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A distributed energy trading model considering privacy protection and decentralization
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Abstract: To alleviate the problems of high computational burden, difficulties in privacy protection, and weak
anti-interference ability in the distributed energy trading market on the distribution network, this paper designs a
distributed energy trading model that considers privacy protection and decentralization. First, it constructs a centralized
unified optimization model with the goal of maximizing social welfare. Then, the centralized model is decomposed into
the corresponding distributed optimization model based on the gradient rise method and dual decomposition. Further, a
consensus algorithm based on the combined adaptation is proposed by employing a diffusion strategy. The aim is to
achieve optimal market clearing by only transmitting information such as the electricity price and supply-demand
imbalance among entities without introducing market organizers, while protecting the personal privacy of market entities
and alleviating computational burden. Finally, case studies are conducted to validate the effectiveness of the proposed
trading model, as well as its robustness under factors such as the uncertainty of new energy power, market entities joining
and exiting, and its scalability.

This work is supported by the Science and Technology Project of the Headquarters of State Grid Corporation of
China (No. 1400-202099523A-0-0-00).

Key words: distributed energy trading; decentralization; privacy protection; diffusion strategy; consensus algorithm

0 2|= Mg DT RV A EARIBT AL 1 RS0 SR, KUHS

= AR EeRZ P E . SREA TS EREEN

NBJT “RrokE, b AT BERsEEL, FRE PR, D BEABRIBENERE M. BT R

T EHES DA eV E R REIREE M L Y, FF ik 48 T Be A R IH g IX Se B R YR, T B E FE

% YRS RIE R MR RSP E T), IXG
ESTIE: B A3EH00 8 £8 (1400-2020995234-0-0-000 BRI ZeRaEBT MR T E S A,




- 144 - W) &GRSR 4

ST A A SRR AS B T, AR R
PEAHE N EEFB 2 —. BRI 5 77
WP N Ry 1B L aR WY A1 s SR R AT 13
BN — M EER A RO (T 318 E R )
HRWIHEMAZ Yy, FFHAITHR—HTE: EH N5 E
1 BT 3 EARME UL RCIR A X B RO RN 2 0
SRR S A L 5y, b S T i

P A 238 6 A 1R 20 AT SRR IR 22 5 1]
IR IS T —E R . SCHR[413R T A =Rk
A G iR G — HiES A, s oL
WS T AR NSRS, FHRAXUA IR
s PR A RS I g . SR, Bl
EWpEEBENE I, FooVarEE S5
B INES . X, SCER[61E TR B A
Fe1i%, FEF R B R 2 A1 A,
DL A AOEAKR A7 AR SLIL T I i . X R T
BARE— B LM T RO R AEE R
71, ABRHTAEEF O, HATAZ—Fd
WHIEF A 5773, A ANBRFA e 4 M LA BRI
Wi 39758 55 .5 2 oL S BIL 5 | R R 52

RNEAE EIR A, EEAR T Ao
S5 e SCOR[ 71 =i H g H T oA el 2 & i
WAL G ULECH, Al Bl 3 s 0 180 ) B B D EC AT R
FIE A8 Ty s SCHR[8TH] FH AN [R] 3 A4 18] 1) i 415
B Wik T —FE BNk 2 E A 5 2R, BIEX
Kl EARIC LB AE AL G0 %, FHR#HAE S 1%
sl SCHER[OIR A Bl 22 ST B0k, SR A Gt
EWATIME B A G I T DA SRS R R AT i
M), RNEF O GRS SCRE . b b,
BT3RO B JE(E AR SE R R IR, T kT
RPN G GAEER, LT ILRRAIN £
HRO S Ty — MO DL SIZIRAS 2 i St A i) e R AL

X B DL 2 iR AR v R T oA =R
WA T H . SCHR[10-11]7 Bl 7 — /N T X B
1194 sURE IR P2P(peer-to-peer) 3 S AELE, HA i1
FARTALE X Bk bk A 75 SRR E A8 5 0
K5 SCHR[12]3& H — 2k T X B A s AL ) 0 3
REVRTH AN AT BE G, Jd I X BB R SE Rl L 7
W2 5 WILEC AN S5 5, Sl i35 5 iRk
AR SCHR[13)5E T X BE A RS BB IRV, 7E
BAFOHAS SISO T 28 T A0 e s A
FIGGFREE; SCER(141R A X BB s 7 — AN T
HRAZ 2R A2 i, S 1 A sk
BRI i B, B4 A E e . iR
FUAE X B b 5028 Be A 20k S AL 5 1 25 HR s
th, SEIL T A RERIRIIAE &y, SR TTIERATAE P 7 TH

