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IVF RO H AT RERT THIENERETH S Z Lovn, PV EHAGDLE TEE]
BT) ZfGAf T2 2T, PVOHNDEEBZRINT 2R AR 2EINTVS. EHIZ
RED PV 2 ERM~ERT D& TRESM TOEEFEOE MG~ ELHE X
HZEPREINTEY, ZORSE & U CERLERTIC IS 2 sl 5 o arsE
TonTnWg. Fiz, REROBEHEMFEZEIEF THLIAY— M A—F~DANE
ZAWHELTNVD N, HMRDBEFED A — X EREORFICIEE &, ENFHOEERM
SETOAEYREEHEIEZ SN TS, Thbb, Fvr FLAKRSZ (DR)
EREZENRMOBERE LV ZE LLFEED, 20 DR EFIHIG L CHETE %
L5 2 & T, HIEM TOT XL X —OAEMFIAZER TS 2 LRGSR T
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W5 (FF, 2012) . LasL, HIED E Z A FCCGS, PV, BT ZOFEHAT R/ F—
VAT DITHERR IS L7 - flfE A 1T 5 T Y, DRIEFICIET R/ X —HERMI
THENIIRET 20 TR, FEFRE LR FETHEE I 22/ IRRICH .
ZOTDFTEREIZ R EEIGT DINEENERD ZERFEE SN TS, 20
AREOERR & LT, RIEF~KIS L OOHER TRV F — 2 AT L OERRIEEM
ZARE LT, HefloFRaEr AV TRERMVOT X LE—EHR L —FH L TTH
Z & 7% Home Energy Management System (HEMS) [ZHAFEFXAL T 2. HEMS &9 &
D—-D>DFHIL, Building Energy Management System (BEMS) CTHh 2 LBz L.

BEMS (322l 72 A/ 2 MM 2 ERWE O S EREN], e EREOER - HlH,
PEKIRE DR EME 2 EOENT 22 L ¢, F/hEA 1D O 3L XF—FIH
MFEE@mOHHEEN LRI L TW5H. BEMS ITERHEBEBNREBRE L TEH T 5720, VA
THNCESERFFRALETHY, ZO7 03U XAFKRHLTIDORT v 7h
LEREIND. 3D0AT v T, BROZRXNF —FEERETATLIRT7T v 7,

TR SNT-FERRY| R — N H-SE BEMS EAB OREERKILTE VAT L4
ROERGRAZFRNICRET D2 AT v 7, BROEBEIZR L CGERAFRICESEE
BUCEAAIT O AT v 7 ThHD (Clarke et. al., 2002; Doukas et. al., 2007; Park
et. al., 2011; Zhao et. al, 2013; BREPfh, 2011) . BEMS & [FEkD&EEI 245 Z
& &, FREEEFNC 31T 2 HEMS 23 EATAIZ FT6E & 3° % 121, Aill O Rr{g & 7> FC-CGS,

PV, BTEDOFEA = RN ¥ —HEam 20 £ LD DRGBEIZIE L2, FEOAFEE
HEFICEBNTI AT LERPEREE R 5ERAZITO TN Y X LPREERD. T2
bH, FRIFEHRICED < HEMS BABIMATRE & 72> TS, HEMS OFRR & LTI,

TRAF —OFARRZRET 2H3RICE E > TH Y, Fl2iE Echonet Lite k33
[F381E O 72 OIEEBIEBUE S RE SNTEMTH L. T oL v 2 @EHEE
R T KEN =R F— 3 ORGERFB SN b 00, EOKsmEOEXKIZITRW
WA BT 2 2 EDRRIATNTWA. /2, HEMS D72 DI XL F—HERAKIZ X0



1-1 HFE
L RMREA R A RNENE W) BN TSIz Rm SN Ty, L7 -» T,
HEMS & ZDEHETIZBL KEMA TR X —EIFOBIEHEZA LI T D 2 LR,
HEMS OB &M Emb A Z LICEET AL EZ 6.

1-1-1 A—VIzRL—Ya VI RTLBE

FEEM CCS VI RAES) « kL« Bk - ZBRAE A1 L L, B - EK - HER - K%
AT L AT - ZHNFRTHDHEEFZD. £z, BEROGHRKE LTOIRKEE
BT D W #AEAEGDOE TND ZENFHRTH L. I DI, BAEHIIHBEG OEE
Hh, RESE(T B LTy, —F, WIICERT 52 L1E, BRBEE AL,
R T EGRBNEZHET 27D ETOZANT—BRIIENL L OO, B -1
A N EIREE B ICH AT DR TR0, ERINABEE OGS, = R/LX

—FAEORFBINEE 2T 2 &0 5 BLE T, T XA =R L —OF|AzhE
2 LESELHDER-TVD, B, THITEDAMMOBN LIZEE LTV, I
L 7= BEBMT HWT 207, #E R EORARFZ IWT ORKEEAT 5. MG EICK L
THWT RIC AR BEPENGEE, Ny 7T vy TR ARAT (GB) TMHELT-%
WHET S, 20Xk, 6SIE, FHTHRETIRICACLHRLEFL, KiGH
WIZFIET 22 L1280, BEORF DT XL X — 2 &G R TRHIA T 28 C
5.

ORI RECINF—EELTLEATT - ZH IR TH D OGS ZREEANICE T
2O, ERAFREEEMIGRET L2 Z BB THY, FoMEg7mER RN
5 & TCCES DFFOEBEREN e RmEICEEL, A-RXNF— - Haxb&hbH
DR BITWD
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1 2 FERAI—CzRL—2a Vv RATLORK

FEMEVIPIBERa - 2R3 —2a vV AT AOERITIE, ERNTET AT
Uy (REHAFLEE, 2013) 3B L OWREHER (FO) R8N &, midfbkEnTng
RIS - (2 LIS 2R EVW - OFERA S ROBBENRN L OO, EHRHEE
ERRMENLVE DO ROIKRITIZE > T, %BEF 1, EHomEas
HAYIZ 2006~2009 FF £ TEBABEIEM KR HELEFE L L T3307T 5 0EEEDF
TERRIEML (PEFC) CGS Z REBHIZHRE L, Ein7 — 2 23FHA - sl 7z, £ L
THARIZFS VT 2009 4212 PEFC-CGS BERFESALDIZE - T D, BIFETIE, THEE
BH %2 0.7, 0.75 8L TV1.0 kW & L7z PEFC 38 L O\ERE( L TIBEL B (SOFC)
D 2D FC B2 Y =y 7, BEWREER S A7 A, JX BHAR A= R/ F—
BLXOTA VBB EANEGE L, HEA A, KIRT A, BEATAB IO JX REEA
ALFNAFX BTN FX A T TREND “TRT 7157 LI LR TIREIN
TS, R LIIDRTOERI ZEFEICIRFE SN TWREEM FC-CGS A 7 1 7tk
DEKITH Y, B 1.1 121% PEFC-CCS DR ER 2~ (RS BREHE & X 7 4\, 2011;
NIV = I TTT7A47 A, 20135 JX HELH AT RLF—, 2012; 7 A o k5,
2014) . ZFRZH FC-CGS OEHIE T T A& HUNMELP H A #/INE Kk, 7=, B
BI L CILm & I L RVOERE LER LoD, BhKH & U THLEER ATRE/R T 7 /L IR AT
HET& 5. PEFC-CGS ITELE - (FICEFNZEI 1 FFEREE TS Z LD, FANZE
FHEAHREL, 1 BB TEORBBHKIGERR S L0 NEREIC/L->TL D, —F
SOFC-CGS 1%, L& - fZILIZBTh ZIFMN LV R\ =iz, 1| AN TILES - Z1k%

TR S 2 EATRNERICADZ b0 EEZ LN, RENEKDIEAMN
R T 5.



1-1 &
Table 1.1 Summary of purchasable residential FC-CGS
Toshiba fuel cell power systems
Product maker Panasonic co. JX Nippon oil & energy co. Aisin seiki co.
co.
Year on sale 2012 2013 2009 2011 N/A 2012~ N/A
Reference tax-inclusive
yen 2,761,500 1,995,000 N/A N/A N/A N/A N/A
price in retail
Type PEFC PEFC PEFC PEFC PEFC SOFC SOFC
Model NA-011TARS-K | NA-0813ARS-K N/A N/A FCP-070CNA2 | FCP-070CNC2 | FCCS07A3N
Rated power output kW 0.75 0.75 0.70 0.70 0.70 0.70 0.70
Rated thermal output | kW 0.94 1.08 1.00 1.00 0.90 0.73 0.65
Power output range kW 0.25~-0.75 0.20~0.75 N/A 0.25--0.70 N/A N/A 0.05~0.70
Thermal output range | kW 0.20~0.94 0.21~1.08 N/A 0.36~1.00 N/A N/A 0.05~0.65
Rated net electric
% 40.0 39.0 35.0 38.5 35.0 43.0 46.5
efficiency (LHV)
Rated thermal efficiency
% 50.0 56.0 50.0 55.5 45.0 45.0 435
(LHV)
= Rated net total efficiency
=] % 90.0 95.0 85.0 94.0 80.0 88.0 90.0
g (LHV)
Maximum gas
kW 1.9 1.9 N/A N/A 2.0 1.6 1.5
consumption
Exhaust heat recovery
°C 60—~ 60—~80 60—~ 60—~ 60 75 N/A
temperature
Warm-up time min N/A N/A 60 60 60 120 N/A
Battery design life h N/A N/A N/A 80,000 N/A N/A N/A
Noise db(A) 38 38 42 38 40 38 37
Dry mass kg 100 90 105 94 135 92 94
Size(height x width x
mm | 1,883x315x480 | 1,850x400x400 | 895x870x330 | 1,000x780x300 | 900x900x350 | 900x563x302 | 935x600x335
depth)
NAT-C11ARSA
Model NACI513A N/A N/A FCG-201-DR SFCG-93 FCCT090A3N
W6CU
= Water capacity L 200 147 200 200 200 90 90
=]
=
; Storage temperature °C N/A 60 N/A N/A N/A N/A 70
= Dry mass kg 125 55 110 100 105 94 94
Size(height x width x
mm | 1,883x750x480 | 1,850x560x400 |(1,900x750x440| 1,760x750x440 | 1,900x750x440 | 1,760x740x310 |1,760x740x310
depth)
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Fig. 1.1 Picture of an “ENE+ FARM”

1-1-3 BB

BB ICRAEMAGT 2N - ZHNRTH D CCSITHBWT, BEHARMDARIZ
BT DL, RERALEZEIL42H20V. 20720, BEOBENSTFETLHZ
&C, WAOTERMELZTRIL, FATOFHENICE DS T EZRWE I RRENREALETD, 1REN
BENFETDIEICE 2RI 5 L0 ) FRABERA STV S (F B, 2009).
CCS BLUOEZRNVF—EBZEDTRNX -V AT A5, B - BEEAEEIC
4892 & WO RIEIE, 10~60 2> OBEEkBFFMBE O EAFHE B (operational
planning problem) & UL C#OREFERE AW TEEICERLS LD, E
FAFTENE, Z2E MM & Vo T HIIEIRRR R 7 — L J 0 3 IR VEFRIC 38T D4R
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1-1 HFE
HENIEFR L, XEM, fIEBMFORIE S RAEEE T H Z & THAZE - 72EM
AEBT L. METNIE, ERFENE, GENCT T N EEROFIETER, BREETE

LA FIR (operational strategy) & L CIRETAHEHINEREE 2 5.

1-1-4 Home Energy Management System

BEHRBEHEITEZHNTT I FROERT NS 22 —FRL, 77 MofFRb
HWEREGL2D, 77 ha2EnhH 2 BRINCH L TRl & 72 2R %179 Energy
Management System (EMS) (ZR9 D8R A TW D, EMS Z S EEIZHH L7 b DR
HEMS Td % . HEMS A ZFREM = /L F — s L (5 3 2 729 @ Echonet Lite (B, 2013b)
EWVOEEEL SN BEREANREIN TR Y, Fir R FEAT 1L X — a0 B
SNV AT ARROREERZITS Z &2 BHE L TS HEMS ICHIFF STV DK
Bl RITR L. REMET RNV —BEPFEETLHE6IT, &6 nhTHT ¥
—HREELRBELY, TORRL DV ICESERRHLA DO RV —MBELIRET HEM
FIEISVETHD. TV F—FETEE, N\HMOEEFA 71 THD 1 Al
e LB mEOFMBIE Ch 2B A D 24 FFEICEY RIS S. L7zhio
T, BEHFIEN OO TOH LA TEET RS EZ TATLILENDH Y, HEMS
BT LTPRHAT v T EERAT v 7T L OBSRPIITERRE L STV 5. &b, B
FNEOBHMEEZFHELT, T~ FLARL R (DR) (2L ABEHERHEEZIT L
MO S TV D (B, 2013b) . FEICEWTIREFITUSET 2I12E, A~v—
NA—=FBLOHEMS EWIHTERBRELBEATILERDD. Av— M A—-F T
[EHREL FF OB CTH Y, HEMS b E-BEHREL/F DI L TIREFELZEL, X
FEHTRLF = A7 LO—flEZH 5 D L HfFS TV D, (RO = F
NWFR =T AT AEBT HEERIT, ML LaslEETLTRY, BRREIZAWD

OIRFEZ RS 2 Z & PR TIRlE 2 HE A RIT ST, FmEHREE L Er

727202 DR GBI/ L THIATTIRE T ARENRNDH 72, fIBEEGAFATHHELH
7
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D IREFIIISET HHRIE, 2@VICKAERS. 1 REEEHSL—LxT a7
1 at— (AC) EDFEIIZL2ENTFEOHI, 2 RBIZFENOEEMR BT) ,
KIGHFEE (PV) HDVIE OGS NOBNEMAGT 52 L TRINENNOORBAEN %
HIET 5 2 & Th b, ZOR, FEEM C6S OEMIZITALR DMWY IEREEDNROE A
TFCABHASNEAMICH D, 1. 212 R-T@Y, HEMS 1%, DRIEFITRT DIEED
BEML, BLUOFEATRALX - AT L&A L TEaERE L 72 2ER - #lfE =
HyobDLHFEINTND.

. Constraint
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7 13 16 G
. Setpain  PCU =

Smart meter ¥
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‘ ON/OFF Total optimization ]

ﬂ, HEMS Schedule ‘: ST —

el
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Fig. 1.2 Concept of HEMS

1-2 PEETHR

1-2-1 IRINF—LATLOEBRALEEK - A

ZAEIBR T ERORBRERNIEET S C6S OF — /L —MEFHicBE Ui, &k
FHEEOFERICES S EERFN 72 SN TE 7~ (Arndt et al., 2008; Dorer and
Weber, 2009; wimfth, 2012; (P& - &1L, 1990; Yokoyama and Ito, 1995). Z#LH

DRRFHIBWTIL, FEENRFRRIEICXT 2, XIRE LIZRDFE T HEERE) &7



12 TR
i 2 BRI X LT, sl B OB A I LD S HEE T b FIEZIRT LT
W5 BEFHEERS LY R 2 b—v a3 VIRIZBW TR, BEE T A OFREOREN
BEETHDH OO, FC-CCSIZR L TTHM RO AR 5T, BE) - {21k a X M
BHET — 2 Il L b Foll /B ST,

RO & LT, BRT AT —OFREBENE ] O AD5H EFE C6S 12 PV 2EA
L7zt DR, ELITIE BT ZHLAATS U AT ADRE (B, 2013a) 4, A~v— b
REWHIEEROTIL, BRARICEEFERREEZE AT 237 (0, 2013) FTRE
RSO TWD. 72721, PVR BT ZARIAATE S A7 MBI LT, +4r7e T - -
MR ENTWRWERIZHS.

1+2+2 IRLF—RERHR

EROBEY, C6S OEWIEREH OFHMITIE, BHEET /L OBRE, flATTxL¥—F
BEENEBE CThD I L3 GmefFian. ThE T, EENRFEZHEE L THE S
NIZ#GE— NI L TR 22 2 b0 GBAR, 2001) <, EHlOT L —F

BITx LTRYE D CREEMA 2 b0 (GF, 20015 [LE, 2008) & -7z, Lavl,
AEIEABOERDOSZHFEEZZE L TELT, BEIEZ XN —FERBOERERD
N, BHSNRICEEOH LB/ E ST 2 Z L hEEL W IRERH -T2, —75
T, BRINOT — 2 iEEESF - MBI L OREARET 22 2 BNE LT, kx
07T AZ ) T FERREESNTVS (Liao, 2005) . L2xL7ai b, =x/L¥F—
WO E DEEMZER LR EFEOSIT T HaiaTbh Ty, 72, &
BRRFITRICEA L T, ERFGET L, =2a—F L0 Ry NU—7ETLEORSE
(Abdel-all and Al-gami, 1997; Amarawickrama and Hunt, 2008; Azadeh et. al.,
2007; Kumar and Jain, 2010) &2 H 00, Zh b FEITEET—20NDirndH 5D
WVNEPEE T — 2 LTl L EBEAS O FREENEW S WO BRENH D, L72n o T,

9



B1E Fi
THIREICIERAL 2 2, 3L ¥ —#is b OBREVMEOB S TCOEBEMSEFIEN D
BTHD.

