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Abstract

A coordination optimization model for demand response (DR) of microgird under islanding oper-
ation mode and users with distribution generation of renewable energy is presented in this paper.
The distribution generators with such renewable energy as wind energy and photovoltaic energy
and with clean energy such as closed-cycle gas turbine (CCGT) and combined cooling, heating and
power system (CCHP) is considered in the proposed microgrid. The locational marginal price (LMP)
is taken as its rate structure and total social surplus maximization as its objective of the proposed
model, and the constrains include the forecasting errors of renewable energy and load, user’s DR
capacity factor and bidding strategy. Case study is based on a PJM-5bus system microgrid. The
analysis of calculation result considers the influence of user’s DR capacity on renewable energy
absorption and demand response level’s inverse effect on load forecasting is illustrated in the case
study example, and it is proved to provide reference for coordination of microgird user’s DR re-
sources. The result shows that reasonable coordination of microgrid user’s DR resources in local
electricity market under user’s demand satisfaction could increase load’s demanding elasticity,
promoting its absorption, increasing the utilization and penetration rate, and alleviating demand
response inverse effect on load, producing considerable economic value.
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1. 5|

Bt H )T 0 E TSR EEIZ T R, AN F T S hE T e B, R T
th, RITERZ A dsES, BERTT RENE I AT A T AU R ARAT = T I PR A MR, 7 SR mE XA
PRI TR SE A B SE S T TR A3 X AU R RS B O . TR AR REIRAE FL T R
girh o AR . B B B BRI AT s Vg B D R G R A Ok T B[] [2]. BEFR EEh
FERTIHEE BRE R B, A BRI AR ) R AR T IR RES, R
FE. e SRR ERM, MRS R, WA, KORIST P ERRKIE ], BA R
U454 [ 75 5K 1 B (demand response, DR) 24— Rl EL B 95 T B, AR g A48 1 B SR
5 SR 32 BE 5 32 1o L ) AR GE I RAG PEAIRRSE M, JFR R B RGTIOREIRRI I8, A 10 75 5K i oz 7
AT DASEHURGF 0 e B LURLS RTF AR REVEOF i R A s e, BERESS S A AN 2 5 /5 5K K P e
SREHR A, B REAE S RVE P 45 5 2 (K P )3 [A) BN {EL[4] [5]. PWFR MBSO R A FR X8 1 i ) &R
SENE S BEAR A H RRA MR P A BEIR B VA IR G 705 AN OB A I B - REE AR AL
IR A AR AE L ) T8 B B R A B 717 (6] P I A 8 1 JSE 3oL 2 R R SR i 2 G
R B 1A 75 SR 0 S A B OB R RCRAR I AR LA, RERS T 20 KBS AT 4 AR [7]. WTH-AERE
PR3 BA — s MR, PRI B AR e e I, RE 6 388 o P RE AR B AR, PRARARTIS BIAE,
D R AN A ROR RN BRI AT, AR SR R . R M P AE IS T S
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i SR S B A% 8 T A e N S A I R G R, R S BRI AR WA AR I A
WA 75 B FRAR[8] o EECOR T SR I 57 R R B8 41 v FH P 5 SR AN R LR P A Rt 2 3 6 R AN T B S
KGN TR 00 75 SR REAT AN E VE[9] [10]: (RIS Sy S0 5 SR N3 g 5 7 A S RS2, n g n
T AT TN A AN 5 T [ LRI SE B S Ay AR B M [12] s 38 M8 AL 20 4 1) B 14 BE A AR 4 M4 - FoAS
f 2 P R RE A [13]

