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JUEAT AT kSRR, AR RAZAILR (PRl ARG
ENE | B s e T[N SV 2R 7
® Yoo Vi ¥, 0 w IS B IE FP 0340
SPOMEREPUER AR, hERERERER (KCL) 4%, [&13.2 RS
M IR RR
L= iy + g + 0 = (Vi = V) + 53 (Vi = Vi) 4y, (V) (3.5)
L=y + iy, + 0, =y (Vi = Vi) + 50, (Vi = V) + 5, (V) (3.6)
Ly = i it + iy = Yok (Ve = Vi) 1V = VD) 49,0 (V,) (3.7)
BRI TSN

e = i+ Yk *+ Y0 Ve = Vi = ViV (3.8)
L==yuVi + i + Vi + Y1) Vi = ViV (3.9)
Ly ==YV = YuVi ¥ Do + Yot + Vo) Vi (3.10)
PRI, PR 1 S 9 (TR S 7 bk ) AT L& SO
Yie = Yu * Yim + Yo (3.11)
Y =yu +Yim + Y0 (3.12)
Yom = Yok * Yl * Yo (3.13)

Yy =Y, =-yy (3.14)
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L T (3.15)
Y=Y = =% (3.16)
FYNZAN AT A R AT L R Rk
L=Y,V, +Y,V,+Y,V, (3.17)
L=Y,V,+Y,V,+Y,V, (3.18)
L=Y, V,+Y, V,+Y V, (3.19)

AN, R (3.17) ~K (3.19) AT LUAEMEFRR N
I, Yo Y. Y.V,
L =Y, Y, Y. |V
I, Yoo Y Y.V,
PRI, DB @ A1 S B0 ER 7 A1 1 a5 g R mT LA R SRR BB X5 A

~

3.20)

I. Y, - YV,
I | (3.21)
nd by oyl

55 0 ABIE AT R SR T A R 2R
o=, WY, = Xy BRI A TSR
Y, = A7 i), L RIS Y, =0
i) R RS R EE N Y, = -y,
ik, 3 (3.21) MRS A
(10 ] = 1Y 0 I [V ] (3.22)
A, T, AT EEARRB R, FUERAT SRR NIE, WA, Y,
N R, BRAEPRITER . XMAITTR VO AR A S AN AITR
Y R BN,V S A TR i1 s B R s
1T F O ) P R R AR R Y, B R R R DR, AR N
VLRI 2 IO R 6 5 . S TAT n A5 S5 A%, 45 & TE A TN
STk:PTk+jQTk:Vk<ITk)* (3.23)
A, (L) "k ATE AR RS A ) 5
Yo VAL, R U B A ARBRIE SR

Ykm = ka +jBkm (3' 24)

V., =e, +1fs (3.25)

Ly, = agy +jby = 2 (Ge, = Buf,) +i(Gf, + B,e,) (3.26)
m=1

W, A P, M QT LGEM R (3.25) SHH (3.26) MILPE(E AR
), #EFUF,
Py, =e,ay, +f,by, (3.27)
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Q. =fray —€,by, (3.28)
WERFLAIEL (3.1) X (3.2) fRAS (3.27) Fial (3.28) WRILKA#,
LN EEIPN WISy )
AP, =Py, - Py, - (eay, +f,by) =0 (3.29)
AQ, =Q = Qu = (fray —eby) =0 (3.30)
B ACR AR AR RE D3 A DB E J7 8 98/ BV T 58 s S P 98 58 1 B VR
(e) W, MIPSRITR AT LM, 1R kA
[AP, | <€, (3.31)
|AQk|$€0 (3.32)

3.2 RASMEEE

3.2.1 RREERGEHERFIE

FARR ARG | H R R R S ) R S5 0 B R RS T R s <
S Ak R} 3 R P B 17 2 O I R SR ST LS %LFH/MZUJ%J?IEU\ &
ik ) 5 —A4b, ?@Mﬂﬁ%ﬁ%‘\?ﬁﬁﬁﬁﬂﬁ%rﬁﬁiﬁj% Kl 3.3 B R AN E R &
LA M B L T A 1A

RARF ik R AR SR, oLl Il

o RAREI . A BRR IR E S W Ty, U, w253 il ST
oIy SO,

o HIRAEIA . MW KA ARAERE BT A% 21 2 M i B % A |
oE EEE AR A B KA T P,

o JRAEHL: SRR T Jy v AR —Fp B AR B, R R 4R
ek B, TR A, TS TR, RGP LR e . Bk
B, SRR R,

o fESHE. TRARmERE S, LAGEME mide it Be b SR D i e s, B &
A TSR, X SR AT RS E

o BT TuN . JE H AR LA AT MO A, AR, e,

BRI R I ST R ) A R A

o MELAETZR. VRN RIRHIEL A IS PR, BRI 1Tk AR IR i 4
P, R RRRR O 89 R (LDZ) o

o RN . LB C W A A Ak, A R AR R R T A R T
PR, 709 S AT AR FR g ALl (R kb 72, D B H R BIAS (] 14 Fe 0 A 0 LAt /2
JUMBCHLMIZ SR (DNO) BYFK

o X, ERAKAHERGE T RERIERA, BAEIE, A, S, Bk
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™~ GE\ | | < s s
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N 0.7MPa | — 0.7MPa <« <« <+
regipsh \_/
Tk N
W )
ettt INEE > > b omms b e s 0.7MPa
S P e e ~ e il
<!D Ly > | > [ > > | > SN
0.7MPa | | « 0.7MPa — |

JE&L
[[RES eSS

BFERIA IR (CCGT)
B

3.3 RASHICIERBIGEL ™

W AR i el i R S D RE
UL, RAR T AR A R I, T RN T AL

3.2.2 EMXNXAKRBREIM

RIRTMARGELNT, T ENTF ST, SOk e e R R 2
PAEIRZ G, ZAIEXI B 25 DR E AR B, ERREEBIL,
AR B R AU AR A T 3 10 A A R B A A

TEIX— [, AR R AR B P BER | R ORI I A ot A 1Y
e, 1o, REPHAW AL R, A—MEER, HET p s AR E
Fo MREEERBE, Y T I RUR LK

o R R A AL AR RGP AT RSB A, TR TT p
JEfaER), A B R A AR F,

o P BRI, HAUR F&A%E, foRiENIET p,

TE—SERIRACHR T, E2A T2 ARPN TRENEREITR, HEA -1
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PR AR S B T PR, S RO BEE SR RS2 S XfE LA AR o ST i
WF9E, KRR ] i — AR R o, iR dA ZRbfgik, (A
R TG, RAEETR/RERERER (KCL) B ks Rt A UAR R

T,
P A A B A SR RS, R E R A R —m E
2 2
R
pfg+27g+pghk _pg+2g +pghm+hlf (3 33)

BT po L w R A X R R FIE B RER . [N, p MR
KRB L, g NEIIINEE, bl R WS I Z 8] AT R KSRk

TEXIUT AR, A 07 2 th BB A RAR SOK T A sl S 28 5 U
SR, &AM

o WAANTEAE . ANTHEE (BEAE)

o UKL E PRAFAE 5

o R ZE AR 1 AR AL ] Z AN

o AL IR T BN HRL

o A AL EESE R BLE E AL
3.2.3 TRANFXERIER

A WA R T R AU R R ST R A, BIR A — W RS T
THZAT SR . 1Rk AR TR A O

AF, =Fg - Fy —Fy =Fy - Fy =0 (3.34)

KT (3.1) PRERITEARITA AKX, 22 Fo M F, 20503 s 5 A i A
g i, XL R OO AR AR, Gl RS2 B R AL, XU R A
U ) R ) O B 0 2 T R R A R A o, T, 57109 R e AR BRI SRR B0
K,

N T EPAZ AR R R A, o e BB SR I, SRR, ESEAE
OE, ERVASRATE ZOR . AR A bR T (B R EAE R AR IE,
XL A B R A AT A M A T R AT, RIDK 2698, DA, 395
T AP RGP R T SRR R R, 2 BT S S R 2
BB —ERIAEE (W 1e-10) B, XL GRREIRZERSEEZI8/N, —BiAm
frpRJr 5, winT LIPS rT SR AR s A T s . IR R G AT I 24 IR AT T
WA, IS8 LI E REMBIHRE,

PRSI B T AR ST SCER R AR 2 T, PO E R RLE TR,
MRERZE, Besh, 2T R R I EE B RO S R EARANSE , KLU PRI
AL T AR AR Z WA AR, RO EATA S IEIRZ HAB R N Z, dnife s i
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BESE,
Tk R m Z R R A RO T

L,
&f“jxw{ﬁq (3.35)

km

KT 3.2, B 3.4 =1
SRR, T4 55 45
TR, KK AR R G0 T G HK
FERE, DAL 5 2 .

o W kRSN,
B T R (e, B, %
ST A 5 SRR 50K

o F,.. FAF 5Nk,
LA m AR

o TN A TCRAM, HAREE AR R,

RGBT, N— DSBS 85—, WEEEN Y S Z MAAEE )
25, DR, e AR P A I 1Y) BE 8 R ORI R T [

Tk A m 22 ) B R 3R] LR oY

Apy, =pi =P =K, Fl, (3.36)
IR AR, W g =2
IR LS, W g =1. 848
AR E ML, W g=1.854
WR BB RN, MWl ge & kA2, tert, =0 (3.36) n[#k
A

3.4 FT S SCHHE [ A9 1] AL R AR M 2%

%/I

T (P =) 17"
F,, =0, <;;kmp> (3.37)
\w p>p,, Mo, =1
{%Pk <Pn> ) = —1
VERA S - BRI, X RS RE BRI Th 2 T AR, X T8 3.4
BT .

-1 0 -1
K,=|+1 -1 0 (3.38)
0 +1  +1
MR, DUEAT S IE, 1550 3.4 Fias 8 ey s #
-F,=-F,-F, (3.39)



B3F AERRSZMEBESZE 35

Fo=F,-F, (3.40)
F, =F,+F, (3.41)
LA TR AT, W Tk RN R, FORTA — S, RITCIETE k
RS R, A, T AR R AR N O, AR st Y R AT DL
o MRS, FIRTTRRA ] Ry LT R MR
Fy
F, +1 -1 0
[ H JF (3.42)
F, 0 +1 +1
km
gt — e
Fnode:Kmpripe (3- 43)
A, Fo N0 S AR, BUE AT RS N IE, WA, K h R
WrORIRRE MG , AR AR A F o RSP AR, S L NIRRT AeR L
F AR I P A AL 3 RN, SR TR R R A . R,
TEF BRSO EA G, 8 3.4 YT JIRE T E R

Apy =py —p, (3.44)
Api, =P/ —Pu (3.45)
Apy. =Py ~Pu (3.46)
FEBE 7 R AT LU AR e R
Apy -1 +1 0 [~
Ap,, |=-| 0 -1 +1]|:pl:I (3.47)
Ap,. -1 0 +1],
Wi, X (3.47) B—pgEmh .
Ap,.. = -K.p,. (3.48)
X, Ap HEM IR A K 0T R - SR OCHRAE R 5% B p .

ML T SRS R
e (3.37) BYRTHR R, AT LA O — AR TR R, R
i iR, #X (3.48) TR IBER R 5 (3.37) TEIER KR,
5%
F,. ={(Ap,.) ={(-K,p,.) (3.49)
Kb, £ (Ap,,.) REJIREMREUR R,
R, 3 (3.49) "5 (3.43) LA, @R RS SR TR A
EAWMBEZRIMOCR, K, 78 & A S A T i
Fy =F . :Kmp[g( —KI node):l (3.50)
MRAE=C (3.34) F= (3.50), KIPRPETTFERTRR Ny
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AszFRk_K,-nP[Z( _K:ppnnde):l =0 (3.51)

MIEFOR AR IRZ WD BN TR B (e) W, ARG E 1T 5
B, T R AR RSK RS R T RN

IAF, | <€, (3.52)

3.3 BEiRARSMKZELL

PR AL ) FRIR TR G BEAAFAE TT LB FRA 58 5 28 HOOR A2 i e {10 T 38 U A
HEZRI A JE . IX Wi Z IR EE T 23 R LT P

o MBI FFILS &

o AR — PR AR AR AR AR

3.3.1 #HGMEENER

TEREVR R 55 190 465 Hh T BN AR A PR Y i N2 525 HW B 70 A AR AL
BORAIE, AARTETRANRT A, BN, ERRE R, T AU E R, R AR
Ry NI, ENBEUTRAORGE TN PO Wal, H—Jri, I3 il w gHfE
Fastas, RO ERTBEE R iR IR RS H I, XM RGE R PV Y
SAARRIBREE . BEAh, BR T AR, ST IR AR R O A
JER S AT AL Z AL . 3 3.1 XA BRI R BE IR 55 M 45 OB AR BEEAT T

K.

®3.1 BEEMKHETERXL

A RIREAFRYGE HL R YL

#he JE5# (N/m?) HLE (V)

BN Pt (m®/s) HLE (A)

DIES JEi x i (W) LR x FIE (W)
PIESTES JERE x A (W) AR x B (W)

FEHT FEHEFREL HIBH (Q)
e ) SRIGRAE Y

TR A IRAE LA E (1 B 7R, X ad 2R SURT DA SE SRR SRR 58 T L 1) 4
i, WARMNEIE (GHV) SRR R MR E M5 R B RIE LR, KRS
SMPE KL 96MWh/m® 7, R, fEk—k Flm —m W20, X=F0EERA]
TN

G, =GHV - F,, (3.53)

FERRSMIE ) Rgeh, IR M AR TIR, Hik, R H DR I 5 A [H

By SIIEARIAL (m’ke/s’), BT (I/s) BFE, W#3.2,
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FR3.2 SIHEEFENEREAN

A PN SN MRS
Hhk kg/ms? m’kg/s° A
ki m?/s A

P x il kg/ms? x m*/s m’kg/s’A x A
IS m’kg/s® m?kg/s’

IR SRR IR IR GEZ AL — S SR A B, (A A e — LU R 7
R G A

o RARSI AR — B 60 ~ 100km/h, 1] HL RE 1% 1 T PR )it

o RIRAMIGEA R G RN Tl R e R oK, HIZBoR B &SR IEA,
HOR, L RG— H IO DA B A SRR A O B A i A

o M TR, BORENETFIR L RRIRGER, K
I, BORHRAKREARE T, MR, ERRRG, SRS ENERIEE N
I IN A RBON 2T

o RN AL P, RS (SRR R MR R R AR R
gi CEMIKA) BOER,

3.3.2 Hifi -fuk#hEi%x

WS 3. 1.3 13,23 TR, B FIRAR TR G RS T i 17 s 7 PR 2T X
BEA AR e B AR P R oK M, TCIE R R FIOR fie % , #RTS 20 B R 22 /)N
TFTRAGEREME, @t 3.1). & (3.2) AR (3.34) BRI EGERMLET,
FUE Gk BV 4R T 2 ReR g, (HREA R T B ] | YA G As R A Tk
AHAF LI, Wi, 2T, F - PG E g R oz s ek, 0
Tt — JEE/R A AIAAR - e TR . A, AR B s, v LOKS
TR TR R RAR ; AP RIEE AT Y, ORISR,

FET IR PERTF I AR — $7 T 103 R R B3t 55 I 10 B A7 0 5 A R AR BT 2
M4 (R SATT A

DL 4[] BUA R 5 A iz AR, Horp oy R R AR AR 4R

S(x, +Ax) =f(x,) +f(x0)Ax+f(xz¢+m=0 (3.54)

SRR YGE AU A R TSGR AT — UGR IR AR, WIPR B —Bir S, 220
AR

fCxy +Ax) =f(x,) +/ (x,) Ax =0 (3.55)
B, bt Ax B f(x, + Ax) IO
Ax==[f (x) ] fx,) (3.56)

A, [ () 12— B 8, I popk O ERT L () AR
Xt BB, 2 PSR IR
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- [ fx) (3.57)
~Bﬁﬁﬁimﬁwﬁﬁﬁﬁ %*ﬁEMﬁﬁLﬁTuﬁEﬁﬁ AR,
ZRRBCARTUGECEE B E— MBI, nTERRR
xp" =+ Ax'! (3.58)
\EU LA, HE Ax W2 —ErkEe, X (3.31), KX (3.32) Ak
(3.52) HHIMERRRGHEREEER, WL, BT R4 - b RBE %k
Keffre Gk T, BEIRARSS P4 P A G Rk s i LB X (3.56) B R
ERGLH,
3.3.2.1 HAZRZHIHEFLLIER
ARG, X (3.56) IRRRASAS B x, R T LR A 1 (B AN
I, L, A - PO EE T RN A LN R B,

3P 3P 7
AO 50 SV/V| AP
]: - ] (3.59)
AV/V 50 50 | lag
50 SV/V

XTFRIIRSG, M AT R A B PO 1 RUEUN 2 5N L PV T S PR
T A, THERRE, MMM TR T Vv, BIETT AV REREL V L
PRFF T ARRAA XS BR X R T ) R Ak

WA SRR H, N, J LSRG RURE T He s, DA (3.59)
B, AR EE

[AQ] [J' L][AVVV] (3.60)
w3 L3 AR, ARG Y, A S B Sk ST AT AR
M, ik, 2 (3.24) ~X (3.26) BHICE km B0 48 k5 m MHIER TR % E
B, TE T RN L, IR HE T LR B 2 T A A AR MR 2% H R TR Y
£33 EFTANEHRLERIENAZTE