(PR — T, X B AR I B 7 4 i X
BERA AR AE R 8 (2 ST IR BB I R G8), I
WA B AR A LRAMESEhLE], HATT 5
Y [X B e A TR BT KR AP %, SRR
RS AT YR AR O T, Rk
T, AR REA LI S R AT R AR 05 il
THEMEERYGE, FTRES M LLE F /0 A s BEJR AT &
THHIE 5.

T X HEE R R, AR SCIIE AL R B2
—FR T A B, AT DAE LU (S L
T, BRGNS BT ERE AR
JR G FEAIRASAE B (W58 & A )ik i — . 1R
R, BRSNS EE R, AT ES AT AL
S RAT B IGAE, IR SRR, 2
R G ME, BTG G %, I
ZALRE I . UTAER, AHCEEE TR —HIEXY
AT AEVR AL 5 R TT T A FL . SCRR[15-16]2R
FARBE I T A X EEIR I 22 AL SRR
(R H A5 58 I B F XU AL FE A4S, SRR
SEMEZE s SCHR[17128 TR BR Sl 7 %3 1k
SEAFER R OMEAE G, (BTSSR
M SCHERSIX IR BRI AT 7 otk b 7354
EL, SRTZ SRR — kA 75 B0 P IR AR IS
RS & 1S 7R 7k o 7 0 T TP 8% - S a2 2
FOEIRE ARSI T o A s RRe R Lok AL 5, (H
FE R FH B SRR 2 AR R T sl R SR 25 1) R

gE LRTR, A WA SRR IR S 5 T KA 7L
AR R M) B EAS 2 = (1) b B A R AETE RS 5
WA EIE IR N ABRFAKE LR LTt
AE 19956 M (2) 2T X BBk sLEL T 37 i, R
FE B AH N B RN RE AR 3858, By BT RN R 2R,
TEITERWAE; (3) EHP O AETRAC 5
T LS B e e o, HAE AR e e itk
AHAESE . NG, AR T RS BORRS S 3
WEFAR AW R R liae 0. &
g0, ERTE A EREIENLAL. AN KN DL R S
A FIREIRAC 2 Y%, #SL T —A A A@ Rl ok
WHHBRH) PG IUER,; R, KA
BB THRUH R o il 770, N A A8 5
WAL B, RASLIREEZ 0 A A [ SR i
b, BEAGIAHOHUFIE DT SLBLT )
25y Ft— R P B W A DG S AT ot
PR LIS BE s B, RS A BT S T
FITVER R AT M o A SCH T Rk B 00 3T 3 2

1) $2H T — M AT R 17 3 TR AN AR RN %
b A R IR A S il R, BT



M, 5E

25 RE AL DRI AT 25 Lo AR ) 7 A ZUREVESE 5 1 2 iE 7T - 145 -

WA B RE S EERE, TESE5muLS,
AN 75 B AL 3 5 AT #52 y A A3 75 S -1 el 55
W ERE, BATTE LR A ABRAL [ [F B Se B A 248
Rl KA i
2) AV HORNE, 2T —METHEE R
JLRF . ZEIE R MG BB ST R B AT e
BRIEARTE B, I BA R BT HRE R St g
1 PHABERERXRZ TN HIRE
1.1 miHER
I3 AT SAEIRAE 5 T 37 (1 AR AL 56 XL R AR 25
BRI R Q, « INEURS ML S K TR R Q,
AR AT Tk o S 0 e ) . Q, A2,
WEZED 1 G ERRHENA, H& Bk b
AR B, HHTEER . WA ERME
HRR, He=0,UQ U0, QPEEMNE
NN BRI,
1) T REVR R HL
W, HRETR R H R R I bR ARG, L
FHRA 0, KB HAMGREERAS S, HiER
T BARM A A SR T S5 BC F M 1275 75 28 5 11
R BTRENUA RS /(f € Q) FIARELCY (PY)
A[RIRH
Cr (R =0 P (M)
A b NHANHE REEC MG PY R
RS E i RAR o< PY < PY™, PY™ R
PRI ON
2) KITRHT
KITR T g(g e ) WA B (PO f]
FIRQ)FTR R 3R R
Co(PY=a, (P) +by Py (2)
Ar: ag M16T A RB RZEG PY R
g IR, WRLARPI™ < PP <P’™, P’™
APZ™™ 53 A 1 B RIR .
3) FefE A
FEAT 11 e Q) BRI RELU, (D) 7T H(3)
sy Bk B %R