SCHR[LAIAEER T —FRIBCE 77 30 R I 5 SRma R AS #1173, 4 75 SR A S EAT BRRE 5y, 358 1 7% SR B 2
L i 0 R G M SCRR[L5]X 6 15 K KR R K FEL R AR R F i3 it AT 2 A, K H Rl A i /158 5
R BIH WY, i 7 R SATHRE S 45 17K LR R, 988 1 A T R 22 s SR IR S0 - SCHR
(161407 7 75 3K i & A s PEXT T R 2, 4R T SO S E RIS Fa i 7 24 /R SRt A7 1
AN EPERS, ARG AR BN SCRIAR MBI B X 5, FHEUE B T H R B RRAS RN 22 AR R R T SR
R E /N REAR B B KA SRR INE, H— D T BT SRER N EN R AW, DL AT ER S
M7 T SR N AE B A T3 P U R R F RO e e, (EIR RN 2 5 T R N 2 B W BT b, X0k
BE— I K 2 5 T SR LRI AN 5 R 0] . A o

SCHR[L7] [18] [L917) FH 75 SR Ak B 22 4t AR BIME T 400 1 ] A2 e U T 285 3 oxk LR (R 52, {FL i e
RGN T AT, A 0E R SR R 6 AR it R, Kl — PR S AU . SCHER[20] TR
SR N B IR I T FEN T, 0T TSR P R A A O RS S R, SRR AT
SRR F P i) g 5 SR BT G T SRR . SCER[2115E H T 3R rB OFE “ AT F T IR R B BEAL
VEFLAZ Z M8, HE VP b R5 & 07 B B SE M BEALUCEL, 388 3ok TR0 5% 2 M2 ok 1 B TR0 5% 22 % 11T 318 78 1)
SO, 3R SO R FALAE R 75 SR R AT REME . B B RESEERARIEE TR EER, W07 L
B o SCHR[22)7E 50 B 1 v % 32 28 19 XU H RT 75 sk 20 H FiTH ) 7 3 1 iz B B A7 (locational - marginal
price, LMP) M 125tk 1, $&H T —Fhid i 57 fif 5% 88 R AR FE LMP JE G W0 S0, 2 7 XL IR A 2
HIER T BRI, AR AT KU 13 bR AR 34T 430, (08 DR Ph R AR EE LMP JE6, KUBEIZDF
R RAETR T KA. LA UL B el J8 i PR B 45 I 23 A O LA S 75 SR SAH S A, 4k )
T 374N A L1 [ (gate closing time), & 88U /I TFE A= REJR LI 5% 22 () 52 1 2 i3k L7 L R (315 40

AR SCAE S 25 0] P A R YRR 55 SRe S L g T I s e R R A b, SR T R B R B SE A
L A TR . B ] o e SRR R L RN SRS R R T R, SR A IRV B AR
REVEAN 7 R FIIN R 22, SEBW 1 et o 0 i 3 S AL B R A E B R AL o T8I 0 BE T PIM-5 BEZR R &R
BT, 0AIE T B A 8
2. FRitbeR s R EIH

EH T T, BRI T E 1352 5817 AR EE(E S, 1 13 15 4% (market clearing price,
MCP) U] /2 S B AR 1 A B 82 [23] . BRINE ) i34 2 K Gi— e, ALK I LA LMP 1y 8 B g i 2%
RARIE R R LA, 76 2 08T A B35 5 7 (independent system operator, 1SO) %1 PIM, CAISO. ISO-NE.
NYISO F1 MISO #4521 T AR &5 (1 B FH [24] 0 A IIZEA S, 77 IS AT, e X P 2 D) gt
FL ) 3% v AR 0 [ BH 38 4 F ) T AR ALKk A AT
2.1. ATEYE IR A BIEEREAE

AP A REVR B A K LB AT WA AR B AIG, HAT R A BAE R Qs ATRNIE AR e A . @ i
rhRE AT AR B YR K R A BRI Y 0, T AR B U AR AT L T LMP R B AR . 67 LMP
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2 WHIN TR H B R 2351 EB5h 3. E4EE(Navigant) B i) A &) 2015 45 7 A xFAbSEHIX 17 A4 70
SRGUS E AP A RRIR B L )R T — DU S A, TR T T R R ALK BE RE AR K
ML A RIS BOAS . R K LR T et A L Be &, T AR AR 5 S AN () U T IR BB T FE . TR UK %A
IYKSZIBAT BRSO B A IS 20 B AR A S 7 AR RIS AT 4R AR R TR PH BB YR R I &
bR BT, R R ] 5 T A2 R R (IR, 2 R A7 AT B e T RN A S Y SR, BB
KA IRANA H ARG TAE Ry, FIR TR B AR R, AIBRA N 0. &
P15 T B A BE W 1o T AR RE IR 1) 558 5 I AT I R P 3R