PVl m PQ TS m
e
PV IRk Hy, Hys Niw
e
PQ TRk Hys Jim Hys Niw's Jiw s Liw

FEBERT A2 AT R AT LA — s IO, X HRIE T35 80 &k 532808 PQ 5 8
WIE PV AT, WA b JR— PV AT, IRA LI YRR AR, XA E
T, AQBAVEMIFTLIZMSH J, M L, . KU, BT ZISBMT S a0 E
IR E R, A N, TLVERS, Hit, —& Kyl Sa R—MA H,, R
kSRR, IRANAE Hy, . N, . J, ML, X VIS SRS ek, S —
T, AEXALICE R WSS, BORTENERS AT HE8 B
2, 233 it AN T AT km B AT B AT RE H B A e

RS NTT=I VA N o S G N 2 SN R SR knﬁM#m ﬁ%%ﬁﬁ
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W
(98]

JERAN LIRS A HE TT B A5 A

k =m Hj‘
oP,
Hkkzaiekz _Vink_QTk (3.61)
k
oP
]Wk=SV/} =ViGy + Py, (3.62)
3¢
Ju=5g, = ~ViGu+Pu (3.63)
d(Q
L, = 5V, /AV - ViBy + Oy (3.64)
Hk = ﬂakm km (3‘ 65)
8P
Nkm 8V /V _eluakm +fk km (3 66)
50,
']km =§ = _ekakm _fkbkm = _Nkm (3‘ 67)
50,
Lkm, = SVm/kV ﬂak1 ek km _Hkl (3 68)

—H (3.31) FIz (3.32) #HBWEEAT, Wk RS B ER)E — KB
By o ERAEBR BT (3.58)

) ) AV i+1

i+l _ yji k

Vi _V41+(v%) ] (3.69)
0. =6, + g, (3.70)

T EMREFIAR B E IS, AR R Bz iE, &5, FERSA
ARG, e, —BR MR RZ ErDhMFe, BRIl pa sl s SAkr)
HEATIR, 3.5 i RGN A AR
3.3.2.2 RASRZEHHEF LR

XF R 8, X (3.56) PRPIREE & x, £ox 75 s W TR A,
PRI, 2R — R v] LU R 9 1) 56 R U

Mﬂ:—gﬂ [AF] (3.71)

TR 4 A RT LR o0 3 B e T 00 oy 8, st AT AL, SRR

ARG R RIS e B AR AR ST F R S T LR M 5 i Ris =R T B A
J=-K, DK, (3.72)

SRR AT LU M RERR DT R, b D ARSI AAERE, JF B T4

i km BRI AR R

1 F
D = dic (**j 3.73
Ty (3.73)
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A — MR FERT, SHBRES . XHAEAAER LT R, B, A
FERIXT A TCR AR S — e IS A OC, IS5 S A 2B F /Ap 3R
AR, HR, T HEXT AL TR S A Z B ERA G, A
M3 SRR - F Ap Ak, Frlh, XMk Eagoria SR IER, [FEF, JEXT A%
o BRI,

— BT, —HORVCEIN (3.52) WA, 35k ARSI E R )G —
BT 5§ YOk FRIBAMIFL (3.58) .

P =p+Ap (3.74)

— HAfE TREIJME, STz e Ema . &, RS SRRk
AN AT S AL AT S . B TIR 3.5, K 3.6 HEET A0 - Fi kbR kK
SR A AR

SEOUCIENR
i=0

v
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2 1 RGAEE
LRGP

v

BIARAL AR AY
S 73 L fi

l

WA IFTE T T
A AS DU L fE

S
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=

| mmoRiss s |
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| wmwERme |
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RGO, MR,

| Gk i B

B3.5 BT A - Hr Sk i B R R R
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SEOUEAR
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18 ] RGeRU
SLERGERIRA G

!
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l

VS N L kB S DG P

y

SR E?

pont

=

TEIRF FAE AT P R

A 4

BB R T E

v
ARV B i=i+1 3

Rt B, RS
Tk, KR, RS

Kl3.6 T A - PSRRI TSR A

3.3.2.3 WRSE
WK 3.5 FE 3.6 fis, ETFA0 - F7 b Ak i B AIRSR R G i T
FETEE I NRIALZ AL o S M, SR 5 s o iR 57 WA R G0 T3 0
B, WAREILE L, FHik, TP e 845X (3.1), KX (3.2), &
(3.34) FrRABRPEZERIANERTAEZEN, XLHLZHZE R TCOPF S KT
iy, XS REN] DAEE B E ANE .
AP, =P, -P,, -P, =0 (3.75)
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AQ, =0Q¢ = Qp — 0y =0 (3.76)
AG, =G, - Gy, =Gy, =0 (3.77)
TEASCH AR TG T IR AR, P AR, Q LI
R, G R (MR GHY) . [N, TAREIRT Ak A TEA TR,
ARERAKH G, WK D, B AL T, X T HE— B My, 5 S A ST
REURCA P
PUAE I b 7 R R AT LU VR 2 e i T R AT 4, 140 Matlab™ B 5%
C A D Sy HT gPROMS ™ RABL 4 L g R SR 8 S5 T 44508 i 5 A 22 401
0 3o 2 ) VB S o %) RER AR 55 W 245 HEA TR, R LA DT A B T
Sz A HESR ffp DR A i) S B3R (DL, PR, AR I R 1 T 7
BEIAITRRIR AT, BRI AR IR ARG R A E— 15
—MBEFTHER . AT, ALELIEIRHIB ™ HOAR , MR T REVRUIR S5 M 45 Z A1 FH S 1
FOPPARE D b AR 5 A R, B b b U, A9 T 5 08 HG Al 9 A A2 Ok 52 3% 4R Y
TCOPF M T H. . [Nk, WRAEBHEZ S & H 20 A i, 54 B Tk — 28
THAEMIME, BrRL, B T AARE I, AR IR R4EHLE A PHEV
SFHAT T, ENTRBCAREE T —E e,
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TCOPF T LAl vl LA 3ok £ 47 il A2 B e AL A S mib B0t P A9 RE B 3, P, A
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AREE T SEARRE T I B R G AR B T R T, RN T
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TREZ MR AFEREIRE, 255 L SR IR EAT Tiie . o I pLA] 5 A X AE
BN BEG — RS, wBE T — MRRIZEI S B AL AR 5 RER IR 55
RIZEAI R R IIBLE

4.1 BEREHFX (OLTC) TIERRER

4.1.1 OLTC TEHZWER[FEIE

FUHL AR (DNO) 4HUL, 28 1o Ao 50 T A 0 90 3 1 v P, 36
BUSIRRE . b T RE R ) (40 R TSR G B S5 L, DNO 78 B 4 e Jy B RE B
AN, TERIZR A, 1 R 4.1 R, PR o SRR A 0 P R 2 2 H
B IROTERY. X RKE , WA AE M R B TR S, IR R
BOHL R WA, BEAT, TR IR b 2 B HE 00 S BRI (PR R D3 0 80
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Frtas, BIE i fe b sl eI HILA L — 2 A RASCR AR R AR RS O B RIK B
AR SR
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4.3.3 fEHEBRFIE

HHr, A =R RS Zid T RES R S, 4.

o I HGHLT

o JRIABLT

o MALRRREAT

HTREN RS, BORTRZINER, WTHL, 5 AR FEER i
WHY (ENRERE ) 7 R, xFFARBNISE, BRGETRGE R RN K
B, BORIE A ZBE DN H

XFRARG, DR RGN EINGE ) B SR A H IR 22 | A6k
I TRAZS & AR TR A SRR B 1]

GAEZEULNR, #aitm Ay

Q =mc AT (4.30)
b, m ARRHIBUR (kg) 5 o, AMPRHHER (J/kg K) 3 AT WiEZE (K),

DA BHO TR BR A B 5 B, i LIS R HOKFE PR R, Bk, & nhk
P RE T B AR AR A IREE T R R e K R 25 . B E e TP iR 2E
30 ~40°C ; 1411 20°C 1 60°C 2 ] (i 2% 7 40°C 137

FET PRI REE KRR R I BN, BOKAETE IER R AE LR, %K R
Ui, BPOKFEHNIIKSHBERS , Ik, fEKFEERGRES, SEMRgTmis
FFRIKIEA KA T, [FIEE, KA BRI A K MR e AR RAER A, HAEIRK
THIFARS, PG RIS 0 PARE AR ) 25 2 AR AH B A 3 R

IR B IR 4y 28 2, BOA R TS R AOR, BRAUEIR, H
Hr, WA RS BA 90% B, Pk EEokR A TAAMGERE . A R R
AT Y B AL S D S A R i A OE BE THT 2 () A IR R R i R RE B B R )
?“9”0

FERXA AT, B A AF R G W BRI R Rl A B R i il i 2 Sk A T 43
Bemfla Al . X R OCAL 7 250 F 0 F PHEV £ AR 1 B A2 R B A7l it (L
4.475),

AR L, 1 E R B R — S KA g ke, —MReEry Ty
MFIRONIRE I AL, L, 30T A B AE A A Y T T B At R
Fl, BEAh, BASET BN i R A R G R RR T, AN BT B AR T T
SRR ARRE], BP i/ N K SOC 1A,

R T HNFEAE LA AT IR A S, A U BORIC SRR
IREPCIRAS . L, A ZEGI AR AR &, [FIFEHD, F52E 0 SCIRZE AT DUAE i A
YA 1 R 2 AR B[R] AR AR FR

HAE, TERHT R RN R (B an— %) ER A0 R AG G T R, IR,
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WAZTURE ) PP SEAFIHE H AU REE RN ok . I GRIKRAEE VT b AL BCPAr, T LA
kit
nf3

Ty = Y (n, + ECi% - ED{%°) =0 (4.31)
B=1

K, B R HTII RIEI R nB S FE A~ i 18] Be gl Xl o0 i () B[R] (] B 48y ST
HARMEERRCE; ECYy R FAABMIETRYRERE (Why,) 3 ED;'G & AR flE i
HYRER (Why) o
R T FRT Ak TEB + 1 B2 R PR, A ZAF 5] B I 214 i B4
B, ATRARRAE .
TSOC;, | = TSOC;'S + ATSOC;" 5 (4.32)

AL, TSOC; G B REAE AT AR ] 11 18] B 0 A 2255 Tl R T 0, R A7 il
ARER S, SR, ETHEEARER Z] B 19 SOC MR L, ZATEAE M, Tl
T E

ATSOC;'s° = EC;s¢ — ED}s (4.33)

— B TSOC iR pifi e, s 2T 3R SU e, 208 EC;G MED s .
XEERERAL B IR, T IR A PORES, RRLT I 4. 14 ORI Ty
RTE™

TEWS IR B B 1A, AFACHE B AETY A b A AR AT LASRIA AR

store hrlnldl ore ore
Ecktyﬁ :75 * W EtCk,B * T]S:;A,B (4. 34)
hrtotal
store store store
EDje =M e (4.35)

KT AR Wehe | R 7 Wit F Wi SR EE N K, ATLAER O B 1 MR,
3 596t IO ) A iy A B8 HE R AR I ) B TR, Rt R T R T O it DT
) JE P s T R B ) i A\ W BB i 1) LA (i, R Ry K 48 A B[] [R]
MEA TR E AT ERLL 0.5), Bearal (4.34) fik (4.35), 454
(4.33), FRATTHE AT LABA 2 A Ao [ [R1 B P9 79 s A7 iR 1 SOC 1284k,
TR, frfgde BT IL I ABE S IR S IRCR B VI, T, fAtsfe KA
T A AR A 2D T I IO T At B RE . B TS PR ARG e E T LA
2 B R IR TR, BT AT DB A i m] AL ) il e R 1 R AR g
AT, XA S (4.31) M€, ATLIRGE XN
f EDj = f 0, - EC}o (4.36)
B=1 B=1
XS B T TCOPF A48l T A P I 7 R PAE SR 7 Rl X AN ik,
ARV A 1) 2= RE IR IR 55 X 45 rh bR D 7 R A R 0 9 A7 A P LA B VR TH 2% AN BB & iz
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P PR OUESNY A R, 2 B AR AR AR N AE BRI, G R TCOPF A6 7Y
Hg AR A, T RLPEAl /NS A s BILY R B A X T BE TSI 55 0 2 7 A FY)
SN, AR, LT LIS 18 R SR T AR B R R A T VA, X R R RE FL
AR 6 ] 7 — A SEN AT R A A7 Ok 2 3mSR

4.4 PHEV ¥ ARZEE

4.4.1 PHEV HWEAKRIE

HERAS B4 (PHEV) BERT LA AL M 3R 45 s BE, i FH e it e {3t
Ae, T DA DAY o EZRRH PIAHIRAERE .t FIRIm o s AT FE 42
TR AR AR R G2 104 Sl 247 i OIS R A AR 6, Gt XA
LAV ARG, a4, PHEV I8 Hudfem iyl 19190 sk — ikl % AR
R T BT RETE, WEME . BUR . SEARFEMEBEEATL N BT EAR, 5
TP TESC) T ¥ PHEV 42 B4 a1 17 37, D3 A H R P 5B W 7 T >k W2 513 2%
L8200 R, SRR A ke, A AR BOR M ALE], PHEV X
BER) <& PR S A T H o — i i e AL 202)

PHEV RTEAEGIR G sh R 3k LIRAE TR, HSERESEIR G RS (W
EHEE) SAaiR g (AR s A ) ASEARTIREERAEL12) ) PHEV )
Pie & AP SR G S R AR L, X R, X P4 AUAR AT LAY H Bk
NMRGES NS TR RGNS, B2, FIERCELM, RXEAE AR RS
B RN 42485 X b 25 S 0T LA SE ) S B A B8 bR, WSOAS L IR R A Y 2 o
Ariﬁg[%] R

HAT, fei i PHEV 45 R e 5 1203

o MG KA HLEI R G AR — IR AR, R
Ear, Kremik 2oL, WaltEsh RS ; XA & W AR FHECEE )

o HUBHEA . M FHMLIREE KOk & I PURPLA R Sh UL ML D R, HIE, 5%
FY IR Sl o] DL PRSI IR 9 0 1R 8l X A2 At AR R T BR A5 4

o i - HULWARS . SIS #R4LN, 454 T 2 Rgs i ag e, M
PO Z AR R E FE SR AT, W R R T IR S

FBSRIAA 45T PHEV AR o] (e 8, (HURIRA 3 IR T BN FEAR SC
FREGaEN, RE M, K 4. 15 #ie TIRG 31 1AG R PHEV YIRS, >k
VBN TR Z [ B F 5 X 2 PHEV (9452 7 — o8, mT LU HL 3R
HLBE A AETE E R FE 2

XF PHEV (IR, MHECHRE L5 TR Z i HABRAATS
TCOPF T HEBA M FEPr, X —A38hn A B TIRAT L PPA X — 2 i 757 K 1]



B4F RERBHZMBPHRNAXIXAKEHEE 6]

WO E IR SN
aa e -Gl
Db e
£ AL e
ML e
At
D wnen | (D

PHEVALAY
a o Gl
L ]
% ____________ A ALAL _;m;gﬁ st
aa - - Gl
R
szxz: BUBRIERE
—— W

K 4.15 HIEE: PHEV 3% 875 5 K (203)

AL, S SRl SRR IRATT 25 U 55 H 3 VR 42 1R N [] 357 B R 3 o v D) 5], 922 1 AR
4.3.1 XTI RGE AT TIEAEE RN, R IR T BERT AR 4 fig
S RE TR S 3 AR R R RR A AOR AT LUK R S E — A R A
KA (CEMFEEDIREX AT, THETE 4. 4.3 TP STEAnfgRE) |

WE 4. 16 Fiaiy) PHEV 288 2286 3R A5 1) f AR fe 200 & F Tz i sl
BtE RS, SR, FERBIAEAE MM A RS g B, o BlRE Rk, Xk
S RGMBCRAE, ESEBRR A, 3% B 2% e g i B s AL et G
CGXLEEHLHRITEA B HAEFZ ), AR T iy fe=l,

PHEV % (G2V) MHLREH ARCE AT LIgHiifh

ncﬂ,:géﬁf (4.37)

K, G2V BFRARN I RS HEE (W,); PR /& PHEV 752 MCHE W 3R Y
HAEE (W,),
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phev
E— T
'

Pﬂ}he"—»-- @ PHEV

phev
S Iy T

El 4.16 PHEV MECRTEHR

V2G RCRR] & LN

PEhH\'
Mvac = V2G

b, V26 I R G AL AR (W) 5 PR PHEV % A ZI HL 9 1 H BB
(Wel) o
HLEIHLAYE IR RCR, WO AEMEER (V2R), AR
M%hev
Nvar “ V2R

A, V2R RHSIHLAE R (W), MR BRAESHRGRIEBERA (W),
— T ALY PHEV 235 3894 SO i & B2l M A Af IR 2 A 2 H 40 L,
EARIF .