_pP
a’ (D) +b’D,, D, < —2a’D
1
UiP)=1_po I
lD D] > lD
4aq, 2a,

Kb o) M b RIS REB R 8: D R

YEGURT L BORE SR, WAL DM < D, < D™, D™
D™ 5y 5 R 7 =R B R ER.
1.2 SHPRMURES SHRMILRE

1) SR A AR

MR RET RN, REEEEFIE
FA T3 EAR SO JOsARE B, DA AR A
KWK EFRHEAT R G — A S . AT BL R
At 248 R A48 Dy B b ek Hok) @ 4 vh U AR
A, a4 —=E@) s,
min > CY(PY)+ Y CIPY)-D U(D) (4)

P/\’V’PgG Dy fey gely, lefd,
st. Y P+ > PP=>"D, (5)
fey gel le,
0<P'<P"™, fe, (6)
G min G G max
P'™ <P’ <P, ges (7
D™ <D, <D™, lef (®)

Hrp )RR T T 25 2(6) M (7) 735
OB REIRAN K T R R I A IX T 203 A (8) &
A FRNE A RN R IRZR

2) 7 AT ALY

FgtiaE v K Ag b g AR seE
i . 20, AWy EREEARRE Y, R
SIS E R AR I T, AFRIZ— 8, A
SCR M B H SRB0E A 8 0 i 8, Fderh
PEAL A3 R S (o A AL T . 7RI T
H, RIS E T AT AS| SR & 1T 3 R A
B S AT HER LB T G . T AL
RARIEEI %5y VSE SRR AP
BEAR, ARBRE AT SR BT R A 5L
WA R G R U ik

B, MESETh LRSS I H R, 0
KOF7R-

LR\ DpA) = 2 CF (B + 3, CE(R) =

Sely gely
©)
ZU,(D,)+/1{ZD, DR AEDY Png
leq) legd, feQy gely

A, 2 RNEKGE) R HE A E, REKAZ 5 A .
HER, ROFRCEAFELL R (6)—A(EB), EH
FEIXEEA AN 5 & R R LR A A %, ATLLE
AR N G B2 LR RN S A7 A7 7S AR AL IR R )
WM, MATREEE,

NG, HEXHEER A, i n B R
& B H XA 1) @ AT 308 N
max( infD L(P}V,PgG,D,,/l)j (10)

2\ Y. .D

R (10) X TR 1 it fm HL H o b L A9



- 146 - W) &GRSR 4

BARARL A" B S i A e AR A 0 8 A B0 2
AR, BaO) TR, &3 AR H
HISR AR BN, H B AR, H(10)r] 7
LLR 3 A7 iRl

P = ar\%miln (CY(PHY-APY), fen, (11)

P¢ =

g

argmin  (Cy (P)—A'PY),ge 2, (12)

P;} min ng ng max

D) = argmin (A'D,-U,(D)),l €, (13)

wha, (102K T 2 B i &L, vk A
BREE LT, MA ARV EE T 1nl T ik T R s A
2. Bk, AR R R (10)2ET 3R
fik. BARDIER: Bk, RGusERFENEE R
Ak) s IR RAMGSTHENR R, SHisE
ARYE A(k) 2R (11)—RA3) KRR o &, IF
PIRRGIEER; B, RABEHRERHTE
HATIHR BN P HE e(k) , FERIERAS)FAE
M EATRE R, HERWERE; &5, %A%k M
e(k) AR BE/INT- 150 S SR I, A RIS

e(k)=>Y D(k)= D>, P¥ (k)= D P (k) (14)

lesh Sy ey
Ak +1) = A(k) + ge(k) (15)
b EIERRE: e NIEAREIEFTID K,

R AT G BIRAE — AR LR T
FP MBI T R E R EAMYE LT, H
SR R R E I R RIZE R — Ll
IR HEh. PR, FRGEE R A LURYE 137 i A (e
ANTE RN (R B el A AR L, B AR AP
K IR A R 535h, RGUISE A& o
A B THE, HHBEMBEE N, %5253
Ftsan, X2t — N eRE.

