B RRE S =T O T m WO R TE I it 2 4H
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ZEEMETD.

LI EDLIY, AHFFETIE MG (I DG 2B IR EL, 8 TH 2=y NERRFO AL 7%
AL 22 LI KD R EFTIE N ARO KE 53 % 5 D D6 2 BT 5 vl REME &2 R AT 372
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TE, BonFFA~—IZdVITRbI WD HEAIR L b,

AT IOV TIL, FEEHOEIE IZLDEIA TR D F ATREIZ S, AMFZE CIIEA
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EEEOAHFREICHOWVTHIEEBR M ORI E THA 7203, RKEEH 1 RliIfiox=yh
FOBLAMEN 10%REEmVIEREL, ZOMIZFRICAM R THFEIZHHETLLETD.
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ET, TOFEMOD 1 KT < ROFR/IMENOR KEE TE ikl L T 1kWh BALOE T~
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HOBEHEZITH. v N IR EORBEL=y  OMAEE I —EHDIREDT < REBIFED
AN TIIZELL WD, T~ ROESERICHN, Fi380 LW ITs 28l a i L
L CGHEiE =y OMEATITEDY, K=y NIZIIIJSU TERSNS.

28, EEETWSELFREM T O =y MERAZE 2 D1FZEIZFEERT ClIE W NIAT
bITRY, £z, SERETIHED DG TIHEENLE T, Snidiksy Carma/N
TLHENATREL /25728, ZHBIEANISE CHE T 5872 MG IZRB T AR AT T /rTE
HEFREL B A DILD.
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BANCHE AR T D5 ER LW R E L AL T2, AfEEx (%)L EE
JEfQOIZOWTIE, EBEORE h—T7 b7 —2 %55\, 1k, @2 iic, Table
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5-19]. ZZC 5 IZEBEOEMAIERED ARV EE BT HHIETHY, 2=y MNIL->THRRDHEE

H.2%. 128, HEink KA n 5% 25[%|EET 5.

i

X \3 X \2 X 51
gEf(x) = 0.2014 X (ﬁ) — 0.5934 x (ﬁ) +0.6143 X 705 +0.1856 — 1 (5.1)

eI
gEf(x) = —0.4502 X (&)4 + 1.6633 x (%)3

(5.2)
2

X X
—2.2825 % (ﬁ) + 14166 X 75 + 0.0288

Table 5.1: The estimated representative values of efficiency

Load factor Type Medium-speed High-speed
100% 40.8% 37.6%
75% 39.8% 36.7%
50% 37.0% 34.6%
25% 30.5% 26.5%

43%
41% -
39% -

>
2 37%
o
ii‘;:) 35% /
oo 33% / |
£ / ——Middle Speed
g 31% -
() .
g 29% ngh Speed -

27% 7

25% \ ‘

25% 50% 75% 100%

Load Factor

Fig. 5.2 The performance curve of DGs
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DI ETHIETUARE ML R T 5. IBET LR ESIME LOBREIZ1I AL, HR
A =y MIBWTC, BEICHL TH ISR ER A BB R R ERA Ry MBS YO
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S L CHEME B F O MEAE MR REL 35, FMIEICRD T T hORFE MY
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B LM SIS, MEBIIARWIIE TOMRE TONE TIEENRNEB X HNDTZOITERIL
o FRMEBHEIIE 2=y b OEA SR EARETIVTRECTED. 22T, #Hkicksz=y
MERLOZALE D, WEREANIFEDHIE FIE TOEM T A LR L, £ O REFHmT 2.

HRBITR OB EHESND. & HICBWTCER, 10, (kA ORERITH 1R To Ak
EEETD. T BAERT 864 /7 —1(24 Bifl, 12 » 1, 3 BRERNOF 1 BEFEH O %
H2%. 2428 2=y WM i3 EH L7215,

KNV THOLFEROERE HIPYNE, FEFOREIE[IPY], AT T ZFH[IPYDFE
2%.

cOp = cFl + cMt (5.3)

PRI 2=y O AR R LR B A D BRRTRODND. 2T, gEfigumalER
(5.1), (3.2)THZ BT IAT R AT RIS TH D,

Ka=oho 1 BT O AR E R kW] O BRI, &5 EREi6OERKH
[kW], 45 B35 DIBERREE( A TY), BIEERMICD 1 BT OB R[%] %2 D
ERADERY.

g LRiG,w,m,h

100 S

gPWiG,w,m,h = GCpig X gOpiG,w,m,h X

PREME[JPY N E R BN 720 OB ELM [JPY/KW-h], xtE:&45H o4 BRERID A%, %
DI EHROBE A WHERRDEBVRENS.

