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A trustworthy coordination optimization method for a comprehensive energy system
in parks based on blockchain
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Abstract: The increasing popularity of distributed energy and the accompanying more complex energy system structures
have greatly increased the difficulty and cost of traditional centralized energy collaborative optimization problems.
Distributed optimization methods have good adaptability to complex energy structures, but they suffer from problems
such as a lack of natural and trustworthy coordination centers, difficulty in protecting subject privacy, and in
distinguishing the authenticity of inter subject interaction data. This paper proposes a trustworthy coordination
optimization method for an integrated energy system in a park. It combines with blockchain technology. A coordinator
role is introduced to form a coordination committee, and an unbiased random sorting algorithm is used to select
coordinators. The coordination optimization problem is decoupled into a two-layer optimal value problem by a
decomposition coordination algorithm, and a blockchain consensus algorithm is used to ensure the trustworthiness of
multiple coordinators. A data storage model is designed for a comprehensive energy system in a dual blockchain park to
ensure data security and transaction chain efficiency. Simulation experiments have shown that the trustworthy
coordination optimization method for the comprehensive energy system in the park, combined with blockchain, can fairly
select coordinators, effectively achieve comprehensive energy coordination optimization in the park, reduce the impact of
node wrongdoing, protect data privacy, and have good robustness and fault tolerance.
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Fig. 1 Integrated energy system structure of the park
%1 RS B uf, o ulh s uS, S BINET B ¢ AT
Table 1 Equipment situation within the system %k E]/‘]EE\ ., A HE,
i I i 5 4 B AT LT DA RO U, 3
JE45 314 HLA (compression . . n 5F[|77 A3 ) 3R BASGON R B A T IR I &
lectric refri t , CERG) a, | 3
A rond e e HOR—UCIRHE 7y 7 R g AR
S T T A s
B LA ' i A A
: %%}% FAHLUEE P H14H (combined heat and ) 1) 2 A AL LR
B . /:l:%[\t'_n H# C _a E 2_,’_ b E
power unit, CHP) it _ni(CERG)(_ i,t) 1i(cErRG) (- i,t) 3)
RS (gas boiler, GB) Bt —E. <E_inmax
% 7K il ¥4 ML 41 (water absorption
B 4
reftigerator group, WARG) # AP icere) ~ Micerey EAERBANLAH B @ 1)
AU SR AIH(DG) e R ROR SR BN ™ ANAH & RN E EIR .
B $i#if (load, L) THHEHL. Fh 7 2) MR AR 2R
E,, + Z E, - Z uit - Z “If,z =0 H;, = Migsiey (—E, ) +77,(GSHP)( E
ieSexv J€Sent keSuxe Ci,t = z(GSHP)( Ett) +77;(GSHP)( Ei,t) (4)
lmt + Z G —_— 0 _Ei,t < Eln max
ieS,
CNV 2 2
S - Y W - Y =0 @ R gy Moy AT § B A
i, Js .
ieScny JE€Sent . keSync . &&%2%&; nz'z;zGSHP)‘ UI(ZGSHP) ﬁi@ﬁﬁ@ﬁ&% I E(JEE
- - = =0 VA w
PR Z” pIL R HCE B
N NN 3 ﬁ(\‘ kP é . Z‘
Ref: B, G, H, . C, /b5 E ¢ f e ) RBHLAIAR .
E =n —G. +n.t -G,
B i B L 2 R 0 a5 u = e )) ’“CH")(( SO
N N 7 N n,/ = Hz — i ( Gl +’71 Gl)
BRI EL (P 0T e A S ; <<(_C;‘f>m MR
e ES: Syne NIRRT IS E R



ey

T, 5F DX R ) el X

4
)

R i~ Mooy NI B @ S
HBHEZHG N~ M ATV UERBE S
G"™ AMLA B &SN E FIR.

4) PRSI LR

H,, =15 (=G,,))’ + e (=G,

KA s Mo SRR S © 10K
KBHG G BRI &M R EIR .

5) WK A HLA 2R

C,, = Mwarey “H;, ) + Miseara) (—H,,)

{—H,.,t < H"™
R 7are » Mhware) FARBUK A DA B % i
ISR S H ™ KoL & g\ &

(6)

0

EIR.
6) 73 A1 2 R
SRR E T TR R R AR R, B

E \2 E
Ciu = Uyney) (FU; )"+ Brpey (FU5,) + @06,

A E S, T RS

523

A e Proe s Proe S BIETF AR A
B j IRIUREL — IRIRBNHE BT 0w ™ N
FIR R R 2 IR

(3)— R (B)H 5 M 4 4K, R(2) R Y
RS A . KX Q)fA R B Ar e E(1), KA
WK 2T AN, T15(9).
L= Z [(pil;:n,t - &E )Eim,t + (Pi(,i,t - ﬂ’tG)Gim,r] +

teSy

22

meSy teSt

Z Z Z c./}t :B(j"Rim)+ Z Lm (j"Rm’cm)

meSy teSt jeSent NS,y meSy
)