(4.38)

(4.39)

phev =]]VVI' (4.40)

PHEV £ AR 1 — A~ S )8R G255 (R i s i 28 80, XA PHEV [
RG2S VT ERE (kWh) i, f8288 IR A 3 1134 48 0 K L it
i, HIARMGUY R, MM AMA A RELH, Hik, PHEV 1
Rt 5 B A A A R R P A BT ok SR, 5 PHEV W45 M5y
S, MY ST IR, EER AR R B 0N N, AR F vt i RE
R 30Wh/kg, XFT PHEV M HRUL, REE %ML, 8 - &E W
(AR HMRRER S8 K2l 80Wh/kg, HIREL - 48 SU1k Yy i A LA 1R i v
BAWmReE® g, (ARG, »—Jrm, #45 (Li-Co) Hit
FIRRIEAE T S e R M RE R, 20514 90% F 160Wh/ kg% | It 4h,
R R ZEE A, b a s AR/, AL ERts, &0k,
P FRT PHEV 4B S5 (BEV) BHARTHTS) . 36 4.3 0Pl sk 4o
H UL B R b AP BB R AT T LA 08

Y%
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Fz4.3 BAFHEMALEE

KIS s BRI B L B L
AR/ (Wh/kg) 30 80 160
e/ (W/kg) 300 800 320
REMAR (%) 60 70 90

WA EAZERT DL e HE R, X R AR MR IR A TR, &
B SHEC S bk, A TR — a8, 3R 404 @ IR EEAE (W2W) BT
THFERY S RE O BOR LU W R 1%, s (E B AR RE IR AT B FE B8 (km/
kWh) 2070 W2 W R AESCRR R Az, T T A A A 2 70 1 R TR T E A
i, BOMBRRIEE 3yt v ik IR —Z13] “ F4e” Fahny Il — 2 il AR Y
SAEHEE; RN
W2W =nyay * Mvaw (4.41)
K, nyoy e A 73 RS 19 I B AR BB AR ny,w & km/kWh KR
PN ZE 30 31 ZE 5B Y RE R AN

F4.4 —EIRERFRFERN W2W BERE
B #15 REIRASAY N2y Maw w2 w
Toyota Camry Ji i 0. 82 1.23 1.09

PIRRAIL

Honda Civic Jei 0.82 2.27 1.86
REIINRE Toyota Prius Jih 0. 82 2.47 2.03
PHEV Chevy Volt I 0.32 4.00 1.28
Chevy Volt /St 0.42 4.00 1.68
LI E ] PR Tesla Roadster H 0.32 6. 10 1.95
Tesla Roadster RRE 0.42 6.10 2.56
Nissan Leaf I 0.32 6. 66 2.13
Nissan Leaf PNt 0.42 6. 66 2.80
BMW Mini E I 0.32 7.14 2.28
BMW Mini E PSSt 0.42 7.14 3.00

I 4.4 Fron, WO st SE AL A RE DR MG IR T RE R R M R E (RIR
B MA MR ) , PHEV 2l f 83 4 S PR HLAIR & 3 JR 4 U L
AFEMCUNE TSRS, N ERERB RS E N, s etk R =0T
HEV R AEVERE ; X LE 428 (A% P RIA TR ) B8 myw BUER T 6 IF H AL
AR B SR ER R B, Ao, SHRABE R ORHE, 4200 W2 W (et
SRR, MR UL, BRH5 PHEV (19 W2W (B Tk iy e v 10 38 3 R P A A
FHE A28 B, A 0Bk d it BARfF EARak, 00 PHEV BT E# 115 RERK
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fa il TCIA AR,
Bl PTRRAERRUR (LnXUGE)  TEAH TR G BB Y 1l DX B8 [ 500 e U5 T A8 BT o
W LR R, PHEV FIZEH 2R R OR B W2 W Re i PE el A BT 4 7t iesh,
5 Wow FREEMIESE, WTLOTE SR Wow HEi, gk 4.5 o, FX R B
SR AT AR 8 FH PR AR B sl K AR RS XA 7 AR s i, %07 B AT LA R A
.
W2W o, =nco,/ W2W (4.42)
o, meo, R MHAERENRR & B (kg/kWh) 5 W2W oo BRI BRHEL (kg
km)
F4.5 JLBIMRFIR W2W BRE

HA iR REVR2EAY Mco, W2w szcoz
PHRHIL Toyota Camry bRl 0.292 1.09 0. 268
Honda Civic R 0.292 1.86 0. 157
RE RS Toyota Prius ERRL 0.292 2.03 0. 144
PHEV Chevy Volt L 0. 870 1.28 0. 680
Chevy Volt RIRA 0. 450 1.68 0.268
LI E ) PR Tesla Roadster pLs 0.870 1.95 0. 446
Tesla Roadster KRR 0. 450 2.56 0. 176
Nissan Leaf pLs 0. 870 2.13 0. 408
Nissan Leaf KKK 0. 450 2.80 0. 161
BMW Mini E s 0. 870 2.28 0. 382
BMW Mini E FIRER 0. 450 3.00 0. 150

4.5 WEHR SR, PHEV BYBRHEUN T — 200800, 245 PHEV fERER
FIFREIR SR A TALARETR, X PHEV BIRMERES RIFTHrn, Bemigil, A%
WA AR A 228, eAh, PHEV BYHSEA 2 A TLsfll 3 g A iy 11 48, b it
Al A E R RE . UL, TR TRRIRR UL, I PHEV /R AT 8 B S gk A
BCHL 2%, PRI, Sh s, 75 3¢, Rif PHEV A 3678 A HL 3R B e 04 Fir
FEER T N

24 PHEV % A RETR 48 FeRl% it 5, DNO A fE£ 1 i iy — 28 J5 A 5 120

o R A X H % HL 3R 4R

o ARE s i o AR

o Ui AR Bl W A I SRR T %

o X OCHEMIAER R 2 W, JU I RERAE RS,

PHEV 23X HE I 26 7 A 5200 59528 FH P B 28 35 ST 538 DDA OG . 32 PR A
HL I AU PRI R Z I Z IR g e, ARk R W 2 naem (RO H etk
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A) MERRFEH T DA RS A (BT 3gsl) . Bk, DNO Zf#dk PHEV 7F
FL O P 1) B 20D, AR YR S P I B s R R G

Frob AR o, 7E S8 R SRR R A H R S B BN T 65km! 104
HeE J2/N T 40km 108 SBRHOE R I, WNIR PHEV H s A9 35 11 S T B AR G 3 4 1ot
SERMEL, MR T A2 B o) 1 RN BE A BRSOl BRI A T RERY
BEAN, VER AT IS b T, 038 fa] AT b 4240 25l R R R 25 AHOC T 2%
M9 —2RHE B, I A REER AL N B IR 55 .

WM, GPS H AR T LLES B DNO 36 i FliE 5 PHEV 25 8 3% gh(105)
BHE 2 IR0 S REXT VR4 PHEV B EZA/EH . &0, W% AT 8 10 s
J¥, TIPS S o rp ) 1 88, AR BAS T PHEV WML A (L5 7
), A, TR AR M I B TR A, B 4,17 AR T IXK I —AS TAE
HP, ASEE BRGSO, 3 A L2 &) BT 000 0 28 3 Bl Je A ) 4

HL 7 0L 750 2 — R HOR R B i ek, Rt , BE#E PHEV A&
Ko, MFAHFARN, TR WRAEGINZE, 5B 2k 28 i il
T, WReS A A SRR, X TRIRGE, 7E508 AR 9 3 PHEV 16
FEL O %) 671 2B AR — N EE Rk AR 3 T I A T 3 R T i b 2 R A DG IR
By, MR E M B ZER (G2V) FIAEMEIRM (V26) Wi,

2 5 X 2 3

10

T T
-0~ e

ITBEE 43 Lh(%)

é 4 6I fli lIO 1I2 1 I4 ll6 1I8 2I0 2IZ 24
it )/
B 4.17 25 E T X — R h AT LRy T 45 e oY)
5= KIERIY PHEV 78 HL RIS 1 SEPRIFIE, XX SLRE ffi A S T B0

SEAR WAL N T AN G RIS, AR SCRR PR R SE AR [ ST L
E, HWRBEHNE (RIRE) Kicsk PHEV i SR o B
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M, SRS AR FE R IS I A et Ak, PURRIAUIRAL , JFLAMAE R 6 Fh
TCOPF Y5 gL SE Al . — HLFE HUSR WS B TT &, 343 6 80k v] LA B I B2 £
BT A HEEE L T, AT DA VE A MR B PHEV E k£ 280X H I
S

HAl, #HE PHEV G2V RS AIH5 .

o L. B EWIIST AT AR, oS EOAA T, H A
R AL TR, T 58 Y D0 R AR R B B b R B A, IR R AR
PHEV X VMRS, [FIB % IE R A O, AN 4= 0 B 1 o 0 T 4R 7o e L3l b
Full, XSRS RGN H s MR E S ——R R B R E X, XA TR
SEWELNIA 4. 18 FFR 2100

LA PHEV 75 HL SR RS
1 T T T
0.8}
z
2
Ed
{:/
>
ol
0]
8 10 12 14 16 18 20
B E)/h

K 4.18 HAM G2V PHEV 75 H 0% 210]

o SERFEH . B4 T RAER i HBA TR, X Bk A2l % fE
FEtE, B BB, X R IR LA A PR (BN 7 SR SR bR E) X
75 HL S N R 4. 18 R (2100

HAl, BoN5eitiy PHEV G2V SR ALHE .

o JEmIEMIF . RF PHEV 7ER Bt , ORI A B Ies, 76 d M 72
B/NHEAT IR R TR b e 2 R BR R B PR BT TR, XA T R
A e Bk AT A B PHEV JF 46 M HL I R BCHL BE

o FEEFTHL . FMUUFATER B M AEF IR IE, (WA —E XA, ZIr iR
W, REBUSE L IEAA R RERI A FERAL A FE RS, 10 22 2 1) 23 FH ok
AR FERALR SR, Hitk, PHEV A fef A 35 A G H A A Xt AT Fe
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IR, H At AT RE R A ARl Bl R 55 B0 Ao et 2503 V26 Lt G2V B
B, RUEXTTFH AR EA B PGER N, PHEV A7 >R 00 N7 58 06 8 75 B4k 3 1 5
WA, G, EART, HEBREE ST R 3 AH O M Se g HL I 2 A2 f i)
(B H bRk Bk . Wik, TCOPF T HARMEAY V26 RS FEER TILDXT
BEMARBR AR - R, SRR S BEIFN4,

M DNO W EEER, T iEMaib— &8 H 1 PHEV MAEGA 2 T EEm,
A M S A R, AR A, TiE, B4 WL G a
95% i [] YRS A 5 A 1280 RS &6 LIRS — R BT 1, (R a2 2 st ]
s eIt dE S, PHEV BfAE A S sh B2y, Fr A% PHEV T2 4LAY
BRI PRI TAE, b T A~ @, J2a—10 “Bhenh
AHURE” SO 2 5 A S i M A EAE R, e, AR AT DUE
BRI AR S, BAEBRMARENSFLGEE, SHEHPESNED), &
FEME, AR PHEV AT

PHEV ) G2V il V2G % 5RZ M EMK, filnto!,

® PHEV 2 &4 A ST H A ;

e PHEV 55 H1 135 Ml P s A R T

o HONE R IR /s K 5 PHEV LB AT HIRAS (SOC) MIBE A ;

e PHEV FRRLUSZEAY (s seid 2tk s) .

Kk, PHEV (9432, SERESCIR . ML GE 8 i A A HLA 75 2Lt 2 V26 4%
B AR, ian.

o WHERY V26 RS FDIAL, KRR g G2V R V26 M RE R AS e, X AH
Fil 2 AH O ARA

o JyZ wEH BRGNS A IIEAR R, BRIz B XU, e 4 RS ;

o PHEV B RE S 45 fo BT, WhZ5E g H ) e M RE & 1 B 2K

AR RESREE PHEV B2 BAENG | /R CRH5 I RE ) B eic2s A2 1k
MERER R, —H PHEV MEGEE R T — & BRI, TCOPF sRgas kol Lhit
SR EATTAEAS R B B[R] (R] B N T A AR A i, A L3

H TR FNATIELR, PHEV ¥A — R I RE AT FEIRNS, ] DUR P4
BUARIESR I, o, B FH G2 £ 5 mis g 1203,

o AR, BT, AR, Bk SOC F 1
1roEist, SOC {HA Mt &0 sh;

o LRI, RANE A Z IR, iy SOC H IR FEFAR AT AR =,
FVF SOC {H7EHE L 2% 31 5

o i, TEAS S NIRHLZ A58 e MKEE 4l S UK B 14 T 3R X

Kl 4. 19 250135681 T PHEV %% B B #RPERL USRS . A, S i e I,
i€ PHEV (AT A s, DUSR KRR BE b & # R i A
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BAREE 7 T2 4 H YRk PHEV A

HIMLEN M AR, {HAE i TCOPF #t
ﬁﬁ%%mﬁm&,ﬁﬁ%ﬁgz
PHEV MHLAIERE A, JHUTEIE 55 | awmenn IR 31
AAULAE AT A PEOR I GV 22 | RIERR o
KV2G IRE R A, [ E i «
SEFHPATIE R . K 4.20 H52
T PHEV G2V. V2G Ml V2R &zt ) ooy (100K
THBE RGN, R BCH it 75 R 45
SR B 1 77 Sk 5 FE PHE TSR o)
B EMERE T A FE BT B 4.19 PHEV (9351 7H 55 W% 2 ]
BB IE e TR T, &
FEF5 ] R % %o EE T i IXW) 8% P8 52 T
gtk
Wit
IRy
V2G @«
O3
O—=
G2V i | i V2R l
PHEV

4.20 FE—MMEE XS PHEV AT GEAFTERY BE HEAR EAE

4.4.2 4 PHEV EMTEAT

N T ITASG PHEV X 22 RETERE G IR 25 2% 77 2R B SE I , 5 o0 ks 8 4 S ey
T AT 3 TN AR AR, R4 PHEV AEX KR TR
FEA AR, F A SR A LI B AR R R FE LR, WS A Al 4
WISEN . O T H#8E, K PHEV BIE—FIREE MR, 4 PHEV ZE s8R,
A IE R R 2, e S Y R gk, BBk, DNO MH
PIBERL I F BE R, IXSEH Ty sh 2 R L RE TR ok . IS e Ay T ik, #RF
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BTG &, RBAERA SR R, B, AR T — R AT
T, FRF N TERRIR AR 5 M 2% rh L& V26 TREY PHEV,

MNEL DR A BT, T A A7 28T o FH LAt e 2% g FH P 75 2K 110 Fi BT 2 DA %)
ARAFIR) L T3 AN A =CRE TSR AR A f T R, X, (R EAR AT 1 s FE A L )
BT RAESR TR, B4k PHEV o, [FIRHEANGEZ A0 B ) 4 A%
TR, R, 6T PHEV M#RME, b RGP GERER 2 T
BFEE I HLEYERS), AT, WnTVE & FRR SR H gk, 48R, Hfbeibr
AT AR RE T 72 O T2 B I A R TR 2 BTk ke 8 [ (4.37) ~ 3K
(4.39)], W PHEV 098 0 R B T8 0935 B8R, 5 BOoR Y E Lo A
PHEV 3BT E A, st (4.40) Frd, msh, M1k, BEFAR G2V
1 V2G Hi AHKBYE R — DR B #0E, sOR LI R N BUE 1 — g —{H )

ST, PHEV FIAAHLIB ™45 8 119 S A 2 — N R, 5301 —
BB, AE— D REE T AR T A R B A R AR, B 4.21 JRIR T
IR B — R S TR B AR, % H T S AR T BE R RE AR
B ([l i sh R ) . K 4.21 58 4. 14 22000, K 4,14 2R THERRST
JSFTA TTRERRE RS, P LRI T TCOPF #ARAE 8 4341 s RE TR H R 1y
TR

Bl4.21 b T S ACEORTFAERS H3Y 5rp T BEAFAE A L ) 58 #t

Nk 4. 21 iz, S B L AR AT RUIE o A R (Rl AR R R el
PHEV Ff#RERE BRI o 0 T IR IR SeRE R A | R R 0 A A A AE 5 2L
SRS SEAR SO NS B LATE R RS sl N BRI R B LB OC AR, S b, XL R
Fe Ty e 550 3 TR B FEAS 1 ¥ 190 I 07 e — BRI IR

4. 21 23 T HIRFRZZ BEWUIR 55 M 2% i PHEV AR LB 50K 1 — ZR 51 95 4
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WL SE IR

P, FEH 9 05k 755 R AL 45 0 3R A RE S AT AR AT .

PE = PR + (WP - PRY) (4.43)

X (4.43) HARICERNB MRS HE I WICE, ATLUE PHEV 8% (i
&) W, PR W, 8 HERIE (BI0 8i1) , 725I3R PHEV HYFEH AL
HURZS . ATRAE Y, PEAR S AR AL U TR e R, X 208 T #
ECP= M RE s AT, RGN A Pl

BRI, 7ET5 80 & DN G2V Fl V26 ik 55 Bt AR A5 i L BEAH L T8 (4.37) FiX
(4.38) HARUNMYZE, AT Dge LanF .

