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Market Design of P2P Electricity Carbon Coupling Transaction Among
Multi-microgrids in a Zone
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(1. Key Laboratory of Smart Grid of Ministry of Education, Tianjin University, Tianjin 300072, China;
2. Dalian Electric Power Supply Company of State Grid Liaoning Electric Power Supply Co., Ltd., Dalian 116001, China)

Abstract: Aiming at the problem that the multi-microgrid transactions in the zone are purely economic oriented and ig-
nore the benefits of carbon emissions, a coupling market of peer-to-peer (P2P) energy trading and carbon trading is
designed to further realize the low-carbon operation of the zone. Firstly, based on the marginal carbon emission factor of
the distribution network, the measurement method of the low-carbon contribution of distributed renewable energy genera-
tion is proposed, and the revenue measurement model of each microgrid based on electricity-carbon trading is constructed.
Secondly, by using the P2P trading mechanism based on game theory, a day-ahead electricity-carbon linkage market is
designed under the condition of perfect competition, so that each microgrid can flexibly adjust the electricity generation
and consumption behavior and the purchase and sale role according to the real-time electricity and carbon price; moreover,
the existence of the designed market game equilibrium point is proved. Thirdly, based on the supply-demand relationship
of electricity and carbon quotas, the expressions of electricity price and carbon price are derived, and a distributed opti-
mization algorithm which can effectively ensure the privacy of users is proposed. Finally, simulation results verify that the
designed market can effectively support the integration of economic benefits and low-carbon benefits in the zone.

Key words: multi-microgrids; peer-to-peer transaction; electricity carbon coupling; uncertainty; low carbon measurement;

distributed solving algorithm

%Fﬁ%o%%,%%iTﬁf%ﬁ%T
T, HC HL XA R
FAEBC I RIG TR EZ R A R . % T
REbBEACEAN  XAREERTEE ﬂﬁ&%@ﬁkﬂ%ﬁﬁ%

518

BEE AR HERIIIRE, BRI
EREIRURHL, AR A RE
» P e CiZ s WH B E AL

BRI
ﬁﬁM$m,ﬁ@mamﬁ

E2SRITA: EHFEARRIFIES(51777133).
Project supported by National Natural Science Foundation of China
(51777133).

WIS Z N EAS S, AT AR B EIE O (35
REVEFI FH AR far U R 2% e FH BRAT N1 =, )BT R
FHMERRAEE 71, b XARBRISA TR IR T 2

Uiy X Ui (peer-to-peer, P2P)AZ 7 MLl A Bt FEL 199 i)



1342 i LR AR

2023, 49(4)

T —Fh O Z . 18 P2P Z G L]
T, PHEMPEE LRGBS G, SE A Ik
i1 P2P 52 5~V il 7E 5 th 28 2 W7 Wi i g, A
i B H [ 12 5 7 (distribution system operator,
DSO)HI TN o IXFhAE G AL 7E 73 A 2 AT F A= B
EEBIFEANIZ ST, RS SEIL 2 J7 R 2k A L =)
T, Wil RIEPE R IH AR, e bRl R
YR E, SCOUERK Hbs. HAT, P2P 25 HLHITERE
AL g bt e T . AR S5 H
FRAlRE P2P A2 5538 2 2K 1) REWE I AL AR A
ORI P2P 22 5. W] LU I A AN SE s S R
ZRW R A PRI A LI SE s 2) k3] “ 37 RAS
(1) P2P A2 5. MR IAE 5 B bR AR TGRS
A HZE 5y 5 FIB B AR BOR, (HEFF S IsE
Yysst. XTER 1 K585, SCHR[3 138 HI 2tk At A Y
BT 71T, sl TREERMZE Ha R SCHR4]
KM Nash B 05 2O AR R A5 21 14 2 48 A
BEAT AP s SCHR[S5-6148 H 28 & J5 1) 3 1 %
(alternating direction method of multipliers, ADMM),
OB EES . LWL S5 70 A 2R T iR I &
ZE 5 B AR, SRR ERM T SRS
S8R BB 2 AT IR AE Sy AL ST s AN,
Nua G Ed . 152, 232 NIEZE 3 Fio X
TFEREMHEE S, SCHR[71E 4 7 At h
) 77 375 %8 LA S DK B 93 55 3 A TR 1 5 S AN LA
IS T H 1 G 5 O L 07 FORE ST 1 BE AR
FEbRR 2R STHIRISIAHIL 75 UL BEAT ek, oR4b T
FAR T SRAB DL N AR TR ARG X T4asL
FKUMAL 5y, CERIO13R T —Fa K U #50hR 5K
W, Iz FHEREIRAS S B IR A%, JRAEMR S B
T bR OR 2 R e F DX Uk 2 58 o iR AT S5 o 1 S Tt A
BAT: SCHER[10-11]R Y 1 —Fh 3T X0 2 i1 4 1
P2P BeRAT G Tk, &P N R AL G R AE
B AR i K9 Hbr, i8d S A REE,
FEFHE Z M BEARKEZ HIER. SHIERME
P2P ZHMHIAR, ¥ 2 NHIELHHEAT, 5~
THE A A ASE BAR ATy, e —F “Ehas” 1l
Z% o SCHR[ 1208 5 JE S 1F 19 28 R A A 1 2R 38
T3NS P2P A8 Gy i R TP AFAE I S U5 AR S5 4 DA KK
TR TE A I, SCHR[ 1314 T —Fh g w4945 58
Tz 5FH AR E LR —MEEL 3
RAREAETEZRI P2P 52 Sy L] . SR, ARYESE A
6 R AR B A CL T 3558 G 1 U A R R

W5t .