1-2-3 FHEEETICE TSR ERERE

FRREANF = AT LDEF AN F—HFHIIC B W T, =L F—FEE - 4
R[REMFFITREBICEB LD, HDOWIINREBHRFERIIANZ — 2 Z5RE LT, S
AR E LCE-I - ST LTV A, UL, EBCETN OISR ES TH Y Tk
EHEEESTWD. ZOL D R RFEREMEZ B0 R 5 SERFHE IR LT, st
L (SP) 20D FERMIRE I TS (Dantzig, 1955) . TRALF—T RT A
~SP A L7-#wEHH Y (Domenica et al., 2007; Wallace et al., 2003) , &
RENZIE, FEERFELER LI KNBE AT LOEHEMGFTEME (Fleten et
al., 2008; Philpott et al., 2000) , FHEAMICRIT 2 EEFERIE (Krukanont
and Tezuka, 2007) , TEIFREHERONMEEMLE TICBIT 5 RBMIZE 2 FEEATHRM
7 (Heinrich, 2007) EOHENH 5. ERNICEBW T HENEE~DILH (M4, 2010),
BLUORAw— o202 72— 78 (BIK, 2011) PHESN TV,

HFRFHEEIZ BV TR SR 2 G 72T EAT R8O 5 H b BRIEEE R KD
DVERMET DEERD L. 20L&, FIRI= A2 LF—FERED, HMEFITA
NUIRBITIHENIC G2 6D, SPIL, ML L THEA T f X —FREEFICH
TR D 2L CRBERLRBTH. 5L, SPICBWTTHELRER
EFROWHICH T o TE, EERIZBWNTON T2 2 & T, EENFHOT 2 DR —
R Th D, FlZIE, EROWENRIRIBVWAHEREEMEO T A& LTRA
L7ZBE, VI—BETRRALZLDIES T UV Y —H5WEA N by —E L
TG, TERFEIZOW T L O EN H 5D (Gassmann et al, 1995; Kaut et al.,

2003) .
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1-3 HBHY
THIERIZE-S < HEMS sEHEHE FIEOBRFEIZH 7o - THE, FEEEEEAZEHATH 2
EMRFREEZBZ LNDHDD, TRIOANEIZHNT D R MEELZZ[E L7 HEMS
BAFRIT 2 ICRE S v T,

1-3 BEY

FIEM = AN X — 2 AT LI HEMS 28 AT 5 REHEIC T, FHEEEETIC
BT D HEMS Z W REM = L —ftfs « BRI O HI L72EM - il o L4
IR HEZ A ST 2 MERD D, K, REN TEIRRE LR 5EM - flilR 5

ZDRIEBE~DRE LV TR X — DG EATT A 23 2 HEMS BRSO TR
PRERT HDMEN DD, KL TS, RO2F5Z2BRET 5.

(1) FREEMETICBIT 32X — 2T LOER G FEOR %
(2) #&%FE7T 2 HEMSERFEFEZRHWV TV AT ASRRE S 75 ERZ £ L7~
BROEAERE S O T EBIEEM

= Z°C, HEMS & FE FIoIIkfbm xL ¥ —H585 & L C FC-CGS, PV 38 L VBT 24k
RIF OV AT LR HEASG T4, L2 A0OBEHEERTATZHIZ, RO 5 EAD
FRREICHR Y RETe.

i

(1) FC-CGS IXEFEME7ZF Tide < EE 21 2 X N L E DT — 2 AR

XTI b

2) FEAT RNV —EEBRmOF-/2ERTHD PV BT ZHAIAATE S AT LM%t

LC R - 4347
(3) = FoL X~ TFER O TH PRI E A T 2 IR O TR

4 MRFLTHLTRANX—FEOAREETICBT 2REMTRLF -2
11
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7 A OEFFHE TR O BRI T

(5) HAID

eI

BREICESEER A FE L2FR0, EAEOE%TM

AT, FEOBHE LURETFEOMBIRE LT, ANkoi@Y FC % I-H &
95 C6S XG44, —Kimd LT, VAT LAFEEICITRFESE =R L F— P,
BRREMER O NEEEZOSEEE N LR HIRENEENLOSFTNRLETHD. &
B35 ECHIERFEOFMIIZEETMER CTlIdh 523, BABEGR EOERNL VKR
RO L F— R EORLE 2 2 MIFEROEEMES K& Wb, T 2 TILFC-CGS
EEDTAFNF— AT LAOBEBEFTMER ThHE =3 X—MICBET 200 % =
(RIZATH Z 2123 5. FC-CGS (2 PV R° BT HALAATE S AT ADB R /LF—HED 5y
B« REAMC Y © T, AR 2 20 2 BB LT 2 0 RFEN DO FFET RV X —E
BIZHLT, YATLEREZEDLIIATR> T OPPEERBE L 0D, KT,
ZAH - BHIIDOLERERTH S CCSITMAT, PVEBLUBT ZHEAATZ VAT 4
OERFRICEL TRV EHETERRREBRENEEL, ZORERE = 1L —k
WCREREELRITT IR D. Kam X T, VAT LOFT 28T xNLX—M%D
BRRT o VB LOEOROERGTRESH - FHET5 LW o Ran s, @R
MR E R GGREME I E DB FEZEBAT 2 2 L1275, 2o O4 el z @
L, BAOTRERICHE S HEMS EAGIEFIEEHEL, TOoF A% EEFHMT
HIENEKBILOBANTHDH. TOBEEZERT LERORNE OB T D, KNig
O BRI 2 IRICHN T 5.

€Y) BRI —PESHICHSI S, PEFC-CGS O AT LFFEZ AN 1 v B
EMZT 5. BE - EFILRR S E 0, EBERFMEEICIT 2T RLF I3, &
BN OB R TERINCERIEE - BEARINNEZF IR 2 AH D FE 2 RBLT 2
T MMEFEER O NIT B,

(2 FREOFERNZE D & R 2 X L 7= FC-CGS 12X LT PV 33 LT BT
12



ERDAATIZY AT Mgl LT, RIEEMGHMAELHEL, REEMGTRB L

O = R & T - TR T 5.

(3) —#% 1t Kullback-Leibler (KL) &I L 5 EM O xR /L ¥ —FEEHO
SHEFEPZREEL, A 0X OB T, PEFC-CGS OFHE & SR I N FEEEE
W OMREEREYT S, Z 2T, PV OEELYID 551, PEFC-CGS D AT Lk

MO BEREZLHTH.

(4) T RILF-FEORFEEM FIZE1T % PEFC-CGS )& & At R~

ket HEAEA L, HEMSER FR D415 5.

(5) BROT )L —FE-PVH N ZEEARORERIN AL — & LTTRIL
FOTPREANTTE LTERFREZERT S, BHANERFRICESSEERE
T AL B L, FOBO Y AT LOERIE L S0 - 35T 5.

1-4  FERXDOEH

AFHILDOTE Y OREARIT, 55 2 FIL PEFC-CGS O > A7 LFRPEETIAER, 55 3 315 PV-BT
MLIAZAL FC-CGS DA = /L — MR, %6 4 RII= ANV X—FHEFEO SR LA =
RVF Mo, 5 b BT REMTICR T 5 EMNFHEFE, 56 EIXTRICE-S<
HEMS JEH FIEIC W TR %, &I, 7TEICBWTRRIOM @2 b
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$2%¥ PEFC-CGS DT lAER

2:-1 #=E

ARETIL, 2013 FF 4 ] OB TEET 2RERBE RS FIRREEL - = 2 b
—3a VAT A (PEFC-CGS) OH & a1 JHERIZE N T, 95% &Rk bREIEOFR
RF Y =y 78l - R A A7 5 2 Ko PEFC-CGS (GASTER, 2013a; GASTER 2013b;
AR, 2013) Z#FEFHRE LTERY EiF5. KEOBIX, K@D 3~6 FEIZT
Y BT % FC-C6S D& M EMBEOYERE 7 /UVBET L7201, FReRE&HT
T PEFC-CGS DEEH TIZRIT 53FE « BEREFO AT L2, FIET D
ZEThDH. RBEMGEREL L, V7Y SRR EO = L F— B LT
BHRORBERE» ORoERE A BRI, $72, MM EERicE v Ec L ¥ —EB L
OMESERBEENR L O Bl RS 2 fE < TR T 5. BRER LR HEE) - 42 11 | ZHREH 2 5
T2 FFEA FC-C6S OERFIHET /MZBWNT, RETREELEIEEL, hFa s
WCEIR SN TR VWRREE A ERICKVRET 2 ZENEETH D, RERTIL, e
DRV F =B LORTERAE, ERRR LU - I L EDIEERRE, 25

IENLORFEEERET 5.

22 DR T LWBRE

x5 3% PEFC-CGS 1X, X 2. 1IZAd L ois, EERL=y |, IFEEL LV
YR A T D3 ODED OB SD . ERREHK 2.2, FBRAODEEFE LEFK 2. 1,
KBRABRICEDIFFETER 2.2 \ORT. T a B AMKROIRE - FEFHANCEE LT
FHER OV T ALEIC S EE L.
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Fig. 2.1 Picture of FC unit, HWT unit and GB
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Fig. 2.2 Schematic diagram of PEFC-CGS experimental setup



Table 2.1 Summary of instrumentation used in PEFC-CGS experimental setup

22 AT LIERK

Location Fluid Model/Type Manufacturer Range Uncertainty
FC unit and GB inlet Town gas Class-2, T-type Tokyo netsugaku -100~200°C +1.2°C
HWT unit inlet Water Class-2, T-type Tokyo netsugaku -100~200°C +1.2°C
=
Qg’ FC unit inlet Hot water Class-2, T-type Tokyo netsugaku -100~200°C +1.2°C
o
-
=]
g FC unit outlet Hot water Class-2, T-type Tokyo netsugaku -100~200°C +1.2°C
o]
g HWT unit inlet Hot water Class-2, T-type Tokyo netsugaku -100~200°C +1.2°C
=
[
§ HWT unit outlet Hot water Class-2, T-type Tokyo netsugaku -100~200°C +1.2°C
H
GB outlet Hot water Class-2, T-type Tokyo netsugaku -100~200°C +1.2°C
Testing site Air Class-2, T-type Tokyo netsugaku -100~200°C +1.2°C
Electric grid outlet n/a KM20-B40-FLK Omron 0~2 kW +0.070 kW
=
= FC unit in/outlet n/a KM20-B40-FLK Omron 0~2 kW +0.070 kW
o
—~
j=]
g HWT unit inlet n/a KM20-B40-FLK Omron 0~2 kW +0.070 kW
=
% GB inlet n/a KM20-B40-FLK Omron 0~2 kW +0.070 kW
~
Electric load device inlet n/a KM20-B40-FLK Omron 0~2 kW +0.070 kW
FC unit inlet Town gas DSDa-1.6A Shinagawa 0.16~26.6 L/min | £0.098 L/min
GB inlet Town gas DSDa-10A Shinagawa 1.16~166 L/min | +0.78 L/min
=
g Yamamoto electric
= HWT unit inlet Water Vision2000 F16.5 2.0~35.0 L/min +1.3 L/min
5 corp.
£
o FC unit inlet Hot water VNOS5 Aichi tokei denki 0.05~1.0 L/min +1.2 L/min
<
-
3 Yamamoto electric
é’ HWT unit inlet Hot water | Vision2000 4F22 1.0~25.0 L/min | +0.90 L/min
corp.
Yamamoto electric
GB outlet Hot water | Vision2000 4F22 1.0~25.0 L/min | £0.90 L/min
corp.
e é FC unit and GB inlet Town gas JTD920A Azbil 0.75~100kPa +0.12 kPa
2 O
g Testing site Air MU101 Yokogawa 0~130kPa +0.016 kPa

* Type-B evaluation based on instruction manual with the assumption of the confidence level
of 95%, the coverage factor of £=2
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F2 % PEFC-CGS O FPETEAER
Table 2.2 Specification of PEFC-CGS experimental setup (1/4)

T AT A

T

BiplE = b

B4 : NA-0813ARS-K

W% . FC-75CR13

A OFERR - &AM 13A
B - 1 ¢ 3WAC100/200V50/60Hz
BRM & : 200~750W

B 1% : 210~1080W
BEEVEILREL © 60~80°C

B AR

frs—L=> b

4 : NACIS13A

ZRE 1471

AR« 1.5%/h LUF

B : 16 3WAC100/200V50/60Hz

T AL —

N 7T TER
i

W4, : NMA-824RFW-RA
HUZE . RUF-K2402SAW
EIR : 16 3WAC100/200V50/60Hz

AL —

oy ha—JHE
By = AT
UA

4 : CompactRIO

AUZE : NI cRIO-9074

Ay M8

ff IR EL &P« -20~55°C

{BE : RHI0~90%RH(FEfBE/n & 2 &)
{5 =/7 2 | /L : Ethernet/TCP/IP

National

Instruments

HELSAAETY 2
—Jb

R NI9213

ERE— K @oft—F

RS © -40~70°C

EEEIE © 10~90%RH (fEfE/x 2 L)

National

Instruments

S A BNE A

o= THY

BHRE NSV T R2
HAIEREE © -100~200°C
REEE2RK : 150mm
RAEE ML : SUS3I6
FEERR S 3m

RO

v MEBER

= T

BHRE NSV T R2

AIEIRE  -100~200°C

BEGEERR ¢ 0.32mmK, T EVEXIHER
HEEHRES : 3m

R

18
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Table 2.2 Specification of PEFC-CGS experimental setup

(2/4)

Bk a4

e

BLETT

T AESR

23X . DSTI3000Ace ZEEZE(EHE
AU . JTTD920A

JEJ1L Y 1 0.75~100kPa
IEFENESLME : -15~85

R - £0.1%

T /7 B[ %9 250ms

7 A

T ANy
22—

AU NI9205

fEHE— F . Z8) (DIFF)

LY £200mV~+10V

EEIRFE : -40~70°C

E{EIRFE : 1090%RH (EfEnE = &)

National

Instruments

JEF1EHORRIE)

W MUI0L @EEEAE T 2—L
EIR : DC6~24V

71570 ;. EIA RS-232-C

L > 0~130kPa

FEHEAT : #5HE

B ARAE : 520kPa

EERE : 2Pa

FEFE © FS D+0.01%

fA{RT FEAE

RS232 /U 7L
a—)b

I NI9870

{5 30 0 RS232

ENEIRFE : -40~70°C

E{ERE : 1090%RH (fEfERE 2 L)

National

Instruments

B AR —H

HIF% . DSDa-1.6A
BIEFEE : 0.16~26.6L/min
FHHIEARE : 0.6L

f6#t 1 [Bl45 @ 10L
RAAEY 102
JEZJHR R : 220Pa
INAJVEARL 2 0.1L/P

FHY

R ARA—R

A . DSDa-10A
HIE#FE : 1.16~166L/min
FHRIZER &« 4L

T/b A U RS 1 Bl
JE7JHR % : 300Pa

2V ABANE 2 1L/P

: 2/100L

Y

19



%5 2% PEFC-CGS ORpMEET iR
Table 2.2 Specification of PEFC-CGS experimental setup (3/4)

{4 T &
U« VNOS
Rt =40 : 0.05~1L/min
BEE Y RRENERE : 3L/min AR TR

22— A7 : 0.025L/min
2L ZBAAE  0.0011/P

HIZ : Vison2000 F16.5

R EEPRFE SR &G : 2.0~35.0L/min
PHEREE Y | RREEREZ : 100L/min A ERE T
fff IR & - -20~60°C

TR @ 35~85%RH(FEFE/RE Z &)

AIZE © Vison2000 4F22
FEEEORRE TR =GP : 1.0~25.0L/min
PG EE | s KEME#R®E : 100L/min (AR T2
flE IR & - -20~60°C

B : 35~85%RH(FETE /& Z &)

LA I - NI9421 National
N 7 J ationa
hEe 5 BI{EIRE : -40~70°C Istrument

M ; . _ nstruments
ENEE © 10~90%RH (f5@x L)

B © KM20-B40-FLK

ff IR FE &P : -10~55°C

TR - 25~85%RH(FEFE /n & Z &)
NRIB DB Y | BE - ERFEE © £1%FS+ 1digit Fhm
BEIREE © £2.5%FS+ 1digit
FE BB EE © +0.3Hz* 1digit
FIRKERE © +5%FS =+ 1digit

HUH: - N19871

RS485/RS422 U 185 570 : RS485 National
T 2 —)b H{EIRE : -40~70°C Instruments
EN{EIREE © 10~90%RH (FEfE/nx L)

T : RDP224
A AN . s >
A5 450 '

i B L& - -10~50°C
1B : 30~85%RH(EM)
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Table 2.2 Specification of PEFC-CGS experimental setup (4/4)
fif Ak 24 4T &
AUZE : PCZ1000A
{5 R EEHERR © 0~40°C
B 20~80%RH
TEE'S)T— FEEHH : 50~1000W
FEEE 1 £5% of set LAY
TRREE T IW
OS : Windows 7 enterprise(64bit)
pC AN 7 Lp R
Inter(R)core(TM)i3-2120CPU@3.30GHz
FIEAEY : 4.00GB

2:-3 REEHBIUT—SRBIN

AREBOHEBREMEL LT — 7 OfENTFFEIE JIS € 8823 (H AR W=, 2013) 12
EOLL. 1 BB TEEIL, 1| EHICT2 2 L TRIEEOIEL > B L OREIT —
ZDORBEEZEBL TS, RICEDHEXETT.

N 273.2+15.0 P8+P3r

g=g (2.1)

273.2+6% 1013

ZIT, gB X OGIEENENEHRA S AR TH T AR RS X ONREE - E B RO TR
W&, 681X H AMIREE, PYBLUPHIFNEFNKEBLI O ADIESThHD. IRFE
FIE ST E N AMEGE L OF IR RAERT LY, X (2.2) IORTEY TAD

AREGERHTS.

q® = gH (2.2)

22 TCTRLI-EDI,FCa=y hay ba—)LR Y 2 —ABITATR/LF—

IRz R

FC
d((.zlt — qFC,g(t) _ qFC,out(t) _ eFC,out(t) (2'3 )

21



¥ 2% PEFC-CGS DM
eFC,out(t) — nFC,eqFC,g(t) ( 24 )

qFC,out(t) — (1 _ nFC,e)qFC,g(t)kFC,loss ( 25 )

::—/C:\’ UFC, qFC,g) qFC,out’ eFC,out’ nFC,e’ kFC,losslj:’ %h%h PEFC @W%Bi*ﬂ/
¥ —, PEFC ~D AJJEAE, PEFC 26Oy, FHAIS U/ FC #7858 /), PEFC 3R

5, LU PEFC BRMBETH D, ERREICBO T, RO FRX UL & 72

THO LT 5.
dUFe
— = 0 (2.6)
CIFC,out — qFC,g(t) — eFC,OUt(t) (2.7)

N

=

FEEM N LAFFO =RV —I00E, BINEIEEREEY Z W TRO®B Y &7

——~ 0 (2.8)
eFCout(r) < Joupy (2.9)
gFeout(y) = gFC8(t) — gFCout (2.10)

FEM ) FRERE S EfC & FRRIC, B HBRGRE LI 2 FVW TR O ) 7L F—IY

X
dUFC
0 (2.11)
eFC,out(t) < _kdownt (2.12 )
gFeout(t) = gFCg(t) — gFCout (2.13)

F7z, PEFC EEIRFO = 30 F —I T, EERHEE BB RS 2 IV TR O

By RT.