Wphev « pphev — oy - G2V, (4.44)
Wghev : P?;t;cev =My * V26, (4.45)

PR HLA ™ L B SCE PRI, O TIEAER WL, FRRULEH AN .
PEP = (W™ - GHP) (4.46)

K, BREEE R HEECR; Wi R RER T Ghp R THFER
KA it
LTk A TR A ORI BE R4S &, 3F PHEV fazknl L)
BN Fp 3l i v AL GE B K (B R/ sRk) , FTRIR
PPt =Pt = (W« PR = (Wi - PEP) (4.47)
BB IR] BEA RE i A PR TIPS B BUIE AT LU TCOPF T HARYE & 1Y H br o
BORBR i 2% et
YK, AT Ak AL P T L HERE T LA A R R BT R RE R L SR R
RENEE, KRR
PRt = PR+ (WP« PRI + (Wi - PEP) (4.48)
3 (4.48) LR T ZEREERCR T DAL R 43 A 2 e VR AR A5 1 5 L g B 4] LA
TG JE T A, b AR RSB TA] B N G P B R oK

4.4.3 HBUFHEEESEFIE

UNHTSCHTIR, SNV TN TR 22 B PR B i O B R L KT, AR
TR St A R A i HOGTE G2V FI V26 MIRE R A BT, B, it
Ak J 7 Ak BEAE B RIS PH T2 Rl I BOR

ST FATAY R A P B 00, Rt R 48 n] RE A PR — R P Rl 2 itk 7 2= /0
— I RBERCAIEER, A4, FEHMb A A A AT G 2 b0 OB AR 3R 110
HY T 2B 5] A5 B HL I A Y LR SOC #EAT & B A AR, DUME T 1 ) R G iy
GEo FLA TR AR G SRk B v b ST 5 7K b sl 0 81 RS 25 R L2 2 UK
FHRUK SR A 2R A B REAE 72 C 2 IO T AR S 2 (gl 21 KSR B 1)
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JE N T RO B A RN ZE B G R B LA BOK R EE 212 SOk BRI, wp
AR FTAEARL A% 5 3k XoF vt 455, Xt {45 TCOPF T HL T H 45 R UG %, W] LLPFEAl
PHEV 11— Z S AN [a] (1) BE U5 & M

TEA A, WAL A RE BB da 1 ] o B I e A ke SE 3R o X Fh R Ak T 12
F4. 3 9 PR BRI B R Il PR e A R 25

fRT PR DL, 4R 1T S AL R PHEV Rl gt Rl fk o et BRIE, 3%19 509
HLAS A Y T A A A S SR, BEAh, BB BCER R 2 PHEV () 78 HL AN
JHCH BRG], A AT B B Y R T R A R 2 SR BRI

K TANFAE L0 PHEV 1550518, AW B AR 5k 10 5% FL It Y £ L
R (SOC) ., Bk, AEGIARAE S, [, 728 SCH AT LSS AR
H 1) FEL R 11 2 B AR LA S ) P AR R

TG, BRI AR A A R PR, 2B ] R Y AR
mReEF Rk, 51X (4.31) B0, TEA—A PHEV A S 77, K
8 PHEV NHLIFEA (G2V) | [a i RIfEdL (V2G) FINH 383 (V2R) A
AEt, ZRIXRIEE T A kSRS P, A Re TR T RoR

e 3 e _ V2OLE V2RI
= Bgl (”lczv FORVEE - 77»'2(;3 B 77\’2RB )_ ’

Ao, BB TR AIBE; nB 2 A I (8] Be g da) 43 i i I [B] TR] B ;- G2 Vi'oe s
FEARM B RER (Why); V2G4 MM m V26 R E B A RERE (Wh,);
V2R G e HLB A V2R R E U AIRER: (Why,) .

KT RARTTETEB +1 BZFAE RSN SOC, A LB B a2 &, 1]
PIZRRINTF .

(4.49)

EVSOC;'%,, = EVSOC;'s° + AEVSOC;'5 (4.50)
AL, EVSOC] G BYEEAE AT (o] Brf (1] ] b A0 75 229 T i KT 0, PN A7
HARE N T, AR, RPN RRE R 2] B 1Y SOC MYZRKR, ZAOFAE,
F R 2
AEVSOC;%° = G2Vi%° - V2G5 - V2R;'% (4.51)
— ELHLI A SOC J7 RE Wi i , i 2310 5 il vl i F) B e /K P B R A
G2V3'%e . V2G5 F V2R o X SERE AL 1B BUE, S UUE R SOC, KL T
4.21 HEYIL PR PRI MER
FEMFIE] AR B P9, FLIRE BAE 1 A b AR RE R AT LIERR

hrmtal

GaVig =" 5~ Wiilis - Phich (4.52)
store hrlnlal store phev
VZGA = ° WVZGk,B ° PGk,,B (4. 53)

'ﬁ_nﬁ



72 REIRAR S ML P 65 5> A X AE R I

Rl
B

FMLTAR W | B T Wase Mwsse SR W BE K, ATRIB O 5 1 PIAR(E,
H W AE TS ZE R R B S A A R G e sl i . (AR EE BN, 7ESEPRAC
WAL F IEAAFERE N 7, 250 B 0] AT (T il 4=, 867 (4. 52) ~
K (4.54), IFgEE0 (4.51), FRATREAT LAt 22 A4 Ao [ [6] B P9 77-fidi 2% B A e o
AL

AR (UF) 7R F 128 300 0% B 2 70 S A A7 F s P BT o5 A B s 71 08 & A
ATLAFIR N

VZR;I’(Ee — . Ml()}}}:‘[/; (4 54)

np store
Uthev = 2 ( VZRkﬁ j <4 55)
: store
Fo1 \EVSOC;r,

X, EVSOCre FRm T k A B KA A 1 .

UF IO TR AR R RE I, 2 Sl FIR) 25 AH G35 AT LA DL Ay Bl ok
SYBTRITEIN PHEV Frasffie s, LUK PHEV Al A4HENAR 55 $2 450 V26 &6,

B, UF $8tnG B TR hsE (ATR), BT V26 M55 By Feii v ny
HL Yt A AT L, S AR

np store
ATR ., =1 -UF, = > V26ip" (4.56)
phev phev St
p=1 \EVSO} 7,

IR, IAFAEREE O B AT HT B0 L BE R L M R ST AR AT R IR B
DL, fE—A ey ribrh, A2/ e n] B TR b g e, AP
FHFEN T 2 H O SGB A BE R OR, A LUB — RS BE I A K E
IFEARRESR J& B AR XD A A 5 e (4.49) MG, Wl glE
A

f Ney * G2Vi% = ZB (VZG;‘:};‘* + VZR?’?)
B=1 B=1% TMvac Nvar

DL AT LA F TCOPF A48l T HAY PHEV fifREHESE A Ak, XA ik,
ARTEAE RS2 RETRUIR 55 M 26 v Y PHEV RS RT LUK BEDRIY 2 FIRE & 112 i e A S b i
H R, 20 Rt 4R - A N AE RS2

it TCOPF BRI 5| A PHEV 553X, af DAPPAL X L 4% 304 RE VKX g I i 55
RZ8 7= HE RS2, PR, O T A0 A 2R TR 200 L 7 AR Y R2 IR, TCOPF T H
2T HAEN, Pk RGN AR B A R OC R, [R] Ifto X) FAHL I
FENLALIT ™ A 1 s i 5 AT PP Al . AR TCOPF 7 B XA L) B An ek, w] DLW &
PHEV 3¢ & AL IR FE SRS, PRI AT RIS B0 A7 A X RE IR AR #4700 A6t i
) — R, T —FEf A 244 TCOPF [l B A 7 i

(4.57)
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AT RE NGRS R RAR ML T, BEAh, UNARAE XA ) R % fE 51 i 3095 4 5
HLR (V2G) FIE#VRRME ) xsbiig AR R S0 2 g0l ™= A= R s, R
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SRR A R IEH 17

5.1 TCOPF [o] LAk
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Wr— R P AR AR 2] T SERE A, TCOPK 850027 [n) R AT )5 24 Ay B 78 1 o 37 252
LSRR A5 B0 20 B 22 SRl e 2 s pR Ak ) R 214

R T A H PRAR TCOPF T H%HF 4 sl 1 AR F]Zﬁﬁféﬁﬁﬁﬁﬁ%?kzﬂﬁiﬁﬁ}
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faf DNO s A R IR A
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GRS, WECEERII A PR, AR TR n B DL, B R — R
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TCOPF i A& 2542 1) i 2 801k (CVP - SS) itk J5 i (gPROMS™ 4 it 2y
fE) SRxda A A BRI ) B R IR N AT 04T, IR 45 45 Y o3 B 4
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5L F P4 RS s M R AR B — N AR R T &

gPROMS™ CVP - SS KRR 7 72 SC LA AL S0k i 0 2 LU N A0 3R



B5F AERMBRSZMBEOFTHFRUAR 77

o DGR Ta] ] B T4, 38 o A FafG R I T) 5 B A BT A 72 6 A I T e
BokwhE I,

o fRAbgriRE A AR AR R, S IR AR, RIS AL e A

o LIHTAOE B HREE T A RIME

- PR AR AR B bR ek %

- MACTRIL AL R ) T A R

o BT B, Riftds B IEE S —RAEUEIF H AT X A B i
PSR R AR

5.1.3 TCOPF T EmM NEIEI®RIZ

J T HATIALFET, TCOPF 4Rt 2 — ZR 5 0% A e (i n— 4k o — 2 4
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5.2 TCOPF B BHErEEL

BIRA G B HAReR T UTRILACREIR A L 105zt T, EAC 20 TAE
SEVAG AN RIS TR A BRI R 55 W28 R st T A TR - 2550,

5.2.1 H@EI=

1% PHEV R4 L IBC ™ 256 B AR AR 22 87 B AR W ] T B IR A dile = WA 48 97 k42 il
B2, DNO ¥ HXTHEARM #4745, X EWE, AT ARKRE, DNO 44
JA TR E TR ST, XN ERAEREE (B0 —DIER) B BT R A
BORREE . PRI, AN TR R A R vk R SR el Dl R R AL, TR B e AR
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FIHE A KiB 1T, FEEBT IS % AR T SAGER F

5.2.2 RBIRA

OB /M, 8 BRI Z TR, SR REIR R SLs T h iR LA
FIbR. S5 e a2 T E N TR AR e Bt &, b AR B R A 1 T 7 A
RETEAY —UCRR %, (ML, 76 TCOPF T HAYHEZL A, HAR e&BAY H AYEL 45 L 19 f1E 17
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FE—ALL PHEV FEAHU™ BA R B e s DR R BEIR T 27 5, rde
AR IR R T 3B sk H iR AR AT S A e ) BB T 3 AR R s R R 4 1
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5.3.1.1 HEAISES
nB nG, n

Pl
min Y [ 3 (A= Gim) + X (1=A) - (il ,-D ] D)
B=1 "a=1 a=1

U, o ARS8 AT R IGR IR 1B 24 /A 0740 40 1
IR ; nG, IR R i RS HLAOROIE ; P R r 7 S TP AT B FF 31
By CEORIEGHLAE B IN L A o MR E Rty [0, (A BT HEIF
St B I TLBE PO A o ARBOTRNRIE ; A, EF DL AR E R T

R ARSI AR AT R O AT 1

U (5. 1) Hik Tl FE A HLI A BB TR bR (BEILS. 2.1 9)
5.3.1.2 MABEARMUIER

nB nG, nP,
mind, [ ¥ Grup + X Prug | (5.2)
B=1 "a=1 a=1

K, a BN FEE BT I TR E] BT B S8 3 K] 40 B %) i
[l EI R nG, o2 RAR ML BN S A RO nP, 2 HL 3 I 2% i R ) R
Ty Gpg g BEN A o 76 B IR N I KAR SMREDRA s Py, g2 B IS TRIBN T R «
b B L TR AR

TR HIIBRR AR Py SRR SN 8 2 e A 0 A R IR AR 2 iy i
A R HAA R T PHEV V26 55 19 R UM REFE bR A T R b1
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1 2658. 97 11907. 53 363.95 13.51

2 2827. 11 12150. 83 373.08 14.29

3 2825.22 11935. 86 372.99 14. 15

4 2791. 32 12076. 34 371.17 12.33

5 2815. 62 11561. 28 371.75 10.77
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7 2827. 65 10918. 84 368. 74 12. 64
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minPHEV . = min[ Conev + Cino ] (7.1)
nB nPg nPg
minCpl1ev = minz [z PEa,ﬁ + 2 PPa,B ] (7.2)
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Btk C B AORBEFRND

Section 1 - Model
PARAMETER

L AS INTEGER #Time

Lel AS ARRAY({t) OF REAL #Nodal loads
Lel A5 ARRAY(t) OF REAL
Le2 AS ARRAY(t) OF REAL
Le3 AS ARRAY(t) OF REAL
Led AS ARRAY({t) OF REAL
Le5 AS ARRAY(t) OF REAL
Le6 AS ARRAY(t) OF REAL
Le? AS ARRAY(t) OF REAL
0 as real # Nodal voltages
V1 as real

W2 as real

V3 as real

V4 as real

VS as real

V6 as real

Y7 as real

G as -eal #Conductance

B as real #Susceptance

VARIABLE
PGe AS ARRAY(t) OF Notype #Slack generation

Pe01 AS ARRAY(t) OF Notype #Flow in lines
P210 AS ARRAY(t} OF Notype
P12 AS ARRAY(t) OF Notype
PeZ1 AS ARRAY(t) OF Notype
Pe23 AS ARRAY(t) OF Notype
P232 AS ARRAY(t) OF Notype
Pe34 AS ARRAY(t) OF Notype
P=43 AS ARRAY(t) OF Notype
P225 AS ARRAY(t} OF Notype
Pe52 AS ARRAY(t) OF Notype
Pe36 AS ARRAY(t) OF Notype
Pe63 AS ARRAY(t) OF Notype
Ped7 AS ARRAY(t) OF Notype
Pe74 AS ARRAY(t} OF Notype

AngD AS ARRAY(t) OF Notype #Angles - theta
Angl AS ARRAY(t) OF Notype
AngZ AS ARRAY(t) OF Notype
Ang3 AS ARRAY(t) OF Notype
Angd A% ARRAY(t) OF Notype
Angs AS ARRAY(t) OF Notype
Ang6 AS ARRAY(t) OF Notype
Ang7 AS ARRAY(t) OF Notype

Plefl AS ARRAY(t) OF Notype #Power loss per line
PLe12 AS ARRAY(t) OF Notype
PLeZ3 AS ARRAY(t) OF Notype
PLe33 AS ARRAY(t) OF Notype
PLa5 AS ARRAY(t) OF Natype
PL235 AS ARRAY({t) OF Notype
Pled? AS ARRAY(t) OF Notype

tao AS ARRAY(t) OF Notype

Tap AS ARRAY(t) OF Notype
Peloss AS ARRAY(t) OF Notype
PalosEq AS ARRAY(t) OF Notype
NoTapUse AS ARRAY{t) OF Natype

BCor U Ba  ARs s i ——3—
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TapNotUsed as Notype
PelossTotalEq as Notype
TapTotal as Notype
PelossTotal as Notype
SlackeTotal as Notype
DNOepctLoss as Notype

EQUATION
FOR=1TQ t DO

#Calculate power flows

Pe01(i)=((VOr2)*(Tap(i)*2)*G)-(VO*V1*Tap(i}* G*cos(Ang0{l)-Ang1{l}+tac(l}))-(vO*V1*Tap(i)* B*sin[Angd(i)-Angl (i} +tan())); #tap
Pel0(i)=({V1"2)*G)-(V1*VO*Tap(i)* G*cos{Ang1(i)-Ang0{i)-taci})}-{(V1*v0*Tap(i)*B*sin(Ang1(i)-AngD(i}-tao{i))); #tap

Pel12{i)=({v1r2)*G)-(V1*v2*G*cos{Angl(i}-Ang2(i})}-(V1*V2*B*sin{Angl[i)-Ang2(i])k;
Pe21{i)=({v2"2)*G)-(V2*V1*G*cos{Ang2(i}-Angl(i})}-(V2*V1*B*sin{Ang2(i)-Ang1(i])};

Pe23(i)=((V242)*G)-(V2*V3* G *cos{Ang2(i}-Anga i}))-(V2*V3*B*sinlAng2(i)-Ang3(i])k;
Pe32(i)={(V312)*G)-(V3*V2* G*cas{Ang3(i}-Ang2(i}))-(V3*V2*B*sin{Ang3i)-Ang2(i))};

Pe34(i)=((V342)*G)-(V3*VA*G*cos(Anga(i)-Anga(i)))-(V3*VA*B*sinfAng3 i) -Anga(i])l;
Ped3(i)=((V4r2)*G)-(V4*V3*G*cos(Angd(i}-Ang3(i)))-(VA*VI*B*sinfAnga[i)-Ang3(1])};

Pe25(i)={(V272)*G)-(V2*V5*G*cos{Ang2(i)-Ang5(i))}-(V2*V5*B*sin{Ang2[i)-ang5(il)k;
Pes2{i)={{v5~2)*G)-(V5*v2*G*cos{Ang5(i}-Ang2(i))}-(v5*V2*B*sin{Ang5[i)-Ang2(il)k;

Pe36{i)=({V3r2)*G)-(V3*Ve*G*cos{Ang3(i}-Ang6(i}))-(V3*VE*B*sin{Ang3(i)-AngE(i])};
Pe63{i)=((V6r2)*G)-(V6*V3*G*cos(Ang6(il-Ang3(i}))-(Ve*V3*B*sin{Angb[i]-Ang3(il)l;

Ped7{(i)=((Var2)*G)-(VA*V7*G*cos{Anga(i}-Ang7 (iN)-(VA*VZ*B *sin{ Angd (i) -Ang?(i))L;
Pe74{i)=((V722)*G)-(V7*VA*G*cos{Ang 7 (i}-Angd(i}))-(V7*VA*B *sinf AngZ (i) -Angd(i))k;

#Line losses

PLe01(i)=G*({(V0~2)*(Tap(i}*2))+(V1"2)-(2*VO*V1*Tap(i)* cos[Ang(i)-Angl{i}+taa(i)])); # Calculate power lasses

PLe12(i)=G*{(V172)+(V212)-(2*V1*V2*cos(Ang1(i)-Ang2({iH]);
PLeZ3(i)=G*((V2n2)+(V312)-(2*V2*V3*cas(Ang2(i)-Ang3(i)}));
PLe34(1)=G*({(V3~2)+(V4r2)-(2*VI*Va*cos(Ang3(i)-Angd{iN]);
PLe25(i)=G*((V22)+(V5~2)-(2*V2*V5*cos{Ang2(i)-Ang5(i)}));
PLe36(i)=G*((V3r2)+(V6r2)-(2*V3*V6™*cos(Ang3(i)-Ange(i)}l);
PLed7(i)=G*((Van2)}+(V7A2)-(2*VA*V7*cos{Angd(i)-Ang7(i);