IPWicwmn
9Efic(9LRiG wmn)

cFl = Prg; X Z <

iG,w,m,h

X dayw,m> (5.5)

AT F U AT DA B KB THY, ERMOAMRIZE LS T
EEREF I AL SN TR AT D, AT ABI[IPY/kWh] & AW TR ERD.
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Mt = Prye x> (6CPig X GOPigwmn X d@Viym) 5.6)

iG,w,m,h

WD TY, EETLHLTETY, FREBE 2R/ ML T DI AM D HEZRTET 2.

533 HilREHs
AWFIE T, PERFIELIRER T HREE FIED —S>DOET MEEITY. ZIEIUSKL T,
FEREBHKISEEL TSNS,
® BIEDE T vV REBERENFELIDIL.
o HEILH, AREHO —BPHENL CThE @R O =y MO EREBO RN T

~UR% RS E.

534 PEROARSHEFEDOET VL

PERDOER FELL TUIADR D@, KAEEH —RIGC = LOAZ o=y D 10%EWA
FRTONR—20—NEM, BVOL=yhOARRIZONVTIIHE LTS, ks, 2=vh
iG = LLUADMa2 = NGDEEEACETDH. 2=y NG € AGOAMETHETHY, ==vh
iG = LB TAMEM). &=y OB RITRAAG =T

gLRL,w,m,h = gLRiGEAG,W,m,h + 10 (5-7)

DmP Ww,m, h

100

9LR;¢
GCpic X 9OPiGwmn X 100 + GCpy, X gOPLwmh

IGEAG

HEERIF DR 2 A Te720, BERRIBICH D=y PN TR R D ER H AR > =y ki
BIF LS 6 THERV OB O =y MO B CHREL M) ZE N RO HIRI AR TS, 2
TR TEIASND.

DMmPWy, i, < Z(GCPiG X 9OPiGwmn) — max(GCPig X GOPiGwm,n) (5.9)
iG
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8, EBOFEICBW IR KREKR T IO2=vh 1| AR —20—REiIZIN5D T,
ZD 1 BENPRESEORG LD, LLEDORMEO T, Bflsl TR 2=y OB 3% 3k
B2 E LD IR T AR EE D,

535 EEAWOEFEOET VL

AT CIRETHTFE TS =y NHMEE DA BEZRNDLINTET ML T 5. Afisy
HOFIZHToo TUIE 2=y b AR BEBERALL, TOBIRENAFVEHITL-THE
BRI 5.

A(5.1), (5.2)DEBYVIEBERIEOATRLNEORIRIIIAE Ths. MIP THROEI7=9,
R A AR 1% 5L TR L.

K=y FOARTR[%IFKRATERIND. K=y OB FAKEEE A EBptix 25[%)
L5,

ILRiGwmn = vt (ptiTEEL) (5.10)
Bpt < pt < 100 (5.11)

2=y NGOV, Index Thdpt DEVELETOEICKTHH(S.1), S iFR(GS5.2)00
EPNDEF A RYE fig pe  FRNTNTA—=2T =T VELTHELRE. ZRBITHIRT 5%
2=y NG, FptiTHIET 53 FUEEGOPG e D 0 XUE L IR BAROEIR AN FH 5 R D
BIRERD. OFD, FHFRICB W THE BHEIG IR L TBpth 5 100 £TOIKTHHpt A —>
BIRENDZ LTI K 2=y FOARTRERIET D, FRFHICBIT 2=y MNGIZR W TERIRS
NHptIIME— 2, BWTESEIRSNRND T, IROFEERD.

ZgOpiG,pt,w,m,h <1 (5.12)

pt

AWFFEDIERE FIEDOAA—T% Fig. 5.3 1R T.
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Fig. 5.3 The image of parameter selection with binary variable

2B, RO FFH TIEFERE R THOLE/ ST A—=Z NI, G.DEOERGB.2)EV)HFE
WRIET2 N — 7 OBRVENTFET DM, RKRFIEITE /T A—Z N BRIENIES TH 7
VEBIZE > THRIBEL THOZENATRETHY, ICHMENE W, £, AFEITESEELLE