22



dyFC

dt

eFC,out(t) =0

— k startt

qFC,out(t) =0

PEFC {2 [EFF 4 B30 & FIERIS, (EEREiHEE

duFc
dat

— _[stopy

6,FC,out(t_) =0

duFc

qFC,out(t) — qFC,g(t) + pn

23 FERREM LT — 7 #EAT
(2.14)

(2.15)

(2.16)

AV =R ESOP 2 VTR D@ D KT

(2.17)
(2.18)

(2.19)

HITz2=v hdzay ha—LRY 2 —AIBIT AT R AF—INEEZRITTT.

HWT .
dUdt — qHWT'm(t) _ qHWT,out(t) — HWT]loss [yHWT (2.20)
qFC,out(t) — qHWT’in(t) (2.21 )

e 'C‘, UHWT, qHWT,in’ qHWT,out’ 355 J:U\‘kHWT,lossli, %j’b%ﬂ HWT W%BIZ‘\/Df\:—’

HWT ~DO i A&, IWT 26 O AHZEWTRER L OVHT OB IMER TH 5.

&2, By b — LR Y 2 —AZEBIT 2= X —INERIZRT.

daus
dt

qGB,out(t) _ qHWT,out(t) — 77GBqGB,g(t)

qGB,IOSS(t) — (1 _ 77GB)qGB,g(t)

ZIT, USB,

B
ay qGB,g(t) _ [qGB,out(t) _ qHWT,out(t)] _ qGB,IOSS(t) ( 2.22)

(2.23)

(2.24)

q8CB, qOBout  gGBlossys 1 ynGBiY, ZhZh B NE— X /L ¥ —, B

~DANEE, GBH OB /1, 6B DEMERIB L NGB OREMERCH 5.
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#5 2% PEFC-CGS OHMEFTMiEAGR
i\%% U\Ti nFC,e, kFC,loss, kup, kdown’ kstart, kstop, kHWT’l()SS?SJZUT]GB%

[FET 5.
2-4 R
2:4-1 PEFC S #HEft - &8 - FLEHE

—HADEWRDES « B AZFHRAT 272912, 0.75 kW ERREH DR Z Eh L
. FRRAWEEOE % 0. T5kW EFRE L, PEFC 2= FNOHANZEHRH I TH S
0. T5kW IZERDEBR 21TV, BERB AR Y V2L T L EEBEIERY V2T T2
8 FFfl 26 I d 1T 7=, FERE LT, K2.4(RT L 91Z, 0min IZTHRERGBR ¥
AL, 51T minlIC CHBELERY VERLUIED 1 S EHO = R X — il EE 5.

Bl 2.3 123 @Y, BERGREZ 2 UZREA Onin 226 ERBEL 25D
JTIEARY. — AT, BEEIERZ MR LBR O T RIS EENNEE
LD b 00, HEEARILES LU AEEITFORE 13k LTy 5. X 2.4 1% GB,
FCHBLUMT 2=y FOHE LT-ENTH Y, BE#H»OHREMIEE TB X UREEL
DHWBEEETICENEHEL TS, 20X 9 7% PEFC-CGS OfLE) - (Z1EIZEH
DRMEICER T2 &, PEFC =y M OEENIEA 0.8 h, 0.24 kh OB HB LW
0.35kWh DA %, —F5 T, FZIEIZIEKI 1.5h, 0.04 kWh DFEF1I6 LT 0.25 kih D H A
AHEE L TWDZENHIA L. £/, EHAMAEIII L TiE, K 2.3 12R7 18 Y
BRIBIEREIZ LD ETMENRFRETH S Z LR S, BERAIZIE, AW LA
2 1.16 W/s, AT PR 76.4 W/s OBHEEDNH -7z,

[} 2.5 (X HWT Z 2 A7 2 ORBERFECH Y, FCBREIUN S L2/ 77°C DR
KA HWT ~ETE LTV A. X 2.6 13 GB 2B HIBKDIBEBRETH Y, FHEBRFIZIT 40 C
THEINTWAD., ®2. TITERE - HR - KEKOBEEBRETHY, 2.8 HIT

N 5 EETOIRE S M ZRT. WX EFGIEREN EF L 75 CfhmicEL, 8+
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24 HER
SOBBNEZENE Y TEOBREAY FREETWAZ L5, FCHEOEKIT EZE

MALTWAZ ERbnD. X 2.9 13 PEFC OHERAEINGE L =~ L, BEH 7723 0. 75 kW
TEFIRETH 572 100~500 min (BN THREDNELH L TWVDH Z LR T 5.
2. 10 IR BATRERY "L, 3Eay Fa—A LT 2RI LT, BiBame A
ANIIREAE SEZBIZIE, Wb 15 L/nin TH D, K211 BL O 2. 12 132 Nh%
AVHWT 225 GB ~D i |3 L OVHWT ~Ofg/KfiEEZ R~ L, [ 2.10 & @ URZNIZ[FZEO
MEPFEEL TND.

— Gas —— Thermal —— Power

2.5

2.0

1.5

1.0

Energy flow kW

0.5

0.0 | | l | | |
0 100 200 300 400 500 600 700
Time min

Fig. 2.3 Energy flow of gas, thermal and power for identifying FC parameter
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0.6
FC unit

E 0.5 GB
P —— HWT unit
[
£ 04
S
g 03|
=
"]
: e
S 0.2
| ™
[
2 01|
o

0.0 ALl | L ol | |

0 100 200 300 400 500 600 700

Time min
Fig. 2.4 Power consumption of GB, FC and HWT unit for identifying FC parameter

80
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F’ aanat s —— HWT inlet from PEFC
60 - —— HWT outlet to PEFC
50 |-

40 -
30
20 1 | | 1 1 |

0 100 200 300 400 500 600 700
Time min

Temperature °C

Fig. 2.5 Temperature profile of passing through PEFC for identifying FC parameter

80
o 701 —— HW supply from HWT
° via GB to demand
= 60 - HWT inlet from GB
T 50
@
g 40
@
[ ol 30 -
20 ] ] ] ] ] ]
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Time min

Fig. 2.6 Temperature profile of passing through GB for identifying FC parameter
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© 30

28 — — Ambient
o
E 26 M —— Gas
T 24 A LT —  Water
L 22
g 20 | | | | | |
ﬁ 0 100 200 300 400 500 600 700

Time min
Fig. 2.7 Temperature profile of ambience for identifying FC parameter

80
0 70
o 60 ‘:\/‘7’\ —— HWT highest
2 i — HWT higher
e 50} HWT middle
a 4 — HWT lower
g 407 HWT lowest
Q
= 30 Af

20 | ] ] | | ]

0 100 200 300 400 500 600 700
Time min
Fig. 2.8 Temperature profile in HWT for identifying FC parameter

0.5
c 0.4 —— HWT outlet to PEFC
E | a4
3
8 03H
ol
3
= 0.2
3
E U
= 01H

|
0.0 | | | | | |

0 100 200 300 400 500 600 700
Time min

Fig. 2.9 Water-flow-rate profile between HWT and FC for identifying FC parameter
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20
15
10

5

0 | ] ] ] ]
0 100 200 300 400 500 600 700

Time min

— HW supply from HWT
via GB to demand

Water flow rate
L/min

[\

Fig. 2.10 Water-flow-rate profile from HWT via GB to demand for identifying FC parameter

20
15
10+

HWT inlet from GB

Water flow rate
L/min

ol | | [ | |
0 100 200 300 400 500 600 700
Time min

Fig. 2.11 Water-flow-rate profile from GB to HWT for identifying FC parameter

15 —— HWT inlet from water

Water flow rate
L/min
-—
o

0 100 200 300 400 500 600 700
Time min

Fig. 2.12 Water-flow-rate profile from water to HWT for identifying FC parameter

2. 131EHWT ~AA S5 FC LR SNV E 2R L, £ < OReRIZE
W EIL 2.9~3.5L/min TH 2. FEIRSNTHEEEMEVESIE, M2. 1346 F
DFREO SR REND L D1, 3.7L/min TFC & IWT 2L, IRELX ER 8T
WD EHERI SN D.
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Fig. 2.13 Water-flow-rate of PEFC unit at a day

04

asE
."§
0.6
'S
("
04 S
=
a
02 3
|
s
00 o
o

2-4 FER

EMOES - BUN L 23 2.3127 L, PEFC-CGS 76 R7-A - HAOESh - Rl ¥ —

X, FHFEN12.9 B LN 15.9kWh TH Y, PEFC-CCS ZHIMIR7- & X OFRENICE

\J B AT LOWKE

R TEY), —REFAX—HED AT LD

b,

f@$ﬁﬁ%xw0z8MMT%é.

VINPAN
s T

CEE!

26.22+23.05

62.33+2.78

— 5T, #F 2.4 BIOK 2.14

X 100 = 71.4% &

Table 2.3 'Total amount of energy consumption and output of PEFC-CGS

Input kWh Output kWh
Electricity Gas Electricity Heat
FC unit 0.28 15.32 5.63 7.28
HWT unit 0.003 — — —
GB 0.002 0.30 — 0.003
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Table 2.4 Energy balance of primary energy consumption and energy supply

Primary energy for input
v &Y P Energy supply MIJ
MJ
Fuel for ..
o Gas(HHV) Electricity Heat
electricity
FC unit 2.73 61.13 20.27 26.2
HWT unit 0.029 — — —
GB 0.020 1.20 — 0.012
Sum 2.78 62.33 20.27 26.22
Primary energy
> T
Fuel PEFC-CGS | Heat and power converter loss
62.33 MJ | 15.84 MJ
| Hot water supply
957 % 1 26.22 M 103%
|
x ‘ — —=
Electricity supply
31.1% 2027 MJ 327%
il v 1.03 MJ
43 % - Py » ‘ — — ¥
Fuel / Utility grid/ Heat and transmission loss
.78 MJ 1.75MJ
Fig. 2.14 Energy balance in terms of primary energy consumption
2:4-2 HWT B#ssit

2.15~2.24 |\ZoRrT DT, HWT fEEE o RIERBERETH D, 700~940 min F

TOD 4 FEESO T AEERSCLDEH L, HWT HERrEE 1.47 %/h LRIE L7-.

14
g™ (@) = [6/"T(0) - 6V ()] (225)
g™ =¥, ¢V () (2.26)
HWTloss -,y _ q7WT(©)
k () = g (2.27)

T, qiWT, gMWT, gHWT  gW o el L OWIE, FHRENINT & EvD 5545 LT

l

BRD BB OENE, HWT EE, HWT BB OIEEE, HWT ~OF/KIEE, KO EEGS IOV HWT
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Time min

Fig. 2.15 Energy flow of gas, thermal and power for identifying HWT parameter

0.6

FC unit
0.5 GB

—— HWT unit
04—

0.3

0.2

01

Power consumption rate kW

0.0 | | | | | |
0 100 200 300 400 500 600 700
Time min

Fig. 2.16 Power consumption of GB, FC and HWT unit for identifying HWT parameter
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Fig. 2.17 Temperature profile of passing through PEFC for identifying HWT parameter

Temperature °C
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Temperature °C
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via GB to demand
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. 2.18 Temperature profile of passing through GB for identifying HW'T parameter
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26 \ Vol — Gas
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Fig. 2.19 Temperature profile of ambience for identifying HWT parameter
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2 40 - — HWT lower
g HWT lowest
F 30+
20 =k : :
0 200 400 600 800
Time min
Fig. 2.20 Temperature profile in HWT for identifying HWT parameter
0.6
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c —— HWT outlet to PEFC
E
3 04
B -
s
> 0.3
o
g 0.2
=
=
01
0.0 l ] ] |
0 200 400 600 800

Time min
Fig. 2.21 Water-flow-rate profile between HWT and FC for identifying HWT parameter

[
s 20
= 15 |- —— HW supply from HWT
é E 10 via GB to demand
57 sf
g 0 ] ] ] ]

0 200 400 600 800

Time min

Fig. 2.22 Water-flow-rate profile from HWT via GB to demand for identifying HWT

parameter
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Q
= 20 .
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2
2 E 10
57 s
E 0 | | | |
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Time min

Fig. 2.23 Water-flow-rate profile from GB to HWT for identifying HWT parameter

5 —— HWT inlet from water

Water flow rate
L/min

0 ] ] ] |
0 200 400 600 800

Time min

Fig. 2.24 Water-flow-rate profile from water to HWT for identifying HWT parameter
2-4-3 PEFC - GB AtH h%i%

ARIETIE, ERIREEICBT DREIER L = > B XU AR A 7 O A S REA 5
B 5.

PEFC O 7E F IR RE I AL BEE2RAWT, BEtER =y hOFEEL D E—
R Z L TES. A TIBROIERFEM 2T 28 A0 0, BEHEL TE
BOKELFELURELFEMT 5. 22T, BREER=y FOIEEL L, 0.05kW
NI TIERE DB R A1 0. THRW~F MR H 770> 0. 20kW £ TAEE S ELHZ L 295,
EFREBICIBT DV AT LEEZERET L 2V B G, DIRRICERT 257
2%, JIS € 8823 (HAHIMHE, 2013) (CESEEBHNIBLEL TEHIT 30 47
B, BEMEILT D 10 DRTE TEOMICAND

K 2.25 L0, HAOBELER - BVHEH &%, K< ERMEAL, BIBELEN TR
THHZ EnbnD. X 226 ITESHE ) AR TOBRFZRERL, THHE T 0.75 kW
L T/NEWV0.2~0. 3 kW H1DBEEKRE, L<MELTWS. HFDEF L
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BT A5R%5EE, L (2.3) ~ (2.5) XLV, PEFC ZEZI=IZ 0. 395, PEFC HBRAREX

0.740 & [AE iz,

1.4

Thermal A Measured —— Model
1.2 | Power © Measured — Modelﬁ

A

0.8

Power and thermal output kW

0.0 0.4 0.8 1.2 1.6 2.0 24
Gas consumption kW

Fig. 2.25 Gas consumption and PEFC output

14

ol L
LA
8

] g

0.2

Thermal output kW

0.0 | | |
0.0 0.2 0.4 0.6 0.8
Power output kW

Fig. 2.26 Power and thermal output of PEFC unit

REBLUOBERLZNENK 2. 27T BL Y 2.28 1TRrT. BEH & HE/ERFR
EWVH 2EOEHOMEOMESL, VT Y ORERMAEGRE A SE T EmT A L, #
NEN0.459 BLTN0.7056 CTHY, EEHILEE - BhR L OEGILEIIZY Tk

35



28 PEFC-CGS OFpi T ihzE

W E R U7 ARSI D ESEITHN 3w fE C-ElE &0, —F, #
Eél
El

NRIIREBHADERT 21T LR LM ELTWD 2 ERHER SN, TR 7500 3

BHAIEBNT, &7 A, 2011; A2 %—, 2014) 2k 5 &, LHV

HUEDOES - PRI RITZNZN 39 BL N6 TH Y, REBRFBER LEE LT

2. 29 [THEENEI iR, HEBARIUERE RS L OREH N OBRE R L, PRI E

3£ <L 0.4 0/min TH Y, FEHOREIS L THRARIRE 2 2B ST
H I EBDIND.

ELP

=]
o

© Measured
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Fig. 2.27 Overall net electric efficiency of PEFC unit
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Fig. 2.28 Overall thermal efficiency of PEFC unit
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% 2% PEFC-CGS DT ihalER
RIBWZEBT DT —F D, 5B 2 1B DILERMEN I OFEEERF 2.5 1R T.

ZOELL EOEE ZRIE LT2HE, FHAORHED SR ORINTIEZR LS, RIESRD
EENERATHEOEITH L T 5. SEEE LIFHIRICBW T, EAFOK
FED B b NED S DR E V.

Table 2.5 Extended uncertainty based on measured values

Averaged value of extended | Averaged value of ratio

uncertainty (k=2) expanded  uncertainty  of
measured value (k=2)
Gas consumption +0.01 kW +0.65 %
Power output +0.07 kW +13.89 %
Thermal output +0.03 kW +5.00 %
Overall net electric efficiency +4.84 % +13.91 %
Overall thermal efficiency +2.04 % +4.77 %

2:5 FEOFELH

AREETIE, PEFC-0GS DERBRFZAMEL, EEN TIZH T 2HE - SEINFRE I
DDV AT LONHIREEZRE Lz, ERRE, B - iBKAMEHEL, BEE
Mor= o b, BB L OREIR A 0 3 SOWAFNFIISH L TR LF—FB L
UCHBEOANE N ZRET D60 Uiz, sk & LT, PEFC-CGS D HARRY 22 Kr it 2 B &
MPIC L, VAT LOREERET VOERIIHZ > TE, SO XL F—B LY
WEOALNREBTREL Y 52 L, BHARESIIR L CE, ARGBIEHEIZ XD
ETVEPELE THLZ L, ROWCIGER - FILLOZRNLF—BE2BETIOILEND
52 EBNHIA L. BAERRZERIIE, BEOEICTHET 5.

LLEXY, AFOEIZEIT S FC-CCS OEIREF AT NTIL, REESE 7L 0
FRDOET WAL FEHIE > CTRUNIERTE LI=FEEEAVWD 2 & &9 5.

38



83X PV-BT #5A# % FC-CGS D& T LA —1E5Fi

3.1 H=E

AEOIBRML, REFEICBITL2FMICELIESN - BE - #65 - BRE= 21

FEELRBAHKES AT L (PVS) OREENEICESOT, REAFEER T *

JIVF— AT LT D SOFC 3 L O PEFC-CGS 12 FHLZ 4L PVS 38 LU BT A ALIAATZ
AT LOETRNF I, ERGRREMEICRELFEZEALTEREL, £
NERIES 2D Z LT -FHET 22 L ThHD. 7o, MBERERITESHXERET
I EIND2 b0 L LT, BOREEZEOTRIBI bOLTH., BxxF—HD
Pkt & LTI, GB LR O SN DItk AT 4 (CS) 28RN T 5.

