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Optimal scheduling of multi-energy systems in agricultural parks based on game
cross-efficiency evaluation
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(1. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, China; 2. Key Laboratory of
Northwest Agricultural Equipment of the Ministry of Agriculture and Rural Affairs, Shihezi 832003, China)

Abstract: With the growing energy demand in modern agricultural parks and the pursuit of sustainable development,
achieving efficient, economical, and environmentally friendly operations has become an urgent issue. To this end, an
optimization scheduling method for multi-energy systems in agricultural parks based on game cross-efficiency evaluation
is proposed to enhance the operational efficiency of multi-energy system units. First, a biomass combined heat and power
(CHP) model is established considering the energy characteristics of biomass fuels. At the same time, a hydrogen
production-storage-utilization model is developed taking into account the properties and energy features of hydrogen.
Subsequently, a game cross-efficiency evaluation model is constructed based on cross-efficiency, through which the
efficiency values of each multi-energy unit are calculated according to the evaluation indicators. Then, by incorporating
efficiency into the objective function together with system operating cost and environmental cost, an optimization
scheduling model is formulated and solved using the CPLEX solver. Case study results demonstrate that the proposed
strategy effectively enhances the operational efficiency of multi-energy system units.
This work is supported by the National Natural Science Foundation of China (No. 32360605).
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Fig. 1 Operation architecture of MES in agricultural park
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Table 3 Efficiency values of each unit in Plan 1 and Plan 2

%

BFE CE] ®E A7
VES FHE?2 HE1 FHE?2 ESD HE?2 ESD VEY
KA 97.98 98.62 93.42 94.57 83.22 86.97 95.56 96.00
Jotk 81.76 85.73 73.82 76.57 67.35 71.03 58.58 61.16
&b 81.08 82.73 72.15 73.15 63.09 64.84 67.33 64.16
CHP-P 82.92 86.43 86.03 91.54 86.32 94.81 79.70 86.72
CHP-H 85.34 90.01 87.75 9491 86.48 95.88 83.87 92.05
F 1] 4 62.21 74.47 67.86 63.11 66.07 60.16 68.21 6221
PNGENE] 67.28 76.61 58.59 54.93 60.68 49.37 54.43 49.23
fits FAE 73.99 81.13 63.15 66.04 50.86 55.20 58.21 61.03
ESDLIE 79.06 84.46 75.35 76.81 70.51 72.28 70.74 71.57
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Table 4 Efficiency values of each unit in Plan 3 and Plan 4
%
BFE CE] k= X
FHE3 Ti% 4 HE3 Ti% 4 HES3 LEL HES3 T% 4
KA 98.75 98.88 94.46 94.65 82.25 89.34 95.95 96.06
Jotk 87.18 87.88 76.33 76.80 66.50 73.59 60.88 61.58
i 84.69 85.91 64.63 73.73 61.42 67.92 67.54 65.25
BCHP-P 86.46 87.34 92.06 92.30 93.67 94.32 86.92 87.08
BCHP-H 89.76 90.80 95.35 95.29 94.36 96.18 92.32 92.42
F il 77.23 79.08 64.88 64.31 58.57 61.05 61.13 61.37
PNGENE 77.18 79.83 55.35 55.03 49.99 50.47 49.11 49.88
fits FAE 85.29 87.25 68.68 69.85 51.51 59.27 61.17 63.43
eSS 85.82 87.12 77.24 77.48 69.76 74.02 71.88 72.13
F=5 ARSHAR 6 EMAKEE
Table 5 Efficiency values of each unit in Plan 5 and Plan 6
%
HE HE k= X
VEX UEXS VEE EX) VEX EX) VEX LEXD
AL 93.37 93.43 85.64 85.21 74.02 72.42 90.48 90.23
Jatk 81.89 79.83 59.48 58.98 58.16 57.84 35.83 35.61
SRt 39.28 67.40 51.02 71.83 51.45 84.03 47.17 75.54
&b 76.65 76.09 56.90 4725 53.94 47.15 49.60 39.45
fitg 50.85 77.65 67.74 64.37 66.40 95.58 67.51 71.80
BCHP-P 76.61 85.95 86.18 91.12 82.26 93.53 75.16 81.49
BCHP-H 80.89 87.22 7321 95.31 74.10 95.22 70.52 84.58
L, 1] 4 70.64 37.62 47.85 46.57 49.18 48.54 45.98 44.11
pNGENL 67.99 36.19 48.62 47.99 57.39 60.69 40.67 40.57
fits A 40.91 41.09 36.98 42.09 33.49 69.04 31.12 32.58
eSS 67.91 68.55 61.36 65.07 60.04 72.40 55.41 59.59
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TR 6 mTHES, WHIMABERIT LIRS R4
B TR . Hd, HR2MATRALTER 6 Y
L3R /IS, AT RE R ML BB R AT T R