S ChD. BIZIE, AFFEOEFITIIptH 25 2°5 100 DEAFTER 1% BN DS FREETSN, pth

250251000 (IR L, FRIZENDITRHINT DT A—=25 HE T UL, AfrER0.1%EALD

SYFRREICR IS AT REL 72D,
I, RS LL T, BRSNS 2=y bR EH I OEFHE, 7~ e kRS,

DmPWW,m,h < Z gPWiG,w,m,h
iG
pt
gPWigwmh = GCpig X Z (gopiG,pt,w,m,h X W) (5.14)
pt
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RIBIFORKEKRH ) O =y MR L2545 T, EOOERRFO2=v D
HCEELZDIRARDORME 525,

DmP lem_h <

(5.15)
Z (GCPiG X Z gOpiG,pt,w,m,h) — max (GCPL’G X Z gOpiG,pt,w,m,h)
pt pt

iG

N(5.14) TERINDFEEH I OEFHE RIN N%AN B DT=DARIZ—E LR, ZOT
IR =R —REHE 52 =y NG = LA N EHEL, R HICERZ —BS 2/ E21T

9.

53.6 IXTFA—HDERE
a) TA—PLRERE

ARSI L THEIRE B%2 2 B ICBER O ER 1 ) GCpy, = 550kW 23 2 ), GCpaas =
950kW 7% 3 BDOHEF 5 B(DG1~5) OFHEEMEHIN TWDEDEL, ZXICmEERK 1 &
(DGO & RIEH T DML T 5. mHEORER EGCpe% 200kW 2>5 800kW @ 100kW Hi
AL CELSE THRT T 5.

HIEEOMERE D RHINE R T (TROBVEELT. ZORRNEZET DL, #ITEIRS
NORRAEREDL=yNILIG = 3Th5.

m=n3=0
1N, =14 = 0.005 (5.16)
b) EEE O
W IEOBRENT A BEHEEEL, BEAEH VO BANIIIHHE ) DOEBES B

Pre; =7.14[JPY/KWh]E U7, AT F 0 AHA Pr, [JPY/KWh]iX, F& 320 O al#siH FE, 3%
REIZL S THRARAHETNHY, Table 5.2 DEFBVELT-.
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Table 5.2 Maintenance cost for generators

Engine type iG Capacity [kW] Maintenance unit price [JPY/ kWh] : Pry,;
Medium speed | 1,2 550 2.2
3.4,5 950 2.0
High Speed 6 <500 2.5
>501 2.4

54 al—iariER

541 ~A7uZYyROBHAREE

AWFZETITAER DO FE ) THE &5 10,000MWh F2E OREER 72 & DAL LT- MG 256 5 s AR
ELTZ. AARTE TG IRE B LR E OBIELL 2 5[5-1]. FEEOGINE R ORI AESEIZ,
BPNITITEROED, 74 A, MBLEEIREDNRTEL, TN DIE~IK HFE4 Table 5.3 O
EBVIBE LT, M DO BUEE LTINS ZR A7 ¢ A3 20 HET, PG E6AS 30 B AT, 29T
R/ NBUEREEREAS 7 AT, (RO RAE Mgk 23S 400 W TR ChhD.

T 7 BT I PR R A oD R A 7 SB[k W/ if - h]1Z, ABE L7 45 SRR 0D S~ K T Fl 4 5
U TR L7[5-20]. Fig. 5.4 1B 2, HHZE, AF0F B O BIBIT 54 1R OF-HE
(CEDAMMANY = OBz . 1 KA OF MR RAEIE 1965kW, i/ MEIE 655kW TH
5.

Table 5.3: Floor space according to the type of building

Building type Floor space [m”’]
Offices 2,000
Shopping stores 3,000
Clinics 2,100
Residences & Hostels 40,000
Total 47,100
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Fig. 5.4 Power load pattern, averages for three seasons of weekdays

542 T—ABRE

Al 0D — AFAE A Table 5.4 1T

Case 0 |IL T 7L A —ATHY, THED 2RO FIETEM T 2. Case 113HH
WD B il 57 — A THY, WEROTIEE THRONOIUERN RA TG T 5. Case2 &
O Case 3 (TP HHEIC S B A ER LI-r —AThD. ZNHDr — A& BT 528128 ->T

N

m A 1 BB T D ZERF LIS AR a5,

Table 5.4 Case settings

Medium-speed High-speed
Case Operation
(Nos of units) (Nos of units)
Case 0 Conventional 5 0
Case 1 Optimized 5 0
Case 2 Conventional 5 1
Case 3 Optimized 5 1
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543  HEEOL O R
a) RERAIDEM (Case 0)

FT, FE 5 AONERTEICIDR/NAANTOEREZFM O MEL T 5. FER BN K
KT, HORBIFRDBE DG3 NFIGEIES D=y 7D, F(5.9) % e L CEIZ AR
B INETR DI ERIFORING B 2 5L, DmPwDHIFH 655~1965kW Tl Table 5.5 LE0#E
M.

