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Fig.4 Energy trading curves between distributed agents



%9

Wk B AT ARG Mg B oA 2 FEANT 22 By REVRASE Y D

F 5 7F HL B I 1 3 R A s B (A 10:00— 15:00) , 32
ReAE A BRI, AEAE o A 28 AR 3 N A X F Ak 11
H ) A1 3 R 2 B LA O

S5 R T 45 E AR 53905k 2 Fh 31 R BI0E 20k
TR B0 AR Z [ 58 By Hth o ml UL HLAR AR fb s
S5 R ) E Y PR — B, B b Sl T LSS O
1E 03:00— 05:00 i} B H BLAZ S B Afr 25 5 14 S IR A g
SEAEZIT BT oK A /N R B AR 4 B AR LA M /N, 7E
10:00 — 15:00 A Bt 4 3032 55 L 22 57 1) Dt PR 5 2K
R R B EB o ARBELAAR /N . 5B B s A
[F] 5 1) s 25 i) L ) 0 85 L 0 46 X i), G2 5 ] B
H 4 A BRI 5 B A Bt P s Y

B iy Bt
(a) $ip%0EA 1 (b) FileRopA 2
O AT 1, @ afaEk 2, @ madik3
Bs JBomEHERBMN
Fig.5 Electricity price of distributed agents

HRALFEL S TT 1L B, 4 VAR P 2 57 RO ¢
S 758 59 9300 P 15 6 0 2 A R — B
L A 5 B S A R A — B (L5 R MO 2% 2 19
S PR HL KT B TS OB R 1. BLE R A SR
D AN B HL A L 93 24 2 DN 2 5 4 L
B % HE AR B S ) 1R O 2% 1 B S 0
LRI ST 1R A0 2% 2 Bl A5 A A5 vt
3.

H P B T 2 1 e A A2 Al £ )
6 7. T UL ST B BOT 28 1IN, B Pk 8 i
TS .t BR 2 40 B 9 58 PR Tl
e PR il 1B A B AR O 5 B B A A 1 1
R, HIFE 6(b) T L, 5% 2% B RS I N
LT N o), LG w0, 75 E R B R 2

= 0.04 ¢ 7015 ¢
N N
- > 010 f
= 00 | £=
=z 2005}
R o0 =20
40t 250
= =
- -~
N AN
5207 s 1257
E= E=
0 0
90 180 15 30
BARUEL BARIEL

(a) HileREOE 1 (b) FiREIEA 2
Blo WERFZSBMEETHME

Fig.6 Curves of variation of power tolerance and

electricity price tolerance

IAE G A R 2= 5 W .
42 HHMZSHEXHII LS

LU 3R Gy i AT 0 LA, S5 R ik 1
Jis o BT, 2% 0 A 2 R o e 0 R AT H RE
SCH., BN AT, FARETEAL S GIRT 4% 53 A
AR L W 52 B AR BRI ), 2% A 21 73 T ]
JE A2, TR O3 A 2 AR LA S AR 25 Fe ft
Frferh il , BRNE ST IRZ 58 fe, jI
L ge g B b A AL, ToR £ o O B 3, AR ST
PEI A A T RRIEAE R, & IR Z R AE R 45 43 T

x1 AEZSEAXITEE
Table 1 Comparison among different trading models

B PRI AR /KW A IR / kW R /oG

1 69993.917 6562.770 34499.760
2 64174.549 0 33918.228
3 62908.019 554.135 33946.985

P28 1], 3T R T e B B Bl AN IR
T AR R 2 0 25X 3, A AE S5 I AR IR B b,
R ARG 5 X 71 P BB 5C &), AR 485X 1 T 5 S
BRI L 2% R . o HE 3 Fh Az By A m] A
55 v W i )y R 58 B DA R AR ) H B FH 2 A K 5 AR
2 P RE AR AR e A 5 AR SCRT 4R A S 2 3 5 v ) 1 L R
& H R/ e i T A RE ) sk, 7 PR IE H ]
5\ 521U R R A 38 2 51 50R 35 43 il ok
S iAo BRI 25 R
43 HHREEEEEREE RIS