BB, VAT LAOERFRICENE LT, PVS OREBNIIFENES WA SRR
T —R L, R WIS 57— ADE ST 21T 9. ¥ 7=, BT (2

LTEHZOEARGEREOEBIZB L THOr &Mz 2 2 &7 5.

3:2 HREVRTL
3:2-1 XEEith - ERth#AAE PEFC VX T L4

3. 11, RETEZEORER L9 5 PEFC-CGS 12 PVS B8 L UVBT ZHIAA T AT A
OERMMEZR LIS DT, &) 6%  BEBLOBREFRIC RV — 24t
%. ZZT, BAFEILPERC - PVS « BT B L ORMES, #HEE L OBEEREEIL PERC
BLUGB, SHIGBREFEIIBOLANLIEGENS. K 3. 112BVT, PEFC-CGS
X PEFC st = v b B L OBFS2 =~ ~, PEFC == v kI PEFC 3 L & HIE AL & —
RIS =y MEIHWT-BEA T 7 o BE AP LU B bR S D.
KR AT LTI, PVS 72 b DEITRM~EEI AT BE L L, £ 72 BT ~I& PVS 8 JLOF PEFC
MOOBEBNOHDLEEFREE T D, REEHNENE — 2L, VAT LEH ER-T-
PEFC BE N AIRAKICEM L, S OITHEY 7 VIRFIBE T 5.
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3:2-2 ARt - EEHIIAAF SOFC VX T 4
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Fig. 3.1 PEFC system with PVS and BT
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Fig. 3.3 Conventional system with PVS and BT
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AJEANZ =203 1 BEM TORBMERTFET 25D LIUEL, BT BRI OHIT EDF
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RERETD.
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ZIZT, ], t C, e, NBEUgL, #hEth—RzxALF—HEE, KL, —KRx
INX—HEEBRESRH, EHE, “TAT A EEBLIUOTAMEEZTRT. £,
Fde, buy, PVS, risLUgl, FHFHESN, A, KEEM, F@EEs LU0
R, M3 1 BLUS. 27TV AT HIZBWNT, PVS L OREEHITEHEE
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BETHD. OB, MEOEENENLLTH, VAT LOET R X —EOMEITED
57220, FrEEHEFERIE ORI W TR, EROE S O ORBMED fiE fF O

ME—MEAR72 SRR & R 20T, K CTIIEBEENEE IR T 2N 4 EE S
42
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LERASREBEAT 2L 2L, NG DOEICHEDMIUICENefys(£) & H
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T, Fia Rz LT 5o x N F—FHELVWHFHT CREMCHD & ZADIE
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VIR 2 RTA—2 L L TRERETI, 1 AOHBEY LY T—ET2 L0 54
KIEREDOREFZT B,

AKRENL, IREEEEHIEEHE MILP) [/ (Papadimitriou and Steiglitz, 1998) T
v, ¥E5 VU 7 55 APL (Fourer, et al., 2003){Z k0 itk &, RAEK
EERED V) Vo3 Tdh D CPLEX version 12. 3 {2 L W fE/ 15 . CPLEX 13, HA(KEE, 29H
fRIEER L OCEIBRFmEFOFEICE ST REERZEHT LT 740 FOT VT Y

ALFETEE L= (IBM, 2012) .

3:4 EFHEIRATLOEIRILX—EEHE
341 TR &%

FT, VAT LAEANHARERDLIFEE (4 ANFKEME, BT OFE&TEE) |
BILZTXNF—FERICEAL T, —FMICEL2FENF—22HHAT DL L,
FRIZBT 2 BFEHELB 3. 4 1R, FHADERFEREL, FHIZEY = /L F—FFHE
BRERRETH T2 EBEFORE L Y, Xk ((EREIEATZERT, 2009) 2552 L
B ORBIEENEEZEZONDLILDOEBELTLHDTHD.
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REICBT DHEMITIL, EES AT LOERLFRICETHIERENZ5RT, £
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LY D, £z, VAT LAOMBROBEREEZX 3. 7 1R 723 HIT ~Difs
KIBEIIARIBORELZEZEET L0 L L, T 2O OMEBLRIZE LT, HEYE
BARE L TSR L ARIBOEIERT 56O & Lz, SOFC 38 L TV PEFC-CGS 0
RTENZEA LTS, FRFZICBT28EFEEORAMIIL > TERY, R3.31Z
RTBENEZEETH2LOLT5. S5, BTABRFEICIE 2 BEEXROEENEER -
LT6 kihBLOLYREED 20 kWh x5 E L, FEHEERIZHRKT 1/3C, FEh
BHEITZNZN 92%, FEEDBIRAEERRIT0.02%/h, REFEFIT10%E T 5.
ZIT, BTICBIT S 1C LIE, ZRRFEEBET RDOLEBI AL 1 FF THESTT T2
BEZ R 9 CNARM, 2008). PVS RfEARIL, —RFEDOEMRIZERIfTIToHD
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Fig. 3.4 Daily average values of energy demands in each month
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Fig. 3.5 Performance characteristics of PEFC

Output kW

Table 3.1 Efficiency of PEFC

-+ Heat output
-/~ Power output

Power output W 250 500 700
Power efficiency (LHV) % 35 39 38.5
Thermal efficiency of heat output (LHV) % 38 51 55.5
0.8
—~— Power output
0.6 1 Heat output
=
x
5 04—
Q
5
o 0.2 .
0 1 I 1 I 1 I 1

.0
000 004 008 012 0.16
Gas consumption Nm®/h

Fig. 3.6 Performance characteristics of SOFC

Table 3.2 Efficiency of SOFC

Power output W 150 700
Power efficiency (LHV) % 24.0 46.5
Thermal efficiency of heat output (LHV) % 39.0 43.5
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Pore == PSR I ans hY S =
3% PV-BT #HiA#A#E FC-CGS D& = /L X —MHEEM
Start-up time : 50min Thermal efficiency{LHV)
Electricity consumed for start-up : 500Wh/time Hot water supply . 92%
PEFC Gas consumed for start-up : 0.04Nm’ftime GB Space heating supply - 82%
Operating range 1 250 ~ 700W
Reheated hot water supply : 82%
Load following characteristics 1 —45 ~ +15W/min
- i Capacity of HWT 1 200L
m Thermal efficiency of electric heater : 95% HWT
Coefficient of thermal loss 1 1.7%/h
Radiation fan - 5W of PEFC Minimum percentage 10%
N o
of storaged thermal
. Contr ller for PEFC system C10W
Thermal efficiency of heat exchanger : 86%
. Contr ller for CS ;5w
. Pumps for PEFC system (see Table 3.3)
. Pumps of respective reheated hot water
and space heating supplies : 70W
Start-up or suht-down time: 90 min Capacity of HWT: 90L
Electricity consumed for start-up: 200 Wh/time e Coefficient of thermal loss: 2.5 %/h
Electricity consumed for shut-down :60 Wh/time » .
SOFC Gas consumed for start-up: 0.2 Nmétime of SOFC Minimum percentage of stored thermal re1%u‘|’;ced.
Gas consumed for shut down:  0.04 Nm?/time Heat transfer efficiency of hot water: 92 %
Operating range: 150 to 700 W
Mini 1, f stored electricit ired:
Load following characteristics: —75 to +30 W/min inimum percentage ot stored slectrict y{gqﬂzlre
Charging/discharging efficiency: 92 %
@  controller for SOFC-CGS: 10w BT . .
Coefficient of electricity loss: 0.02 %/h

Pumps for SOFC-CGS (refer to Tal

ble 3.3)

Speed of charging/discharging electricity: 1/3C

Fig. 3.7 Characteristic values of several pieces of equipment

Table 3.3 Electricity consumed by pumps

Electricity
Operational status of pumps consumed by
Auxiliary boiler pumps
Space heating Reheated hot water
Hot water supply W
supply supply
Off Off Off 0
On Off Off 30
Off
Off On Off 80
On On Off 110
On Off Off 40
Off On Off 90
Off Off On 80
On On On Off 110
Off On On 160
On Off On 110
On On On 170
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Fig. 3.8 Power output from PVS

Table 3.4 Conversion factor of primary energy

Conversion factor

Value

Primary energy of purchased gas (HHV) MJ/Nm?®

45.0

Primary energy of purchased electricity MJ/kWh

9.76

3:-4-2 BRSO R T L

ARETHE, ITFR3ITTT LD

@ PEFC-CGS (RHTIL PE EWBEFET5) #EMERLET A AT AL, Nos.
SOFC-CGS (FEH TIL SO LU T2) 2 EELETEH AT L L, Nos.

ERETHAT LERET S, RRICTT LI,

P AT LAFNFILNos. 23, 8BLIWN12-13 THAH. +£3.5

PE, BLOCS IZ

i

12, BEHSLBT ZREOMHEESLITY AR, Nos. 1~6
7~10 @
11~16 @ CS %

PVS ZfHIA A

IZHBWT, BT O%F

BIZEL UL, RIEICHRAZE 5126 BRUN20 kth OFr—2AZ2EETLZ L1,
TN BTO) B LU BT(QR0) DL HICHERRTH. S LICRARTab LU B DOREFIT,
AIETCIR 7= (G ) OXFNT A BRENOEOFIEIZ LD 7T —AFRETHD. Tib
5, alINOEZBUME0.001 LEREL T, VAT LAOERITREDOMOME—M A (LE
L,PVS EENIIRMEINOLOEELREMAETHD & LIy —ARETHD.
—F, BIEN=10:RELE/—RAT, ZOHAEKEG. DT
J(d) = X1 [Ceepuy (£) + CEgpuy (D] (3.2)
LB ZDOF—ATIE, PVS IS ORE~DOHEENRBIT AT LAO—RTFILFE

—HEBIZEE LRV LEDE BB ENTNS,

ZOr—ABIE, XEIZTRY T=xor
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F 37 PV-BT #HiAARL FC-CGS M4 — /L — M1
F—DOFEHAOEEIZBET HIEE (B —ik] LB BT 5 -k 3L
X —IHEEICEET A EAE] (BEMICHT, 2013) DERICESWTEELZNZ AT

UTD 1 BIZRIT 2 AT AORiEEMNFEHEICET 5 BEFFIZB WL, 7l
ficm =T o IRERMREA 10min EREL, —BET = 1440V 7Y 7
FEMIRIRRIC BT 5. 22T, —fRICY > 7V v ZEMER N SV ERRAMAER K L,
FIRAERO T TO-1 BEEROBN S\ EEEBEORFICREFHRET S Z &3
SNTWAD., —flE LT, #£3.5 D Nos. 4~6 @ PE+ PVS BT O AT A TiE, 0-1
R E OB 2 016, HHFHEEER O 5 043 B L OFHIHN DKL 7 780 TREM S L
HREURR MILP BB CTH D, Z 2T, —FED =365RICELFHELFITT D Z &I
LD, BUART LAOBET RO BT E T 5.

3:4-3 HEBRBLUSE
(a) EME =R XM

3.9 PBLU(D) I, FT3.5DEME AT LDRBEARITKT HEME = R F—
MERLELOTHD. 12770, @BLODIL, ZThbOMxiekEgiifE % L v
AR T 272012, ENENT—RaBLUB THEILTRL TS, No. 1BL
V11 @ PE & €S O AT AL T O £4E EIRIZ R L TWA. £/, K
3.9(@) D r—X o lZBAL T, MEOME—MARET D72 DIZEALTZTF LT 475
NOIEHE ZREL TEM - Rox VX —HEBZMEEL, ' LT, RAUIRT S %
HEELTOBEE AT LDET RN —ReaH L7z,

@ = (Jes — Jx)/J¢s x 100 (33)
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Table 3.5 Several systems compared by numerical analysis

Value of Capacity

No. Calculation systems of BT

N kWh
1 PE — —
2 PE+PVS -a 0.001 —
3 PE+PVS -3 1.0 —
4 PE+ PVS +BT(6)- & 0.001 6.0
5 PE+ PVS +BT(6)- 8 1.0 6.0
6 PE+ PVS +BT(20)- 3 1.0 20
7 SO — —
8 SO+PVS -4 1.0 —
9 SO+ PVS +BT(6)- 3 1.0 6.0
10 SO+ PVS +BT(20)- 1.0 20
11 CS — —
12 CS+PVS -« 0.001 —
13 CS+PVS -3 1.0 —
14 CS+ PVS +BT(6)- & 0.001 6.0
15 CS+ PVS +BT(6)- 1.0 6.0
16 CS+PVS +BT(20)- 1.0 20

2T, TREITOCSE LOXIE, TNFNHLBERE L 2T 2B LRG0V

S AN S

FT, Bty —Aa, Tb6, PVS HHIENIREE D OB E L RZEOME
Thd e LTEREDHBEIIBT 28RN —RZEETH. X 3.9(a) DL LD IEIC
E {% 13%, PE+ PVS —a id 69%, PE+ PVS +BT(6)—ald 71%, CS i 0%, CS+ PVS -a &
CS+ PVS +BT(6) — o [T FLITIFITHE LWV 56UDE T RLX—KRTHD. F72, PVS DEA
I L AE = F—ROM EX PE TED Y ZT7 L2 VT 69-13=56%, €S Tk
AT ATHIFFZELNGNTHD. IHIZ, BTOBAL L 2B 3 VX —RoOMm i
CS EERDUV AT ATITIFEAERD LT, PEFC EERD U AT A TIEOLT 0 T1-

69=2%TH Y, BT OBANRNENTHDH I EBfERINT-.
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WIZ, PVS 8 DFMA~DFFB S EIZY AT O —IRT VX —HEEHIRIC
BLARWb D& H72T, Matr—Z2 BICERT 5. K 3.7(0) Ok L VIR, PE X 13%
(a7 — A o & [AME) , PE+ PVS - 3 [3.24%, PE+ PVS +BT (6) - 8 13 40%, PE+ PVS +BT (20) -
B X 46%, CSIX 0% (BRFI7r—A a ERME) , CS+ PVS - X 14%, CS+ PVS +BT(6)- 8
1% 32%, CS+PVS+BT(20)- B iX 42%DE =R /LX—FTHDH. £/, PVSIZLHET X
L —PEIT PE EED AT LT 24-13=11%, (S EED S ZF LT 4% THY, BT IZ
£ DE = RF —MITHIE T 40-24=16%, 28 T 32-14=18%CTH Y, PVSB LT BT
BMAZTNENLET D L, PEEMERLY CS EERDO AT ADHFH, PVS B L OBT H
ANZE DB RNV —FOME EERRENZ ERSho7z. I, BT REDKREE
fEIZ £ B8 = 3L ¥ — M IHIE T 46-40=6%, %H T 42-32=10%ThH VY, r—Aa LY
A BDTN, BTRAF—LOM EERRE W EBHBA L. K3.1013CS Iz
5 S0 EER VAT LOEMETRNAF—METHY, K3.9(0b) & FEEOMEMEZTRL
TW5.

PLEX Y, PVSWHElEHIZZMEINLDEELRZEDMETHLE LTEREDY,
— R @ lIZEBWTIE BT OB ANRIIMENTH AN, FO—JTPVS DEAZNRITEL
2o TWNA. PVS D DRFE~DWEHE N EIL L AT 2O — RT3 )VX —HE EHIR

IZEE LWL OE BT A —2BIZBWTIIBT OEAGEITE <, 20kih FTK

\

RENTLHZEORES RIAENS. 7277 L, PEFC-CGS & PVS IXE NG L Lo
EINEGET DR A Fo7= %, PE+ PVS O AN EIT 7y — & o & il U CHSIEYIC
BNHD L7 TN AD.
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Fig. 3.9 Annual energy saving ratio of PEFC and CS, (a) Case-a, (b) Case-f
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% 3.6 12, HEMFI AT LAOEMICHE A REERABRE AT, £, Bt — 2
a O PEFC OEIZIER T2 &, #RIZE 5 PEFC BEFIE, PE ¢ 7 533 h/year,
PE+PVS —a C 7499 h/year &1F & A E#E1T72\00 A3, PE+PVS +BT(6) — C 7 876 h/year
MU TS, PVS #fIEE S &%, PE+PVS — o C 4 368 kWh/year, PE+PVS +BT (6) -
o T 4496 kWh/year TH YV, BT B AL7IZH D 6T PVS EHIXFEE ST, PERC
DREBIRFREIEMIZ N PVS ENEOFENTHE EITRD L1z, Fiz, PE+PVS+BT(6) -

o TlT PE+ PVS —« & EER UC, PEFC BRENFEX AN R, BERRSIOREH IE
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2, FNEH 3%, 377 h/year 33 LT 338 kih/year 18 = LTk Y, BTEAZ LY PERC
DBl LORFHEOEER S 2D, fEEENENHEMNL TWD Z ERfER I N.
Z 2 C, PEFC BREIRFTEHATIE & 1Y, PEFC OERREH NI T 2970 Tk
g OREL N OFNG %, PEFCHEERHIBWTFHLIL DO THD.

Table 3.6 Annual values of optimal operational results of several systems compared

PE PE+ PVS PE+ PVS +BT
Systems
BT(6kWh) | BT(6kWh) | BT(20kWh)
Operational results —_ o B
® i B

Purchased electricity kWh/year | 1764.7 | 1397.2 | 1409.3 997.2 388.8 275.6
Gas consumption of auxiliary boiler Nm?/year 375.7 375.6 425.1 374.0 523.7 627.7
Gas consumption of PEFC Nm?/year 828.4 826.8 638.2 902.0 475.0 289.1
Power output from PEFC kWh/year | 35483 | 3542.1 | 27489 | 3880.0 20583 1251.7
Operational hours of PEFC h/year 75332 | 7498.8 | 51462 | 78759 34585 21275
Average load factor of PEFC” % 67.3 67.5 76.3 70.4 85.1 84.0
Adverse electricity to grid kWh/year — 4367.7 | 3366.9 | 44955 1578.2 708.7
Power supply from BT kWh/year — — — 480.1 1 848.6 2 560.9

*This value is calculated under the condition when PEFC is generating power.