S P2P REER AL ) B (L 2E T BE U5 VH 44 AT S
PAKBRIZAT, B2 “BrbAl, BrRISIE” 1) “ XK~
H AR IIHE o) BB HE b 7 BB s sk, H AT,
Wt BRBCARR A 5y 2 E— 0080 e IR & SibHE
A L. 5Bl SBCAUEL, S ET
Hiisgp e B RGN, /808 5 s o Se s
Hbr o SCHR[14-15]12 FHXUZ R SEIL 7 DSO 5 H -
Z AMEeIR 5mac %, 12 DSO filEwttr, T2
FH e B e YR AN R AN 15 21847 5 . SCHR[16]19 &
FL R SO [ P SR b B kM, kR
5 9 R IRAS Sy A N 2 £ 2 ISR, |k
ABICERFE R T AL 5, BB AE KR 5 A 2
P2P e S . SCHR[17-181i Hl ADMM 73 Afi i
RIFHTT12:4 P2P WAL 5 HReIR A B4 &, B2
X7 AT R P E o 7 AR, L SE e
IR BIETIRAS . SCER[19 1 BRICAAN B B 6. P2P
TR RATHSE, XFP UF E I S H S A
TEREbRKHE, oS REARENIE. SCHk[20]i2
FAEA RSB HEAR T 838 S AL R =& P2P
LHWAT R E R, 82 HAE IR RS 2 i A
S AR, TR T RS SERP R P 2 S5k
PCAE. A X i bk FLR 28 5 (AR T AN 2 2 Ak
PUTE: 1) 1E “¥fi” IREM P2P ZHHHIT,
LR K3 AR Gl FE A g o, R
HT AL SR 2) RN ARRTAS, AR
B AE Gy AR (8] )RUBE B R ¢ R AR 34

TERRBERITTH, K ZHCCHRPIRAS 5 28 5 b
(YA AE 2 X6 G BT o0 BE IR Bk O 201 5 FL R FaAT SR S B
AR ZE, FHERF REIEERRIE R X R A
T I TR DA S AT = AR 1 R OB HE TS - SCHR[19]
BRI T P AT A BREE, A2
B A T S P ) P 3B HE R 7, R &
FSERRHECE L, T2 s R B HAT R
AR A bR A, T 13558 5 b o
JIEBRAT 9 o

Rk, ASCUAE XA FRT 5, LA T
WEAR, Wit T2 P2P B A S .
B, FET RGN A AR IR BB
R, 3R T A 2] B AR BRI A L R AR o ik
BT, T SN R A 5 (RIS AT
FR, Wit T e se g a6 B SO Re 8 R 5 ol
PR, BEA . B RS SR & AT



Bor, BEBL, x ut & EX N P2P B &S 5 T it 1343

f H AR P RS P2P A2 53 78, FRIER] 1 idp
MAFErE. R, ST HUBEMBRAC ARG R,
HET T A SN RE, R T ARAIEAR
FEURIER IS AL . i), Ed A6 1 AT
et T LI R X 25 AR R e T A Rt

1 HENDWEES

1.1 AEMELIE

X PN 22 f X P 3 58 R L 45 6 AR (photovoltaic,
PV). K AHL(wind turbine, WT). %8R 541
(micro-turbines, MT). ZEPErfifar. HAr, A
SEHL. MR SN I PR AR R, AR
ML 3 E il oA B A E . RVBOBIR
JI A Beta 7341, RHLHS 7k Weibull 73 A4fie N
T SN H AT A S &, e e r
AT FAEBRYRH 7T Presies FL8 SCNTIIN @ 1534 X
AP AERRURAE ¢ 2t T, KT Presa R EERE
N 1—oo TR Pres. #E47 HAT P2P 2 5, H 5K
715 Presic AUSECHIE 3l 5 Eg T it 47 28
Sr. BAGRE 1—afiie | P2P iR RS KT
12 RETAEE X

b X N N AN, BT 254 2UR] B AR
TR 2 PR AR AR AL GS, SR P Be 2 2 AR R LR
URAS, G i TE ¢ 2R A8 5 R ECATA
E, :Ecap,i,t tc., (PMI,i,t + Bgsio — P ) _cg,tPMT,i,t (D
Az Ecapie NI @ 75 ¢ B Z0 0106 53 TE 1) Bk FC 20
P AR £ LE ¢ I 20O IR AL 05 P
NP i AE ¢ IR AT ce ARLHLRGEIA PR
WA T co ARSI BRARBUR o — R UL,
Ce>Cato
1.3 B E S A

Tt FEL A A e P R A AR AN

maX(Rtotal,i,t ) =U, (PD,i,t ) +7, ([;,i,t —R. ) -

7B + R =Gy (R )+ ()

b,it
max ~CO min 7-CO
Py (Es,i,t - Eb,i,t ) -5 Eb,i,t + 0, Es,i,t

Ui,t (PD,i,t ) = ﬁ’i,tPD,i,t - ﬂi,t (PD,i,t )2 (3)
G, (PMT,i,t) =4q; (PMT,i,t )2 +b, R, +¢; “