ANTE] )51 PRBOE 205 e T 45 FE A1 Hofth 2 44
B PR AT o % 58 3.2 75 BTk 2 A i ek B0 20 B
[Fwas, 340 A s BRI 2°= 64 PSR MG 465 0 X
JI A R LA HEA T 7, 4 R 4.2 715 1) 3 B 32 ) A
KT E 158 3R R G0 S 2% DL &
FARGH M A TR 2Z AL nE 7R . HE 7(a)
LA FEFT A SRIG LA, AR X b S v 2% TS
AR AR IE 7(b) | (o) T, 2 T A7 SR
AT, LI 4 10 F T 3R AT Re AR R 7E S AR,
BB MR AR AR 5220 AR
HATEAT, A 20 3 AR AR 5 H I 2 ] 7 00 H T
& BRI — RS .

e R 1 e 2 25 P RAEAE 45 A s IR
] B 1) 25 20 EC , R FRIS b, 3558 S B T Ha )
W5 L 22 (RIS, T 37 3L S2 0 SR A2 20 R . I,
P 8 4 Skt b T4 1 43 A =X F A LA F o g HL %%
1) i P B, (R X 1) AN 1R 40 A 28 SRR L e
PR B FL 5% FH o) rL P B L (B 1) 2 B 2

8 (a) H 43 A 2 A 1 ACHR 4321 A WAL 25 Ak 45
3 la DA b 2Z 8], #5550 0 AR F AL 1a 9 R
PR A7 X F2 A 1R ST sR B0 20 1 Ui ik 1
IR R . I S(h) i A B 2 T A 4G



@ L/ AR {7 G-

F41%

(a) EIgH e

moo OOO feeraneter
0 10 20 30 40 50 60 70
il
(b) Moy

N T oMmealneterersrantoys)

10 20 30 40 50 60 70
e
(c) Hri
------- Bal1, — B2, o #il3

B7 FAERBASToHXEEEEER
Fig.7 Overall situation of distributed agents under

all strategy combinations

2000 R .
12 ooOoooo%OUOoooououoooooo U0o00
:Eg 1750 00000000 00000000
if— 00000000

1500 leeoooooo=; i n n i )
0 10 20 30 40 50 60 70

At
(a) oA ER

o 0o ©
IR OOOOOOOOOOO@ ©520°%00400%000°%0%%0%0
ﬂ?E - 1.6 ooooooo0000000000000000000000
e
-1.70 3 : ' ' ' : '
10 20 30 40 50 60 70
R
(b) 3R 2
~1.90
IS 90 Oood?oQde
= b o o
N -1.92 R TP o e U oD L
JE 0000000@0%@0000
T 194 : : : : : : :
0 10 20 30 40 50 60 70

g
(¢) AT 1A 3
-------- MK 1a, — M 2b, o #iA 3

B8 FARMASTHHXEEFESE
Fig.8 Distribution of interests of distributed agents
under all strategy combinations

Wogd i T L R B 2 Bl ss . B8 (e)Hh
oA R 3 M 2 A s v TR 1 B A IR
it IR T L 4 R e i B A X F2 443 AL
P 4 T Pl ) A L 2 3K B BRAEL, sk Iof 3 A =X 4 3 %
TA M oy ) RO WIPERY , AR ) e 4 58 5

HL A v DN R A L LA o SRy R T A X 2 A
3 5 A2 B )%k 2500 kW, HEAE A 5 g 21
AR s WRFESE D E DL, AHEE TR 8 (e) , Hogk 26
) 5 Wt 2 5 B DL SR 25 Y A BT Tt . X 62
5 R (A3 A 2 AR 160 =X 3 R 2 2R FH T R IO
32, %5430 2 34 3 R ST R OB 15 0 A X FE 4
2% 43 A 2 AR 1R 3 ¥R T R BOE L 2 70 A X
FAR 3 XA AR L A2 R S R BOE R DA
G BT R 3 SN B AN e
PR IR R ok,

ZEA I 7.8 AT AHIAE AN G2 FH 3.2 19 T B A O s 4]
A R EZ T A a s . Wik,
ASCHTEE T 2 Gy BeIRALH T, A E T A 3 A =X AR
WIRRR 25 )

FAE T A T 20N 4040 2T 5 AR R i ) 25
O3 BE, F RS TR HAD S AR R H AR ATC 7] PR
BV AT AL A a0, AR 2° =8 Fhal A IB 2, 43
W11 /112 /121 /122 /211 /212 /221 / 222(#%
AR EAR 1 —3 BT HES, 1 111 2R 345340
HEAX ARG MR RS REBOE A 1) .