K= hOE M HITR(5.7), (5.8)DE NI, ZOLA DA i =y NI OV TOHE
OB, BT 50% AR EL720 KON A FHEER R O A G, XML Table
5.6 DEBVTHY, Frl/NEEFEDIK AN R TOEIRRF N E ThH D, £, BEOH/NE
BNDIR KA EECTOANM I/ F— % Fig. 5.5 (TR T.

Table 5.5: Selection of 5 units of Medium-speed DG based on load sharing under the

conventional method

01‘3:;123" D['l?vl\:]w g0p1| gOp,| gOp3| gOp,| gops Abﬁigp[lgw]
1 1900~2050 | 1 1 1 T | o 3000
2 1500~1900 | 0 | 0 | 1 T 2850
3 1100~1500 | 1 | 0 | 1 | 0 2450
4 950~1100 | 1 | 1 [ o0 | o 2050
5 550~950 | 0 | 0 | 1 | o 1900

Note : 0 for not selected, 1 for selected

Table 5.6: Operation Configuration of 5 units of Medium-speed DG operated by conventional

method
, Annual Annual Operation, less
G Operation [h] than 50% load [h] | “verage load factor
1~2 7,544 6,634 46.8%
3~5 16,604 5,798 51.8%

-88 -



2000

m DG5S DG4 mDG2

1500 mEDG1 =DG3

1000

BTl |
NI |HH\HHHHNNHHNNHH\\|“||||H\|N||HNNHHH

655 1965

Suppy power Config. [kW]

M

Demand for each hour[kW]

Fig. 5.5 Load sharing patterns of 5 units of Medium-speed DGs operated by the

conventional method

a) HEEAS—A (Casel)
oS B R CO AN HEEIE A B b L= A O AN/ ¥ — % Fig. 5.6 ITRT.
RS LD = FORERINE K O FIEL LA L7 o728, Bl bic K iEiz P o=
=y FOHTHERRICRADERNBML AT T DI, RO R =y M D ESER AR % LS
THEMASNTWD. Eo, =AM Tlda=y M TaMROESLIER N ANFED DRI
AU%. Case 0 LLLEGTDERA N FEL TUE 1.2%DAEREH 2 AN R RBD Sz,
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Fig. 5.6 Load sharing patterns of 5 units of Medium-speed DGs by the optimize method

544  EEEZERUCER QTG R
a) RERAEIDEF (Case 2)

Case 0 CHLIGL, TERDOHIEITFIEDO EEH A 5 BIZmdE1l 5418 IILT- Case 2 DA AR
HINBh % Fig. 5.7 (7. 7236, @O ER 4 200kW 7225 800kW 2L, A
(SR DR AT~

BIELC, EEMEOR DS 200kW, S00kW, 800kW [ Zxt3 252 = DR % Table 5.7 |2, 75
ST A oy 32— % Fig. 5.8 IR

BN 2 s O R B AR 2 TO BRI M O =y MER TOEM LD, —T
T, Fig. 5.7 l{TRTE8D, BEDRILENTHEEEOFER BIZEL> TRELHTH. K
(5.1), COWTRTERY, [FHH T mEEEI X EE L 0L DR IMEN T2, 258 HS Hhdii
LTV 500kW, 800kW DA ITITEAM RN, — 5T, BT dO R RLBH T 05
HHE D BDBENDI S TIRIFDNR DR T 5. FNEREITARDITERE . LE P
B DR EEI L o> TIRRPEAL T HRAMILTH- T, INAEOEHHEEIZL > T

-90 -



s
o
P
B
Ny
=
AY
i

SR AT L7 — A CHE, BB OB B 5.