Py, +P,, +PY° =R + PRES,i,t + R),i,z + Pb[,)iio Q)

D.,i,t S,i,t s,i,t  — TMT,it

E, +E =E, +E +E,  +

S,0,t b,i,t b,i,t cap,i,t

(6)

Ces (PMT,i,t + Resiv = Bo i ) —Co B

min max
PD,i,t = PD,i,t < PD,i,z (7)
max
0< PMT,i,t = PMT,i,t (8)

X A P2P WA 58 5 R s Psio FI Posis ) P2P
W ERERERGHEE; 2™ fl 2™ A DSO [
AR R A RO R R A
DSO =2 B[ & s I L & po o P2P i 1058 %)
WA s Esio A Ev.ie 79 P2P 37 AR B AN B &
P A ™ Ay b T T S AN SRR A E ., AT
Eyo, TR 5 E BT 3% 58 L 106 e Bk AT g ik
o Q)W max( )RR KRR 1 5
U AR BRI BUH R, nalG)FTR, A Rt
THP L, o TSGR L HG 5 2 T P2P
HLBERS Sy ais 56 3+ 26 4 T DSO %8 5 HLBEN
SCHRRE: 55 5 TUNBRS ML A s B, anal
DN, HP aiv biv o 3R IRIAEL. — IR
T 22 HOR R BT R B 55 6 TN P2P BRAE Sy WAL
557 RIS 8 TN 1 Bk T 358 5 b B A 1 < HY
Al e o () A HLRE LI . 3X(6) 9Bk e 401~ T
295 (T AE(8) 43 5l g FH B ¥ FE £ SRORIA e AL
HERE, Hop, B RS N Re R ME S iRk
: Riry, NERSEHLE IR K E .

2 WBATHIARE

2.1 MBEMIHEM

fel X Z 0 P2P TR & 58 5 T 3 4244 6]
1 7R o T T 5 FLAB TN 52 5 L RE AN B L AT,
AT LA DSO Al 25 sk 11 3% W) S 54 5 H g Ak
BCAT . B HAE 51 6 07 53 7E Sl 9 [0 326 25 i ) 1 ik
(1% L BB FH BT 20 (1) 28 5y I ks FHAE 5y 1o
2.2 ThintgEER

AR P2P Wi — N e d iy, MW
WAL T IBRRASET, AR G k2 AR R 21221,
HL—Bil & T 3 ¥ i 28 S X (2)—(10), i=1---N.

I B
b —— = Gl T
it | =SS/
i ilﬂﬂi"1 i |

Lol ! S

b MT | |

| N BB A5 G
3._.|_.1' o e N :

_______________ 1
B X 200 P2P H—BRAE A3 5 T A 48
Fig.1 Multi-microgrid P2P electricity-carbon coupling trading

market structure in the zone



1344 i LR AR

2023, 49(4)

ZPM Z it ©)
ZEb,i,t_ZEs,i,t (10)

Refre B, P, AR § 22 P2P T L
AR B Ey, ME,, 5 BN HIN i 76 P2P
Wiy ER s BB A E . A EARARER %
A AR HARAL ) R i S A i o

R (G)—(6), K(9)—(10)n] LAFRIRA:

Z(PDZT,i,t+PREStt PDIZ+PbDlSZO _ngzo) 0 (11

5 By + Cor (P + Presis = B )~ "

T\ o Barie + Evpr —Egir 12
23 Mt FEMIERR

Myt ZRMEA R ERAESIERZER
o PIBAAERI AN D HERSE5E AN
AN BRI 2) BRAECHL A7 AT B S AR
B AR s 3 A 5ERR R
W73 ] PR A B I . 22538 IO R 7E SR 2 [A]
AR P I B A

AN AERAN & Pumric A1 Poyi FIRAS 8. 24 Ppg
s, EA AR 2 N DU e I R K, &
IR, Pumiy 3 SRR IE B A, Py A
Poi; FAWA SRR G R, HEBAN RN %
HITT A A1

or

(50, %P g, O

p,

<0, <0
By OB, OB OBur.i
Py A1 Pois SIS IS R 2 EVE, TR
o’r,  oxm, _ Op, . Op, -0
o, R, R, R,
BT
athotal,i,t _ 2 P 82”[ 2 aﬂ-[
T Apn2 | “Fir Dt 52 -
af)D,l',l‘ aPD,i,t GPD,i,l
. 5 (13)
cc,tPD,i,t # —2Coy P <0
aPD,I',),‘ a])D,i,t
"Rt o'x, on
—8P;t “L=—2a;,+ By, Py d +28P L+
MT,i,t MT,it MT.,i,t
’p, op,
Cor = Cos ) Bariy ——+2(c., —c,. —<0
( t o ) t aPl\?l'[‘,i,l‘ ( t o ) aPMT,i,t
(14)

W & BR B Purig A1 Pogis I S /N F 0,
2 5535 1)K o A8 S 25 [A) 2 UM, g9 At 3 1l A7
TEPETSIIE

3 WEMIKMESRE

31 DHTKEREE
2 2R Al FR AT RS AT FR 1) 1R 24 SRR e Y
2R, BRI EIRE 20, T i s TR
RS —16)FR, FARKIKRAEIFE I A.
Ay =70, = Cou P,