#Summation of losses
Peloss(i)=PLe01(i)+PLe12(i)+PLe23(i}+PLe3A(i)+ PLe25(i)+ PLe36(i)+PLeA 7 i);

#Balance of nodal equations

Pe01{i)+Le0(i)-PGe{i)=0;

Pe12{i)+Pe10{i)+Lel(i)=0;

Pe23(i)+Pe25{i}+Pe21(i}+Le2(i)=0;

Pe34{i)+Pe36(i)+Pe32(i}+Le3(i)=0;

Ped7(i)+Ped3(i)+Lea(i)=0;

Pe52(i)+Le5(i)=0;

Pe63{i)+Le6(i)=0;

Pe74{i)+Le7(i)=0;
PelLossEq{i)=PGe(i)-Le0(i)-Le1(i}-Le2(i)-Le3(i)-Le4(i}-Le5(i)-Leb(i}-Le?{i);

IF Tap{i) > 1 THEN
NoTapUse(i)=Tap(i)-1;
ELSE
NoTapUse(i}=1-Tap(i);
END

END

TapNotUsed=sigma(NoTapUse};

TapTotal=sigma(Tap); #Tap usage

PeLossTotal=sigma(PeLoss);

PelossTotalEq=sigma{PelLossEq); #Power losses

SlackeTotal=sigma{PGe}; #

DNQepctLoss=100*{PelLossTotal/SlackeTotal); #Network losses in percentage
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Section 2 — Processes
UNIT

powerl as pawpf

SET

powerl.t:=24; #Time intervals

# Load profiles

powerl.Le0:=[6.0,0.0,0 0.0,0.0,0.0,0.0,0.0,0.0,0.0, 0.0,0.0,0.0,0.0,0.0,0.0,0. 0,0.0,0.0]; #0 customers
powerl.Le1;=[0.168.0.174,0.190.0.198,0.240,0.270,0.300.0,414,0.396.0.360,0.300,0.330,0,360,0.366.0,384,0.402,0.540,0.600,0.564.0.534,0.504.0.450.0.372.,0.270]
; #400 custamars
powerl.Lez:=[0.168,0.174,0.180,0.198,0.240,0.270,0.300,0.414,0.396,0.360,0.300,0.330,0.360,0.366,0.384,0.402,0.540,0.600,0.564,0.534,0.504,0.450,0.372,0.270]

; #400 customers
powerl.Le3:=[0.168,0.174,0.180,0.198,0.240,0,270,0.300,0.414,0.396,0.360,0.300,0.330,0.360,0.366,0.384,0.402,0.540,0.600,0.564,0.534,0.504,0.450,0.372,0.270]
; #400 custamers
powerl.Le4:=[0.168,0.174,0.130,0.198,0.240,0,270,0.300,0.414,0.396,0.360,0.300,0.330,0.360,0.366,0.384,0.402,0.540,0.600,0.564,0.534,0.504,0.450,0.372,0.270]
5 #400 customers
pawarl.Le5:=[0.126,0.1305,0.135,0.14R5,0.180,0.2025,0.225,0.3105,0.297,0.270,0.225,0.2475,0.270,0.2745,0.288,0.3015,0.405,0.450,0.423,0.4005,0.378,0.3375,0.
279,0.2025]; #300 customars
powerl.LeB:=[0.126,0.1305,0.135,0.1485,0.130,D.2025,0.225,0.3105,0.297,0.270,0.225,0.2475,0.270,0.2745,0.288,0.3015,0.405,0.450,0.423,0.4005,0.378,0.3375,0.
279,0.2025]; 4300 customers
powerl.Le7:=[0.126,0.1305,0.135,0.1485,0.180,0.2025,0.225,0.3105,0.297,0.270,0.225,0.2475,0.270,0.2745,0.288,0.3015,0.405,0.450,0.423,0.4005,0.378,0.3375,0.
279,0.2025); ¥300 customers

#voltage profiles

powerl.VF:=1;

#line features
powerl.G:=1600;

#the greater the G »> B ratio tha mare lossas
ASSIGN

#Complex angle profiles and initial tap values

pawerl.Angd:=|D, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0];
11,1,1,1,11,1,1,1,111,1,11,1,1,1,1,1,1,1];
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Section 1 - Model

PARAMETER

t AS INTEGER #Time

LGO AS ARRAY(t) OF REAL #Nodal loads
LG1 AS ARRAY(t) OF REAL

LG2 AS ARRAY(t) OF REAL

LG3 AS ARRAY(t) OF REAL

LG4 AS ARRAY(t) OF REAL

LGS AS ARRAY(t) OF REAL

LG6 AS ARRAY(t) OF REAL

LG7 AS ARRAY(t) OF REAL

K AS REAL #Friction factor

Kcom AS REAL #Compressor coefficient

VARIABLE
PGg AS ARRAY(t) OF Notype #Slack generation

Pg01 AS ARRAY(t) OF Notype #Flow in lines
#501 AS ARRAY(t) OF Notype
Pgl2 AS ARRAY(t) OF Notype
#512 AS ARRAY(t} OF Notype
Pg23 AS ARRAY(t) OF Notype
#523 AS ARRAY(t) OF Notype
Pg34 AS ARRAY(t) OF Notype
#534 AS ARRAY(t) OF Notype
Pg25 AS ARRAY(t) OF Notype
#525 AS ARRAY(t} OF Notype
Pg36 AS ARRAY(t) OF Notype
#536 AS ARRAY(t} OF Notype
Pgd7 AS ARRAY(t) OF Notype
#547 AS ARRAY(t} OF Notype

PRO AS ARRAY(t) OF Notype #Pressure at nodes
PR1a AS ARRAY(t) OF Notype

PR1c AS ARRAY(t) OF Notype

PR2 AS ARRAY(t) OF Notype

PR3 AS ARRAY(t) OF Notype

PR4 AS ARRAY(t) OF Notype

PRS AS ARRAY(t) OF Notype

PR6 AS ARRAY(t) OF Notype

PR7 AS ARRAY(t) OF Notype

PLg01 A5 ARRAY(t) OF Notype #Pawer loss per line
PLg12 AS ARRAY(t) OF Notype
PLg23 AS ARRAY(t) OF Notype
PLg34 AS ARRAY(t) OF Notype
PLg25 AS ARRAY(t) OF Notype
PLg36 AS ARRAY(t) OF Notype
PLgA7 AS ARRAY(t) OF Notype

Pgloss AS ARRAY(t) OF Notype
Slackg AS ARRAY(t) OF Notype
r AS ARRAY() OF Notype
Pcom AS ARRAY(t) OF Notype
PcomTatal as Notype
PglossTotal as Notype
SlackgTotal as Notype
DNOgpctLoss as Notype

BID. 1 SRR IR FACH 2 f— 55—

Pt

7=

145



146 REIRAR S5 b 65 27 7 X AE IR 3k

EQUATION
FOR i=1TO t DO

#Calculate power flows
Pg01(i)*2=K~2*(PRO(i}*2-PR1a(i}"2);
Pgl12(i}r2=Kr2*(PR1c(i)*2-PR2(i)*2);
Pg23(i}A2=KA2*(PR2(i)"2-PR3{i)"2);
Pg34(i)A2=KA2*(PR3(i}’2-PR4{i}*2);
Pg25(i}*2=K"2*(PR2(i)*2-PR5(i)*2);
Pg36(i}*2=KA2*(PR3(i)*2-PR&(i)*2);
Pga7(i}A2=KA2*(PRA(i)*2-PR7(i)2);

#Line losses
PLgOL{i)=Pg01(i)*{PRO(i)-PR1a(i)};
PLg12(i)=Pg12{i)*(PR1c({i)-PR2(i));
PLg23(i)=Pg23(i)* (PR2(1)-PR3(1));
PLg34(i)=Pg34(i)*(PR3(i)-PR4(i));
PLg25(i)=Pg25(i)*(PR2(i)-PR5(i));
PLg36(i)=Pg36(i)* (PR3(i)-PR6(i));
PLg47(i)=Pg47(i)* (PRA(i)-PR7(i));

Pcom(i)=Kcom*Pg12(i}*(PR1c{i)-PR1a(i)); #Calculate compressor use
PR1c(i}-(r{i)*PR1a(i))=0; #Compressor equation

#Balance of nodal equations
Pg01(i)+LGOi)-PGg(i)=0;
Pcom(i)+Pg12(i)+LG1(i)-Pg01(i)=0;
Pg23(i}+Pg25(i)+LG2(i})-Pg12(i)=0;
Pg34(i}+Pg36(i)+LG3(i)-Pg23(i)=0;
Pgd7(i}+LG4(i)-Pg34(i)=0;
LGS5(i)-Pg25(i)=0;
LG6(i)-Pg36(i)=0;
LG7(i)-Pga7(i)=0;

Slackg(i)=PGg(i}+PLg01(i)+PLg12(i}+PLg23(i)+PLg34(i)+PLg25(i}+PLg36(i)}+PLga7(i); #Calculate Slackg power
PgLoss(i)=PLg01(i)+PLg12(1)+PLg23(i)+PLg34(i)+PLg25(i}+PLg36(i)+PLga7(i); #Calculate losses in the gas system

END

PcomTotal=sigma(Pcom); #Compressor usage

PglossTotal=sigma(Pgloss); #Power losses

SlackgTotal=sigma(Slackg);

DNOgpctLoss=100*(PgLossTotal/SlackgTotal); #Network losses in percentage
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Section 2 — Processes
UNIT

gasl as gaspf

SET

gasl.t:=24; #Time intervals

#Load profiles

£as1.1G0:=[0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0]; #0 customers
gas1.LG1:=[0.2640,0.1800,0.1600,0.2600,0.3800,0.8000,2.4400,3.3800,2.5200,1.8400,1.2000,1.0800,1.2400,0.7600,0.9600,2.0400,2.8800,3.3600,3.0400,2.7200,2.5
200,2.0400,1.1200,0.4000]; k400 customers
gas1.LG2:=[0.2640,0.1800,0.1600,0.2600,0.3800,0.8000,2.4400,3.3800,2.5200,1.8400,1.2000,1.0800,1.2400,0.7600,0.9600,2.0400,2.8800,3.3600,3.0400,2.7200,2.5
200,2.0400,1.1200,0.3000]; K300 customers
gas1.1G3:=[0.2640,0.1800,0.1600,0.2500,0.3800,0.8000,2.400,3.3800,2.5200,1.8400,1.2000,1.0800,1.2400,0.7600,0.9600,2.0400,2.8800,3.3600,3.0400,2.7200,2.5
200,2.0400,1.1200,0.4000]; K300 customers
gas1.LGA:=[0.2640,0.1800,0.1600,0.2600,0.3800,2.8000,2.4400,3.3800,2.5200,1.8400,1.2000,1.0800,1.2400,0.7600,0.9600,2.0400,2.8800,3.3600,3.0400,2.7200,2.5
200,2.0400,1.1200,0.2000]; k300 customers
gas1.LG5:=[0.1940,0.135D,0.1200,0.1550,0.2850,0.5000, 1. 8300,2.5350, 1. 8900, 1 3800,0.9000,0.8100,0.9300,0.5700,0.7200,1.5300,2.1600,2.5200,2.2800,2.0400,1.8
900,1.5300,0.8400,0.3000]; E300 customers
gas1.LG6:=[0.1980,0.1350,0.1200,0.1350,0.2850,0.5000,1.8300,2.5350,1.8900,1.3800,0.9000,0.8100,0.9300,0.5700,0.7200,1.5300,2.1600,2.5200,2.2800,2.0400,1.8
900,1.5300,0.8400,0.3000]; K300 customers

gas1.LG7:=[0.1990,0.1350,0.1200,0.1950,0.2850,0.6000,1.8300,2.5350, 1.9900,1.3800,0.9000,0.8100,0.9300,0.5700,0.7200,1.5300,2.1600,2.5200,2.2800,2.0400,1.8
900,1.5300,0.8300,0.3000]; K300 customers

#line features
gasl.K:=50;
gasl.Kcom:=0.1;

ASSIGN
Hinltlal pressure values

gaslPRO:=[1,L,11,1,1,L1,1,1,1,1,1,1,1,1,3,1,1,1,1,1,1,1];
gasLr-[1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,L,1,1,1,1,1,1};

D3 RARSAMIAACE R l— 5 =5

fixXE BHSZEFAXESH

BT (OLTC) BYFHIH A KRR W 8, nl il LT B — e K
Sl e 243, 2440
VIS (4.8) NZ75, OLTC Joi N5 A k BT 55 m A DD s & Rk = 0N

aPkmAH aPkmAe aIkaA
(")Hk k * aem " or T (E 1)

aP’“A|V|+ or }”’"AIV aP’""A|z|
mnl LT alel
B (4.9) ERFEATTRE, OLTC )IJ#FM‘I’-'Mk@J wom TCI PR A SR

Apkm =

d d d
AQk - kaA A " ka AG " kaA
" 0k a&m " aT (E 2)
ka rin ann
a|VA|A'V’1| v, ary 12 Va5,

LI (4.13) IB%, OLTC mHMw,mm@Jw,mkﬁIJJIJJ%E’JiE%@‘ W)

A It



148 REIRAR SN &8 o &5 2 77 X AE IR FN

ap = ming  Puiyg Py

"= ag, ST ag, Sk e OT (E.3)
Pk pyy g PP p gy gy
oty 10 e Ty R g At

U (4.14) VENEERITTRR, OLTC JTAFMT s m 2099 5 k oA 0 g
BAH

d d d
Aka - kaAﬂm n kaAek i kaAT
00, a0, orT (E. 4)
ank ank ank
A A A
+6|Vm| |V’"|+8|Vkl |Vk|+a|t| [zl
i (B 1) ~3X (E.4), ATl (E.5) #ESHZH S
r67 0,0, 0,7 0,1V, 0,1V, 1 0,11
6,0, 6%, 0,7 6,1V,I 0,1V, 1 0,1t
70, 70, . TV, | TV, I Tl
(E.5)
\V,16, 1v,.1e, 1V 1V, 12 [V v, L 1V el
\v,16, v, 16, 1V It 1V 11V, v, 17 [V, 11el
L 1t16, 116, lelr el 1V, | el v, | 142 |

fHRF HRAE

T RS BGR AT, AR L ERFR RGP AL R, 207k E
JRZ BT AT, AARR AR T RARTE M AR L EFR R4 P B FI 24
FIRAXIE, PR (ES, RERTTHSEBILESRE, 5 T TR 453005 177>
Priv#e, P, prL ERFHRT S TR BR R E, RIS IR [245]

F.1 HEEAEMNE
BASE FEVEAE S RAE DA,

Spase =1pu (F.1)
Viase =1pu (F.2)
FECEEAE b AT HE SA5 A 3 AR L {E
e = = (F.3)
Viee Ve Viase
Lo = = = =1pu (F.4)

[base ]base Vbase Sbase



Pt

* 149

F.2 RHAKSWE
B B R DI ME Sy, )
Gl)asc = 1pu

Phase = lpu
FEIG SR b AT e G4 ) HAR Y B AR £ (E

M G KKT = &HE

(F.5)

(F.6)
(F.7)

(F.8)

(F.9)

w1 T e f A AR T b M AT SRR AR R AR A AR LR PR R, T 2Zas IR A - %
R -5 (KKT) SRR, KKT Sl 45 2 X hoks 9 H ofe 1121 —

Fizak, wrgspie
L(x,A) =f(x) +A,8(x) +A,h(x)

(G. 1)

K, fla) AR ERREG g(x) AFERAR; h(x) WAFERAR; A, NEF

KARFRE; A, AARFLAREREL
HE. g(x), h(x) . Ay A, #EME,
BURT, 2R AR R pufblnl g, 2hZ50 2 il KKT 5444
L
5. =0
g(x) =0
h(x)<O0
Ah(x) =0
A, =0

— EL R LR, i nT DAA B U B A BRSO SRR DGR B

iR H HFinkiE

(G.2)

(G.3)
(G.4)
(G.5)
(G.6)

ERUBES ANES TS FARS IVE 22 NP Av RPN (B3 I L I SE e AU RE e N 1T



150 REJRAR % M P 65257 7 XAE R I

BOTRERIMR, 82 TRt a1 lst
B, KAk Ak S T IRL IR G A, RIFRIAS I H RO
WAz = -y (H. 1)
A, WORHIAR I H R L 1 B S B8R Az BRI y B )
DAhiAs B H e ik g AR Zevt i, Ak Ak TR AR LAt B i me L i .
xm =™ 4 Az (H.2)
AR e ) 8, S B LA T LA
o JIA BT R AR BAE VTR 22V N 5
o i REAEXAW;
o BEEmENO;
o —HIERANR, HireREE AT Ess it — 8/



(1]

2]
[3]
[4]
[5]
[6]
171
(8]
(9]
[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]
[18]

[19]
[20]

[21]

2 % X o

Sam. UN Says 7 Billion Now Share the World Roberts. New York
Times, 31st Oct. 2011. URL http://www.nytimes.com/2011/11/01/world/
united-nations-reports-7-billion-humans-but-others-dont-count-on-it.html.
World Urbanization Prospects: The 2001 Revision. United Nations Popula-
tion Division, 2001,

United Nations Populations Division. Population estimates and projections,
Oct. 2011. URL http://esa.un.org/wpp/unpp/panel_population.htm.