T2 T 45 BRI FSR IS 41 A I 25
ol 25 R AR FRIZ AR T 9 FORAS W ss o I
EREERE . B XA X 3K 1, R A ATC 3 6R
BB 21 R AIES = T ATC ST s BOE 28 1, HR A
Al g X E R LRSS 7, Bl Tk
Xy A AR 2 3, VB AT KT, R AR ATC 1}
PRFIOE 27 R A R 25 43 e 45 R A2 SR T Ho At 43 A =0 3
A B 5 s DL R T 7 /N 3R B T SR, 2 F T e
BOL AN B ES o

®2 ETATCHIRBASHH
Table 2 Strategy combination analysis based on ATC
dif Ml AR R ER L S ERS R

A Pl /on WEs /ot WEE /ot WER /ot IR
111 33946985 1527.702  -16329.184 -19145.504 167
112 33940.282 1595484  -16171.500 -19034.992 166
121 33953.261 1529.286  -16309.083 -19173.465 166
122 33695.326 1584.075  -16501.895 -19097.367 86
211 33970.437 1785.119  -16496.144 -19259.412 64
212 33954.051 1923.520 -16668.992 -19208.579 90
221 33973229 1785229 -16473.629 -19284.829 64
222 33961.067 1938.713  -16656.274 -19243.505 30

5 4ig

ARSCHTF ATC B+ T 1 1) 4 A X AR AT 38
Sy ReIRBER 255 2T A by I R Gk iz 1T 4,
JATC RIEVETE RGBT IR B L B0, Ot
g AR AR X BRI ALz AT

D EESE T AR AEHLAL DBk 23 18 6 oy 45 4
A ERYHEOTRAER, HE—P b, 3T ATC 2
W, T ) A7 X AR A T A2 ) RE RS A



%9

Wk B AT ARG Mg B oA 2 FEANT 22 By REVRASE Y 63

)X E T 328 Z T 43 A = 3 A AR TR i b
TH A DL L By A = 3 0 B AS | 75 AR ST
D7 AR R W 5 AR TEAT A 0 [R] B RS 5 - 52
PR HLTE AN , DR SR 2 et

3) @ BT T 2 Fl ATC S BRI EOE 2, 34
A3 A X B B RIEH AT, oA 2 B AR AR R
25 A BT A R 25 4 B, 26 B o3 A 2 B IR R A% 25
o 5 v ) T A8 BT RIS R 58 2) R 25 o B4
ke H AT, W ATC B9 R 35 M 7EA ORI 32 5 fig
PEHLA T HA A i o, FH 5

4) AR AR B FHATC B 347 L5 R 4
Jai P WA S5 %A, T AR SCRT 58 5 BR IR ML 1 75 O
WS AEAE Sh A T AR Y AT BEME o BEAh, 2538 2) |
3) I AE— LSS, 532 BT 0 A X F AR i 46 75 DT
BB A 2R .

P e LA P 25 5 (http: / www.epae.cn)
S E X HK:

[0 ] ABmamg, EH, E R, 55 50 A= JC L s AT XU A5

W R WIUR1T ). B0 A S s, 2021,41(1):27-37.
HAO Lili, WANG Hui, WANG Guodong, et al. Influence fac-
tor tracing of operation risk for distribution network with dis-
tributed generations[J]. Electric Power Automation Equipment,
2021,41(1):27-37.

[2] ERLWRIRE, KT 55. SCIBAE S AE R IR & N
AT S5 REL ] FMEA,2019,43(5) :1575-1585.
WANG Yi, CHEN Qixin, ZHANG Ning, et al. Fusion of the
5G communication and the ubiquitous electric Internet of
Things: application analysis and research prospects[J]. Power
System Technology,2019,43(5):1575-1585.

[ 3] ARAR, ke, SR A5 0k i li 5 b se S AL 40 A

SEW] RS A, 2019,43(4):1-8.
LIN Li,XU Bingqian, WANG Haohuai. Analysis and recommen-
dations of typical market-based distributed generation trading
mechanisms[ J]. Automation of Electric Power Systems, 2019,
43(4):1-8.