6,000

H Maintenance cost H Fuel cost

5,000

4,000

3,000

2,000 -
o H 11
a =

200 300 400 500 600 700 800

Annual cost reduction effect [k-JPY]

-1,000

Capacity of High-speed DG [kW]

Fig. 5.7 Annual cost reduction effect on operation cost when connecting a high-speed DGs under

the conventional method

-91 -



Table 5.7 Selection of 6 units of DG based on load sharing under the conventional method

(a) 5 units of Medium-speed + 200kW High-speed DG

Operation l[)lzquw g0p. | gOp; | gOp;| gOp.| gOps| gOpe Abiil;p[llfw]
1 1900~2050 | 1 1 1 T | 0 | o 3000
2 1700~1900 | 0 | 0 | 1 1 1 | o 2850
3 1500~1700 | 1 | 0 | 1 T [ o | 1 2650
4 1300~1500 | 1 | 0 | 1 1 [ o0 | o 2450
5 1150~1300 | 1 1 T [ o0 | o | 1 2250
6 1100~1150 | 0 | 0 | 1 [ o | 1 2100
7 950~1100 | 1 1 I | o0 | o | o 2050
8 750~950 | 0 | 0 | 1 T [ o | o 1900
9 550~750 T Lo | 1] o | o1 1700

(b) 5 units of Medium-speed + 500kW High-speed DG

Operation Tl | 90p1| 90p2| gOps| gOp4| gOPs| 9OPs Abiﬁzp[llfw]
1 2000~2050 | 1 1 1 T | o0 | o 3000
2 1900~2000 | 1 | 0 | 1 I | o | 1 2950
3 1600~1900 | 0 | 0 | 1 1 1 | o 2850
4 1500~1600 | 1 1 T [ o0 | o | 1 2550
5 1450~1500 | 1 | 0 | 1 1 [ o0 | o 2450
6 1100~1450 | 0 | 0 | 1 [ o | 1 2400
7 1050~1100 | 1 1 I [ o0 | o | o 2050
8 1050~1050 | 1 | o | 1 | o | o | 1 2000
9 550~950 | 0 | 0 | 1 1 [ o | o 1900

(c) 5 units of Medium-speed + 800kW High-speed DG

Oﬁj;i?g“ D[1lz1vf]’]w g0p1| gOp;| gOps| gOps| gOps| gOps SuPp[IIZV?]blhty
1 1900~2050 | 1 1 1 T 1 o0 | o 3000
2 1750~1900 | 0 | 0 | 1 1 1 | o 2850
3 1500~1750 | 0 | 0 | 1 T | o0 | 1 2700
4 1350~1500 | 1 | 0 | 1 1 [ o0 | o 2450
5 1100~1350 | 1 | o | 1 | o | o | 1 2300
6 950~1100 | 1 1 I | o0 | o | o 2050
7 800~950 0o | o | 1 1 [ o | o 1900
8 550~800 o | o | 1 ] 0o | o | 1 1750

Note : 0 for not selected, 1 for selected

-92 -




Suppy power config. [kW]

Suppy power config [kW]

2000

EDG6 ®mDG5 =DG4
1500 -+

| \
S

Demand for each hour[kW]
(a) 5 units of Medium-speed + 200kW High-speed DG

1965

1965

2000

EDG6 mDGS wmDG4
1500 -+

EDG2 mDGI

u DG3
- Il

500

Demand for each hour[kW]
(b) 5 units of Medium-speed + 500kW High-speed DG

-03 -



2000

EDG6 mDG5 wmDG4

1500

mDG2 mDGI

= DG3

1000

Suppy power config. [kW]

Demand for each hour[kW]

(c) 5 units of Medium-speed + 800kW High-speed DG [kW]
Fig. 5.8 Load sharing patterns of 5 units of Medium-speed with 1 set of high-speed DG by the

conventional load sharing method

b) EEEM—A(Case 3)

e A D ZE 5% 200kW, S00kW, 800kW D5 DFREIT S U= A /332 — % Fig. 5.9
(R il blc LS iE R = hO A /3 H1E Fig. 5.5 & O Fig. 5.8 |- T IER TIEO#E R
LIS DL RES DL 2o Tz,

Case 0, Casel, Case 3 |2 DWW TAL=y hOEROBBIRH, ARD 50% A E7/2D 8D
IARAFEIRRE R O H % Fig. 5.10 17T, SEOREETO Case 0 LI ChRE LA T 7=
Case 1 & Case 3 TIIHHFEDMEEAIF M D ZEALIT/ NSNS, AR AR IERR 0D HE 3R 73 R & <] &
NRIEE DR PBENTOD, RO T EED = )R TERE T 5 LI LD E D R 1345
DALDDS, DO, i OEH N IGISNDT0, EMEEDNRELRDINE- CHEIRA
TR FNDMEME e o7, = HHE S00kW, 800kW D4 — ATl E MO E I MK S b,
ZAUTAR D HOEELIZEDE, R OR GO E M A &0 P L, EiEL Th
BHREIVNSNZD THD. DI, fEkTE Case2 TOFHEI &R UL mEIc L > CaghsR T
A TELH BB O G L2l L AR D721, TRV @ h s Tl H R