World Urbanization Prospects: The 2007 Revision Population Database.
United Nations Population Division, 2008.

Helen. The Guardian Pidd. India blackouts leave 700 million without
power, 31st Jul. 2012, URL http://www.guardian.co.uk/world/2012/jul/31/
india-blackout-electricity-power-cuts?intemp=239.

World Energy Outlook. TEA, 2008.

State of World Population 2007: Unleashing the Potential of Urban Growth.
United Nations Population Fund, 2007.

IEA. International energy agency statistics, Mar. 2010. URL http://www.iea.
org/stats/index.asp.

Imperial College London. Urban energy systems project, Oct. 2006. URL
http://www3.imperial.ac.uk/urbanenergysystems.

Merriam-Webster. Merriam-Webster's Collegiate Dictionary. Merriam-
Webster, 10th edition, 1998.

S.M. Rinaldi, J.P. Peerenboom, and TK. Kelly. Identifying, understand-
ing, and analyzing critical infrastructure interdependencies. Confrol Systems
Magazine, IEEE, 21(6):11-25, Dec. 2001.

J. Keirstead and N. Shah. Urban Energy System: An Integrated Approach.
Routledge, 2013.

K. Shimada, K. Gomi, and Y. Matsuoka. A low-carbon scenario creation
method for a local-scale economy and its application in kyoto city. Energy
Policy, 38(9):4783-4796, 2010.

World Energy Outlook. ICLEIL, 1996.

Z. Li. Natural gas for generation: a solution or a problem? Power and Energy
Magazine, IEEE, 3(4):16-21, Jul.—Aug. 2005.

D.S. Kirschen and G. Strbac. Fundamentals of Power System Economics.
Wiley, 2004. ISBN 0470845724.

BP Statistical Review of World Energy. British Petroleum, 2009.

H.L. Willis. Power Distribution Planning Reference Book. CRC, 2nd edition,
2004. ISBN 0824748751.

J. Fan and S. Borlase. The evolution of distribution. Power and Energy
Magazine, IEEE, 7(2):63—68, Mar.—Apr. 2009.

Climate Change 2007. Mitigation. Intergovernmental Panel on Climate
Change, 2007.

N. Jenkins, R. Allan, P. Crossley, D.S. Kirschen, and G. Strbac. Embed-

ded Generation. The Institution of Engineering and Technology, 2000. ISBN
0852967748.



152
[22]
[23]

[24]
(23]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

REIRAR 5 I £8 o &Y 25 77 X AE JRAZ FA

Renewable Heat Incentive Ltd. Renewable heat incentive — tarift level tables,
Oct. 2011. URL http://www.rhincentive.co.uk/eligible/levels/.

G. Chicco and P. Mancarella. Distributed multi-generation: A comprehensive
view. Renewable and Sustainable Energy Reviews, 13(3):535-551, 2009.
Using Distributed Energy Resources. U.S. Department of Energy, 2002.
Assessment of the Size and Composition of the UK Gas Appliance Population.
Department of Trade and Industry, 2005.

T.H. Bradley and A.A. Frank. Design, demonstrations and sustainability
impact assessments for plug-in hybrid electric vehicles. Renewable and
Sustainable Energy Reviews, 13(1):115-128, 2009.

Bottling Electricity: Storage as a Strategic Tool for Managing Variability and
Capacity Concerns in the Modern Grid. Electricity Advisory Committee,
2008.

M.V. Engel. Gas and electric integrated planning. In Power Engineering
Society Summer Meeting, 2000. IEEE, volume 3, pages 1507—-1509, 2000.
G.W. Ault and JR. McDonald. Planning for distributed generation within
distribution networks in restructured electricity markets. Power Engineering
Review, IEEE, 20(2):52-54, Feb. 2000.

C.W. Gellings. The Smart-Grid: Enabling Energy Efficiency and Demand
Response. CRC Press, 2009. ISBN 1439815747.

National Action Plan for Energy Efficiency — Coordination of Energy Effi-
ciency and Demand Response. Lawrence Berkeley National Laboratory,
USA, 2010.

Benefits of Demand Response in Electricity Markets. U.S. Department of
Energy, 2006.

H. Lund and W. Kempton. Integration of renewable energy into the transport
and electricity sectors through v2g. Energy Policy, 36(9):3578-3587, 2008.
Energy Technology Perspectives 2012, International Energy Agency, 2012.
Critical Foundations: Protecting America s Infrastructures. Presidents Com-
mission on Critical Infrastructure Protection, 1997.

J. Skea, M. Chaudry, and X. Wang. The role of gas infrastructure in
promoting UK energy security. Energy Policy, 43:202-213,2012.

R.G. Little. Toward more robust infrastructure: observations on improving
the resilience and reliability of critical systems. In System Sciences, 2003.
Proceedings of the 36th Annual Hawaii International Conference on, pages
1-9, Jan. 2003.

S.M. Rinaldi. Modeling and simulating critical infrastructures and their
interdependencies. In System Sciences, 2004. Proceedings of the 37th Annual
Hawaii International Conference on, pages 1-8, Jan. 2004.

S. Egger. Determining a sustainable city model. Environmental Modelling
and Software, 21(9):1235-1246, 2006.

H. Kirkham, D. Nightingale, and T. Koerner. Energy management system
design with dispersed storage and generation. Power Apparatus and Systems,
IEEFE Transactions on, PAS-100(7):3432-3441, Jul. 1981.

R.C. Dugan, S.A. Thomas, and D.T. Rizy. Integrating dispersed storage and



[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]
[52]

[53]

[54]
[55]

[56]

[57]

Z F X #k 153

generation (dsg) with an automated distribution system. Power Apparatus
and Systems, IEEE Transactions on, PAS-103(6):1142-1146, Jun. 1984,

S. Jebaraj and S. Iniyan. A review of energy models. Renewable and Sustain-
able Energy Reviews, 10(4):281-311, 2006.

R.B. Hiremath, S. Shikha, and N.H. Ravindranath. Decentralized energy
planning; modeling and application-a review. Renewable and Sustainable
Energy Reviews, 11(5):729-752, 2007.

T. Ackermann, G. Andersson, and L. Soder. Distributed generation: A defini-
tion. Electric Power Systems Research, 57(3):195-204, 2001.

G. Pepermans, J. Driesen, D. Haeseldonckx, R. Belmans, and W. D’haeseleer.
Distributed generation: Definition, benefits and issues. Ewnergy Policy,
33(6):787-798, 2005.

K. Alanne and A. Saari. Distributed energy generation and sustainable
development. Renewable and Sustainable Energy Reviews, 10(6):539-558,
2006.

PF. Ribeiro, B.K. Johnson, M.L. Crow, A. Arsoy, and Y. Liu. Energy stor-
age systems for advanced power applications. Proceedings of the IEEE,
89(12):1744-1756, Dec. 2001.

W. Clark and W. Isherwood. Distributed generation: Remote power sys-
tems with advanced storage technologies. Energy Policy, 32(14):1573-1589,
2004.

D.S. Kirschen. Demand-side view of electricity markets. Power Systems,
IEEE Transactions on, 18(2):520-527, May 2003.

S. Valero, M. Ortiz, C. Senabre, C. Alvarez, F.J.G. Franco, and A. Gabaldon.
Methods for customer and demand response policies selection in new electric-
ity markets. Generation, Transmission and Distribution, IET, 1(1):104-110,
Jan. 2007.

O. Sezgen, C.A. Goldman, and P. Krishnarao. Option value of electricity
demand response. Energy, 32(2):108-119, 2007.

A. Brooks, E. Lu, D. Reicher, C. Spirakis, and B. Weihl. Demand dispatch.
Power and Energy Magazine, IEEE, 8(3):20-29, May—Jun. 2010.

A. Farazmand. Privatization or Public Enterprise Reform?: International
Case Studies with Implications for Public Management. Greenwood Press,
2000. ISBN 0313306311.

P.G. Taylor. Electricity privatisation and economic efficiency in electricity
supply. Phd thesis, Imperial College London, UK, 1995,

S. Butler. UK electricity networks. Msc thesis, Imperial College London, UK,
2001.

S. Hecq, Y. Bouffioulx, P. Doulliez, and P. Saintes. The integrated planning
of the natural gas and electricity systems under market conditions. In Power
Tech Proceedings, 2001 IEEE Porto, volume 1, pages 1-5, 2001.

A. Singhal, I.P. Muratet, R. Marshall, and D. D’Hoop. Optimization studies

and long term plan for the upgrading of ageing city distribution networks. In
Power System Technology, 2004. PowerCon 2004. International Conference



154

[58]

[59]
[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

REIRAR 5 I £8 o &Y 25 77 X AE JRAZ FA

on, volume 2, pages 15221527, Nov. 2004.

D. Toke and A. Fragaki. Do liberalised electricity markets help or hinder chp
and district heating? The case of the UK. Energy Policy, 36(4):1448-1456,
2008.

H.L. Willis and W.G. Scott. Distributed Power Generation: Planning and
Evaluation. Marcel Dekker Inc., 2000. ISBN 0824703367.

T. Ackermann. Distributed resources and re-regulated electricity markets.
Electric Power Systems Research, 77(9):1148-1159, 2007.

PK. Narayan, R. Smyth, and A. Prasad. Electricity consumption in G7 coun-
tries: A panel cointegration analysis of residential demand elasticities. Energy
Policy, 35(9):4485—-4494, 2007.

M. Geidl and G. Andersson. A modeling and optimization approach for mul-
tiple energy carrier power flow. In Power Tech, 2005 IEEE Russia, pages 1-7,
Jun. 2005.

R.C. Dugan, T.S. Key, and G.J. Ball. Distributed resources standards. /ndus-
try Applications Magazine, IEEE, 12(1):27-34, Jan.—Feb. 2006.

J.E. Allison and J. Lents. Encouraging distributed generation of power that
improves air quality: Can we have our cake and eat it too? Energy Policy,
30(9):737-752, 2002.

F. Gull. Small distributed generation versus centralised supply: A social
cost-benefit analysis in the residential and service sectors. Energy Policy,
34(7):804-832, 2006.

M. Shahidehpour, Y. Fu, and T. Wiedman. Impact of natural gas infrastruc-
ture on electric power systems. Proceedings of the IEEE, 93(5):1042—-1056,
May 2005.

M. Asif and T. Muneer. Energy supply, its demand and security issues for
developed and emerging economies. Renewable and Sustainable Energy
Reviews, 11(7):1388-1413, 2007.

H.A. Gil and G. Joos. On the quantification of the network capacity defer-
ral value of distributed generation. Power Systems, IEEE Transactions on,
21(4):1592-1599, Nov. 2006.

JM. Carrasco, L.G. Franquelo, J.T. Bialasiewicz, E. Galvan, R.C.P.
Guisado, Ma.A.M. Prats, J.I. Leon, and N. Moreno-Alfonso. Power-electronic
systems for the grid integration of renewable energy sources: A sur-
vey. Industrial Electronics, IEEE Transactions on, 53(4):1002-1016, Jun.
2006.

M. Prodanovic, K. De Brabandere, J. Van Den Keybus, T. Green, and
J. Driesen. Harmonic and reactive power compensation as ancillary services
in inverter-based distributed generation. Generation, Transmission and Dis-
tribution, IET, 1(3):432-438, May 2007.

G.V. Welch, M. Engel, and Jr. Adams, H.W. Acquiring energy resources
in a competitive market. Power and Energy Magazine, IEEE, 1(3):36—42,
May—Jun. 2003.



[72]

[73]

[74]

[75]

[76]

(771

[78]

[79]
[80]
[81]
[82]
[83]
[84]
[85]
[86]
[87]
[88]

[89]

H F X #, 155

K.H. van Dam, M. Houwing, Z. Lukszo, and I. Bouwmans. Agent-based
control of distributed electricity generation with micro combined heat
and power—cross-sectoral learning for process and infrastructure engineers.
Computers and Chemical Engineering, 32(1-2):205-217, 2008.

A. Nagurney and D. Matsypura. A supply chain network perspective for
electric power generation, supply, transmission, and consumption. Technical
report, University of Massachusetts, May 2004.

A. Ipakchi and F. Albuyeh. Grid of the future. Power and Energy Magazine,
IEEE, 7(2):52—62, Mar—Apr. 2009.

D. Coll-Mayor, M. Paget, and E. Lightner. Future intelligent power grids:
Analysis of the vision in the european union and the united states. Energy
Policy, 35(4):2453-2465, 2007.

M. Pehnt, M. Cames, C. Fischer, B. Praetorius, L. Schneider, and
K. Schumacher. Micro-cogeneration: Towards Decentralized Energy
Systems. Springer, 2005. ISBN 3540255826.

JLA. Pecas Lopes, N. Hatziargyriou, J. Mutale, P. Djapic, and N. Jenkins.
Integrating distributed generation into electric power systems: A review
of drivers, challenges and opportunities. Electric Power Systems Research,
77(9):1189-1203, 2007. Distributed Generation.

AM. Borbely and editor J.F. Kreider. Distributed Generation: The Power
Paradigm for the New Millennium. CRC, l1st edition, 2001. ISBN
0849300746.

F. Meunier. Co- and tri-generation contribution to climate change control.
Applied Thermal Engineering, 22(6):703-718, 2002.

National Statistics Publication. UK Energy in Brief 2007. Department for
Business Enterprise and Regulatory Reform, 2007,

National Statistics Publication. UK Energy in Brief 2009. Department of
Energy and Climate Change, 2009.

E. Cardona and A. Piacentino. Cogeneration: A regulatory framework toward
growth. Energy Policy, 33(16):2100-2111, 2005.

Residential cogeneration systems: Review of the current technology. Renew-
able and Sustainable Energy Reviews, 10(5):389—431, 2006.

JH. Horlock. Cogeneration — Combined Heat and Power: Thermodynam-
ics and Economics. Krieger Publishing Company, 1st edition, 1996. ISBN
0894649280.

Micro-CHP Accelerator. The Carbon Trust, 2007.

H.I. Onovwiona, V.I. Ugursal, and A.S. Fung. Modeling of internal combus-
tion engine based cogeneration systems for residential applications. Applied
Thermal Engineering, 27(5-6):848-861, 2007.

I. Dincer. Thermal Energy Storage: Systems and Applications. Wiley,
Ist edition, 2002. ISBN 0471495735,

A.D. Hawkes and M.A. Leach. Cost-effective operating strategy for residen-
tial micro-combined heat and power. Energy, 32(5):711-723, 2007.

A.D. Peacock and M. Newborough. Impact of micro-combined heat-and-
power systems on energy flows in the uk electricity supply industry. Energy,



156

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

REIRAR 5 I £8 o &Y 25 77 X AE JRAZ FA

31(12):1804—1818, 2006.

Y. Zhu and K. Tomsovic. Optimal distribution power flow for systems with
distributed energy resources. International Journal of Electrical Power and
Energy Systems, 29(3):260-267, 2007.

H. Lund and A.N. Andersen. Optimal designs of small chp plants in a mar-
ket with fluctuating electricity prices. Energy Conversion and Management,
46(6):893-904, 2005.

G. Streckiene, V. Martinaitis, A.N. Andersen, and J. Katz. Feasibility of
chp-plants with thermal stores in the german spot market. Applied Energy,
86(11):2308-2316, 2009.

G. Chicco and P. Mancarella. Matrix modelling of small-scale trigeneration
systems and application to operational optimization. Energy, 34(3):261-273,
2009.

D. Melovic. Optimal distribution network design policy. Phd thesis, Univer-
sity of Manchester Institute of Science and Technology, UK, 2005.

System Integration of Additional Micro-generation (SIAM). Department of
Trade and Industry, 2004.

N. Silva and G. Strbac. Optimal design policy and strategic investment in
distribution networks with distributed generation. In Electricity Distribu-
tion, 2009. CIRED 2009. The 20th International Conference and Exhibition
on, pages 1-4, Jun. 2009.

G. Sebastien. Optimal investment in distribution systems operating in a
competitive environment. Phd thesis, University of Manchester Institute of
Science and Technology, UK, 2005.

Manchester Centre for Electrical Energy. Integration of Operation of
Embedded Generation and Distribution Networks. University of Manchester
Institute of Science and Technology, 2002.

N. Silva. Alternative design strategies of distribution systems. Phd thesis,
Imperial College London, UK, 2009.

M. Thomson and D.G. Infield. Network power-flow analysis for a high pen-
etration of distributed generation. Power Systems, [EEE Transactions on,
22(3):1157-1162, Aug. 2007.

G.P. Harrison and A.R. Wallace. Optimal power flow evaluation of distri-
bution network capacity for the connection of distributed generation. Gen-
eration, Transmission and Distribution, IEE Proceedings, 152(1):115-122,
Jan. 2005.

W. Kempton and J. Tomic. Vehicle-to-grid power fundamentals: Calculat-
ing capacity and net revenue. Journal of Power Sources, 144(1):268-279,
2005.

K. Clement, E. Haesen, and J. Driesen. Coordinated charging of multiple
plug-in hybrid electric vehicles in residential distribution grids. In Power



& F X 157

Systems Conference and Exposition, 2009. PSCE "09. IEEE/PES, pages 1-7,
Mar. 2009.

[104] Bureau of Transportation Statistics. Highlights of the 2001 National House-
hold Travel Survey. U.S. Department of Transportation, 2001.