2.2. i AT HPHESRKNE

By T e O T e RIS R ) 1 T %8t AW th T 0 (0 AR T
e, TR 3 O R BT  ToR e 75 4 1 1 20 L T e, Q AU T
AT T 2 R LA MW A3 B A SR 8 MW AR L
A C, DA SR H AR A S RIA M . (2GR I T R AR, BT R A
A EEIR A AR AL, R I R AR P 5 SRR, MR A 7SR 2
SR AR AL £ 1 .

3. # KM R B T SR

RS Sty 1T b T SR ST T, o PRI R th
R 5 ) LR S At LT B R, A B AT 0 P Pl ST BRI, AR
BRI R L ST 1 SO, (R Irb IR AT Ut LT 050047 9125
3.1. BRI EEREEHIE

FERRM Iy, P TARYE B 1 o B R R A IR B R K, B T ey o il s
g d AN R SR df B YRR A A R G REEE Uy, HL R G o S O S o LR AR O 7 R
Wi J52 25 A AT oo o IXAS R BURNE 1 P B 75 SR S RE D AE BRAE L, la] 4% RN 175 R
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Figure 1. Relationship of supply and demand in total free
competitively market
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7 SR . ZR Y oA SCAEAN 21 o A1 4 SR B Bkt 4% X (1) i e
0,max 0,mean

amngL—a%%}—— 1)
2 o™ S R R YT PN B K T SR S R B R A, d ™ L d ™ o P P A T P9 A A TR
DR e RAB NI o TX R AL PR 1 JER DR 2 38 5 B P A L B e R AE I I B R R I A o By, EANE
e FELAR B B RN M B S DL T, B e N T S i S I AT N — SR B, i HL AR
T g IR KT ) .

WK 2 om0 B R A P ) G fr i V6 R ILTE to BB, i oK A7 fid AR F- 335 47 7 1) 224 R D22 T 200 1) e
FEFE RN 2R 5. 275 SR 8 25 5 1 W8 8 T AT, A ARTE e i B B B4 6 g v s T 7 R i 7
BT 2R, 0 B SR IA A B e o PR IHAR ST 5K i SR I 75 5 SRR o™ 4 B AT e K
to M B AR B 81 1 SR SIS T 5 R B S R A R B K BT, % R e
{HORE 238 T

3.2. FESRM R Y S fords 78 SR B

5 SR 0 R BRI« B8 7 T 11 o o 2 6 6 o ok 3 9 226, oK
U RS B A LR A S M T RO MR SRR R S T R . S e R
VIRIEERE BB, y, | R GURTTE i BUFRS 51 t I BRI S0 o o BRI S0 df LA, 7R A
KGR MR A0 TE 2 BT BB 7 /R 23 R O B

@ =y @
T

dtb = Z}/r—ﬂdrr 3)
=1

d 2 t I BRI [ G, ] A ST 7E ot B R R 4707, 2(3) M T AN B A AR TLAE K &R
7r:zyr—>t (4)
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do,mem
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Figure 2. Relationship of maximum demand response capacity
and average load level
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T 10, TR MDA LS B R, I E R R K IR (B3 A i i £ Ay
3.3. FoRM R AR SRBE

T3 P AR A 1h 2238 S 70 BRI 2, AT e v 1D 50 93 o) I 7] 5 A7, BT 0 200 L3 A2 1 A7 4T 5
BE &R B e 10 R B, S 1) B B R 2 BRI AEHRAN M 2R B A 43, Il IR B 47 47 BOR T HI
AT HTIERE M, AR A R BAR, 1% B RIS R B4 kb7, AbEE ATk by
. AR E 3 Bk Gns, B RIREBER KR T RGP E j N 7E t B B0 75 SR B4R A
HME