-94 -



DR IRSND T2 T D, T DD 7 — ATl O E R 1 TR 3k RIS~ TR
IARNb DD, PO KA R COMBERRFIA (50O DFI AN KEI L TRY, #Eirshs
FUEEITZ N E N mWRRTRERDIDICAMZ I HEN TWD. ERIICH IITIET%)
EBRHENTWD, FEOEAIFWITHIGL CElE R A2 2 C, miia 200 Fr A 3
HZLETRIFMEED TNDEF 5.

29000
— mDG6 DG
=
ﬁ. m DG4 D2 ‘ I
5 aDGL  mDG3
O
o)
% gy
& 1,000 | '
>
| |
=
m
: II‘ il
0
655 |

Demand for each hour[kW]

(a) 5 units of Medium-speed + 200kW High-speed DG

- 905 -



2,000

mDG6 m DG5S

1,500 = DG4 = DG2

EmDGI1 uDG3

1,000

Suppy power Config. [kW]

Demand for each hour[kW]
Fig. 5.9 Load sharing patterns of 5 units of Medium-speed with 1 set of high-speed DG by

50

(=]

'l

Demand for each hour[kW]

(==

1965

(b) 5 units of Medium-speed + 500kW High-speed DG

2,000

1,500

1,000

50

Suppy power Config. [kW]

(=]

O

1965

(c) 5 units of Medium-speed + 800kW High-speed DG

the optimized load sharing method

- 96 -



18,000 mDG1,2 m DG3~5 u DG6

= 16,000
& 14,000
Q
<=
§ 12,000
=
2. 10,000
o
g 8,000
6,000
4,000
2,000 I
0
Case 0Case 1 200 400 500
Added ngh-speed DG capacity [kW]
(a) Annual operation hours
120%
mDGI1,2 mDG3~5 = DG6
100%

80%

60%

40%
LA
AR |

Case 0Case 1 200 300 400 500 600 700 800
Added High-speed DG capacity [kW]

the ratio of low load operation hours [h]

(b) The ratio of low load operation hours as less than 50% load factor
Fig. 5.10 Annual operation hours of 5 units of Medium-speed with 1 set of High-speed DG

by the optimized load sharing method

-97 -



545  HEEBEMOZIR

gD A4 TE % Case 0 OEMEA AN IEHEL LT, A BN E L CA T
R ORELDOFEHZ1T-7- Case 3 DAEM 2 AN % Fig. 511123, $7=, AFFEILE
FIZhSE DA FIZ X DIREHE B BOHIBICE 12 S TTHD720 CO, DRI AL IR C Fig.
5.12 IR 97[5-21].

AT % B b L7z Case 3 TIXMERTIETOAM I FEM D Case 2 LH72D, =iz
BT — A TEBFEHIBZNRNGOND. 72720, miEOR RIZE-> Udm Emg0E
HRDSRIE S, Fedifl FIED a8 A LTz Case | DFIREIFIZR T L7025, mlEO EK A &

EWNE X DRET Case 2 LAERTHY, /N ED 200kW 23ch B FHETEEN R KR E U,
Case 01ZH~T1.9%, Case 1 IZHATL1%D AR EDSHIFF CED. FlAy/ NI ZR Sd ik A
BINT5ZEDREHTHS.

P AL O A C U B OB 2 $ 150/kWS-22], 324 d3e F I il 2 B A0 v 72 i F 4F
BThHDH 15 FELRIGA, Fii{ba21T72\0 Case 2 TIXEEEILA LIAD HDIE 2006W D
ERE DT —ADIMI 7250, b EITOY A 1L, 200kW~T700kW D7 — A2\ T, &l
BB L TIRE RIS RIAD DL~V Th D, 12721, Case 1 7217 Th, BEAFD FiED
BREF ANHI S A &S, E72, CO, HEH BT HE R T s o 2 0 CIIAR R
7,000t-CO, £72 DT, HIERIFIT 1~2%FEEE L7 o7z,

- 08 -



5,000
4,500 ® Fuel cost

4,000 B Maintenance cost
3,500

3,000

2,500

2,000 =

1,500

1,000

50

0 400 500 600 700 800

Casel 200 30

optimal operation [k-JPY]

o

Economic effect for operation cost by

o

Added High-speed DGcapacity [kW]

Fig. 5.11 Cost reduction effect on operation cost when connecting a high-speed DG with
optimized load sharing in comparison with conventional method without high-speed

DG

160

140

120

100
80
60 -
20
0 -
200 300 400 500 600 700 800

Added High-speed DGcapacity [kW]

Annual CO, reduction effect [ton]

N
(e}
|

Fig. 5.12 Annual CO, reduction effect on operation cost when connecting a high-speed
diesel generator with optimized load sharing in comparison with conventional

method without high-speed DG

-99 .