B Sy (15)
it
. 7, —b +p(c., —c,
Ririi= [ 2ta( t gt) (16)

i

BT ARGLEMN S EgAimams s, PR
RO ESGRIELD, 0, RAD—(2)T LSS A

Z(PI\;T,I‘,: Pesie — P ):O (17)
Z(Ecap,i,l + Cet (Pl\tlT it + PRES it PD*,i,l ) - Cg,tPl\le,i,z ):0
(18)

R 2AS)— (LN Tl AT A5 FL AR AR A1 9«

o2 2ot (2
Zzz:ttj+cg’ct(z ](Z’:PRESHJ (19)
[ij [ zﬂ}](zEPtn

%(2s, {wﬂ]
oo o)
oo i)
T b o

2 (za)z)

x: ¢ =Coy —Cayo

LB p s Al AR, B A o PN AL KR, T DAIES Y
P2P 177 H) R BE V-7 it 2 PR BRSO AT i i 2, ]
2 fls. HBETHTZ A S BES I 2 P2P T
REPHTZIH, BRECAIT- sk B S RERSHEE P2P Ty
FOBRBCAI- 20, HAS el & i AR £
32 ERKEEEE

=2 foe il R A7 AR A7 BIR ) R 240 SR AN P E Y L 2

(20)



Bor, BEBL, x ut & EX N P2P B &S 5 T it 1345

W RN ERH LA, SR EAR M 72t
TToRME, SRR

D WEIERKE h=1, BBEYIHBN 2 F18)
BN o) -

2) BAHPIIRAE 7" A1 ol RGBT R, HsE
H e SIS B g R SIS H B AT C A

3) MWRAERQD—2) EHAL & A ERAf

O FH L RQ23), WAL 5); B[N, h=h+1,
REEEER 2D,

5) ZEIX P P2P A2 5y 1) L AR FL AR K
TR, WRRHERQy) AT AR A WX A P2P
A5 W R E AR O AT & N TRk, AR =X (25)
FTHE R ICHL .

”[hﬂ :”th +O_t(ZR:t _sz*lJ (21)
K b

pt=pl+06, (Z DY Ej (22)
b

s

7 -t <e
{dmpf<€ =
P =(BLEL) ZE,
E,, =(E.E.,)/ EEI,t B
B =(PLB,) 2R,
E, = (ELE;J ) / Zb:E;,, =

KA o A1 G 53 5N AN FBAN SR IR R A 2
e os WK, b NEK: P,ME;, NEK s 8
M G®EikE; B, M E,, HFLF b W E S Wk
B e NIR/NWIESG P, RE], il RsEs s 44
BAEE b R RIS, B, ME, /75N
SEF b RS2SR s WL r R BB AT i . SRSk
PE5 HT DB 3% B
4 BHloHh
41 BHHhgE

4 P2P B HEARA TIAHLE 33 T [l X N kAT I
R, HIRHEEHILE 3, RSN 24 he &M
BT et | W 1 3 A = W] I X
TR, BIEFERN 75%. HBMEABRBAIE T cer
WL 4, S FRRAEBUA T ¢ 9 0.51 kg/kWho
DSO #445 s A Bl g WIS 5. E Rkt b B
Hr#& 9 0.7 £5r/kg, MERANAE N 0.35 £57r/kg.

]

~’

R Y
B e 40 1 5
2 P2P ilp P th 4

Fig.2 P2P market equilibrium curve

18 19 20 21
égg (1] 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17
E ot
22 23 24 25 26 27 28 29 30 31 32
K3 e XA aify
Fig.3 Topology of the zone
1.2
H\—' 1 O_
S
B 0.8+
W=
-
K 5 0.6
B g4l
= J
0.2 1 1 1
0 6 12 18 24

ff [E)/h
B4 bR A T

Fig.4 Grid marginal carbon emission factor

42 P2P XGLERIELS

WE W5t AT X E o i

Wise 1 AEE P2P &2 Y, Tl #8 R Ae5 DSO.
RO ATZ S

st 2. [RIN%5E P2P HLREAT 5 AR AL 5) .

D Byt 2 BRGNS 5EoL, LAg
W 3.15.22 F1 31 A4 J /s B B AR L AAE 2 15 D o

P2P AZ Gy M A T2 T Sz R B A A AN SEE Ay
M2 %, ik s MK 6 Fis. B 7 A 8 JER
T R BRI AIL T P s AT A R . Ho,
P 3 F R 43 A AT AR R TR XL, S 22 R
B AU AR RRYR, oAt 2 MO IR 43 A 2 URT
AR IR . TR RHLH 280K, 1 3 s,