Py =0, +f,, ()
Hrr:
dj, e[d —dj,.df +dj,]

_:pW—pT

Mdl +d)
(Ao (45
) df, +d?,

GV KR RN Sl o, AEH | AN TURELE €I BN s SR A i (dO, —d !, ) A
7 1E O B (0 ] 5 75 75 B, % AN B 5 SRR I, S AR i 5 47 1 75 B R 42 32 1 B v LA ™
F T et A T A R T P B T, e e AR AR AR AN T B % A T At B BT
LMP 355K 85 /M S5k R 2 (2, + 12, ) IR B P P 6 000 4 1 25 i 5 L e B R B2
ORI 2 L, B PR T B AL o I 4 0 2 ) B 2 R
4, RGHER
4.1. B¥FEH

AL H AR SRR EROR, 2 (6) 8 Hne B, AL B (e /ME -

 Nr(Ng Np
min Z(zci,l Pi _ij,tdj,tJ (6)
t=1\_ i=1l j=1
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N I EERN
0 ! ! i :

Figure 3. Demand response bidding strategy line
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K Ng v Ng N 2 BB SO R i s e M i e ¢ p, 20085 1 Mk
LB AE I B IR RS . R py, o dy 20HDEE | AN SUETAE I BRI BUSA . Dagg T R

4.2. HREH

4.2.1. ThEFHEHLR
AN PR BRI R DL T R I 2 R G D AN 2 P, B LA A R FL D R 2 AN 5 B AT R L )
M SE

NG Np
_ Pi: — dj,t =0 (7
i=1 j=1
422, KRBEREHHYER
" <P, < P ®)
A iyt A p A BN ES | AR R TE I B RN R RN, R LR A
pln‘t"n = II t plmm (9)

Kb p™ . p™ N | AR SPRES T BRSO IR | OB RS R, 1 R E ),
0 KR1FHL
Pl =(1+&c;)pfi < p™  ieG(Re) (10)

. { P ieG(Th)

e L, P, ieG(Re) ()

G (Th) 1 G (Re) 4 B4 ML AR FhL e 46 RV BEAE RETER LA IO 2, ) pl MRS i 4
TP R LA TE I BT T RIS R R M, 323 o, ~ N (o002, ) - 2P0 FIZE ARG
AR SE I, %2 A, i AT AE REYE R A 3 100%.

P, =P, ieG(Re) 12)
A REIRR B 2 SIS AT, W AT AR REUR IR 36 g, A3 3 g, 4%30(13)~(14) i 5
i GZ(R Z P (; Z Pl (13)
PR LpHLE @
4.2.3. MEBLZIRAR
pfi =§;gsf.b [gj P~ Z(b)d j,tj (15)

O« sty 52 B A8 | 75 6 BLAL IO Th 2R BEER b VO Th 2 28K | (63500 T U (b) . D(b)
SRR T LR b 1R AR & A IS .
pf™ < pf, < pf™ (16)

pf™ . pf™ Nk | HIEOK. BoMERITIR, HIRLHSE I FUE. F. AR N R Lk ik
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FHPT, Ik HLEE % DR R B vl 4% (17)~(19) 1 5o

GSF =H *AxZ (7)

H =diag(x*); 1=1---,N, (18)
| o 19

z {o J t)

GSF RARHFRS A THELE, x 25 | REEMIT, By, RWMER TS5 ml 4008 9V e (LAt
EHURJE MRS HTR),  H R TUR B B R R, AR LA AR [24] -

4.2.4. FTRMRILIR

dj,t = d?,t _d;,t +d;),t (20)
dov di v dP AR ANEE § A GURTTE t R BRI TS G L W R A R ] A
df, =(1+5p;)d], (21)
dj, =a;,dj, (22)
df, W8 | ANGUE €I BTG, 182 oo, ~ N (002, )+ o 9 | AN GURITE BRI
d;,T%t = 7j,r~>td;,r (23)
b i
0 =2, dje (24)
Nt
z}/j,rat :1 (25)
t=1