X A5 A5 AN A AERRE ¢ MR
NN N B L i LS e DR v ISP
Fi Sy BARMMES: S, RN m A% &%
Hs Eyn G~ Ho o C, 53 BRI B ¢ 5800 m A
HARMEE OB, S e AR ARRENE
HREERME B HRT I E: R, RREN B RSN
SRR I REVE R AR R, RN BN m
M HAb GO 1 PR BRI R 7] &5 ¢, s A I BRI
m HBL % A bR B ) B

®)

E <
—ujt =<

(ﬂ’tEEm,t

A°C )+

1 m,t

+4°G, +A'H,  +

Gy BRI AR G0 (5 AR AL T ik - 171 -
T S AR A 1o ] i 3(10)s A D AR T
I 7o

AE,, +2°G,, +

{//i’tHHm,t + ;i’tccm,t

22 <

]+
(10)
teSt jeSentNS,

min B(4,R,,) = 2 [(P5. = A)E,, + (P, = 4G, ]

(11
T 18] RL(10) B & T A SR A, AV SRR BE 1k
W N R A 1B 0 L SR 3)—3(®) T HIE
AR TR ) H _EE PR,
s R G REIR L A TR DL 2
bt A

2 HEXREMERXSEERRZAIED
UELYRE s
AR SO X ZR F BEVR 1 [7) 17 8 73 A Ak 7 SCAH
HAER EIWE, LRG0 E R &
TR SSOREAT SN TR, ETNWE
EAORME ARG R IUE . AR, XHEEST S th
ERPI)R S R XY s b AR B B R AL
ARG R TSR ST, T R DCBRBE Y R L
A THEAESS . WlEl 2 s, 456 XBRBE R e X 25

HREHARG S IR IR S 5 M BL.

minL, (4R, .c,) =

teSt

[CREE S es

REE

kg
HARIAG

B 2 FEXRENEXEGSERAZAEMANIRIE
Fig. 2 Trustworthy coordination and optimization process
of comprehensive energy system in parks

combined with blockchain
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Table 2 Single input single output device parameters

W X . WA JiiE
ES| 7 TR ER N
WARG1 -0.0005 0.8 80 60.8  1,3,4,11,12
WARG2 -0.000 25 0.8 160 121.6 5.8
WARG3 -0.001 0.8 40 30.4 2,7,9,10
WARG4  -1.1111x107* 0.8 360 273.6 6
CERGI -0.003 75 3 40 114 1,2,4,12
CERG2 -0.0075 3 20 57 3
CERG3 -0.000 94 3 160 456 5.8
CERG4 -0.0025 3 60 171 7,11
CERG5 -0.000 83 3 180 513 9,10
GBI -0.001 188 0.95 40 36.1 7
GB2 -9.90x107 095 480 4332 8
DG1 0.056 818 182 255 660 396 1
DG2 0.094 656 616  395.6 1194 8955 5
DG3 0.162935065 5662 380 1875 6

*3 BMAZMHRERERRNESH

Table 3 Energy conversion efficiency parameters of

single input multiple output devices

P 4% K 7" n* 7" n*
CHP1 -0.000 127 -0.000 14 0.405 0.445
CHP2 -8.75x107° -9.3x107 0.42 0.45
CHP3 -2.24x107 -2.45%x107° 0.43 0.47
CHP4 -4.43%107 -4.79x107° 0.425 0.46
CHP5 -0.0001 -0.000 11 0.4 0.45
CHP6 -5.06x107 -5.50x10"° 0.405 0.44
CHP7 -0.000 127 -0.000 14 0.405 0.445
GSHP1 -0.107 14 -0.107 14 3 3
GSHP2 -0.1875 -0.1875 3 3
GSHP3 -0.053 57 -0.053 57 3 3
GSHP4 -0.093 75 -0.093 75 3 3

*4 pAZRERERANAL LIRS SHRBERMN

Table 4 Upper limit parameters of single input multiple

output devices and their associated microgrids

WK MALR B ER1 i ER2 I o
CHP1 160 61.56 67.64 1,3.4,7,9
CHP2 240 95.76 102.6 2
CHP3 960 392.16 428.64 6
CHP4 480 193.8 209.76 58
CHP5 200 76 85.5 10,12
CHP6 400 153.9 167.2 11
CHP7 160 61.56 67.64 1,3,4,7,9

GSHP1 1.4 3.99 3.99 1,3:4.7.9,
10,11,12
GSHP2 0.8 2.28 228 2
GSHP3 2.8 7.98 7.98 58
GSHP4 1.6 4.56 4.56 6
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Fig. 5 Wind turbine and PV output
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