AHFFETIE, HiE DG 25 HIEH T2 MG 123 DG 8L GERIEH T 512h7-
T, Ao EREL T 52 LI E DR FE R ATM L.

AHFIETHRIGE LB D X578, BRAAR XELH TR R EZE NFELR NI
D MG X, ZOHUIRO FHHEIEDESTOTH, AfiSF—3FRILTWD. E7, Ehic
KL CRHE BRI A TR E, KNOBRORERMHIEHSNTOD RS FETIR
WTh5.

AWFIEIE, TAH 2 B LT O 72D T E G O T DM A T E ] £ 722 2 /& B
L, — 5O HEI)/INR B O m s A A o ChiciE H A2 XD s ko TRRg 2 ¢
ELFEE N, ZORERITBEF OB FEL T Tt 77 )y ik o B3Ik L TH
AHEBZLND.

— I, FEERIMOBEANZBWTL, BETDAM/F — S Ul i Y72 3% i 7 4 1%
TE LT UERRFE D RGBS 5. RBFFEO AR O R#E{bIc kT, BloS
PFCIRE SRR B DTG ThHh->Th, mEEOIBINT—EREORFE L LD
NHZEDNREI . TEROHIETETIE, ALAT @R O EHE A EIZ > TRFEZIRIE
RESEDY, BRICLSTUIERHRWEAELSHD. Zhext B, An o iafaiEt 3
HIET, ZORBEAM Y = DENIZIDRENROWBDEIHIL, B0 &K
O EIEBHIEN R A RIAD LI LN RSNz, 72720, @O R EITH BV /NE &
THDHIFENRNPKEN. Z ORI TE R IE L T O 2 &2 R CHEA ST 57201257
I DA/ NS<IMAOLNDEEEEL T NE RO FTNELDRE— KR A REE7RD,
NRPRENZDTHD. AT, TOHE, mEBE»/NE & ThivdmAnis oMtk
LB THD. Fmmfb DR AR, FEIS/NEBHE DR HIC &> TH O A fmi To
HEHIHISIL, mRETOERRSIEINL TWD D RS H Rz

R L L~ Tl T E A I DR BRI IMEL, AT F U AR E . ZAUTHD
OB, ARWFFEICED, AR aHEEIEORELIZE>TH A LU TN MG ISERERNL T
RF R ZE LI ONLFENGNER STz, ZORERND, —BEANCITHE HEAKEL THRAS
NOLWHEIDRH D EHEEIZ MG DL VU = ADOBL S OR BN AR SNDZENRD BT,

- 100 -



BV T, B RO S CRER M AR D0 TR, N E s A TR
TESEDL I BV AT LNCHRTHD. Fiz, 1ERDAM pHETITRS, YATLAOH B EL
LT AR O FGE L S B RN TH .

ARBFFETRUETFIEL, SO0 UOHREICSUAMOHEEFHRL TRE, ZOBREEEK
YLD DH N ThD. KRR CRELOFFIIRETHY, BHIZFEETELRENHY,
MG DIEF L EIZE>THATHS.

- 101 -



BE R

[5-1] TYRTVUAY, DMEEEEEE BT 2T X —HA R i /X — (L T REE
HREM AT PR 26 423 H,2014

[5-2]1 WEERE, B, B LREbozo O30 ERZGRO Ty,
2019

[5-3]1  T% B, WG & Wiy & B 5, a— V=R —al v AT LD E
HEE R ST A— 2 O B b BT 20198, 2504 TFS fRoUE,
2018, 43 & 258 & pp. 11-19

[5-41 7 &k, YIiDOU, K& H, RA FuE, Wk & &, Bt 92, ol ki
BIFDHHI T RNVT = AT LOT YA L AT, HERER BEAF 9850 SC4E,
2017, 5525 &