i E YR, EARSCRR A AR 5
BN, 52 5 AN b KRR R R SR i R 3L R U
T 37 I I A LR AR A L A ey, SR B AT A
RS R, SIS 36 RR,  HAARIEA 2 I BEA 2K
. M THEERGISERBREL S Bl dEd 4
W RAE g M R U 2 5 %, P i
R A 5 Bt sy, FLma B LA e
B & fE T A2 G iy, WO JfoR B
WM 2 5 PRI RS 9t

2 KRR HRIT

2.1 AR
NINERAZ 5y i i BRI PR, A SO
AL A R IR AL SR . B AR

KERGIZEN, MREEE A S 58 EAR0E
B, RPN NERE B RIFR,  Seal A sl
BEAAL, B kARSI, S sl s .

LL 45 Gl R goaBl, & EAE B AR
TR SRR KR SR R
SR EZ 5, RN R R 5 R 6
P RERSSSi 37/b =S W &4 E 2L $7/h =
R 7 i 1 R BE BAC M 4 . M2 G &
GUEE R, TR A2 RFRAENE, WA
4 ARERFAE BT, 9 RLCEAO MR XA 7 R =
BEMEAZHRAS I o FEAR JD AT UL R 405 ) Al i A2 3R 1 1 i
N, A A E] UL e fE B, A
SCUARRE BIEBOA BT RIE . 7 E U,
T2 R A 30 4 BH AT Sk, KRR
LR 5 R U O 15 AR — b 55

Bl 1 4 TR NWREHNES RS

Fig. 1 Communication network of 4-node power system
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Table 1 Data of generator

B9 A a/(FEITLMWHY)  bI(EETT/MWh)  P""/MWh  P™™/MWh
G 1 0.021 13.31 200 2500
P 2 — 12 0 1500
w3 — 8 0 2000

=2 ZMEATTSH
Table 2 Data of flexible load
L EV

a®/(Fn/

¥ i D min D max

5 s Mwe MWh) PP""MWh  P°™YMWh
D 4 -0.05 87.32 300 700

D, 5 -0.016 65.4 250 1200

Ds 6 -0.028 80.47 150 1000

Dy 7 -0.038 75.24 100 600

Ds 8 -0.021 70.76 500 1500

Dy 9 -0.017 69.71 400 1500
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Table 3 Iteration initial value settings of market member

. MFETT/ . T/
REP=Y e/MWh REDY e/MWh
MWh) MWh)

1 32.44 -455.49 6 38.43 750.72
2 45.77 -1500 7 40.00 463.68
3 20.64 -2000 8 36.02 827.13
4 42.87 444.5 9 38.23 925.87
5 33.65 992.19 — — —

AR Matlab R2017a FiI Gurobi 10.0, 7E—
&34 AMD Ryzen 9 4900H 4bBEZ3 /1 16 GB RAM
PC B TS xS R SRIEAT VORISR, AL
)% 7 BEE 79 10 min.
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x4 b 5EPLURZSHHRERTILE
Table 4 Comparison of results between centralized and

decentralized trading method

FEhfiib  AEGIEHR

CTACA/

RED=S ) W 2E/%
MWh H/MWh MWh
1 623.362 623.374 623.374 0.0019
2 1500 1500 1500 0
3 2000 2000 2000 0
4 478.288 478.291 478291  —0.000 63
5 809.649 809.659 809.659  —0.0012
6 731.764 731.775 731.775 0.0015
7 470.379 470.379 470.342 0
8 744.495 744.483 744.483  -0.0016
9 888.788 88.787 888.787  —0.000 11
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Fig. 5 Curve of total purchase and sales power with iteration
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Table 5 Calculation results of IEEE 14-node system
of EL T £l CTACA LG IR
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