[105] 1. Gonder, T. Markel, A. Simpson, and M. Thornton. Using GPS travel data
to assess the real world driving energy use of plug-in hybrid electric vehicles.
In the Transportation Research Board, 86th Annual Meeting, 2007,

[106] M. Kintner-Meyer, K. Schneider, and R. Pratt. Impacts Assessment of Plug-
in Hybrid Vehicles on Electric Utilities and Regional U.S. Power Grids. U.S.
Department of Energy, 2007.

[107] Arup and Cenex. Investigation into the Scope for the Transport Sector to
Switch to Electric Vehicles and Plugin Hybrid Vehicles. Department for
Business Enterprise and Regulatory Reform, 2008.

[108] Element Energy. Strategies for the Uptake of Electric Vehicles and Associ-
ated Infrastructure Implications. The Committee on Climate Change, 2009.

[109] A Study on the Costs and Benefits of Hybrid Electric and Battery Electric
Vehicles in Ireland. Sustainable Energy Ireland, 2007.

[110]  Plug-in Hybrid Electric Vehicle Charging Infrastructure Review. U.S. Depart-
ment of Energy, 2008.

[111] R. Webster. Can the electricity distribution network cope with an influx of
electric vehicles? Journal of Power Sources, 80(1-2):217-225, 1999.

[112] Potential Impacts of Plug-in Hybrid Electric Vehicles on Regional Power
Generation. U.S. Department of Energy, 2008.

[113] S.W. Hadley. Impact of Plug-in Hybrid Vehicles on the Electric Grid. U.S.
Department of Energy, 2006.

[114] S. Letendre and R.A. Watts. Effects of Plug-In Hybrid Electric Vehicles on
the Vermont Electric Transmission System. U.S. Department of Energy, 2007.

[115] S.Meliopoulos, J. Meisel, G. Cokkinides, and T. Overbye. Power System Level
Impacts of Plug-In Hybrid Vehicles. Power Systems Engineering Research
Center, 2009.

[116] P. Denholm, K. Parks, and T. Markel. Costs and Emissions Associated
with Plug-In Hybrid Electric Vehicle Charging in the Xcel Energy Colorado
Service Territory. National Renewable Energy Laboratory, 2007.

[117] Nissan. Leaf - press pack, Aug. 2012. URL http://www.nissanpress.co.uk/
leaf/html/press-pack.htm.

[118] W. Kempton, J. Tomic, S. Letendre, A. Brooks, and T. Lipman. Vehicle-to-
grid power: Battery, hybrid, and fuel cell vehicles as resources for distributed
electric power in california. Institute of transportation studies, working paper
series, Institute of Transportation Studies, UC Davis, Jun. 2001.

[119] T. Markel and A. Simpson. Plug-in hybrid electric vehicle energy storage
system design. In the Advanced Automotive Battery Conference, 2006.

[120] S.E. Letendre and W. Kempton. The v2g concept: A new model for power?
Public Utilities Fortnightly, 21(6):16-26, Dec. 2002,

[121] A.J. Wood and B.F. Wollenberg. Power Generation, Operation, and Control.
Wiley-Interscience, 2nd edition, 1996. ISBN 0471586994



158

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]
[134]
[135]

[136]

[137]

[138]

REIRAR 5 I £8 o &Y 25 77 X AE JRAZ FA

W. Kempton and J. Tomic. Vehicle-to-grid power implementation: From sta-
bilizing the grid to supporting large-scale renewable energy. Journal of Power
Sources, 144(1):280-294, 2005.

J. Tomic and W. Kempton. Using fleets of electric-drive vehicles for grid
support. Journal of Power Sources, 168(2):459-468, 2007.

W. Kempton and S.E. Letendre. Electric vehicles as a new power source for
electric utilities. Transportation Research Part D. Transport and Environ-
ment, 2(3):157-175, 1997.

H. Turton and F. Moura. Vehicle-to-grid systems for sustainable develop-
ment: An integrated energy analysis. Technological Forecasting and Social
Change, 75(8):1091-1108, 2008.

AN. Brooks. Vehicle-to-grid demonstration project: Grid regulation ancil-
lary service with a battery electric vehicle. Technical report, California Air
Resources Board, Dec. 2002.

W. Kempton et al. A test of vehicle-to-grid (v2g) for energy storage and
frequency regulation in the pjm system. Institute of transportation studies,
working paper series, University of Delaware, Pepco Holdings Inc., PIM
Interconnect, Green Mountain College, Nov. 2008.

M.D. Galus and G. Andersson. Demand management of grid connected
plug-in hybrid electric vehicles (phev). In Energy 2030 Conference, 2008.
ENERGY 2008. IEEE, pages 1-8, Nov. 2008.

M. Geidl and G. Andersson. Optimal power flow of multiple energy carriers.
Power Systems, IEEE Transactions on, 22(1):145-155, Feb. 2007.

P. Denholm and W. Short. An evaluation of utility system impacts and benefits
of optimally dispatched plug-in hybrid electric vehicles. Technical report,
California Air Resources Board, Oct. 2006.

M.A. Basulto and J.A. Perrellai. Influences of thermal and electric load fluc-
tuations in the cogeneration attractiveness. Applied Thermal Engineering,
26(14-15):1500—-1505, 2006.

D. Pudjianto, C. Ramsay, and G. Strbac. Virtual power plant and system
integration of distributed energy resources. Renewable Power Generation,
IET, 1(1):10-16, Mar. 2007.

N. Hatziargyriou, H. Asano, R. Iravani, and C. Marnay. Microgrids. Power
and Energy Magazine, IEEE, 5(4):78-94, Jul.—Aug. 2007.

S. Awerbuch and A. Preston. Fundamentals of Power System Economics.
Springer, 1997. ISBN 0792399021.

A. Dauensteiner. European virtual fuel cell power plant. Technical report,
European Commission, May 2005.

E. Thorin, H. Brand, and C. Weber. Long-term optimization of cogeneration
systems in a competitive market environment. Applied Energy, 81(2):152—
169, 2005.

T. Ackermann. Distributed resources and re-regulated electricity markets.
Electric Power Systems Research, 77(9):1148-1159, 2007.

CERTS. Integration of Distributed Energy Resources: The CERTS MicroGrid
Concept. California Energy Commission, 2003.



[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]
[148]

[149]

[150]

[151]

[152]

[153]

S F X #& 159

F. Katiraei and M.R. Iravani. Power management strategies for a microgrid
with multiple distributed generation units. Power Systems, IEEE Transac-
tions on, 21(4):1821-1831, Nov. 2006.

B. Kroposki, R. Lasseter, T. Ise, S. Morozumi, S. Papatlianassiou, and
N. Hatziargyriou. Making microgrids work. Power and Energy Magazine,
IEEE, 6(3):40-53, May—Jun. 2008.

F. Katiraei, R. Iravani, N. Hatziargyriou, and A. Dimeas. Microgrids man-
agement. Power and Energy Magazine, IEEE, 6(3):54—65, May—Jun. 2008.
C.A. Hernandez-Aramburo, T.C. Green, and N. Mugniot. Fuel consumption
minimization of a microgrid. Industry Applications, IEEE Transactions on,
41(3):673-681, May—Jun. 2005.

A.G. Tsikalakis and N.D. Hatziargyriou. Centralized control for optimizing
microgrids operation. Energy Conversion, IEEE Transactions on, 23(1):241-
248, Mar. 2008.

Y. Zoka, A. Sugimoto, N. Yorino, K. Kawahara, and J. Kubokawa. An eco-
nomic evaluation for an autonomous independent network of distributed
energy resources. Electric Power Systems Research, 77(7):831-838, 2007.
E.M. Gil, AM. Quelhas, J.D. McCalley, and T.D. Voorhis. Modeling inte-
grated energy transportation networks for analysis of economic efficiency
and network interdependencies. In Proceedings of the 2003 NAPS Confer-
ence, University of Missouri, Rolla, MO., pages 1-8, Oct. 2003.

A M. Quelhas, E. Gil, J.D. McCalley, and S.M. Ryan. A multiperiod gen-
eralized network flow model of the U.S. integrated energy system: Part I:
Model description. Power Systems, IEEE Transactions on, 22(2):829-836,
May 2007.

RK. Ahuja, TL. Magnanti, and J.B. Orlin. Network Flows: Theory,
Algorithms, and Applications. Prentice Hall, 1993. ISBN 013617549X.
AM. Quelhas, E. Gil, and I.D. McCalley. Nodal prices in an integrated energy
system. International Journal of Critical Infrastructures, 2(1):50—69, 2006.
AM. Quelhas. Economic efficiencies of the energy flows from the pri-
mary resource suppliers to the electric load centers. Phd thesis, lowa State
University, USA, 2006.

A. Quelhas and J.D. McCalley. A multiperiod generalized network flow model
of the u.s. integrated energy system: Part II: Simulation results. Power
Systems, IEEE Transactions on, 22(2):837-844, May 2007.

B.H. Bakken, A.Haugstad, K.S. Hornnes, S. Vist, B. Gustavsen, and J. Royn-
strand. Simulation and optimization of systems with multiple energy carriers.
In Conference of the Scandinavian Simulation Society, pages 1-10, Oct.
1999.

P. Favre-Perrod. A vision of future energy networks. In Power Engineering
Society Inaugural Conference and Exposition in Africa, 2005 IEEE, pages
13—17, Jul. 2005.

K. Hemmes, JL. Zachariah-Wolf, M. Geidl, and G. Andersson. Towards
multi-source multi-product energy systems. International Journal of Hydro-
gen Energy, 32(10-11):1332-1338, 2007.



160

[154]
[155]
[156]
[157]
[158]
[159]
[160]
[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

REIRAR 5 I £8 o &Y 25 77 X AE JRAZ FA

M.D. Galus and G. Andersson. Integration of plug-in hybrid electric vehicles
into energy networks. In PowerTech, 2009 IEEE Bucharest, pages 1-8, Jul.
2009.

M.D. Galus and G. Andersson. Power system considerations of plug-in hybrid
electric vehicles based on a multi energy carrier model. In Power and Energy
Society General Meeting, 2009. PES '09. IEEE, pages 1-8, Jul. 2009.

M. Geidl. Integrated modeling and optimization of multi-carrier energy
systems. Phd thesis, ETH Zurich, Switzerland, 2007.

EDF Energy, Sep. 2012. URL http://www.edfenergy.com.

E.ON, Aug. 2012. URL http://www.eonenergy.com.

EDP-Energias de Portugal, Jan. 2010. URL http://www.edp.pt.

Iberdrola, Jan. 2010. URL http://www.iberdrola.es.

D.M. Newberry. Privatization, Restructuring, and Regulation of Network
Utilities: The Walras-Pareto lectures. MIT Press, 2001. ISBN 0262640481.
M.S. Morais and J.W. Marangon Lima. Combined natural gas and electric-
ity network pricing. Electric Power Systems Research, 77(5-6):712-719,
2007.

L.A. Barroso, B. Flach, R. Kelman, B. Bezerra, S. Binato, J.M. Bressane,
and M.V. Pereira. Integrated gas-electricity adequacy planning in brazil:
Technical and economical aspects. In Power Engineering Society General
Meeting, 2005. IEEE, volume 2, pages 1977-1982, Jun. 2005.

G. Arroyo and M. Madrigal. Growing interactions between mexican gas
markets and electricity system planning. In Power Engineering Society
General Meeting, 2005. IEEE, pages 781783, Jun. 2005.

S. Hecq, Y. Bouffioulx, P. Doulliez, and P. Saintes. The integrated planning
of the natural gas and electricity systems under market conditions. In Power
Tech Proceedings, 2001 IEEE Porto, volume 1, page 5, 2001.

J. Munoz, N. Jimenez-Redondo, J. Perez-Ruiz, and J. Barquin. Natural
gas network modeling for power systems reliability studies. In Power Tech
Conference Proceedings, 2003 IEEE Bologna, volume 4, page 8, Jun. 2003.
A. Helseth and A.T. Holen. Reliability modeling of gas and electric power
distribution systems; similarities and differences. In Probabilistic Methods
Applied to Power Systems, 2006. PMAPS 2006. International Conference on,
pages 1-5, June 2006.

S. An, Q. Li, and T.W. Gedra. Natural gas and electricity optimal power flow.
In Transmission and Distribution Conference and Exposition, 2003 IEEE
PES, volume 1, pages 138-143, Sept. 2003.

C. Unsihuay, JW.M. Lima, and A.C.Z. de Souza. Modeling the integrated
natural gas and electricity optimal power flow. In Power Engineering Society
General Meeting, 2007. IEEE, pages 1-7, June 2007.

M. Chaudry, N. Jenkins, and G. Strbac. Multi-time period combined gas
and electricity network optimisation. Electric Power Systems Research,
78(7):1265-1279, 2008.

A.J. Osiadacz. Simulation and Analysis of Gas Networks. Spon Press, 1987.
ISBN 0419124802.



[172]
[173]
[174]
[175]
[176]

[177]

[178]

[179]

[180]
[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

= F X #& 16l

H. Saadat. Power Systems Analysis. McGraw-Hill, 2nd edition, 2002. ISBN
0072848693.

J. Grainger and W. Stevenson. Power System Analysis. McGraw-Hill, 1994.
ISBN 0072848693.

E.S. Menon. Gas Pipeline Hydraulics. McGraw-Hill, 2005. ISBN
0849327857.

C. Segeler. Gas Engineers Handbook. Industrial Press, 1968. ISBN
0831130113.

H.E. Brown. Solution of Large Networks by Matrix Methods. Wiley-
Interscience, 1985. ISBN 0471800740.

Westinghouse Electric Utility Engineers. Distribution Systems — Electric
Utility Engineering Reference Book. Westinghouse Electric Corporation,
1965. ISBN BOOOAOKLCI.

A. von Meier. Electric Power Systems: A Conceptual Introduction. Wiley-
IEEE Press, 2006. ISBN BOO0OPY456Q.

The Stationery Office Limited. The electricity supply (amendment) (no. 2)
regulations 1994. Technical report, Department of Trade and Industry,
1994.

Electricity Distribution Losses — A Consultation Document. Ofgem, 2003.
E. Acha, C.R. Fuerte-Esquivel, H. Ambriz-Perez, and C. Angeles-Camacho.
FACTS: Modelling and Simulation in Power Networks. Wiley-Blackwell,
2004. ISBN 0470852712.

C. Bayliss and B. Hardy. Transmission and Distribution Electrical Engineer-
ing. Newnes, 3rd edition, 2006. ISBN 0750666730.

On-Load Tap-Changers, Type UC Technical Guide. ABB, 2012.

National Grid. Gas industry standard — specification for steel welding pipe
fittings, nominal size 15 mm to 450 mm inclusive, for operating pressures
not greater than 7 bar. Technical report, National Grid Consortium, 2006.

C. Mitchell, J. Sweet, and T. Jackson. A study of leakage from the uk natural
gas distribution system. Energy Policy, 18(9):809—-818, 1990.

S. Acha and C. Hernandez-Aramburo. Integrated modelling of gas and elec-
tricity distribution networks with a high penetration of embedded generation.
In SmartGrids for Distribution, 2008. IET-CIRED. CIRED Seminar, pages
1-4, Jun. 2008.

BAXI. Baxi ecogen — free piston combined heat and power stirling engine,
Mar. 2010. URL http://www.baxi.co.uk/baxiecogen.

Department of Energy and Climate Change. Domestic gas and electricity
prices in the EU and G7 countries, Mar. 2010. URL http://www.decc.gov.uk/
en/content/cms/statistics/source/prices/prices.aspx.

H.I. Onovwiona and VI. Ugursal. Residential cogeneration systems: Review
of the current technology. Renewable and Sustainable Fnergy Reviews,
10(5):389-431, 2006.

M. Dentice d’Accadia, M. Sasso, S. Sibilio, and L. Vanoli. Micro-combined
heat and power in residential and light commercial applications. Applied
Thermal Engineering, 23(10):1247-1259, 2003.



162

[191]

[192]
[193]
[194]

[195]

[196]

[197]
[198]
[199]

[200]
[201]

[202]

[203]

[204]

[205]

[206]
[207]

[208]

[209]

REIRAR 5 I £8 o &Y 25 77 X AE JRAZ FA

A. Hawkes and M. Leach. Impacts of temporal precision in optimisation
modelling of micro-combined heat and power. Energy, 30(10):1759-1779,
2005.

A.D. Peacock and M. Newborough. Controlling micro-chp systems to
modulate electrical load profiles. Energy, 32(7):1093-1103, 2007.

A M. Kandari. Thermal stratification in hot storage-tanks. Applied Energy,
35(4):299-315, 1990.

Plug-in Hybrid Electric Vehicle Integrated Test Plan and Evaluation Pro-
gram. U.S. Department of Energy, 2007.

T. Katrasnik. Analytical framework for analyzing the energy conversion effi-
ciency of different hybrid electric vehicle topologies. Energy Conversion and
Management, 50(8):1924-1938, 2009.

D. Karner and J. Francfort. Hybrid and plug-in hybrid electric vehicle per-
formance testing by the us department of energy advanced vehicle testing
activity. Journal of Power Sources, 174(1):69-75, 2007.

Comparing the Benefits and Impacts of Hybrid Electric Vehicle Options.
EPRI, 2001.

Chevrolet. Volt electric car model, Jan. 2010. URL http://www.
chevrolet.com.

Tesla Motors. Roadster and s models, Jan. 2010. URL http://www.
teslamotors.com.

Nissan. Leaf electric car model, Jan. 2010. URL http://www.nissanusa.com.
Renault. Zero emission car models, Jan. 2010. URL http://www.
renault-ze.com.

F. Montemurro. Impact of electric vehicles on the British electricity system.
Msc thesis, Imperial College London, UK, 2008.