Vieot ~ ) 7P RINES JASGATLE N BLA) €I B A e A8 R R A

425 HibLAR

FH AR IR FR 20 A 3 EE AR ARAIE T R T A BEUR A B VAL A P V) 87 S VN 2 e A SO TR 3 R 3T Y
PR 1) B G, TE) (DB A 1 7N s SCIRI A 67 fa e IR M 7 PR 338 PR o B T R e 4%, DRI A AR PR AN 2
e, TeI 245,

5 HHIRMGE
5.1. #R&RAA

s 4 fios, BALKH PIM-5 REZERSE, MR/ MM EIEM, A0 i, BEZE A B8 1 AN K
RELARHSE AN 1 AR A isgys BH2E C tiA LB R 48 CCHP fitl; RRZE D & 1 MUk BEEGE
NS - ZRIRIBEE G CCGT HLAH; BEZE B. C. D fftbfilh 1:1:1, ¥S5FRmp; HEFE N 24
INET, BT TRTTRTBE A 1 /0SB o AT P A R RN 7 Aar (14 T30 5% 22 43 Sl B 20%F0 5% A T 43 B 2 i BH ZE ) 5,
FIRLM 4 MRS, R KA =3 15MW;

F RN E KD RAIE 1 fiR. % 1N EA R K & ) KRG S TE, tH
SR FH S0 1) 48 3 45 22 L1 F 5% NR-PSO [27].

MR 2k % 2 5015 B R B 35 R R 1 B GSF

DOI: 10.12677/sg.2018.82014 128 B HE L


https://doi.org/10.12677/sg.2018.82014

Line 6

Figure 4. Microgrid model based on PJM-5bus System
[ 4. PIM-5 B} Z G i FE R Y

Table 1. Forecasted values of renewable output and load
= 1 ATRERRABIREE NRARTUIE

t pl /MW pl /MW p} /MW d /MW d} /MW d} /MW
1 000 951 684 1280 1280 12.80
2 000 000 878 1200 1200 12.00
3 000 1000 2000 11.60 11.60  11.60
4 000 140 1161 1120 11.20 11.20
5 000 095 1662 1120 11.20 11.20
6 000 034 240 1160 11.60  11.60
7 167 1000 1222 1280 12.80 12.80
8 236 511 761 1520 1520 1520
9 292 677 1649 1740 1740  17.40
10 389 114 620 1900 19.00  19.00
1 417 477 1346 1980 19.80  19.80
12 48 000 521 2000 20.00 20.00
13 500 7.95 453 1980 19.80  19.80
14 403 672 336 2000 2000 20.00
15 292 863 916 2000 20.00  20.00
16 236 883 2000 1940 1940  19.40
17 139 033 1441 1920 1920  19.20
18 125 331 000 1920 1920 19.20
19 000 360 1699 1860 18.60  18.60
20 000 864 170 1840 1840  18.40
21 000 053 742 1840 1840 1840
22 000 291 000 1860 1860  18.60
23 000 565 2000 1740 1740  17.40
24 000 395 932 1440 1440  14.40
[ 0.1818 -0.5455 -0.2727 0 0.0909 |
0.5455 0.3636 0.1818 0 0.2727
GSE 0.2727 0.1818 0.0909 0 -0.3636
0.1818 0.4545 0.2727 0 0.0909
0.1818 0.4545 0.7273 0 0.0909
| -0.2727 -0.1818 -0.0909 0 -0.6364 |

5.2. (AR5
AL RTS8 R 55 HZ A A % BRZR T R LMP . b 1) A2 BEE A T (A 0000 % 22 22 Ak
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F FETHE H AT LMP B e85 8 ] FEAE R IR, IXRE AL EE B ARFRAR 1T 75 SR 3 , (B AN e 45 SR = A