1346 m HUEROAR 2023, 49(4)
25 o~ Pyr Py 0 Prgs
o | 75 Dsofaaf PSR \DSOW®  OP2PWE DSOfH  oP2Pfi
E 100
o 0A00esd]
& B oF
—B
iII||||||||||!!!
K5 felimsmn 100}
Fig.5 Electricity price of coupled market BTltﬂ /h
(a) M3
1.0 = 7N Pyr " Py B Prgs
S Wl B A Lzl “DSOWyH OP2PMH ~DSOfH oP2PEH
o o8k F G A 80
2 oo 6-g-0-0-0-0-6-0-0 60F =k
<R O.GM o I I.
,H.K F
= z 20 ‘ IB
ﬁ 0-4r 5 O—HHHWQEH IEEHE:
6 . , . R -20- I
0 6 12 18 24 —40-
fif i)/h gl ol L
6 HE TR e
0 3 6 9 18 21 24
Fig.6 Carbon price of coupled market FiF [8]/h
(b) W15
AV 44 T S IR B A, 75 S - T ——
HRIA L Eg N, Dk ok, B N
15 F1 31 A7 AT B—TAR & 28 5 o 20¢ HHD
Gits PP MR RARAET 5 10 QQH
HRIEATLE AT, 24 POP BRSO TR IR % lgw |II W
KABARS, 17 X T AR MR LS L REERECE, 4 Ll
P2P 52 Gy A AT A Ak BR i S IMEL AR, [l [X 298] -30F
ARSI AMIESS, 24 P2P A8 G T s T
IKEFI%IJZIEUHT LI P2P 22 S IEAFEIX Py 4 (c%ggz
By RSB R T A FIN ZIAER R . . ey ar,
2) Kbl 2 Pl I X AU S A R Stk HE R g DSOMst_P2PlyH DSOU i mP2Pesl
HARxE R 1 AE 9 4 RT 4, mTEeT b 8o} '
AT TN B Gt R FIAT 9, P2P 4253 e i Dﬂzigaﬂﬂﬂ
RN X Y G . POP A2 S E 1S BRI 2 o HHHHH
mrEb, € nRs s, 5 ofieeesy |W
it 2 U
P2P ZZ S NAE BEA, DRIkt tar B, L7 A= i) 2 -
BB e I, U KA, 5 P2P AT 2
L5, BN R RERIH B SRS R Ek ) R (d) BLm31

V) PR A2 BT K, BRSO i, EAT P2P A2 )
Ja s GO AT A A Rl 22 A (e AR EBEAT Ik RE, B
HEBCE S K. AR R 1 T, A TTIAN P2P A2
DyFESRTT 22T 2t 1) (RN B % P IR AR S

K7 B s Z T 4 R

Fig.7 Microgrid electricity transaction balance

43 TREEIZHERIEL

FBCE W NS L7 A P2P 33 ) KIRCR «



B, BER, X, % WIX RN P2P H-BAl A 50 S T it 1347

] Eca EMT ™ ED
il o PPN BRI

8 Epgs

Wtk o P2PEmHR

140
120
100

80

40
20

R /kW

-20
-40
-60
-80
-100

T | IR l LI L L T

= H|||!||||

Q@aaa

ff [&]/h
(a) M3

= Eca EMT
« Wi o P2PI: /wm

a8 Eyg
S DPQP%E*E

100F

5_

50+

I R/kW
=) &>
i}
(|
|
(il
0
no
3
(TR
(D—T
(—T
[
[D—

E
O 9 12 15 18 21 24
i [&)/h
(b) T M15
B E Eyir = By @ Eggs
i © BT O PP - BRTIAER © POPER
5
40F
30
e 20 UUHHD
<10 D
# S—WWWii II Hli
_1 -
_20_
_30_
B R ' 518 21 24
i [8]/h
(c) THm22
L Eyr @ Eggs
« BTN © P2PIR: /wm%%prw%w
100F
80F
60 D
z nudpuEetEseng
L dgge--sf 'c
). D
_40_
_60_
B N
Fn‘lsﬂ/h
(d) B R31

K8 TR 5Tt

4R

Fig.8 Microgrid carbon transaction balance

Yy 3. [FIRF RS P2P HREAS

DRBRAE 5 H]

ﬁ‘ﬁﬁ@ﬂﬁﬁ@ﬂ%ﬁ&ﬁjﬂ%m 2 1) 50%.

1 XA R SRR RS R Bl
Table 1 Comparison of total income and system carbon

emission of the zone

Bk WK 24 h s B ke
1 17 641.35 28 852.15
2 19317.43 26 968.95
3000 5— GRI —o— &
2500
%‘)2000
2 1500
=
#1000

500

K9 RGURHIOT L

Fig.9 Comparison of system carbon emission

Yt 4: KR8 P2P HIRERZ S o

XPEG 2—4 35T I XS B R R Sk HERL
Wk 2 iz .

GEAR2TITLEH, #E P2P B ) 5 AR
T —EMETE, (20— DR i X 1k
Heil. BEEWIMEBRBCATIFRAC, B2 Z 0 R SibrtE
TR B AR P A /' FH B R S 2
44 THEMX R ZLE RSN

Bl 10 R T ANFE oA =0T B AR e R B A5
FEXT P2P 28 5y B M B A (U520 o il B4 P 11 3
b, SNAT TR, TR, Aiis5
P2P %2 5 4 A o] B AR REJR SRR, S 8-
Wb G I BRI R TR, B R 2 &S
4.5 ERSKERUEUE DA

HEUA R 2 T 9 h A1 18 h, 2 Hrik Ak ik
SMk. 9 h B, P2P HL-BAE 5 YR B A& 14 T
18 h i), HLMRIEBIMAZAT, BT EIR
ibo 2 PR oA A TS

5 ZEig

AR SCEE R X1 37128 %8 AR R 78 93 25 RE Ak
DRUZR (IR, et 17 el X 2 ol ] T ) i i i B 5
SHEWA G NG T, BT 4%

1) P2P BEEAZ 5 A By BATIAR AL S » K502 5
& RIRERAL S, REHE— D248 F P MBRHETEE /75
PR (K RESEA 5 2, B P R HERL 9
" HARRSEBLR AL T A RR R