(4] B ds, Lol MRBEE, 55 1 i 20 s AR o) 22 5 AR TR &

G AR ZR IR DL BTSRRI ] RS A EME, 2018,
42(3):113-120.
CHEN Qixin, WANG Kedao, CHEN Sijie,et al. Transactive
energy system for disributed agents: archtecture, mechnism de-
sign and key technologie[J]. Automation of Electric Power
Systems,2018,42(3) : 113-120.

[ 5] MASSIELLO R. Transactive energy:the hot topic in the in-
dustry guest editorial[J]. TEEE Power & Energy Magazine,
2016,14(3):14-16.

[ 6] Zls RIMWA, LA, & . JET DM B M 128 B8 14 43 i X

RER & ARl o B ML (D). W A Sk BE 4%, 2019,39(1)
134-140.
QIN Ting, LIU Huaidong, WANG Jingqiao, et al. Profit alloca-
tion model of cooperative distributed energy resources based on
bargaining game theory[J]. Electric Power Automation Equip-
ment,2019,39(1) : 134-140.

[7] LIU W,ZHAN J,CHUNG C Y. A novel transactive energy
control mechanism for collaborative networked mi(:r()grids[ﬂ.

IEEE Transactions on Power Systems,2019,34(3):2048-2060.

[ 8] FENG C,WEN F,YOU S,et al. Coalitional game-based tran-
saclive energy management in local energy communities[]].
IEEE Transactions on Power Systems,2020,35(3):1729-1740.

[ 9] RAUR, IR, WIS, 55 T ) B RE bl DX 227 5 5 A it A LG

AFBER (P2P) AL I k12 47 [J]. IR, 2020, 44 (1) -
52-60.
WU lJiechen, Al Xin, HU Junjie, et al. Peer-to-peer modeling
and optimal operation for prosumer energy management in in-
telligent community[J]. Power System Technology,2020,44(1):
52-60.

[10] ZFHEAS . e 16 A3 2 BE IR U 10 22 oy s I 42 i Oy i
[D]. i 2R, 2018.

JI Minjie. Transactive coordination and control of distributed
energy resources in smarl grids[D]. Shanghai: Shanghai Jiao
Tong University,2018.

[11] WANG H,HUANG J. Incentivizing energy trading for inter-
connected microgrids [J]. IEEE Transactions on Smart Grid,
2018,9(4) :2647-2657.

[12] PAUDEL A,GOOI H B. Pricing in peer-to-peer energy Ltra-
ding using distributed optimization approach[C]//2019 IEEE
Power & Energy Society General Meeting. Atlanta, Georgia,
USA:IEEE,2019:1-5.

[13] LIU Y,GOOI H B,LI Y,et al. A secure distributed transac-
tive energy management scheme for multiple interconnected
microgrids considering misbehaviors[J]. IEEE Transactions on
Smart Grid,2019,10(6) :5975-5986.

[14] LIU Y, LI Y,GOOI H B,et al. Distributed robust energy
management of a multi-microgrid system in the real-time
energy market[J]. IEEE Transactions on Sustainable Energy,
2019,10(1) : 396-406.

[15] LI J,ZHANG C,ZHAO X,et al. Distributed transactive energy
trading framework in distribution networks[J]. IEEE Transac-
tions on Power Systems,2018,33(6):7215-7227.

[16] KARGARIAN A,MOHAMMADI J,GUO Junyao,et al. Toward
distributed / decentralized DC  optimal power flow implemen-
tation in future electric power systems[J]. IEEE Transactions
on Smart Grid,2018,9(4):2574-2594.

[17] KARGARIAN A,FU Y, LI Z. Distributed security-constrained
unit commitment for large-scale power systems[J]. IEEE Tran-
sactions on Power Systems,2015,30(4):1925-1936.

[18] DORMOHAMMADI S, RAIS-ROHANI M. Exponential penalty
function formulation for multilevel optimization using the ana-
Iytical target cascading framework[J]. Structural and Multi-
disciplinary Optimization,2013,47(4):599-612.

(197 BRAEYE, BT . AR IME B 2 i U IRZE S RE IR R
Geor i IRIREE L], Wy A Sh ki, 2019,39(8) :277-285.
WEI Zhenbo, HUANG Yuhan. Decentralized coordinated dis-
patch for multiple integrated energy-gas energy systems con-
sidering demand side managcmcnt[]]. Electric Power Automa-
tion Equipment,2019,39(8):277-285.