2% 2 f& HAT s Th AN R R AR R R B N B S BELR T S LMP M, d DN RS S R L 1E . 8
ISR ST A LMP £E 22$/MW-h $] 358/MW-h 2 8], 35 R 8% A7 1 7 R min AR A i 28 11 b
TRRE. RIEE 2 1 LMP AT, M RF T mk T 80%0Kf, BTkl 4 HILHHIEA CCHP MR L
I T LMP B4R

5.2.1. FRME R KSR KN ERFNG

2 3 BN TR R 2R R A ™ AR B KA T R A sw™™ 1R NAE o BAT) R o e A7 A T
IR RQ)HE ML RN 0.7, KR sw™ Ay 5216$, 1M J6 75 R Wi (o™ =0) N ) sw™ g 49728, K H]
SR RN T 4.91% R RN E . A 3 A S I0TERMA R (™ =0)if (17 sw™ AH LG, BEAE o™ [1IE
WA, sw™ BRI E: 2™ N 5% 10%H] KR swm N4 A 115 $A1 103$; 1Y
Q"I 17% )5 30 R AN 488, R DL FR SR B B B R A v sw™™, (R BEAE 7R SR R B R A
AT i, X R TR T o

5.2.2. B&EEESIR KGR P AR EO R

i SR 52 ) A L RE 0 L K RUSCAS SE UK . 1] 5 AT BIBFZ B C. D Ab 1 fy
SN SR SL T AR A%

RREL B AL 014 1L NS S 5 FoRMINL, 5 HRIAEST, AR RS £ = 00 e, (e
29.88/MW-h; KL C AbI ST 2 A7 RS I E A i B, AR 0 v R A RE VU PR AL 2 SR

Table 2. Bus’s LMPs as system load increasing ($/MW.h)
2. REOEEKITE S EEH) LMP {&/($/MW.h)

d LMPg LMPc LMPp
0.1 22 22 22
0.2 22 22 22
0.3 22 22 22
0.4 22 22 22
05 22 22 22
0.6 22 22 22
0.7 22 22 22
0.8 34 22 265
0.9 34 22 26.5
1.0 34 22 26.5
1.1 34 22 26.5

Table 3. Values of maximum social welfare under difference
maximum demand response capacity factor

# 3 FRBAFKRMEFERY THHREAHLSRRME

No. 1 2 3 4 5 6 7
™% 0 5 10 17 25 30 35

sw™/$ 4972 5086 5190 5216 5264 5291 5260
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RES ORF H B (1L PR AR A 2 RGN, 2 5 FRWARGE N T SR SRR R, st
AT RAK, — B4R 228/MW-h; B2 D AbGig 3 BORA W AR REIR A RIR N, (HBENECK,
it E AN ERANE B, B AR RS T 2, H T AR AR R IL BRI RAR, ARG
ISR DAT 12, Ry 26.98/MW-h.  H 5] 5 RIAT AR REUR AOFE N RENS PR A s AR, (HEFEE AR RE Y
A FLRE 0 4 RAIE T AR DR R AR B AN RS KT R 8

5.2.3. F3KNm R xRl B4 BRI RO TEAN

A ) SR N 7 SR RE S AR T AR BEIRIE N . e 4 LRI TR SR N T R A REVR I
FZ. ZFER, TR RN 5 0] A GRIRAC A, ARG FE, A REIR AR AR
153 100%, 7F % Z IR F] 31%; 4UA 7 R0 SI, B FAE BEIE AR H 22 0 3 63%, & IE 2 16%,
i SR M ] 8 v ] P A BRI R e AN 2 A AU B R . PTFAR RRYR R R AR ) R R R i
e, TR NAE RGO = VAL T 2606 4 MOFRBEIR I, N mT P AR BRI I R FEARAIL T AL fanidiE,
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Table 4. Effects of demand response on renewable absorption
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Figure 5. Demand response bidding results at load buses
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