1348 e B R 2023, 49(4)
2l X e R SR HE U X b £
=
Table 2 Comparison of total income and system carbon E
emission of the zone @
Bkt X 24h B/t X BHE Bk =
2 19317.43 26 968.95 & 20 0 20
3 19 199.73 26 859.95 A U
4 19 329.74 27378.86 (a) H Y Sl ih 28
T, 07F
~ 10 5%  —5— 85% 95% ; 0.6F
% 8 - ”—H‘BM H\ﬁ %o
& o P g 0.4F | |
w4 0-3 20 40 80
¥ ot IE AR HL
S . . . (b) B W 24
0 6 12 18 24
B /b B 12 SRR BRI R WSkt 26 (18 h)
(a) A Fig.12 Price convergence curve of distributed algorithm
s 5% —o— 85% 95% (18 h)
2; 0.6
#® ol L E S el X i (SRR AS  [RI I, SRR HY
: BAE 5 BT R R T3 1 54
02, : = - ), 3) PO B TR 8 7 4 2 Y
(ii %hq i AN BEFEEL 51 R 1] 43475 20 mT P AR R U I B A
4 AU, 2 N D PRy N A
BN RS, AR ISR RIS 122 5 is 47
10 AFEIEFE T P2P &2 5 B FIERAN

Fig.10 Electricity and carbon price of coupled market under

©
=3

Hr #%/(3 53 kWh™")
(= J= N e
R &

different confidence levels

o 100 20 30 20
AR
(a) B W Sl ith 28
e 0.65
< 0.60F
e 0.55F
& 0.50f
€ 0.45 : : '
0 100 200 300 400
ISR H
(b) B Wi S Hh 25
BTT SRR SR AN A U St £8(9 h)
Fig.11 Price convergence curve of distributed algorithm

2) f£ P2P T, AR SR X P H RE AT
A BERRE SR B &M, Rkt —b
WO G M RIETE s SEif 2240 ) P2P A2 Sty

(9Oh)

Hefih

4) 5k, BRI IEA T ES
MMANTBRIZEIE S, R T HPBREFA.

EfEE Tt B, et AR IR
Z5 P2P 5 Y, rirhiise F AR M Bl & ot
WAL R Hk, R RS2 %R
[ 1118 (conditional value at risk, CVaR)%5Jj7id:it—
WA E T R T AR ffa, HAET
SRR R LR A Re IR M T, X 2 BEYE— R
BRI .

B =5 LA 1] o 8 i (http://hve.epri.sgec.com.cn) o

S22 #k References

(11 Fe2t8, BEre, 2 5, % TP 5 R SR R 2 5k
M EIEBITILLRIE]. FHRESOR, 2022, 48(7): 2573-2583.
QIAO Xuebo, YANG Zhixiang, LI Yong, et al. Optimization strategy
for cooperative operation of multi-microgrids considering two-level
carbon trading and demand response[J]. High Voltage Engineering,
2022, 48(7): 2573-2583.

(2] &, BokE, B R, % WA £ X Sk Ee

REFEMRID]. mEERAR, 2022, 48(7): 2534-2544.
LI Xiaozhu, CHEN Laijun, YIN Jun, et al. Capacity planning of mul-
tiple parks shared hydrogen energy storage system for low-carbon
energy supply[J]. High Voltage Engineering, 2022, 48(7): 2534-2544.

[3] DYNGE M F, DEL GRANADO P, HASHEMIPOUR N, et al. Impact



=, EEHL X

dh, A X2 P2P HL-BRAR 55 B T it

1349

(4]

(5]

(6]

(7]

(8]

(]

(10]

(1]

(12]

(13]

[14]

(15]

of local electricity markets and peer-to-peer trading on low-voltage
grid operations[J]. Applied Energy, 2021, 301: 117404.

WEI C, SHEN Z Z, XIAO D L, et al. An optimal scheduling strategy
for peer-to-peer trading in interconnected microgrids based on RO and
Nash bargaining[J]. Applied Energy, 2021, 295: 117024.

LYU C, JIAY W, XU Z. Fully decentralized peer-to-peer energy shar-
ing framework for smart buildings with local battery system and
aggregated electric vehicles[J]. Applied Energy, 2021, 299: 117243.
R, O IR, S IR RERE X 2 E RE R E
X EERITY(P2PYE B S IRALIEITI]. RIMBER, 2020, 44(1): 52-60.
WU Jiechen, AI Xin, HU Junjie, et al. Peer-to-peer modeling and op-
timal operation for prosumer energy management in intelligent
community[J]. Power System Technology, 2020, 44(1): 52-60.

ZHOU Y, WU J Z, LONG C. Evaluation of peer-to-peer energy shar-
ing mechanisms based on a multiagent simulation framework[J].
Applied Energy, 2018, 222: 993-1022.

BSLH, B OER, THESE. RN RIERE S LB R 5
SEMEARALLT]. FOIRGAEL, 2020, 44(24): 77-88.

HUANG Xianchao, FENG Yu, DING Zhaohao. Design of multi-time
scale trading mechanism and trading strategy optimization for multiple
microgrids[J]. Automation of Electric Power Systems, 2020, 44(24):
77-88.

CINTUGLU M H, MARTIN H, MOHAMMED O A. Real-time im-
plementation of multiagent-based game theory reverse auction model
for microgrid market operation[J]. IEEE Transactions on Smart Grid,
2015, 6(2): 1064-1072.