WIZ, MET7— A B O PEFC OIEMIZER T % &, PE+PVS - B Tld, PEFC #R{ERFH]
IZ 5 146 h/year, PE+ PVS +BT(6)-f C 3 459 h/year & BT 3 AIZ 1 Y PEFRC R
AR H Y, BRI — R o ERRDHBM AR L2, 72, PEFC BREIRFF AR
21X, PE+ PVS - T 76%, PE+ PVS +BT(6)—8 T 85%& 72 ¥, BTEAIZL Y PEFC 23
AR L OERFMOER & 2V IREN BRI L TWA Z 2RIz, 2ok
&, PEFC Ik ¥, (BB LU BT 6 DO b F —fig 3 2 TV %, & 51T, PE+PVS
+BT (20) - B TIX PE+ PVS +BT(6)- 8 & b LT, PVS iEHAE /&MY 870 kWh/year J5i/b

LTHEY, BT OREEICE YV EZERHEENEIN L Z ENERshy-.

il

3.812, FEFMICELZRENHEBNEIINT 2 SR b EEMG SN IZE S
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34 FZREY AT HOET X —MEEHE
BEOEIETHHIRATER SN ENHUHGEy e &R,

v =203 {ey(d, 1)/ [eqem(d, t) + eayx(d, )1} (3.4)

T, TfEEFEOdem, AUXBLOYIE, ZNENEE, fiikl L 0SB
WIEATT. 3. 11 LY, ELbADL AT A~TIZoNT, PEFC B L URHE
N6 ORHFEITHA L, —F5 T BT b OMGOEIEREML T, =, PVS
PHDOEFZERGIZLABNGITEDT AT LB NTE 2WREICEE-TNDHZ &N
bhd. K312, SO EER AT AMIBITHEIMEEERL, AOVAT L
1T < A2 23T SOFC OFERITFA LT D Z LB fERRIEE S, &HlT, K313 12,
FWICEH D BT ANBHEICKT 2B ISR O O BT ~OEH R OFIG 277
3.13 XU, BT ~OANENEIL, PVSEEBENEN ILLETH Y, PVS EEE L
FENCTRREFEATIZEDE RN X LR Z EAMEE X 72, BT X
PEFC REBEENZZEBT L b, ENPRDPOE TR VLFX —RIIFLETHZ Eb5s.

3T, F—AaBLUBD 1L A9 BIZBITDENROEMRZZNEIVRT.
BOBEOEOEMIIFENHE ~, AORMIIAR~ ISzl La2rRmd. F—2
IZBWTIE, PEFC % #FEREIT 25 2 L CPVS B hEE R AL L, R 5 HERM
WCEBET2EATHD. —FHT, 7¥—RBIZEWTIL PEFC OREIIRFILISS, Rt
B OEEIER, WEITEMOENEENDIVEEEES, BT L OBEHMIGIETS
PUBE LU E TH W EMER L 72> TWVWA. X 3. 1513 3. 14 LR ABIZBIT 5 BT
OEMZR L, KROZEFRIT PE+ PVS +BT(6) - B, FROBGHIRIL PE+ PVS +BT(20) - 8 %7K
T X315 OFEHRILY, ARFEICBTIZT CTIHAETH Y, —F5TBT F& 20 kih
DY AT LIZBWTE, SBRAIEAERICAEI DD Z DS, BTEMIE, TOFR

BIZLOLTPVWSENEZARIZIEDD E WA Z R LT,
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| Direct power supplying ratio from PEFC
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Fig. 3.11  Power supplying ratio from each source of PEFC
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Fig. 3.12  Power supplying ratio from each source of SOFC
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Fig. 3.13 Power supplying ratio from each source to electricity demand to BT



Electricity kWh/h

= Electricity demand
—— Power output from PVS

Purchased electricity
Adverse electricity to grid

3¢5 KEOELD

Direct power supply from PVS
| Power supply from BT
B Power supply from PEFC

Electricity kWh/h
o

4 | |

16 24
Time h

(a)

0 8 16 24
Time h

(b)

Fig. 3.14 Daily optimal operation of PE+PVS+BT(6) on November 9th, (a) Case- o, (b)Case-

3-5

Storage amount of electricity kWh

-
N

-
o

Fig. 3.15

B

—— PE+PVS+BT(6)-3

PE+PVS+BT(20)-3

16 24

Time h

AEDELED

Daily optimal operation of BT on November 9th
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F 37 PV-BT #HiAARL FC-CGS M4 — /L — M1
BHFRZFNFeE@aest L. Z0RE, UTOTEERGER>E-.

(1) PVS BMEAERREND S ORBLASOME CTHD & Lizr — AR

T, BTHAMCLSE T RLF—~ONRITENTH 5.

(2) (B X —RIIBIT 2 —REFLX—HBEICET L) OER
\ZEEDWT, PVS MO DORMAOWHENEL L AT LAO—RE=FINLF—HEEID
FHLpWE Ll —RFRETIE, BT IX PVS REEOREBIZHVW OIS T2D
BT ®EANIZ L VBT R F—T 16%REER L L. Zo kX, PEFC OB
I% 3500 B¥fEl A2 Tl Y, FKENHEEEZENED 50%0 ik, EEMIZPVS 265, F7-
IZBT /T LT PVSENAMIGL TWD Z Aol 61, PUSELUBT ®
HREETNENEET 2 &, PEEMERLD CSEERDI AT LDHFD, PVSELOBT

DENCL DB = FNF—HROM EEARE N EHA L.

KREICBWTL, ZEORMFET — X I T 2HEMRFTEMZ 52 L TUAT A

DETZFNVFX—MEEERLTZLOD, VAT LAOETRINX—MICHST 5 EERHE
WZOWTIERUBT LERALATIE R, 22T, RECBWTEERMEO ST FIEL 7
YD,
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BAE IRLF—FBEFHOSELE TRV

4-1 BE

RETIIEEFEO ST FEOHEE L, O BERISHAE U TEERHN T 3L
F =V AT LB 25NN FEOHKTE L BIET. EHOBELLOWER TR C6S
WCBWTHE, FHORELE XN X —FEROMELREGH L ZBICE T LY
— cBIARNERDZEPMOLNTNDHOD, FEHPFAOT XL —{HE F—
O B g RO BB, RAEIMO T OGN X OEFREM & i L TRE V.
FDT, C6S DIEFTERENEZFRE L IEREITA 00 E 9 0, BRETEE Ciie< B~
DEEFHORBEIKETD L ZABKREN. UL, Bedlea BT 2 5ZEO TR
NX—FEBPRIEECRECHD. 2 C, BAOTFILX —FEERERY|I Y —
%, ATA EF CICEHRH L EFERFRIINF — N TRET DL EWVWIREDS &, Bk
WWEHLEFES—Z BRI ERTL2THAOTEREEORUELHIET 5 2
CEREZD. BEHEEOBUEZHET S ET, POLICHETINNEEL 5.
RETH, TRV X—FEROEYTF — 7 OBEREATIET 57201, T—4YBH %4
2452 xBET. BEEMICE, M4 1R TEY, 23X —FEOT —FEE
AT 2 L2 AL LT, —ix{k KL FHEA MW T 1 BB OFERRSIE L
DUEEE A EE L, ZOEMICESE —BOHELE L2EChd L ADEEH Y T %
YT RERT D, KR, C6S OEMFTROFMIZIZES - iGHREEDOMTNE
BEFHOZ LD, BHMEBOARDSERIT 72 Shen HDFEJE (Shen, 2012) %
JEREL, BN - MBFEERL R L TUHETS. 20k, T—#EE L 2noxd
% CGS D = 2 F—1EORRZ 54T « FHT 5.
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Evaluation of domestic energy systems

Characteristics analysis of energy systems  Characteristics analysis of femand

Optimal operation strategies Extraction of basic demand patterns
Mixed integer linear programming Measured demand
Minimize:Primary energy consumption ‘
Operational optimization (//7 Gaussian mixture
Fuel cell co-generation system “ ‘ i model
| |
Simulation-based / ||||‘|||I|l||||| ‘|I|I‘||||I|I||II||||I|| ,
Reference system Flttlng H H| 'HI'”N A
A
Evaluate ‘| i m\l\||||||||' HHH” H |
Primary energy consumption Evaluate _ A/ |\I|||||...|||||‘ H ’
. . KL divergence
reduction ratio
Hierarchical
clustering

I I | I I I I R
0 5 10 15 20 0 5 10 15 20

Relationship between primary energy consumption and demand patterns

Fig. 4.1 Analysis framework of relationship between primary energy consumption and

demand profiles

402 BH-BBRET—S

4.2 1P TET 40 i, £46(FF 32 HF 2B AT HsR O ER/ O = %L X —
HEENLBE L-F R G, 2001) . FREOEREHIL3~6 A, 72t

& ) LT EME ) - fiER BRI, ENEI 15,496 /year (%7 11. 79 kWh/day)
} L UN13.05G]/year (79.93 kWh/day) CTH 2. K4.2(b) T T7 —& 88, BlbH
A¥g, 1%, 72 t# 365 A4 0EEF 26307 AfFIEL, B - BEEEEORMAME]

NZN 8B LV 4kWh/day TfETHD. WMGFBEEIZAFIIES oML, ZEEIIR
A D 15 5 Tdh D 60 kWh/day IZF TEL TV 5. E5E X TV 5 PEFC-CGS @ HWT
AEIIA 10kWh TH Y, BEMERR E2MNkd 2 & HWT |2 2 % PEFC 2V /) D #EAL
T 1~2 BEOMREZF-D. £70, ERIZFEE SN TV D 2B kEE & 13 % PEFC-CGS
OERAFTEFET L BRMAOBEBRAFREZREL WL EIND. £2T, KETH 1
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A B O XX —FERFRY, PEFC OB = R/LX— 4, BLUBEN L ORBEBMEICZS
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Fig. 4.2 Measured demand, (a) annual, (b) daily
BREXNRORT L
PEFC-CGS

4,3 13% 8 & 45 PEFC-CGS DFRHMIK, F 4. 1 B L OV 4. 2 1TF N F 1 PEFC O3B -
BERARIN R L ORI A2 R L (B2, 2012) , PEFC ORAENFRITEMRHE I

BWTHRRMED 85%, HWT HEIX 200L, GB #h=E % 83%Th 5.
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electricity ' FTEI-:C-C-G-S S :
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gas : unit tank :
: Radiator fan :
: —p| Auxiliary boiler :
: 1

Fig. 4.3 Schematic diagram of PEFC-CGS
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Table 4.1 Efficiency of PEFC

Load factor % 35.7 71.4 100
Electricity power output kW 0.25 0.50 0.70
Electricity power efficiency (LHV) % 30.0 34.0 35.0
Thermal efficiency (LHV) % 30.0 45.0 50.0
Table 4.2 System specifications
Specification Value
Auxiliary boiler efficiency % n® 83.0
Controller electricity consumption W EC 10.0
Coefficient of thermal loss %/h nHWT 1.3
Electric heater efficiency % nt 95.0
Electricity consumption of pump for cyclic water W EP? 10.0
Electricity consumption of pump for heat circulation W EP? 50.0
Electricity consumption of pump for hot water W EP3 70.0
Electricity consumption of radiator fan W ER 15.0
Electricity consumption of start-up in first term Wh/30min E5§_1 300.0
Electricity consumption of start-up in second term Wh/30min EES_Z 200.0
Gas consumption of start-up in first term Nm*/30min Gllfgll 0.016
Gas consumption of start-up in second term Nm?3/30min Gllfglz 0.024
Hot water outlet temperature from the PEFC unit °C gFc 60.0
Minimum ratio of thermal storage tank % 10.0
Thermal storage tank capacity L yHWT 200.0
4-3-2 HEERBEAED R T L
4 ATRMEIIRB LG LB IILD CS 2R,
Purchased Electricity
electricity demand
Auxiliaries (controller and pump)
Purchased p| Condensing gas boiler Hot water
gas demand

Fig. 4.4 Schematic diagram of CS
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4 - 4 FoBEETEHEREE
4-4 1508 A A B R RE

AETCH, FEEMAFEMEOERILIC O W TH~%. UTOMEDFRIZIHBWT
X, —RZ=RVF—HEE] MJ/day BLEOREERT I Y ¥y UFE2RE, REEK
BTNT 7Ny NO/NCFETRL, BARMIZE, EFe kWh/h, T AjfiEg No'/h, 2

Wikkq kWh/h, BEROMRIELRY 2 HESzTH S,

4-4-1 L8]k
ACE M FHERTED B RIREEIZ 35N (4.1 (R T80, 3SHEROREEMLTH D BH

OEEReY, WHOEERe 3L UHATH RBEARGY L BRSNS,

] = 3T (Coy e (O + Cligmenna(© + CEg™ @) (41)

ZIT, C I—WR RNV —HERBLTHY, COIEMHA, C
FIITE O 7 ) o 7 aElsn, o7
v RRERREStIL 0.5 h Thb.

4-4-2  HIRRE

AT, F-500&E427R7. & 4.2) ~ (4.7 (Z;578Y, PEFC DH A
BEBIOREL % 2 XKoEREET 5.

—FC
G atelzratel(t) < gratel(t) < Gratelzll":a&el(t) (4-2 )
—FC
QrFaqceZZfeFteZ(t) < gfzgcez(t) < GrateZle":aScez (t) (4~3 )
Fc(t) = gratel(t) + gf&?tez (t) (4.4)
ZFC(t) = Zratel(t) + Zratez(t) (4.5)
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Ha4E TR AX—FEEMOSELE T 2L — I
Zfactel (t) =

{1: electricity output of the PEFC unit is between 0.25 and 0.50 kW in ¢ term
0: otherwise

(4.6)

Zfactez (t) =

{1: electricity output of the PEFC unit is between 0.50 and 0.70 kW in ¢t term
0: otherwise

(4.7)

2T, 2 fEzFCE PEFC R B AREIRRE, ¢B L UGITENEN PEFC # AHERDOT
BB LU ERTHD. PEFC OFEEBEH 1B LU /1¢F 2 FhFhX (4.8) BX

W (4.9) o7

e"C(t) = afate1 Grater () + B (O)+Afae2Gtatez () + BlaterZiatez (1)
(48)

qFC(t) = Aphier Irater () + Brater Zrater () +@hergratez () + B ©)
(49)

2T, aB LUBIL PEFC O R E £ TR TH 5. PEFC OEZENZIE, = (4. 10)
BLO 411 [RT8Y, HAREgB L OENRBeS4HET S,

gis(® = G255, @) (4.10)
ens (8) = EiS iz () (4.11)

T, REEFTUEBEELT A0 1 h BEEREAHY, §t=05Thi7zdic
(1,2} 720, REEFTO2H 7Y U IRRIE, K (4.12) BLO (4.13) {RT &
B0, 2 HEKS ALY ERT.

zFC(t) — zFC(t - 1) < zupz(t -1) (4.12)
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Zypa (t = 1) = 25, () (4.13)

PEFC 75 OXRFIE e AT 2B L — % ODEVH g 2 (4. 14) 12T

g"(®) =n"e" (O (4.14)

i
AN

ZIT, fNHEERE X OMETHS.

X (4.15) IZHWT BN AR L, FEAEICE LT 4.16) ([ZoR7T 8 g1H -
RIS Z B S HHEZHRIT .

HWT .y _ HWT,, _
T2 = gfVT() - gBWT(©) — Tt (e - 1)

(4.15)

q"™WT(0) = ¢""T(T) (4.16)

2, giWT gBWT 35 X OniWT I3 2 23 HWT ~J AT 280G &, HWT 254

HETEER LOWMBAETH D, EREGIVTIIR (4.17) TRTEY BKIRELZE
LLEBaRETS.
"I (1) < pVHWTc{eFC — 9V (1)} (4.17)

ZRENGIVTES EOHWTI BT 5 BTk & R T

o (4.18) BLW (4.19) 2

q"“ () + () = ¢V (D) + ¢R(© (4.18)

QI () = i (®) + q° (1) (4.19)

I, qR, QIMB IV IEFENFNHET 7 A LD ME R, BB ER, 6B

NEDBEFRETHY, qB 1L B IHE N A Eg®, BRhEnd B LT 2L RAE
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FHA4TE TAALF-FEEROSRALE T T -
HEYko@yEHEIND.

q° () =n"Hg® (1) (4.20)

HEEWIE LU N A AR EG W BT 20T 2N 4.21) BIW

(4.22) DBV TIN5,

ePW (1) + (e"C(t) — e"(1)) = E9e™ (1) + ef5(0) + A% (1)
(4.21)

g*v () = gF () + g° (O + g5 (® (4.22)

22T, BB LTSI e N NENRERE L CHRINEEN TH Y, A
woOBVEHINS.

eAUXS (1) = (EC + EP12FC(e) 4+ EP22B(t) + EP3ZHW(¢) + ERZR(t)) St
(4.23)

ZZC, EC, EPY, EP2) ERSB L UERIL, FhEiumifg, PEFC, GB, MiGEERB LW
W7 7 I AEEEE I THD. RETEEOABIISUTELT 220V e

0,30 2 EFEHTH Y, HEUIET D 2 EEE!MIROBY ERIND.

B
L0 < 280 (4.24)

-
[N,

T, MIIARRRETHE 5 REEBRDFTEILLASTHRIIRERETH L.

4:5 IRLF—REFEIETFTE

TR RYT — & %, HatARHUIRRE 2 MW E09 7 7 22 U 7 (Kosmel j,
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45 TRAF-—FERESEBEFE
1990) , —fE®D” Fn72 L5E”  (Bishop, 2006) , ZMHWTHET L. HaFAVEEEL
BRI, FEERRYT —Z GRS B TRE T 7 A0 E iz — ik KL [FHRE
MHREMEIND. BEMIZIE, —BOEN, BEFEEERRIIOZL SO —7|C
TNENTTASHEHEL, 1 DORET T A 0m%EE), o8, BREHRED 3
DR TERT. ZORETA8 KT B0 pHEREMEL —BR TR Y LTI 75 Ob
L2 —HOHLIFEOFERRERINT — 40, RK 12 RTOT— 2~ EHREIND. &K
K12 RO T—2TRINZ 1 BOBREAY, ThENnOBORBEZET L, B
B 22X T EFTH. BB 7 A XY v 73 ERBOEREOIT S CHE s
%. KL {5 & (Hershey, 2007) %2 DOREERBEDOIIBELUEL LR, 772X H5HT
EH SN TV OREERLERECH D, AR T, —AOBEERRSNT —F D
B R N7 T LAOFIELEE, Bregman [FFRE (Banerjee, 2005) (ZX VWRREn7-—
Ak KL fE B TER .