[20] 80, 5 4F AT, 55 BT FARZIBE 43 7 12 1 2 309 3

B R G AR LA e BEE [ ). PR AL TR , 2017, 37
(17):4911-4921,5210.
XIE Min, JI Xiang, KE Shaojia, et al. Autonomous optimized
economic dispatch of active distribution power system with
multi-microgrids based on analytical target cascading theory[J].
Proceedings of the CSEE,2017,37(17):4911-4921,5210.

[21] DU P,CHEN Z,CHEN Y,et al. A bi-level linearized dis-
patching model of active distribution network with multi-
stakeholder participation based on analytical target cascading

[J]. IEEE Access,2019(7):154844-154858.



D ® 0 & % L B ®41 %

[22] Vs, IO UM . ARGUBOMTE (e 2 A RS B

IASEHHLE P AR T]. B RS A Sk, 2020,44(6) : W % (1988—), 4, =aRAA, S
106-113. BIARN L R AR RREART
XIE Min, HU Xintong, LIU Mingbo. Application of analytical 5 24 (E-mail : 584306594@qq.com) ;
target cascading in iterative bidding mechanism of complete A Y E(1979—), B, T M A, H
competitive power generation market[J]. Automation of Elec- BB HB IR W AR F e AE N Z
tric Power Systems,2020,44(6):106-113. 4 %3247 5 424 (E-mail : 75720275@qq.com) ;
[23] KARGARIAN A,MEHRTASH M,FALAHATI B. Decentralized FAE(1996—) , K, L B\ 5 A, M
implementation of unit commitment with analytical target cas- Bk % TR A BEEE AR TERAC SRR
cading:a parallel approach[J]. IEEE Transactions on Power 747 5 424 (E-mail : 75720275@([(]-00111) o
Systems,2018,33(4) :3981-3993. (4mig F#)

Transactive energy model of distributed agents based on analytical target cascading

YAO Lu',ZHAO Weixing’, LI Shujia’,XIAO Xiaotian',XIE Min’,SONG Yao'

(1. Guian Power Supply Bureau of Guizhou Power Grid Co.,Ltd.,Guiyang 550003, China;

2. Dispatching and Control Center of Guizhou Power Grid Co.,Ltd.,Guiyang 550003, China;

3. School of Electric Power,South China University of Technology,Guangzhou 510641, China)
Abstract: Transactive energy represents a mechanism to guide price-based transactions and power system
optimal operations. The transactive energy takes both economic transactions and optimal operations into
account,and is a new concept of discipline integration. Under the background of stable growth of distributed
energy and gradual marketization of distributed generation, the transactive energy mechanism for distributed
agents exhibits promising prospects. Detailed transactive energy architecture and physical element models of
distributed agents are established. Then,the ATC(Analytical Target Cascading) theory is adopted to achieve
a balance between economic transactions and system operations. This provides an economic perspective for
the ATC theory that is applied in power system operations. Finally, numerical results verify that the pro-
posed model reduces the energy interaction with the power grid while taking the operating benefits of each
distributed agent into account. Additionally, the proposed model provides diversified trading strategies and
trading approaches,and produces a variety of benefit allocation results.

Key words:distributed agents;transactive energy;analytical target cascading;disciplinary integration
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Table Al Electric vehicle parameters

KA HZNRER /(KW h)  FBOR BB/ (KW h)

1 20 3
2 30 35
3 475 5
4 57 7.5
5 85 1
* A2 ®ESH
Table A2 Equipment parameters
ZH Bl
#1 R LR T 2 300 kW
#1 R SECHURRI R 0.8
#1 R SERHLR AR 0.55
#3 AL KT % 1000 kW
#3 R ECHURI R 0.9
#3 RRFRHLR AR 0.48
#3 SRR T L 1) 0.33
#3 HL B P e KA A 1800 kW
#3 HUERRICE 0.99
#3 LRI HLIR R 450 kW
#3 L I HLAERK HE 45
#3 W Y HLIR A Ve i 1800 kW
#3 W A HLAE AL HE 1.3
#3 i HE B IR R 1000 kW h
#3 PR B I R BRI 300 kW
HARRE 0.96
TIHRER 45

FRAK 0.18
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Fig.C1 Distributed agent optimization operation results under penalty function form 1
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