WANG Z B, YU XD, MU YF, et al. A distributed peer-to-peer energy
transaction method for diversified prosumers in Urban Community
Microgrid System[J]. Applied Energy, 2020, 260: 114327.

mLLY, sk L xR T, S5 HIEEZ N E ZE AR IE KL X
R4 P2P GBI BT[], T E Rk, 2022, 42(4):
1455-1469.

GAO Hongjun, ZHANG Fan, LIU Junyong, et al. Design of P2P
transaction mechanism considering differentiation characteristics of
multiple prosumers in community microgrid system[J]. Proceedings of
the CSEE, 2022, 42(4): 1455-1469.

PAUDEL A, CHAUDHARI K, CHAO Long, et al. Peer-to-peer energy
trading in a prosumer-based community microgrid: a game-theoretic
model[J]. IEEE Transactions on Industrial Electronics, 2019, 66(8):
6087-6097.

GE S Y, LI J F, HE X T, et al. Joint energy market design for local
integrated energy system service procurement considering demand
flexibility[J]. Applied Energy, 2021, 297: 117060.

HUANG Y J, WANG Y D, LIU N. Low-carbon economic dispatch and
energy sharing method of multiple integrated energy systems from the
perspective of system of systems[J]. Energy, 2022, 244: 122717.
MARTELLI E, FRESCHINI M, ZATTI M. Optimization of renewable
energy subsidy and carbon tax for multi energy systems using bilevel
programming[J]. Applied Energy, 2020, 267: 115089.

(16]

(17]

(18]

(19]

(20]

(21]

(22]

HUA W Q, JIANG J, SUN H J, et al. Consumer-centric decarboniza-
tion framework using Stackelberg game and Blockchain[J]. Applied
Energy, 2022, 309: 118384.

YAN M Y, SHAHIDEHPOUR M, ALABDULWAHAB A, et al.
Blockchain for transacting energy and carbon allowance in networked
microgrids[J]. IEEE Transactions on Smart Grid, 2021, 12(6):
4702-4714.

YANG L F, LUO J Y, XU Y, et al. A distributed dual consensus
ADMM based on partition for DC-DOPF with carbon emission trad-
ing[J]. IEEE Transactions on Industrial Informatics, 2020, 16(3):
1858-1872.

HUA W Q, JIANG J, SUN H J, et al. A blockchain based peer-to-peer
trading framework integrating energy and carbon markets[J]. Applied
Energy, 2020, 279: 115539.

CHEN S, CONEJO A, WEI Z N. Conjectural-variations equilibria in
electricity, natural-gas, and carbon-emission markets[J]. IEEE Trans-
actions on Power Systems, 2021, 36(5): 4161-4171.

YAN M Y, SHAHIDEHPOUR M, PAASO A, et al. Distribution net-
work-constrained optimization of Peer-to-Peer transactive energy
trading among multi-microgrids[J]. IEEE Transactions on Smart Grid,
2021, 12(2): 1033-1047.

SURA, BRI, RweP, S 30T FE X R G v ae B2
BORTTRIVR G R[], WHERAR, 2022, 48(7): 2453-2468.
JIA Hongjie, WANG Zibo, YU Xiaodan, et al. State-of-the-art analysis
and perspectives for peer-to-peer energy trading technology in urban
community microgrid system[J]. High Voltage Engineering, 2022,
48(7): 2453-2468.

BLR

1964—, 5, i, ¥R, #HF
FENFIRAT RS REML . B RGEMNAIZ
TSt TS s T R AT AR

E-mail: syge@tju.edu.cn

GE Shaoyun

Ph.D., Professor

WeRTE T 2022-06-13  WIZgHRR H ] 2022-10-20

X HCEEEE)

1979—, 5, flid, #Hix, W
FENFEH RGN HHT 5RET. 24K
REUR/ BRI AN S UL ICE . SR R
P BRI 5 70 R DXl P 45 A
VR G H A A 5 FURAE AT 75 T R 2 AR
E-mail: livhong@tju.edu.cn

LIU Hong
Ph.D., Professor

Corresponding author

Gt kR



Bk A
T i 3247 Y ERRL AT fai Ak g -
max (Rtotal,i,t) =U, (PD,i,t ) +rF,-C, (PMT,i,t ) +pE

thit it

(A1)
PD,i,t + Pi,z = PMT,i,t + PRES,i,t (A2)

Ez’,t = Ecap,i,t + Ce (PMT,i,t + PRES,i,t - PD,i,t ) - Cg,tPMT,i,t
(A3)

e P Al B R 09 (100 B i B A BR G AR
2 Py A Eg KT 0 I, ARSRAN 1 M A5 H REAT Tk
BEA, 24 Pu M Eig /T O I, AR S L BEAT
BRECAT. DRI, fafl ) RO @ da AT IR AR Oy —
NELARMRACT R, HH bR EE e A\
I E A bR Ot DR SRR R — B I 3 0 0 SRAS TR AR
BRI, B B AT IS