4:5-1 BEHIRASHIZE SRRIIDEE

TIRTE7 FIVOEFG A = (xq, o xp) WK L TEZRIND AU AT ERITTT.

N(x|p, 2) =

—rexp{—>(x — )T Z (x — )} (4.25)
(2m)7 |512

T ZAGAEAIRTT DGR s opds TOT x THRGEATHIED 2 D278 FHFD. K
EDOH T ARIHOBENREDEIERETVAGHTHYIRATREND.

p(x|2) = Zi_ me N (x| e, Zie) (4.26)

ZIC, NI A=A REERECH Y, ERXEFUXIZOWTREST 5 LR TR
D LD,
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%45 iZ/VﬂF‘_‘ Eﬁfﬁm iﬁk’éi;ﬁﬂ/% nqzﬁﬁ
K m, =1 (427)

E"/El\ﬁljxéj\ﬁ@%zlbili, 3 /D@{%éﬁ mw= {77:1, ...,ﬂK},ﬂ = {Mll ...,MK},Z = {21, ""EK}
RS> THRED, FEAT PLABRO LS ICERT D.

A= {1, My, ZiYieq (4.28)

T ORIMEEAR Y MNVADREHEREEZ RO D=0 EM 742 Y XA (Dempster,
1977) MWD EMT VT Y ALK DIRBET T AGHD/NRT A—ZHEFEITIIR 78
® mclust Xy — % Wiz (Fraley, 2006) . F7-&AEFE ML Bayesian
Information Criterion(BIC) (Schwarz, 1978) %\ 1~4 EDE CREIRTX 5L D
EL7Z. METHEL, TRAF—FEEFRIIN1AZBWNT, #, B, ¥HD50
o> 4 B —27 2RO EUEL, IREHT VAWM L2 Z2ITo72. ZO/RHET,
F¥, R, BEREO SR T 2O N I AN ERL, 48RO —HOFERR
FI3, MK TIX4=12RICDIBEN DV ADMTREIND Z L&D, TRIZIES
s Ei b in PV Frane

2000

Hot water demand Wh/30min
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0.04 0.06
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Fig. 4.5 Sample of fitting Gaussian Mixture Model, (a) Hot water demand, (b) Electricity

demand
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45 TFRLX-—FERFESERTFIE
4:5-2 KL {53 & < & 5 FERRIIF L D ERTHIDOER

WK TREND, HOEGELRDMAL ()L ()DIFBLEAFET KL FHREDLE 7
FARV T OHRBEE LTERAT .

D (f.f) = [ FOOIn L5 dx (429)

TIRTED 2 DDA T AT F(x) & f(x) D KL FERED, &R T.
D (f.F) =11 Eﬂ+ﬂ'p~*21—T+(~— ~f2* -
g/, f) =3 og|27| P Hi— b7 ) 27 (Bf — K7)
(4.30)
2 DORAE T T A5 Hip(x|A) & p'(x|A) D KL fEREDg 1 TRA Tl EN .

Zv T[anp( Dg(pa:pﬁ))
=X, Ka 7,10
gm(p p) =17a108 Kb nbexp( Dg(Pa'P’b))

(431)

LT, HUARHAp(OIKREH U A5FpXID DM ERHOWREBERTHL. D

EH T AGHOZOTARIZE T 5 BRI BRI, xZZEOHD A0S LTFET
—ZEFRL, pXIDIEHZBOHHEBERZSIAZ L X NI T LOWEFE ALY
DERL, po()EH T AGHFEEZLBPIEZE—T D5 HLO—2>ORKBERT. p()lx
HHEUFTREDORID BOIREGN U ANMEERT.

IZETHE, —AOFEERRIIT —H DL A NI T LAOEDENOBL AT KL FH
BERATE. ZOBFEMBITIZBWT, CCSITENEAFTEDONT A TEMNOM
RN ED->TL 5720, —ADFEEEDGFH L TFTEERRIINZ = DR T EERET
HIEREETHD. £ ThHLAORBNEERE, (CURICE > CERGIHES
EQIem)  THAA T RAERITIURET U AnHpx)&E 2 5. UFOXRTIE, &N
FREED KL FHREIZ OV TR~ D,



FBa4E TRNLX—FEEBEMOSELE T VX — MG
p(x) = Epp(x) (432)
p'(x) = Epp'(x) (4.33)

KL fE R B IMERBESARE LOIFRLEZET 20, ERXONL 7T RENZREN U
A L CHFOEEORTHEAT HZ LR, 22T, RATRIND,
Bregman TR 2> HHLIR S 172 —MRAL KL (E R EDgen & AV 2

Dyen(5,7) = J,, (F(x) 10g 2%~ 5(x) + /(%)) dx

= EDgm(p,p’) + E, logE—p, —E, +E, (4.34)
P

KL 236 L O —MRACKLAE M EDgen [ I FR72 B TIL72 < Dgen (B, §) # Dgen(§,5) ThH
L. VI AREZY T ORBETYNE LTkl KL fFHRBLAZFEAT L7012, ROAT
A sz L KL B EDsymm xR T 5

~ 7 D en(ﬁjﬁ)“‘D en(fﬁ:ﬁ)
Dgymm(p;p ) = £ > £ (4.35)

4:5-3 BEEEITIICE SR I SR2 Y VT

TIT, BALREGOWMSGOREME L —HE KL EHREEZ 7 T A X EOEEE L
T, Ward i (Ward, 1963) # HWWCHREHIZ 7 A2 ) U IR E1T 9. 2D ET,
DEmm & DI & Z L ENOTRIE Tl LIESUET 5. 2 FEFEOXIFME L7z — k(b KL
FHREZZ L HDOETREDIIRO L9 IZEx b D.

pHW

E
Dsymm + symm ( 436 )

"~ Median(Dfy;mm)  Median(DE )
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, MR REOEEDNMRL S RE~ORENREVEREL, RBERERDO 4250
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DEEEERTA.
g = FeEe (437)
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R (a) FFREFOEMOE R F—F, )L 1 AOEF=FLXF—F, ()X 1A
DETRINX—R, HIBEEER LOPEFC HF5ROBZE, (DIX1 ADETRLF—
EORESATZTRT. 22T, PEFCHFSE LIIRAUTTTEY, BEAE~OUHEE
XD PEFC 206 OHRFAERE DO Th 5.

T q¥¢(®)
V= L=t e gt (07D (438)
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D, 26307 H DA T RALF—ROELEIT 5.64%, FOMEIE-11.71~20.34%TH 1,
B pX—F 159, EO ST, EHTFEE 15 kh/day, #HETREE 20 kWh/day IF

WAL TS, —H T, BV FXF—FRADMEIL, HHHEE D kWh/day LT
IZIZE A ERHA LT 5. PEFC-CGS D— B D FEER L UHERARIN &, RRNE L
72 B ER M D A dEEEE Lt 7B A1, £ 0. TkW X 24 hour = 16. 8 kWh/day
LU0 kW x 24 hour = 24 kiWh/day THZ7=8, ZOEFEOEEELFFOAITH

TR F—BPBWFER L 72577, 4.6 (b)) 1TAED 26307 S ERTHAHD, #
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BRI 2 X —FEEORMELN O OREEED Z L8k 5. HlbH, PERC
A DOEELL TH 51.0/0.7 = 1435 TUMNIB W TIREDE © R L F— DO E VBt
IMFIEL, 1.43 MOEELDB TS HI2 5N TKEDE T R F—R 0%E THRT T
HENEEINT. ULV, C6S OFF O KDBIERETI TH 5 20. 34%DE = 1L
F—REFRT DI, P72 1 BOTR L —FRHEBORES L OZOEL
CERLT, FERITROVEHOHZHE T YLER DD L EAD

X 4.6 (c)IZARTH@Y, HBEEE 20 kWh/day, PEFC ZF 52 100%IfFIZHWVTH
TARNVF—RPEHERTHY, 5kWh/day LLF, PEFC 752 0% sl W TIIA =1L
F—RPADETHL. —FHT, KWGHBEENBERT D&, PEFC FERNPIR, &, #&
BT LTRY, Ziut, BRI HROL I[N A TE2ERT DI LI
HEEL TS

X 4.6 ()IZRTEY, PEFC-CGS DB T R X —HDSMAICEHBITH B— 7 13-3%
JRTZH Y, AT MADKREER FROSTII 0B RxVX—%ERTE S
A=A AR = LAY ()

4:6-2 REMOD I RILF—RERFEDOLES

FREM DT 2 ¥ —FBEFEL T 58LR T, KK - RRIFTERY, FHTx
WX —FREEOEWVD D 2FEXRFARICRY RIF 5. 43R THEYD, f58&
LIz 2 FEE bEMENB I CRGTFERIL, FILFN19BLU216]/year TH D
—F, FEABIOBOEBETRAF X, FREEREIZIT 10 38 L0 8%,
HRME O Aild-4. 5~16. 0 B L V4. 4~19. 6% TH D. D 2 FREDHEIZEB T,
A RE = %L F—FRITFEE B MR KIE 19. 6%4 R"TH OO, FEMMEIZB VTR A
DHFBB LY bEmWMEEZRT. MA4.5mT8Y, AMBESEEEDHMIIFEEB O
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FH4E TRLXF-—FERBEOSRLE T VX —MEEHE
FTHRALYBIEL, BICAT RV —RNADMEE 2 HREEEER 2 kWh/day (2% O

BARE D FET 5.

£/, BNBIUKEBEREENZFNEI 10~20 8 LY 15~25 kWh/day T&H 2 &iFH
IERT AL, 4.5 iF () LY bmWETRALF—RERTHREORDBEZ V. =

AL, ARFREEIIMA CTRRIIDPDE RV —RIIEEBEZEZ 2B RN THL I L%
R LTV 5.

4-6-3 IRILF—FEBRIONE

ATFEIZ IV T, PEFC-CGS D = /L F—3R (L, AMOEELL LUET) - HBiGTH
BICEEINDIZLE2RL. M4.20)BLORIZFRTH®Y, 2R3V F—FEE4H
HAEA B LUOREREDOE R TE DD 5. Z/L—7 A%, gk Y PEFC-CGS
PEREETET RV —ERADMELE R 2B ELDLHT-DIIHELTND.

Table 4.3 Characterisitcs of two houses

(a) House A (b) House B

Annual electricity demand GJ/year 18.83 19.06

Annual DHW demand Gl/year 21.20 21.06
Residential type Detached house Apartment

Age of householder 40°s 50°s

Number of occupants 4 4
Annual primary energy reduction ratio % 10.32 7.73
Range of daily primary energy reduction ratio % —4.50~16.03 —4.35~19.60
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Fig. 4.7 Daily primary energy reduction ratio, (a) House A, (b) House B

Table 4.4 Demand groups

Group name Number of elements, days DHW demand @, kWh/day Heat-to-power ratio R
A 9807 0<6.0 -
B 971 6.0 <Q R <05
C 6958 6.0 <Q 05<R<1.0
D 4920 6.0 <Q 1.0<R<I1S5
E 1926 6.0 <Q 1.5<R<?20
F 1725 6.0 <(Q 20 <R <o0

ZIT, BANELOREE DT A7 DIZ S —T B~F ® 5 D3 = F R F RIS
LT, BEFECEIDINELERT S, B 4.6~4.10 TZFORREZRL, (a) X%
7T AZRNDETFILX—FON, (b) X7 T A XN TEEL S - B 8 O
B ARGRERE, I 7R EOMRBHELRT T R s o5 Thh. £IX
(b) D AT B AR R ZE, (o) DFEHEHEA 7 7 A X B LOWERFGIN & ORERL
STWLDONERT. JV—THa2HERT5E, 77 AZBBILUFIZBWWTTIET
FNF—F 1N BRDHEMMENTHD -, 77AFZDBILVEIZBOTIIER
10%Z A TEY, FEOBRBEBLENPETRLF—RIIEELE X TV D Z EPEHER
SNz, 7o ARAZERET D E, AN X—ROSMABLOH - Y FOE—7 0
HENR 7 T AZFICRL->TEBY, BEFEZLIVFERFRIDDEIN, FEED

JOREZRIN LV BE RN —RREEI N TSI ENbnd. £7-, PEFC-CGS
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FC
CGSH{ET

Town gas

Fig. 5.2 Operational planning framework of residential energy system
5:2-1 R E MR B BB HE F B HE F R
T, BEOTZDICETORELRIER Th H2HIEEIEELZE 2, AHNUEAER

Z RN T .

minimize ] = ¢"x (5.1)

subjectto Ax > b (5.2)

- IC, BITH| Ae R, 507 L b eR™, BRIEANZ ML ce R, BLO
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S E FEFFEEL AW KEEM PEFC 2 27 LOEMA FR O
REEHASY Mx e RV THDH. TXAF—T 2T AOBRAFEEICE VT, BIR
1Y« EREIZIL, 1TPIAB LW Z bblx, &Y o7 U U IRAICE TS, AT A
BHEEZRIBREB IOV —FEE - PVEEE, N7 Mladi - RTFLF—#
BREDOEREND. RELEHY bxlE, &V 7Y U IELICBIT AIEAD
TRAF—E, EERLF—2B L0 2 EOKEIRENSEREND.

AR OIB Y, FEFEFTEEIIHRBAHRER S RMMT. MEREEAHA b L cDERHE
1FTé() or &, =4, b,0), ¢ EEIND. REAFZRw ={wy, .., s }iTZ> TV ADOEE, S
T U AR, BEAZEBNIARESTHS. WS OENUIFROEY THS.

minimize J(w) = ¢"(w)x (5.3)

subject to A(w)x = b(w) (54)

WS @ B W% A BRI IRIZRT .

minimize fys = E[J(w)] = X et (@)p(w) (5.5)

TIT, pIRATRORARETHS. KRBT, X (5.5) LY BEMICE
MoriEi LT

xS . T e day buy day e nlght buy night buy
]WS — 20):1 {mlnzt=1( t,w +C” t,w + ng Pw

(5.6)

I, t=1,. TIXEEG, TR 7Y o I, ePW s fRebWnighty 2z 20 B
ME L OEMICE T 22N L OEAEAE, VLT N AEAR, CBILERTH N =

D—RTFILE—HREFEK L L COBMERE, W Locemsrzh2h B

BRLOKMO—REFNF—RBHETH L. 2B, ARICBOWTRZAB LU
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52 EEEM FICB 5 EEEMRRTE
FCET AEEETAEICORT. BIROEY, WEENILS AT LD —IRT 3 ILF
—HEEILTE L2V EDET 5,

EXS LA LI, WS ITFENFNDO T U FIZBW T —R= R —{HE
BJ(w)EEN LRI, —RZZALF—HEEOMFEWwsZRDD. LenoT,
WSITETHOUT I ADOEEMBARD D T-DICRBEMEOSHFAELTNDLENED.

5-2-2 Bl 2R AR RO IREHE R BT 0%

“Single-stage” DI F YU A7 U —%F>" here-and—now” R (SS) = RIZ/RT.

minimize Jos = E[c" (w)x] (5.7)

Subject to A(w)x = b(w) (5.8)

TBAZ, SP OFFRINTEBNT” stage” 2132 2OERLLIBEKRAZEDL, #hiis )
UZAY U —EBLOVEREREDEECHS. Z 2T, gign 4y —iidE
DOEFRIZHAVY, 7 Single-stage” O F U AV U—LiZ T UANRpE LW T &%
#F4. WD, SS @ BHIEEE A BARAII R,

Js = min oy (ST (€O ep 1 4 oI 1 crghY ),

(5.9)

T, Bs U AWM CRIEZNCE—DEA T RERET A0, ®ELT+5x
FINF =V AT ADIBRIZN L TROBOFENEZNZ 5.

FC _ _FC _ ... _ _FC

Zty, — Zow, — T Ztag (5.10)
HWT _ HWT _ . _ ,HWT

Atw, = 9tw, = = Qtws (5.11)
BT _ BT _ ... _ BT

€tw, = Ctiw, = T Cruwg (5.12)
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5 E FEREEEAE AW REEM PEFC v A7 L OB F R OME

Z I, z'CIX PEFC ORFEFHERIEA /R T 2 EOREELL, 725N g™ TR L et
IFENENL T BLOBT DECRALFXF —BE R TERORELK ChH L. BT
i, (5. 10)~ (5. 12) DFFIRIZ L T, 2 TOTF U Az T3 % PEFC @
FERH, T BLOBI DFEZRLF—EEWVI 3OFRETLHLBETHD.