[5-5] 8 8h—, Bl B, a—Y=X—iar U AT AOREEMNFIEE © 5§ 1
W-J7UERRORES, 1990, 225G -4 TP GasCEE,15 8,42 5pp. 59-67

[5-6]1  /PNEE#AT], FRATELLS, =R —2 2T DRERK I B L D72 DR HELE T L
ET VAU R L, 2019, THI H#, 59(4), 24-35

[5-7] ELER, BEREIT, TR, MAZER, BRAE, v~(7rZVyRIZB 5 H
B fir B RR D72 T DAL —E v DE oy At Rt 2 Z [ LT B Bl 0 B 22,
2011, 90 %, 7 %, pp.654-659 (J-STAGE)

[5-8] i B&&, B, BEMEDHELHETT LV EAWCEN VAT LERO
PRPFIE - BREEVE DRI F 1L, A SL—ar XU —F R OFE, 2020, 2020
1 H 5,pp.20-26

[5-9]1 &mZEE, HEMEH %64 Bl7F—~: RBFAMHES (ELD), 2016, BR Y-S

=

CEE B, 136 &, 7 %5, p. NL7 9

[5-10] &% 55, B0t B, B fE—, /Me B, i &2, BAETTRRT R LE—
REE KR IS LT FEARTE A S R 2 b — & — TG 1 A 5 i 3R
TBHSE —, T RAIERT, 2014

[5-11] DAIHATSU DIESEL MFG. CO., LTD,, GUARANTEED FUEL CONSUMPTION

&
=
or
N,
N,
jui
=
NS
N

- 102 -



[5-12]

[5-13]

[5-14]

[5-15]

[5-16]

[5-17]

[5-18]

[5-19]

[5-20]

[5-21]

[5-22]

CURVE AT SITE List No. PC-160610-001Z, 2016

NEREZ, mEEX, BN ~AraZUy Ry 274, B LEE, & LR,

2011, Vol.84, No.3, pp.188-193

B Ty ROtEE, ROE AN =T VyR, BT 47 HREIC BT D

BN FEELLOFT R RVA N AT LFEFET Y =2, NEDO , 2018

I. DULAUA, D. BICAA, Optimization of generation cost in a microgrid,

ScienceDirect, Procedia Manufacturing, 2018, vol. 22, pp. 703-708

TEES, BIGEEICBTONAT VYN HEEMD AT LD FEFEFHEIZONT,

2018, FEXEfEFREE, 5 38 &, P57

FEET) B OFRAR AT o AT 5 R B S S5 )R, TR xEERL)
(ST = BT AR B OV D 5eb JER SR D W DV N BB 7 R Aol e e i A e

B, 2020

ZZERAIIIEAT, FEIAT LaDHBURTE, RFPEEE, 2020

BEH A —, I#0eAR, B, SSHEBEE, A~— VY REigVFo LA 4 Bl

AT I, HNALRET 7 =51V )R —N, 2014, No.57

Kohler Co. Model: 800REOZM. 2018

KRR, B v, MR A E LR EY IR TR v a

— V= RENDR-AE =L BCP OREPRHEMR AT ZEAIHE DR OfE, =%

NV — E RO, 2018, 39 &, 5 5, pp.1-10

BT R — T, L — IR R B R - PR SR P HAREL O AR (2018 A5

&iT), 2020

Generac Power Systems, Inc, White paper Total Cost of Ownership Diesel vs Gas

Generators, 2017, pp. 3

- 103 -



Nomenclature

Index

Group of Generator units iG except iG = L.

Hours integer from 1 to 24

Generator units integer from I to 6

The unit number of the maximum capacity

Month integer from 1 to 12

Load factor [%] integer from Bpt to 100

Day types Weekday, Saturday, and Holiday

Variables and parameters

cFl

cMt

cOp
GCpig
9Efic(x)

9ILRiGwmn
gOpiG,w,m,h
gPWiG,w,m,h
X

Parameters
Bpt
DmPwy, m n
dayw,m
Prg,

Pry

n

Annual fuel cost [JPY]

Maintenance cost [JPY]

Annual operating cost [JPY]

Rated output of each power generation facility iG [kW]

The power generation efficiency of each power generation facility
with the load factor x[%] as a variable

Load factor of each power generation facility iG [%]

Operating state at each time as binary

Power generation output [kW]

A variable of function

Minimum operating load factor [%]
Power demand [kW]
Number of days for each day type of the target month
Fuel unit price per calorifique value [JPY/kW-h]
Maintenance unit price [JPY / kWh]
Uneven performance of medium-speed DGs
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