Mk B

AR AR TTVENC SR R B AT DRSS 3.1 1960
I SRAAE TR RS

(1) 7E 3.1 [ &, P2P Tz TH1ii7 h £ i Ji
S 2 P . SRR R S R R 72 18]
2 IR, AR A AT EAR AT DU I AR
Mo TEMHTHAE T, P2P T3 1 H AR ABRTC AR ) £
KK ZF LA HEAAR], WE Bl Prox. HAEEHHIT
WP e B s ARRZ A S I BEROT A
LV EIXIK, iZAZ G PN TR, %A 5 T )
IR RAZIFIR AR TR AR iDL T XK, %
A2 Gy e b BEK T 3K, 1238 5 7 b RO R 24
PR K RTE P2P A T PO A% F 2 a0 ] B-2
Fos, s AT A g EO7 R — mi, Redt
AT, TR, BRECATSL TR, BRI
BEAR, B AT R A2 RT AR . 73 AT JE TR,
AR AL T B AR AL RMERRIR % T,

A

TR
1t i i
ek TR
ik 17

> P
KBl fRKADHTIE
Fig.B1 Supply and demand analysis

AN

B B
N e F
Tk L A0 1
K B2 P2P itk K R4
Fig.B2 Analysis of supply and demand in P2P Market

W IR A A 2 170 5 s AR LS
PRI, R ERAIE B RE T S5 BT 2% B
HIXSALE, BRI AR BRI St

$ 3 X(18)-(19) A (Q0)-2D JE AT 15—t — Ik
Ji TR :

L 1 Cor — cg,z Ce_,t

Z[zai " 25, Jﬂt " ZI:( 2a, ' 25 th '
b. /11.

Z(PRES,i,t ) - 2(2_;] + JZO

i i Zﬂi,t

2
2
C,, —C C (C e C ,t) C
z e,t gt + e,t : + Z c g + e,t ) +
7 2a, 28, 7 2a, 28,

b, A
Cet (PRES,i,t ) - Z((Ce,t ~ Gy )Z e j] ’
it

i i

z Ecap,i,t = O

i

(B
BRI AL «

2
¢, —¢ c, (ce,t B cg,t) cez,t
Z{Jm&”dél 2{ 2, 2p,
; ; ) ") (B2)

Z 1 + 1 Z Ce,t_cg,t " Ces
T\ 2a, 2B, - 2a, 28,

HA, FE ST 167 55 Tk ST 10 7 4 L 6 1 X Ao L
Kl B2 frr, B ATE Bk AR AR 7 V2 e S «

KA B2 AT 15

¢, >0 (B3)

HH I, IEARSR AT 1 U SRR IE

(2) 4 3.1 JT BB I A AN 2 N, 43 9 BL
NP A BT IEARSKR MR O v B S

O % B H P Re I IE [ 29 AR S ALY
RS, BEETSN:




ﬂ’i,l -, = ce,tpl

Lo 2 Cedt s poo
D.it
I 25,
pPo— ﬂ'i,t 7% = CetPr ymin < ﬂ'i,t =7 = Co Py < pmax
D,i,t — 7 D,i,t — 7 =+ D,it
ey ey
min
PD,i,t ﬂ“i,t -7 = ce,tpt Pmin
2 < D,it
oy
(B4)
7T, —b+pc
max t 1 -t max
Rt > Puris
2a,
* — ﬂ-t _bi+ptct ”t _bi+ptct max
PMT,i,t - 0< < PMT,i,t
2a, 2a,
0 ”t_bi+ptct<0
2a,
(B3)

ERORERGFE 2 FHEES WL
B, ERRGXA, P, M By, AR, AT
157 W 2 R B AT A B 2k R . Sk F B, A
Py, REFELRIT, DRI Fh B 70 2 O 40
12k =TI ORI 474, W B3 R, i
AR AR, SR P2P I A T
ML AT AT B B2k, PR AT 2R 78 AL AR
A 1

FIRERRAE — 7 O AT 4 (X R, e
EAIE W5 PR 7V OB

(@24 [F] B 4 £ 2k EB 4 B R 1 £ 20 5 L P
PR Rl 098 L2 SRR AR WL 2 S BRAES £
A REAETE BN 5 L TR S, AR B3
FOBER b I EA s 2 B TT 2 1T 0 0, 1
B4 . 4T (e 2k B R T 2 ke 23k

S Fi AR 5% 2 T LS BT 00 s 240 50 T 0 £
Y. LA T Ml R T 2% 5 e 2 ok
FRUREL S B R ASH  F) 24  2 50 A B 14
I B4 B, T AP IR AE . B
SERTEM IR, W BS . HALAIBE
BHEENH FEANTRI, 0k P, TheS T
BB LR R OB AR AL, I AL B AT,
BT A S, AT, MR, BRI
Fsk, BT R ST TR SRR

FH HE P 17
B Tic 40 1 5
K B3 P2P Tiig P h 2k

Fig.B3 P2P market equilibrium curve

B0
BRAF i
BIB4 HHIELRF P2P i T

Fig.B4 P2P market equilibrium curve under price constraint

A
S 11731 44 8 5
iy A\
A TB 1|
4 |
S pa PN B
mlm pmax = p
B LA

BIBS 2 AN tirts BRI A 52 ri g oL T sk 2 pr
Fig.B5 Convergence analysis of curve and price limit with

intersection

i, AT R I, TR, B
FIEPIE PR BT B R, i QAR
ME, BINAZ, HREAUNTR, BT, HE
15 B P P4 e At 3 S AR AT R SRABL K R kAT
IR BT . BEAh, AEEAIIR AR 2 P fS
BT S R B

LR PR, IEACRME IR A AR




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