5:3 REBLUEE
5:3-1 BIERBREH
(@) VAT LR¥

51 ICEZRVX— AT LAOBRFEEELZ L (REZ, 2011, NP Y=y 7,
2009; NF YV =7, 2011), ERINTWHERAIEE L TERK PV IEE NI 3. 49
kW, ZEREITL4.65kWh THD. 728 PEFC OIHFE « BEAARINIRIZ I Z LR TH

2.
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Table 5.1 System specifications

Specification Value
Annual performance factor of air-conditioner 6.34
Auxiliary boiler efficiency for hot water demand % 92.0
Auxiliary boiler efficiency for space heating demand % 82.0
BT charging/discharging efficiency % 92.0
BT rated capacity Wh 4650.0
Electric heater efficiency % 95.0
Electricity consumption of start-up in first term Wh/15min 200.0
Electricity consumption of start-up in second term Wh/15min 130.0
Electricity consumption of start-up in third term Wh/15min 120.0
Electricity consumption of start-up in last term Wh/15min 50.0
Gas consumption of start-up in first term Nm?/15min 0.006
Gas consumption of start-up in second term Nm?/15min 0.010
Gas consumption of start-up in third term Nm?/15min 0.010
Gas consumption of start-up in last term Nm?/15min 0.014
Heat dissipation rate of HWT %/h 1.7
Higher heating value of fuel MJ/Nm? 45.0
Hot water exchanger efficiency % 86.0
Hot water outlet temperature from the heat and power unit °C 60.0
Hot water tank capacity L 200.0
Inverter efficiency % 95.0
Lower heating value of fuel MJ/Nm? 40.6
Maximum charging rate of BT W 1425.6
Maximum discharging rate of BT W 2246.4
Minimum ratio of hot water tank % 10.0
Minimum ratio of BT % 10.0
Photovoltaic array maximum power kW 3.49
Primary energy conversion factor of electricity at daytime MJ/kWh 9.97
Primary energy conversion factor of electricity at nighttime MJ/kWh 9.28
Self discharge rate of BT %/h 0.02

(b) TRNVF—EFERBIOPVIT—4

5.3 ICARE TR LT AHAHKICBIT A ARED = RN —FEELRT
(AARBIEFZ, 20060) . FOFERICEIHEG - GRBEBLIVENTEEIR, 2%
113519, 1173 B L3187 kWh/year TH 5. ART — X BEHAIE 7z 2004 £ 281 2
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¥ SR FESRETEEL AWERKEM PEFC v A7 L OEM FROME

AARD 1 FELT-VOCFAXT—EHERICE LT, B  hEEBLIUENN®RIE
ALE L 3726, 3534 I L TN 4232 kWh/year ThH ¥ (A AR /¥ —RRFMIEFT, 2012),
XRETHZANF—FEEIIMNRETHHILEEZD.

PV ZEE /B LCIE, NEDO F—# ~<—= (NEDO, 2004) & BH&{2% LT JISC
8907 (HAHMEHE, 2011) WCESXEBRSEB AT b O EFEHT 5. X 5.4
ARG DIE, 2004/1/31~2 D30 AFICEA T RV F—FBEEB LU PVREETHD.

© Demand data to use for scenario
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Fig. 5.3 Daily demand data at one year
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Fig. 5.4 Daily demand and PV data with date index
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53 WMRBIVEZR
REGHETRNZEY, o7 o ERERMENTRICEALDEETBETS
HIC, 15, 30, 60 /ylEE F I ZT=96, 48 3 LN 24 LFRE L, T2 15-min,
30-min B L N60-min LT . FRICH D TR NXF —FHEN I HBREMBE TH 57D
ZHLLEMDEIRR TOMFHIER L2 b DL T5.

F72, AT 52TV ARICR U CER TR LUSHRRE 2R 5709, AT
THUT U A A 1~30 ETELEED. K5 41RLTz@ Y, 2004/2/1 DFHIS T
VAL LTEDOFI 30 BOoZHERTS. U4 1 ThDwld 2004/1/31, U A
30 ThDwseld 2004/1/2 L L, > FTIVAEFZIFIAMOHNIATHS. v F U ADEHR
FERDBELHRTHBMT, ZNEFNOUT U AT OREMEBITEME T 5. Hliz
FAE, S=301CBWVTENENST U AORAEMEIT 1/30, £72, S101ICBWT
FNENDO TV A DOFAREIX1/10 THD.

PLEE Y, 38000 7Y v ZRERRIS L3058 Y O A S U AARE % e
ERRICBIT AREE L.

2ok, AREEIZEEF32 27 D 4 Intel Xeon 2.27 GHz a4 w4, 256GB A& U

OHBEHE FIZBWNTREET Y /=38 AMPL 2 AW T3 L, CPLEX IZ L v #E<.

5:3-2 BoLBRBELUV—RIRIILF—HER

F5.21FS=30 D& XOFHAEFBRTH Y, REEHB L OHIKEITFEOHIE, CPU
X~ LT a7 CEM SR GO ZRT. vV A EICELENT 5 WS
OREEEIL, T VA2 =L THREZEHT 2SS Ko /&<, FRkiZ, 15-min 2
BWTHEH R FILF—HEED WS D78 SS LY H/hEu.
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Table 5.2 Numerical result for 30 scenarios (S=30)

WS model SS model SS model SS model
(15-min) (15-min) (30-min) (60-min)
Primary energy 88.07 109.03 109.76 111.12
consumption
MlJ/day
Number of variables | 5952x 30 178560 86400 42480
Number of 5857% 30 192414 93342 45270
constraints
CPU time sec 3915 28666 505 2317

SP OFHAICBNWTERSND 1 BOKGFHETH L2 EE2EHOMFE (Expected

Value of Perfect Information) Z¥RIZTT .

EVPI = Jss — Jws = 109.03 — 88.07 = 20.96 (5.13)

Z O EVPI OMEIZSS BEIUWS ORBEHEDOZEDTCTHY, ik, BROEEFREE
DIZKFA > THRIZR LW RKOBRELZBEWT 5. — & L THREEN T L,
20.96 MJ/day @ EVPI &%, —fl & L TEREICHEE T 5 & 20.96/9. 97 X 30~63 yen/day

THhD (FEFEES, 2012; BARGEZEFTS, 2010) .

5. 5k Ehn 7Y o FIREEIERICBT 282 THD YT U AICE DS —IRT R
NE—HEBOSMART. —IRTRLX—HBEEDOELN T, RORRBSMEEIZ KD
O LRI, WS NEEAEEBYRIZRWI LD D. —J7 T, X 5.6 % PEFC
DFERFZTR L, w A5 2004/1/25 35 X Vw,efllH 2004/1/6 (2B L CiE, 60-min
1 X 16 min (ZHE-< 10 BFFFRI A ERERFFDN RS DR E 2o T2,

5. 7TEWSIZBTAFEZ2=RLF—MEBELRT. AL OEAENEL LW
REA~DOYFNENEILLE HIZENTHD. FikD@EY 15-min (X 60-min & HE LT
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PEFC FEERFR B VMEM N H S 7=, PEFC 225 Of#5E S - BAE (T 15-min O FH
60-min L VB L. FORE/D L= PEEC O DEEAH H 7-DIZ, GBDOH AEEE

1% 60-min ®J7H 15-min ZEb#g L CHEM L7~

EEY, —R=FVF—HEELEENRHMET 5 BRNCRWTIE, FFESFREL
1 FFERZERSTDZEBFRETH Y, —77, EATREBFT2AMCENT, K
FoaMREX Zh X BV IR R W EFEmiT T sz,

160 ;
— Obij -mi - - i -mi B WS(60-min)
Obj of SS(15-min) Obj of WS(15-min) = WS(30-min)

m WS(15-min)

Primary energy consumption

Fig. 5.5 Primary energy consumption for each scenario
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Fig. 5.6 PEFC-CGS operating time of WS model
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Fuel consumed by FC
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Power import from grid m WS(15-min)
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10 15 25
Energy kWh/day

Fig. 5.7 Expected value of result for 30 scenarios
5-3-3 AXSFIFBOEE

5.8~10 {ZZNENAT T Y A HSE 1~30 £ THMEETZ L ED—RT=FL
F—HEBOMRHE, CPURFRE XU PEFC ER M AR T . BRANDL, SHRLN
FEENHRE AR LEHFERBE LS. 22T, SSBLUWS ORMEDKZ,
AT E TORTRLX—RIHONROEY EF L, X LURFIZEHNTIE” Gap”
LRI D.

Gapz%xmo (5.14)

5.8 ICTEBEOERTRLZEY, ZOMEIFSOEIMILEDL LT 21%EE -

5.9 IZ/R Y, 60-min 7>085=20 D RIIFHEBTE T Lo 7o DIZHFEE LR
V. ZOEERRL £, 60-min 23085=19 1B\ CPU BRI R & 7e 7=, X 5. 10 (2
ATV, 15-min, 30-min 3 XN 60-min (2T, £ EhS=8, 11 BLU21 BLE
D F U AETIE PEFC IZ—HHHEBLTELT, Hlb, #EIELTWDH I EAHBIL
7=.

5.9 MS=17T~19 (2B DR R &%, 5. 4B XU 5. 10 XL v, fSBEEEND
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WA THY, PEFC BT RE DO ZE L TWDH I ERRBIND.

] 5. 11 1%, 15-min, S=7 2317 A WS B LUV SS DEZ DT R/LX—ED K E
AT T OEEIZIBWT, SSIEWS K0 b PEFC b OftEE ) - BAEDEA L, —
HFCEMAFENTETH VBT EIG U THIBEITH B 25 OHEEE N HIN L
TWD Z PRI S.

NEEETIZBWT, FAOERFREZRET D EWVIBENG, KAIZET D
IR TS T A4 ERH Y, 20720, 15nin (IZBW UL TR T T2 5H 5
U HS=10 AFIBICKR VAL Z EALE L. FERHOBE LI Lhanb,
TV AR T D L REFT XD RMEEMENOAE L DR XF—HBEEOH
EN D fEIRE A BT B 72 D1, PEFC 8 X7 WMRSFIZNEM, T72b 5, B &#fE
Moz een, 2oL FERETIIL & LY PEFC-C6S #EAT HF45 41
UNCRFH TE RV EF R D.
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Fig. 5.8 Difference of primary energy consumptions
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Fig. 5.9 Performance of SS model

24

B —— §§(60-min)
20~ —— $8(30-min)
16 - - SS(15-min)
12

o ~ 0

90— 0000000000000

FC operating time hour/day

Number of input scenarios

Fig. 5.10 PEFC-CGS operating time of SS model
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Fig. 5.11 Expected values of result of two models for seven scenarios

5:-3-4 SP Sk HBEERAH

5.12~14 1%, Z#LFL 15-min 2>285=1~7 @ WS |2} D HWT, BT ¥ L TF PEFC

FERFEITMZ, 15-min 23>28=7 ® SSIZRBITHFEHEOKEEST HFRA2ER R L
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HLOTHDH. WSEBIVSSOELLIZBWTHERFRIZLEE > TEY, Kb 128X
D I3RS Y, IWT 134 T OfGRERAECMITERL, BT IZRMIZEEL, &
FIZAEL TWD. 15 RRIFICBNTIEEAED T T U AN BT ORKTEERRITE
LTEY, ZORICENDEENINPY LVRAE L., =L XF—BOBRTISE
LSS BT 5 &, IWT NOZEEIL, SSOFMNNS L 2EMITIE< b T
BY, UL, VAT LAICE S THIT WICERF L7ZBBIIELRERRTH D /2D, £+
DIFEBRIEEZIIHI L TWD Z bbb, —77, BTHOEERILSS DA WS L2
IR <SHERFSNTEBY, 2, BTEEZX—HOBENFTEELD /NS E2FEY
ENENDLTDIL, VAT AZE > TERABEL CAFHREPVENAEEL THE,
HIFMBUNICE CDBAREE~EFSEEATRPERCTHD Z L EmT. #
ST, ZMEANLOENEZBEA L= XL X —HEEDENT D ERMEZEBR L T
WAEEZA. ET-, M5 141FTE8Y, PEFCIE8~15 FEDORICH WV TEZLE T
U FITBWCEEEL L CELT, PV REERLZ T L TEAFRSBRA S
EVHIBA LT,

10000
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L 80001 WS(w,)
T WS(a,)
g 6000 — WS(wy)
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2 —_— 88
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Fig. 5.12 Comparison of HWT operations
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Fig. 5.13 Comparison of BT operations
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Fig. 5.14 Comparison of FC operations for seven scenarios, (a) WS at w,, (b) WS at w,, (c)
WS at w3, (d) WS at w,, (e) WS at ws, ) WS at w,, (g) WS at w,, (h) SS

5:4 KEOFERLH

RETITHEZER LEF LT —EHEBEERFOFEA T RLF— 2 AT LDE
RETEMEIZ OV TR U7z, fE83RO MILP FEIC L o B HEtEMEY, FBHo=x
FNXF—FBETFE T VA EANE L, 2 24 BFFRICE 2 THOLE - E1E2B X
OVHWT « BT OF = VT — B LA atBET 5~ R Lz, ZoREIL Y A —
A DHERFTEIEIC LY ERYLEh, £TO YT U AT H—RZFNLF—HEED
R & F M L7z,

FERELT, Y7 U 7RRFRZ RS T4 2 Ik 5720 LRI, WS BET
SS D—WT=FINF —{HEBTEN LB L2V —T5, PEFC OERRFFHE]~1358 <
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5.4 KEOF LD
HETLZZ LN LE. £, BWETHLIAM KRR L —HBEEDOBAT,
BED RN X—FELT U ANES HFHEE, kDO ZBRFRICES T H/MES
NEEERMEL Y b 21%E KL, TE2EREAFT H720DIT 63 yen/day OFHEE H 2 #
TJTHERWI EZALNC LTz, NEREMETIZEIT S PV-BT fHaAAR PEFC-CGS D 1E
MAHFRCEALT, BoNi-MEIERO4DIZEEHBEND.

(1) THRNZ L TRIEEMEZ KT 5

ERAEM I FE~ANT 57V A8, 15 5070 o ZEREERIC 3
WTIL 10 ARBEIZTORDIATLZ ENRODOND. TRLXF—FEEOT U AHK
PHRT 2 Z &1L, FRICHT 2 RREEM SR T 22 L2 BIRL, S RORFERE
PEPHERT 2 LRDR OB ) R TFREMD M SN0 TH D, HRRV L, &
TV ABOBERIIMEREOEARTHY, THIIHAEDOEDBRELZELSHS,
F7z, YU AHOBERIZMEVY PEFC 22 k3 2R FROER N EH S D720,
U A NS T XD LD R RIBERREIL PEFC-CGS OFIE AU EH LA

EERBALMNTLT.

(2) F PEFC # REEIE L TR I ETY RT ZBET D

THEEMEORZ /R BIZBWTIE, PEFC #EIELTEDORDOVIZGB Z2#EHT 5%
SFRYZER TR AR T AEAN S S, 2, EAEEEEICS VT PEFC A=
IELTELFEERLTH T LT, PEFC-CGS Dk L m R L X —EZFENEKLE Lo

I—REANF—HEEPENT DV A7 2T TWLLEEZRD.

3) T TH D PEFC OEERHZEREICT 5 Z & TREENRDIFELET D
UR7 25

HWT NIZEFE LB BT =R EELCH Y, ZnalflT 2 0EBE NS D.

(4) BT DEEEBEZBDIELZ LT, VAT ZBRETS
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H6E FHICE D HEMS EERMHEFE

6:1 =

FRATZINVE -V AT NL, TR VX —FEE, SRR, =271 V7 1« — k&
FEDSIRIPIMBRMFTICB W TRERBIR A IR R D EH T3 X— M - FRFEEED
BRZER LR HTR 6w, FEWEORNEREZFF OV AT LH DI CGS O

IWCEROBEHENFEW AT LAOFBERIZER L TE, =X —FEEHEORK
FRONEEMBREWCESTEM ST REFANRET DLERND D, £z, ENTRH
FRABX L -BHREO L/ ER L CRBY (REEESE, 2014a) , DRIEFI
P59 % HEMS BHIEZS KO H TV D

TRNF =V AT DZENT, NEERBEIZESCFAIOBEREB L UZLDOE
BIREOFHOFMITIL, SP 2RV EHINZHRE ST D (Fleten et. al,
2008; Heinrich et. al., 2007; Wallace et. al., 2003) . ZhbOHETIE, £
B2 = RV X —FEH b 5 WITRE LB A R L LT RBEH ORI, FHIRH
DEIMMFEEEN ZMERERE LK EEROBEHGHEMESE SRt SnTE. L
ML, FHEERMEE EAEFERT A X — AT AOERGHERREI LB TR RS
DOFRIORNEE S FD 6T ITRFTN R ST TR,

AFECIE, ATEE TCICHERE LEEZTENTH 2BEEMOSETFER X UHRAE
A EHEE ET2ZE T, BAOFRITERICES HEMS EHFEFEEZHEEL,
HERF T B CFOGAMELZ ERBIMT A2 BT 4.

5 6. 1 123 OITHRET S HEMS EAFE Tk & EARE O ORAL TH S
x5 & F 2 M8 PEFC-CGS, PV B L UBT 2 F R AR = R ¥ — U X7 A% HY
W EFS. P, FRIEBEICBWTIEAY— M A—2715 HEMS ~A S5 EB O
BMEE, 7o 5 ONE HEMS NICERE SN TV A BEOERENLTFHENDE - #H



#H6F FREICE-S HEMS EAGHE T

LB E, PV IR KO ER OREREIO 5 SOERER"/DH. 22T, THIICH
WHIBEDER T —FZ DBUEDOERIZIY, F4ECTRE L LEENFEOHEFELIL
RLUBEAT 5. RIZ, PRIFEBRICE D EMAFHHERE IZB W TE, TRIEAZIMEER
ELTAAL, 55 ETRE LIMERAERFEEICE-DE PEFC ORE RN LW
BT OfMEEREZFTETD. &%, OERABEEIZBWTIE, FHI LR
¥—FEE, PVHOWEZEOEREX AL LT, (VX —ERI ERREmEIc &
M+ 228 T, REFEOREAMELRFEOBILA CEEMMT 5.

Prediction Operational Operation

Uncertain energy demand and PV output Ex-ante decision p a n n I n g Ex-post evaluati tem performance
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Fig. 6.1 Flow chart of HEMS operational planning method
62 R RXT L

6.2 | IARETHERY i % PEFC-CGS ORI Z R LI2b DT, &S - WA X%
VAT AASATL, EF WG MEEREICT LR —2HET 5. R R T A,
AC 33 L TN PEFC-CGS 7> HABAK & 4L, PEFC-CGS 14X PEFC 2 & de T2 = bk, 147[L]®
AT (HWT) , 2028 92 %0 GB, AR5 S1 AL b — & (Heater :H) 36 X UVZE %R (Radiation
Fan: RF) 72>6RE%. FEITERE S 0. 15[k IC BV THRER L ORI RIL
LHV AT Z 24 39. 0%33 LTR56. 0% TH 0, 72, FOMO EERE TP ITRT.