M. Ehsani, Y. Gao, and A. Emadi. Modern Electric, Hybrid Electric, and Fuel
Cell Vehicles: Fundamentals, Theory, and Design. CRC Press, 2nd edition,
2009. ISBN 1420053981.

AF. Burke. Batteries and ultracapacitors for electric, hybrid, and fuel cell
vehicles. Proceedings of the IEEE, 95(4):806—820, April 2007. ISSN 0018-
9219. doi: 10.1109/JPROC.2007.892490.

S. Amjad, S. Neelakrishnan, and R. Rudramoorthy. Review of design con-
siderations and technological challenges for successful development and
deployment of plug-in hybrid electric vehicles. Renewable and Sustainable
Energy Reviews, 14(3):1104-1110, 2010.

Comparison of Batteries. Aleees, 2009.

U. Bossel. Well-to-wheel studies, heating values, and the energy conserva-
tion principle. In European Fuel Cell Forum, pages 1-5, Oct. 2003.
Electric Vehicles: Charged with potential. The Royal Academy of Engineer-
ing, 2010.

T. Green, S. Acha, and N. Shah. Impacts of plug-in hybrid electric vehicles and
combined heat and power technologies on electric and gas distribution net-
work losses. In Conference on Sustainable Alternative Energy, 2009. IEEF -
PES/IAS, pages 1-7, Sep. 2009.



[210]

[211]

[212]

[213]

[214]
[215]
[216]

[217]

[218]
[219]
[220]
[221]
[222]
[223]

[224]

[225]

[226]

[227]

B. Brigham and M. Waterson. Strategic change in the market for domestic
electricity in the UK. Technical report, University of Warwick, Feb. 2003.
V.L. Vickers, W.J. Hobbs, S. Vemuri, and D.L. Todd. Fuel resource scheduling
with emission constraints. Power Systems, IEEE Transactions on, 9(3):1531—
1538, Aug. 1994.

S. Ruzic, A. Vuckovie, and N. Rajakovic. A flexible approach to short-term
hydro-thermal coordination. II. Dual problem solution procedure. Power
Systems, IEEE Transactions on, 11(3):1572 —1578, Aug. 1996.

D.I. Sun, B. Ashley, B. Brewer, A. Hughes, and W.F. Tinney. Optimal power
flow by Newton approach. Power Apparatus and Systems, IEEE Transac-
tions on, PAS-103(10):2864 —2880, Oct. 1984.

PM. Pardalos and M.G.C. Resende. Handbook of Applied Optimization.
Oxford University Press, 2002. ISBN 0195125940.

Process Systems Enterprise Limited. Gproms optimisation guide, Oct. 2008.
URL http://www.psenterprise.com.

UK GDS. United kingdom generic distribution system, Mar. 2010. URL
http://monaco.eee.strath.ac.uk/ukgds.

Chi-Min Chu, Tai-Long Jong, and Yue-Wei Huang. A direct load control
of air-conditioning loads with thermal comfort control. Power Engineering
Society General Meeting, 2005. IEEE, 1:664—669, June 2005.

Panasonic Corporation. Household fuel cell cogeneration system, Apr. 2010.
URL http://panasonic.net/ha/e/FC/index.htm.

Nissan. Zero emission leaf, Apr. 2010. URL http://www.nissan-zero
emission.com/.

Transport Statistics Bulletin National Travel Survey 2006. Department for
Transport, 2006.

European Climate Exchange. Cost of carbon dioxide emissions, May 2010.
URL http://www.ecx.eu.

UK Renewable Energy Strategy — Consultation. Department for Business
Enterprise and Regulatory Reform, 2008.

Carbon Footprint of Electricity Generation. Parliamentary Office of Science
and Technology, 2006.

S. Acha, K.H. van Dam, and N. Shah. Modelling spatial and temporal agent
travel patterns for optimal charging of electric vehicles in low carbon net-
works. In JEEE Power and Energy Society General Meeting, San Diego, CA,
22-26 Jul. 2012.

R.C. Green II, L. Wang, and M. Alam. The impact of plug-in hybrid elec-
tric vehicles on distribution networks: A review and outlook. Renewable
and Sustainable Energy Reviews, 15(1):544-553, Jan. 2011. ISSN 1364-
0321.

R.J. Bessa and M.A. Matos. Economic and technical management of an
aggregation agent for electric vehicles: A literature survey. European Trans-
actions on Electrical Power, 22(3):334-350, Apr. 2011.

S. Acha, K. Haziél van Dam, J. Keirstead, and N. Shah. Integrated mod-
elling of agent-based electric vehicles into optimal power flow studies.



164

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

[237]

[238]

[239]

[240]

REIRAR 5 I £8 o &Y 25 77 X AE JRAZ FA

In Proceedings of the 21st International Conference and Exhibition on
Electricity Distribution (CIRED2011), Frankfurt, Germany, 6-9 Jul. 2011.
K. Valentine, W.G. Temple, and K.M. Zhang. Intelligent electric vehicle
charging: Rethinking the valley-fill. Journal of Power Sources, 196(24):
1071710726, 15 Dec. 2011.

M.D. Lukszo, Z. Verzijlbergh, and R.A. Ilic. The role of electric vehicles on a
green island. In North American Power Symposium (NAPS), pages 1-7, 4-6
Aug. 2011.

E. Sortomme, M.M. Hindi, S.D.J. MacPherson, and S.S. Venkata. Coordi-
nated charging of plug-in hybrid electric vehicles to minimize distribution
system losses. IEEE Transactions on Smart-Grid, 2(1):198-205, Mar. 2011.
JE. Kang and W.W. Recker. An activity-based assessment of the poten-
tial impacts of plug-in hybrid electric vehicles on energy and emissions
using 1-day travel data. Transportation Research Part D: Transport and
Environment, 14(8):541-556, 2009.

M. Galus, C. Dobler, M. Balmer, G. Andersson, and K. Axhausen.
Plug-in hybrid electric vehicles and smart-grid: Investigations based on a
micro-simulation. In Conference of the International Association for Travel
Behaviour Research, IABTR, Jaipur, India, 2009.

G.A. Matthias, D. Galus, and R.A. Waraich. Predictive, distributed, hierarchi-
cal charging control of phevs in the distribution system of a large urban area
incorporating a multi agent transportation simulation. In I 7¢th Power Systems
Computation Conference, Stockholm, Sweden, 2011,

M.J. Eppstein, D.H. Grover, J.S. Marshall, and D.M Rizzo. An agent-based
model to study market penetration of plug-in hybrid electric vehicles. Energy
Policy, 39(6):3789-3802, 2011.

T. Sweda and D. Klabjan. An agent-based decision support system for elec-
tric vehicle charging infrastructure deployment. In 2011 IEEE Vehicle Power
and Propulsion Conference (VPPC), 6-9 Sep. 201.

JK. Kok, C.J. Warmer, and 1.G. Kamphuis. Powermatcher: Multiagent con-
trol in the electricity infrastructure. In Proceedings of the fourth international
Jjoint conference on Autonomous agents and multiagent systems (AAMAS "05),
pages 75—82. ACM, 2005.

F. Bliek, A. van den Noort, B. Roossien, R. Kamphuis, J. de Wit, J. van der
Velde, and M. Eijgelaar. Powermatching city, a living lab smart-grid demon-
stration. In Innovative Smart-Grid Technologies Conference Europe (ISGT
Europe), 2010 IEEE PES, 2010.

P. Vytelingum, T. Voice, S. Ramchurn, A. Rogers, and N. Jennings. Theore-
tical and practical foundations of agent-based micro-storage in the smart-grid.
Journal of Artificial Intelligence Research, 42:765-813, 2011.

B.-M.S. Hodge, S. Huang, A. Shukla, J.F. Pekny, and G.V. Reklaitis. The
effects of vehicle-to-grid systems on wind power integration in california.
Computer Aided Chemical Engineering, 28:1039-1044, 2010.

S. Vandael, K. De Craemer, N. Boucké, T. Holvoet, and G. Deconinck.
Decentralized coordination of plug-in hybrid vehicles for imbalance reduction



[241]

[242]

[243]

[244]

[245]

in a smart-grid. In Proceedings of the 10th International Conference on
Autonomous Agents and Multiagent Systems (AAMAS 2011), pages 803-810,
2011.

N. Malleson. RepastCity —a demo virtual city. URL http://code.google.com/
p/repastcity, 2008.

S. Acha, T.C. Green, and N. Shah. Optimal charging strategies of electric
vehicles in the uk power market. In Innovative Smart-Grid Technologies
(ISGT) 2011 IEEE PES, 17-19 Jan. 2011.

W.F. Tinney and C.E. Hart. Power flow solution by newton’s method. Power
Apparatus and Systems, IEEE Transactions on, PAS-86(11):1449-1460,
Nov. 1967.

D.I. Sun, B. Ashley, B. Brewer, A. Hughes, and W.F. Tinney. Optimal power
flow by newton approach. Power Apparatus and Systems, IEEE Transactions
on, PAS-103(10):2864-2880, Oct. 1984.

M.E. El-Hawary. Electrical Power Systems: Design and Analysis. Wiley-
Blackwell, 1995. ISBN 078031140X.



Modelling Distributed Energy Resources in Energy Service Networks/by Sal-
vador Acha/ISBN 978 — 1 -84919 -559 -1

Original English Language Edition published by The Institution of Engineer-
ing and Technology

Copyright © The Institution of Engineering and Technology 2013

All Rights Reserved

This title is published in China by China Machine Press with license from
IET. This edition is authorized for sale in China only, excluding Hong Kong SAR,
Macao SAR and Taiwan. Unauthorized export of this edition is a violation of the
Copyright Act. Violation of this Law is subject to Civil and Criminal Penalties.

AATH IET BB Tl pAk 7 rh e N RIEFE SN O R4
WL OWTRIAT BUX R B IX) RS R AT, RAEVFT R E, Bk
B REERGE, F sk il

AenC AR ERCR RS B9 01 -2013 7585 5,

EHEMEE (CIP) HiRE

REVRUIR 55 199 2% i) 70 A sUREIRASE DL/ (32) BR/RELZ - Bl #E (Salvador
Acha) F; BRI —bat. HUBCTL I R, 2017.7

(FRBR ML TR G R AL )

FZ . Modelling Distributed Energy Resources in Energy Service Net-
works

ISBN 978-7-111-57158-2
[.Ofk- 1.0 - Q- . DREFETZRY V. DTKO18
W E AR AR A5G CIP $0ii%7 (2017) 26 145087 5

BBl th R L (dEsiiE T ek 22 %5 IR 4iAS 100037)
KX, XIET FiLHE. XIET

TER . W AR BRIt DK

TALERE . sk

=TT RN 45 B F BRI

2018 4F 1 HES 1 A 1 UERH

169mm x 239mm - 12. 25 EJik - 223 T

FrifE45 . 1SBN 978 -7 - 111-57158-2

FEMr: 69.00 70
FAAS, A SoT, BT, BT, WA RATH A iR

L IR 55 W 245 i 55

i35 % . 010 - 88361066 HL T B ™. www. cmpbook. com
ML, 010 68326294  HL T B 1#. weibo. com/cmpl1952

010 — 88379203 4 FH M. www. golden — book. com

HE LB AR A ER HE MRS M . www. cmpedu. com



xFe&E

Salvador Acha 2REFE
BIZRNARR, BEFEETL
-HEFERASERREAAT L
Ao ZEESERRANER: &
BhLiESaEtLIRSEY, B
A i T B AR AU RE R IR R R R OIS 4E
iR HFERRIRET . BAEER
Bl 4RRE RS . AERIEI R I «
E LB #THIE. Achal§t
MM EIEEEBMEE . iE
BRXRADEERT . DHleE
EEBEMASE. sERUNNIRE
RS

iSRS

BBFEDHE: 010-88361066

EEBBHRE: 010-68326294
010-88379203

CEC R
H o g A2 4§ A7 ¥ |LIER: www.cmpbook.com
NIEE: weibo.com/cmp1952

ik b HE R EA#228 | &8/ www.golden-book.com

BR%M: www.cmpedu.com
BB RES : 100037 | 40 1 o 48 0 28

KUBEONET



FEABRETREFEEIZRBPHGRERRARE . A B2 THEIEH
FEEFEMFN—HMOARKR, HWEXBERFRPO. BEAXRESHHRE.
ABBTIIRIRERS (MSMNEN ) NMBEANBESHHERRANESTRAEFER
HHERTH. BhUX-TENAFRIRHTTHR, BEXFEATET RE

EZRERRFANSNHENAERKE, HFRRTUAEZIESRAHRKRARGS]
RN REBREXVNEEGEEES. BMEZ, FBPRAXRTEEE. B
KRB FRBERATEN—NEEERER, TJUNTRIPBRERNEZRERRD
ARHEEMBE.

EFFESTRELHEBRANFEA

K BETRAR 55 M2% AR A9 53 T sURE IR

(HEE£ IR ST N B ERIT 5IEH)
(LEERZHFMR S B SR EH BIEHHR KD
(BERNRE.: =5, RIFSHM)

CHRRBRE BRAR)

(BERBEFE: BERBIHHINRENEEIER)
(S 5B EE—FTHNEARRENA) (RHE2HR)

CEaERm . Bl HXKARARBRAE)
CREHNKRERGRIRSEH)
(=R RE B AR HIFE L 75 %)
(BT ERARRER)
= REETRD

CKPHBER B R FIEHIFIAR)
GREFABHRERIERNARS)
(BEERM-—git 5 o EA)

ISBN 978-7-111-57158-2 15BN 978-7-111-57158-2

7111 571582|>

EM *—Hﬁ%ﬁﬁ = /A e
NRTUHEREARS  (CESSASEAGMR  XERRFUHE BETERE /_\E{)IS 69.007T




	能源服务网络中的分布式能源模拟
	前折页
	书名页
	译者序
	原书序
	原书前言
	缩略语表
	符号表
	目录
	第1章  能源资源、基础设施和转换技术有效管理所面临的挑战
	1.1  全球城市化和能源系统效率
	1.2  城市能源系统的演变
	1.3  能源系统的综合管理

	第2章  集成建模综述
	2.1  关于分布式能源的建模问题
	2.1.1  分布式发电面临的挑战
	2.1.2  热电联产技术对电网的影响
	2.1.3  PHEV技术对电网的影响

	2.2  模拟多能源网络的方法
	2.2.1  多联产分析
	2.2.2  综合能源运输系统
	2.2.3  能源枢纽建模
	2.2.4  天然气和电力的一体化研究


	第3章  能源服务网络建模
	3.1  电网建模
	3.1.1  电力系统的基本原理
	3.1.2  定义电力潮流问题
	3.1.3  节点公式和导纳矩阵

	3.2  天然气网络建模
	3.2.1  天然气系统的基本原理
	3.2.2  定义天然气潮流问题
	3.2.3  节点公式和关联矩阵

	3.3  能源服务网络类比
	3.3.1  部件和变量的建模
	3.3.2  牛顿-拉夫逊算法


	第4章  能源服务网络中嵌入式技术的建模
	4.1  有载分接开关（OLTC）变压器的建模
	4.1.1  OLTC变压器的基本原理
	4.1.2  OLTC模型方程

	4.2  压缩机站建模
	4.2.1  压缩机站的基本原理
	4.2.2  压缩机模型方程

	4.3  热电联产技术建模
	4.3.1  热电联产机组的基本原理
	4.3.2  含热电联产天然气网络的节点公式
	4.3.3  储热管理方程

	4.4  PHEV技术建模
	4.4.1  PHEV的基本原理
	4.4.2  含PHEV电网的节点公式
	4.4.3  电化学储能管理方程


	第5章  能源服务网络的时序最优潮流
	5.1  TCOPF问题概述
	5.1.1  问题描述
	5.1.2  优化求解
	5.1.3  TCOPF工具的输入数据和假设

	5.2  TCOPF的目标函数
	5.2.1  即插即忘
	5.2.2  燃料成本
	5.2.3  能量损失
	5.2.4  能源成本
	5.2.5  综合目标

	5.3  TCOPF的数学公式
	5.3.1  目标函数的公式
	5.3.2  约束条件
	5.3.3  TCOPF问题和求解的特性


	第6章  能源服务网络中的分布式能源优化：案例分析
	6.1  TCOPF能源服务网络案例研究
	6.1.1  输入数据和假设
	6.1.2  案例研究和能源系统参数的说明

	6.2  技术-经济性结果
	6.2.1  概述
	6.2.2  集成与非集成系统
	6.2.3  天然气网络
	6.2.4  热电联产技术
	6.2.5  电网
	6.2.6  PHEV技术

	6.3  结果综述

	第7章  能源服务网络中电动汽车流动性的建模
	7.1  PHEV流动性的建模
	7.1.1  建模方法

	7.2  基于agent的模型与潮流模型的综合
	7.2.1  车辆基于agent的模型
	7.2.2  PHEV的优化潮流公式

	7.3  PHEV充电的ABM-TCOPF案例研究
	7.3.1  输入数据和假设
	7.3.2  案例研究和能源系统参数

	7.4  技术-经济性结果
	7.4.1  基于agent的模型结果
	7.4.2  优化潮流模型结果


	第8章  结束语
	8.1  总结和贡献
	8.2  研究的受益者
	8.3  未来的研究方向

	附录
	附录A  城市群数据
	附录B  英国的能流分析
	附录C  电力负载潮流代码
	附录D  天然气负载潮流代码
	附录E  有载分接开关偏导数
	附录F  标幺值
	附录G  KKT最优化条件
	附录H  牛顿迭代法

	参考文献
	版权页
	后折页