EFXTER 3. F 4. R SENRSTLL, HERWIET
M, HR3IBETHREL FRIETHE2, HH5
NAEDFR AR LA B RARIBITRCR . £ S, N
SRR RIS IAFE BTSSRI E R A R Ak
A, X RN T AL R 11704
4.3 ZFMSH

TRN—J7K 6 18 4 MBI HREE B AR
6 AR, IBATIAS . RBERAS PSR A & A2, 3R A3

M 6 T, HE3AMLTE L 2, &G
(RO P A A B R PR, UG IR I AE Y R RE S B

ZPF U at. T 5. 6 WL RANS w105 5 3.
4, RPN GIN T B R ORISR
Foo SN T — NS E A, ERVRMETTE 1. 2,
®o6 AR I1—FHE 6 RFAEDHAE
Table 6 Total system scheduling cost for Plan 1—6

76
. AL A
HE 2 M A5
1 8246.89 11527.22 1327357 11402.12
2 8424.92 11 861.71 1379401 11709.73
3 5884.41 8347.14 10 162.91 8546.26
4 5896.55 8504.27 10 375.04 8737.37
5 6047.93 9757.29 1212630 10242.08
6 6286.01 10 429.47 12880.64  10971.68

HIP s A & A2 %0, XTEE & 1.2, & 3.
4, HE 5.6, BEICRIMNAAERF T £ 5
WBAGRIBCREE, (H2SWINE T A .
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Fig. 5 Comparison of power unit scheduling results in Plan 3—6
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Fig. 6 Comparison of scheduling results of thermal units under Plan 5 and 6

5 &g

AL AE Y FE T ZRAE SUBCR VPG A0 [ [X %
REVR RV FE SRR, A R 2R AT SRR VP A 5
R, ORABEDIR AT AR i LA
B, MWEMEDIEEBETIN BrRE, 15
T ZREIE R AN LA BT, BRGRWFArR.

1) A=V R SINAT DUELE B X MES 1%
DAA] FA BE IR E AR e, IR T R Y g 4Rt
B 77, BRARARME [ X BEYR A, 1X 5 SCHR[27]10
WA RAHTT . 51 NZBE T LA R0 40 o] F A REYR
R, HAKK A, 767 R TR, XY
BT RGNEIERE S RN, S2IGSE RULEE, AW
JRRE SEREML G, EREMEAETHHE R
VERETE 7, AT CASE A SONE0 A b el X FH B £ far 251
PEEEH IR R, ol e X BRI SR B BRI S 4% .

2) 1 2R A8 SO VAL 55 AT LA T 2 BE YR
ARG, WIS RAVAMIBITHE. TR
EFERREEI, o] LR M EEN MES Re& A
FE RS HAT I, AR RNE, BT Rg5EiE
TR LI RERW, U AL,
I MES LA SR, 238 MES SR ME K.

AU FARAFAE —LE S5 R ZRAS RV 7
R A T BN R A Rom k. Rk,
B2 Rl FE X MES 5 TalkFd X MES 2 [8] [ AE I
B L 5 B P I ) L, SRAK BN BB IS AT SR AT 5T

MisZ A

iR

:00 24:00

xA ERBEN

Table A1 Electricity price for purchase and sale

i B i) B/ 7G/kWh) 4 H1/(J6/kWh)
HHAM 01:00—07:00 0.38 0.22
KA 22:00—24:00 0.38 0.22
SFEAT 07:00—12:00 0.68 0.42
PR 14:00—18:00 0.68 0.42
WA 12:00—14:00 1.20 0.65
WG 18:00—22:00 1.20 0.65

RA2 BNHRIBITHRA
Table A2 Operating costs of each program

7t
e AFZET B AT A
1 6963.98 9726.08 11 228.23 9665.14
2 7150.12 10 055.88 11 710.48 9965.84
3 3965.41 5987.41 7459.77 6157.44
4 3979.05 6104.01 7583.17 6342.14
5 4180.93 7326.06 9450.28 7908.49
6 4344.41 7919.93 10 058.72 8548.34
® A3 BN RIIFERAE
Table A3 Environmental costs of each program
7t
i AR R B A
1 1282.91 1801.14 2045.33 1736.98
2 1274.80 1805.83 2083.53 1743.89
3 1919.00 2359.73 2703.14 2388.26
4 1917.50 2400.26 2791.86 2395.22
5 1867.00 2431.24 2676.02 2333.60
6 1941.61 2509.54 2821.92 2423.34
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