102



6+3 TFHENZE-S< HEMS EHFEFE

—————————

tAhousehold - - - - ----------------------o-ooo oo oo oo oo oo oo oo

1 BT : Capacity 4.0kWh : !

! Minimum ratio of capacity 10% Electrical !

| Charge/Discharge ratio 1/2C Window  fresrmemmssmmesssmeeeng |

! Charge/Discharge efficiency 92% i s :

: Self-discharge loss 0.02%/h Insulation : |

! BT ----------=--=-====- § !

| H |

PV : Rated power output 4.0kW - ) ‘
Solar Blind H I

: Space |

| Air Heating/Cooling Demand ||

| PCU conditioner Load based on PMV|

T |

1 |

1 |

I ! Electricity :
Purchased | - - - - - +-----— {PEFGunit;» - — HWTunt - demand !
|

eIectr|C|ty: | i : |

: | P l

| I [ I |

! ! . ‘ Hot water !

: 3 L A IE' A 33 HWT ': 2 ) demand i

: | " I PEFC : Rated power output 0.75kW |

[ ! " ! Rated heat recovery 1.08kW

! 3| Heat and power h | Efficiency of electric heater 95% |

Purchased " L ! ! Tank volume 147L |
3 Thermal loss of tank 1.7%/h :

| P CGB CGB : Efficiency 92% |

__________________________________________________________________

Fig. 6.2 Schematic diagram of energy system
63 FAl<ED < HEMS EREF*%

ARETHE, TRNIZES HEMS EREHEFEEZ, TRITFEE, ERHEERES L UNE
FARGEREMEED 3 BRI HE LiR5.

6-3-1 REFX
(a) FHEFE

TARNAF—FEE -PV I NOFRAIEL L, BT —HICEIT—F A= E
FU LT FETHD Just-In-Time (JIT) TF VLV FEICLY, GIADOEE R Z —
YBLURREMFEANS =) & UTREOER AT 2 R M—E 2 5 L
DTRITTDET] - WHBBEERZENENTHIT 5. FEHT — 23 TSR A 2R E
Metric learning {2k WHERIEAZZE L, *OBEOEEHMOSEICITE 4 3= THE

U7 B AR EZIRE LA Uz (Honma et. al., 2014; Xing et. al., 2003;
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Yi et. al., 2012; AR « &HE, 2013) .

(b) ERFEFIE

ERFFBEEIC IV TE, fHEEARIIAAT 3~27 Bf oD 24 Bfal & L, TE DY 7
v TEERREIRIC RS A &, 2oV T U v VERIBRILSt = 24/ T TR IS, T
RNF— - PEIE L OS2 SIREME S L, FFAOERAER TRIND =X
NF— - EINK, BELO0/1 BHTCREN DGR EBEARIMER L T5. IETIX

—RTEZRXNVFX—HEE]B L OMREE R T Uy UFE2RE, REEHET LT 7
Ny FOPLFETRT. PREROTHEELRGHE L TREREBL, 2N TN T
TRNAF—FETH TV Fo=1,..,5 AL, SKOF U FIHT 5 —ko=x
VX —THE RIS OERHE & B/Mb T 2 I Z /R 5.

5P = XT_i(Ceepy + CBgl — CPVel,) (6.1)
sp _ (=1 Pold
JoP = e (6.2)

ZIT, 0t € eBLUglE, FNENRA, ENERESRE, EHBLIOTADR
NF—RETHD. MFEHRTFObuyld, BASNZ, BIL AT LA~ATENEZ
EhRY. £, BAO—RT VX —HEREITER 6. 3 12 CHRBT 5 &5 ICRFRIFT
TRV, VTV AGOREFERPITETEFLNET S,

FEREA~HIERLEL S LCADNT 2 ERAFRZ —BICRET 2 LW #laND, &9
7Y v TEEZINCEIT D PEFC =y N DRBERNZS, BT ASESRel ™", BT HIE

NEe, ", 2TOUFIAT—HTLEIHKTS.

FC _ _FC _ — FC

Zt1 = Zg2 T T Zgs (6.3)
BT,in _ _BT,in _ _ _BT,in

€r1 T Ep ==’ (64)
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BT,out BT, out _ _BT,out
€1 =€ = €5 (6.5)

gr:_‘,jj@%{ﬁu,f dempred, /D{Z/_j@%{ﬁu/f demHWpredj,oJ:U{/_\Hﬁ q?z)mSHC@I*}I/ﬂF

—FREE~OMHRBITRO LS ICH S D.

etwy+( tBTsup +e PVSUp)an+ (e _eg-’[w) — Egs)m,pred + Eégxs + e?g
(6.6)

qllr-la\ﬁVT out + ntEw — Sceum,HW,pred (6.7)

nACetS = qio™ e (6.8)

efX)SUp-i-ePVBT-I-etw — EPVpred (6.9)

ZZT, 0B, gB,, nAC efS, efC, el B X TReAURSIE, FIFALGB BIE, B H A

HE, AC IR E, PEFC BEE ), AC, ERt — 4B IUOHMHEEEHTHD. £

72, el TSUPES FOInviZ 2 FHL BT D DB BB LA VN B TH 5.

t,w

E51Z, ef )P efVET ef \ B LUELTNL, ZHENPY 6 DRE~DEENE S

t,w , et(u
B4R, BT LEE, WME N BB LU XEBEOFHAECTH L. HIEHER TS
IFRADIEY Predicted Mean Vote (IS0 7730, 1994) (R34 KiE - MARHTE -
A 5RO T RED 5 F i S - BROPGERE O £ TR, - ol Piah L L

T, ACTEMIHEINL DT 5.
@in,pred < 9;’1}0 < éin,pred (6.10)

ZIT, O ITERARTREEMTHD.
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(c) EF BT

FEMEZE BIREE L L CORESHSER G R ICES & ERICGERT 2 FEIZoO0
TH~D. F 6 LIRTEY, WERAEMZEEEC L 0B &7 PERC S TAER
HEZPEFC" 35 1 ON BT B B /1 el T+ BTN oty & LT, AUCTRTE D, Yo

7Y REHIMTm I B R A B IME T BE AR AR T 5.
23;1[nﬁn(C§ef“y+-ng?“y-cPVe{)] (6.11)

ZorEx, RRITRTAY, Tx/XF—FEWE, PV REHIE I OVRE IR E R LR
Wl EBE LG E T 5.

etbuy + (e?T,sup N efv.sup)ninv + (eFC — el = Edem real 4 pAUXS 4 gAC
(6.12)
giWTout 4 pBgB — odemHWreal (6.13)
nACEAC = q;iem SHC (6.14)
PVsup +ePVET 4 or = Efv,real (6.15)
Qtin,real < gin < @gn.real (6.16)

ZC, BfERTFreal ITEBRELRT.

Table 6.1 Added constraints for operation in real time

Equipment Target variable Constraint
BT Output electricity from BT e~ efT'O‘“*
Input electricity into BT efT n eme
PEFC PEFC ON/OFF state ,PEFC -, ,PEFC*
t = Z;
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6-3-2 HBFi%

ZITHE, R AR —EHEOFANCESHVIERTRAHRTFEL LTRETS.
FRNZEDHIVERA TR, BREtRE A ~—RI2RK6. 21T @Y OFEREL
6-3-1 (c) DBV KT 5.

Table 6.2 System specifications

No System Assumed operational strategies

1 PE PE: Generating electricity from 4 to 24 o’clock

2 | PE+BT FC: Generating electricity from 4 to 24 o’clock
BT: Charging BT Fully until 7 o’clock

3 PE+PV PE: Generating electricity from 4 to 24 o’clock

PE+PV+ BT FC: Generating electricity from 4 to 24 o’clock

BT: Charging BT Fully until 7 o’clock

5 |CS ---

6 | CS+BT BT: Charging BT Fully until 7 o’clock

7 | CS+PV -

8 CS+PV+BT BT: Charging BT Fully until 7 o’clock

6-4  BUERER

ITIE, 5 1FKEDS AREKHEZXSE LTHIRY RiF, PEFC-CGS, PV, BT & &
U'BT M EFR T2 8 VAT 2Txt LT, BET D THI%Z AV D HeENE M FHE
Fik&, KB SRE U TTRICESDRVEMN TR & ORFEL ST L, BEF
oA B EEHTS.

(=2
E-N
=
=

REH

F 6. 3T DI, ZREI], PV-FIT B L OH AR R4 TH 5 (HRES], 2014;
RIREEZEAE, 2014b; BHEUH A, 2014). [ 6. 3 IZI3/TH 2 &R L, MK & PV-FIT
NDE— 7 EEH CTH D 13~16 FFICcBWTIIHER L TEY, ZOREEICBWTIEPY

BAHZHFEZNTHEL, FHENNOLOHABELZEAD SEDH 2 &0 EMEZm S
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H NS,
Table 6.3 Electricity and fuel prices
Type Kind of rate Condition Value Unit
Basic costs - 1296 Yen/month
Fuel lat
Hel regnatory 2.35 Yen/kWh
costs
Grid 7:00 - 13:00 28.99 Yen/kWh
Metered costs 13:00 - 16:00 54.68 Yen/kWh
16:00 - 23:00 28.99 Yen/kWh
23:00 - 7:00 12.16 Yen/kWh
) Without FC-CGS 1026 Yen/month
Basic costs ;
Gas Including FC-CGS 1458 Yen/month
Metered cost Without FC-CGS 156.11 Yen/Nm?
etered costs
Including FC-CGS 134.51 Yen/Nm®
PV FIT For surplus electricity 37.00 Yen/kWh
60
=
X
sS40
>
2
T 30 -
2
£20
Q
uij —— Electricity rate
10 |- — PV-FIT
0 I N Iy A
3 7 13 16 23
Time

Fig. 6.3 Electricity rate and PV-FIT
6-4-2  TRMKE

MR ETORERIL, FRICELI =R NF—{HEELZRA LIz 2 £, 2
ZTIHAERT 12 ARERAZHERET D, JIT T U 7IZB80 T, MEE Lz 12
A 2RO A OTFERELFEH T — 2 AN PV S = L F—FE TR & Rk
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6«4 FfiH
X 6.4~6.7\ZR_TDIE, 5 ARERIZBITS

eSS

B HEE, PVH I/ 5N PNV 2 E#E - U - iR E RO TRIE - EHRMETH
Z. PMVICEE L TIZ#FDOIRE VT 90%D ADNEGE & 72 A+0.5%2 3R E L7-.

- 8 EE S8

------ Predicted—1 Predicted-2
Predicted—3 Predicted—4
Predicted—5 — Realized

Electricity demand Wh/15min
[ ]

Fig. 6.4
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Predicted and realized hot water demand
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Fig. 6.6 Predicted and realized PV output
o
S 28
E = P |
@
g924
g - 5 o ——
25
-g _820 — Predicted upper bound
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0 —— Realized upper bound
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(=]
© 3 8 13 18 23

Time

Fig. 6.7 Predicted and realized comfortable temperature bound

6-4-3 FRICEIGERAEK

6.8 +6.9 lZd DX, TRIEZHOCHERMREERGFEMELVEHI N
PE+PV+BT OEA TR TH Y, FHZFH PEFC EEIREB L OB ARNBEHETH S.
X 6.8 1V, PEFCIX PV HEE I EEZ RRILT D702, BHRICHEBT2EAFRDN
BHINTRY, £/, M6.9 XY, BT IXKEMBEIFEE®H O 7TRFE TIZRFEEIND
FREAITHOEMFRPIBEAINTNWD Z ERb0nD
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Fig. 6.8 Planned PEFC operation based on prediction
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Wh/15min
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| | 1 i

Electricity flow rate of BT
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Fig. 6.9 Planned BT operation based on prediction
6-4-4 BEUVATLICBET5ERE

6. 10 [ZRT DX, WL LEZ8 VAT AIBITH, RETFELEBTED S A
REAOEMBEOLKETHY, MEFIEIZBNTHTRAF—FHZTR Y 4% 1
HHNISAREBIL ST —RER LT 28, IFPOF—2HKFICEAL T, &R
REVI AR BLE 72 MILP BB TH 270, HERHRNICHAZEHT 5 Z L AREETH -
7o (K™ n.d. &KE) 28 PE, PE+PV &8 LN CSHPVHBT ICZNENIFIET 5. HARH
fam & LT, BEFEMERRRIZISWTEY, &I, PE, PE+BT 35 LT PE+PVHBT
D5 OOTRT I AERNCDREFER, HBFEEZNEN 79, 56 BRI 82
yen/day BHEMEB L TV, REFEOFMAUENRENTZLEEZD.
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@ Conventional method (num. of scenarios 0)

B Proposed method (num. of scenarios 1)
B Proposed method (num. of scenarios 5)
800

[=2]
o
o

400

200

o

-200

-400

Daily operational cost yen/day

-600 I I l I I I I

PE+BT
PE+PV
PE+PV+BT
CS+BT
CS+PV
CS+PV+BT

Fig. 6.10 Daily operational cost of each system compared

6:4-5 KBRECHT HERBER

£ 6.11~6. 15 (279 D%, 5 ADMREKAIZEIT 5 CSHBT 36 L U PE+PV+BT @ ELEgF
BB IUREFELRWEREOER BT 5ERMBRETH L. 6. 11-6.12 11,
DRAZ 5 To DB/l D mlhE R 773K 2 FEi T DB FEIZRB W TE, M
BoEWE— 7 FHEICBWTRREN N LOEEX KB I T 5700, BT EEEZ &
WIS EWSERZERA L TWL Z & nbnd. 6.13~6.15 £V, H#
FIEIC IV TIT PEFC-CGS 38 L BT OB F RN FNZFMAICEIEENTNDH Z L
235, BTEEEN 2T FRCBWCEFLTRY, —T, BEREIIBWVT, BT ik
REEEETENEZHEBLTEY, VAT ARERELERETVDLLEEZD. £
7=, FHAT 2 FRF VAR 1 ROBFEE, TRIZBWTESRFE LY LEGTFENRD
7 RFED BTV 727212 PERC BBIFRFRT & 484E S, PEFC O =3 L F— 3+
FEBHE TN ER3bnD.
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Fig. 6.11 Operation of CS+BT against realized values using proposed HEMS operational

Fig. 6.12
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Operation of CS+BT against realized values using conventional method
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= FElectricity demand == BT level
— PV output m PV reverse to grid
Grid supply to demand m BT supply to demand
B PV supply to demand ®m FC supply to demand
I I 4000
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c 500 3000
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Fig. 6.13 Operation of PE+PV+BT against realized values using proposed HEMS

operational method with 5 scenarios

= FElectricity demand == BT level
— PV output m PV reverse to grid
Grid supply to demand m BT supply to demand
m PV supply to demand m FC supply to demand
I I I I 4000
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Fig. 6.14 Operation of PE+PV+BT against realized values using proposed HEMS

operational method with 1 scenarios
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= Electricity demand == BT level
— PV output m PV reverse to grid
Grid supply to demand M BT supply to demand
B PV supply to demand B FC supply to demand
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Fig. 6.15 Operation of PE+PV+BT against realized values using conventional method

6-5 AHEDELH

RETIX, BIEE CICB% L BEREN CH 5 BERMONFETIER L ORI E
HEFEREZ G T 5 Z LT, EAOTRIERICE-S< HEMS EHFE FIELMEL,
M 2E U CEOF AL EETO L7z, x5 & 7 2888(121% PEFC-CGS, PV I
LUBT ZE LR =L X - X7 LY R, 97, FHRIERICS O TE
A= KN A—=Fn5b HEMS ~AF1 S5 E A OBk, 726 NZ HEMS NICEESh
TWHIBEDEREN D TRISHWAES - H5FRER, PV H B L OREREIROR
FRIND b5 mOFERYHFIZ. 22T, THANCHWSBEDERT — 2 OBL DO ERIZ
%, BABRETEZLUCFEREBEFELIR LEMN L. RIS, PRIFRICES
EHFHEEMEIC BV T, TRIEEZAEERE LCAIL, 65 B CHREL-HEN
EMEFHEEIC S % PEFC OFERMIB L BT OFWBEE N BLEFE L. HEIC
ERROBEBHEMBIZBWTE, PRIL-o VX —FEE, PVEHNEOERMAE AL
LT, ZpAF—Fell X rrfma i camat 42 2 & T, #F2FER, THZAV

PRV EEER VR % L C PE+PVABT C 82[yen/day] OB ENEIR L TRV, = OHBAME
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WRENT-EEZ 5.

PLEX Y, THRNZHE-S< HEMS EAGTE Tk & FOERMEMO FIEEEEL, #
E1 5 HEMS EAFEFEICBWT, BREOFRICESESTELUERFTRICKES Z
T, BREMOB A CEARE M ET A AR
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DT RMERICE S HEMS EAET B FEABET L Z L2 AR E Lz, ZORRIZ, HEMS
EH TR L — 38 & LT FC-CGS, PV 3 X UVBT 2R ICFFD v A
FAEBEGE Uiz, 72, HEMS 233 27 A (KEEIER 2 3k L - B O 7ERE
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53 5 TR R ERAEE & OEEMEICE H Lo )s, RO EAMERE AT M 5
FTCTEETHLIZEERALMNTLE.

(2)  =ANFT—FEREOSH FEOMEL
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FHOBMEL L 2N —FEREOABE N AL BRI TR LY — - Hax f L
BRHDZENHOENTWVD DD, FEFHMAOTXNLF—EENZ— 0B - FAfE
OFAX AT, RAFMO T OEFEME LOBERE & B L TREV. ZO7%T
», OGS DEFERENZFE LB ZITA 2008 900, FREHEE Cl3e< B x O
TWPEOBEIIRET 2 & ZANRKE V. UL, BxZlxTEHT5KEOTRLF
—HBETANIFERIZRETHD. 22T, BHOZRLF—FERRY Y — (7,
ATA £ TICER LIEFTERRIIANZ — AP THAETLENIREDOS &, BEIZE
BIL-FBT =2 LRANERT LI THAOTBERE L OBRUELHIEL, 2T D
ZEEERLZ. ZIZTHE, REKLIFREZAVWT 1 HEMLOFERRSIIF D
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