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Abstract

In the current context of energy transition and sustainable development, the optimal allocation of
campus microgrids is crucial. In this paper, the coordinated optimal configuration of wind, photo-
voltaic and energy storage systems in the campus microgrid is studied in depth, and a detailed
mathematical model and corresponding optimization algorithm are proposed. The main objec-
tives of the research are to improve the utilization of wind and photovoltaic power generation,
reduce curtailment, and optimize the economic benefits of energy storage systems. Specifically,
this paper first establishes a coordinated optimization model of wind, photovoltaic and energy
storage systems in the campus microgrid. With this model], it is possible to accurately calculate the
amount of power generated, the amount of electricity used, and the demand for energy storage
under different scenarios. Then, this paper proposes a set of particle swarm optimization optimi-
zation algorithms, through which the microgrid can be optimally configured in different operating
modes. This paper analyzes in detail three typical scenarios: independent operation, joint opera-
tion, and coordinated configuration of wind, solar, and storage. In the stand-alone operation sce-
nario, the wind energy and photovoltaic systems work independently, and the energy storage sys-
tem operates independently. In the joint operation scenario, wind and photovoltaic systems work
together, but not in coordination with energy storage systems; In the scenario of coordinated al-
location of wind, solar and storage, wind energy, photovoltaic and energy storage systems work
highly together. Through a detailed analysis of these three scenarios, this paper evaluates the
economics and feasibility of the energy allocation scheme in each scenario. The results show that
the utilization rate of wind and solar power can be significantly improved, the power waste can be
reduced, and the economic benefits of the energy storage system can be maximized through rea-
sonable optimal allocation. Based on these analysis results, this paper formulates specific optimi-
zation strategies to provide scientific decision support for the planning and operation of campus
microgrids. In the end, these research results not only contribute to the efficient operation of the
campus microgrid, but also provide an important reference for future energy transition and sus-
tainable development.
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Figure 1. Schematic diagram of the structure of the microgrids in the three campuses that are
independently connected to the main power grid
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Figure 2. Schematic diagram of the joint access of microgrids
in three parks to the main power grid
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Table 1. Time-of-use tariff
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Table 2. A summary table of the calculation results of each indicator
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Figure 3. Flowchart of particle swarm opti-
mization algorithm
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Table 3. Summary table of the calculation results of each index before and after the use of energy storage
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Table 4. Summary table of the calculation results of each indicator after the energy storage capacity is changed
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Table 5. Summary table of the calculation results of each indicator before and after the union
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Table 6. A summary table of the calculation results of each indicator before and after the energy storage is configured
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Table 7. Summary table of the calculation results of each index before and after the configuration of energy storage in the
joint park and the sum of the independent park
7. BAEXEE#ERRESMLEX SN ESERTESERILRR

ST e X A Jic & it B I & fik e J5

GEER 10005.815 8266.270 8051.048
FRFEG R 2976.720 1237.175 1248.510
S A 17276.412 15536.868 15287.343

B PR AR A 0.738 0.664 0.654

o ERTRAL, Forh P B RS 5 e Bl BRI K, AT SR H R UL 4000 ) H AR A .

M ZRANFATT G SS9 A3 2 (0 B rh 3RATRT LA T4t BRSPS AT R A %
Wi AR LR T X o X ESHER R, e el X AR LRI IR RIS  T AR
RO IRt B T DB K P X VGBI A IER . MR AR, R 7R RN FH
R, RN T AERERCE, MIMED T e gt A, B, wDUREMME ., BE T X R 25 et
AT AL el X

FATATCL S 2], =P DOFARAE R — I BB e R . flin, FEX A FERBOCIR A,
KAEREARE 9~15 MHBL UL AN R B FF I X+ T Z R R i e X B ok
Vi, KB [AIA L2 HO B R SR A e ). SR AERE R X A FE ORI s R R AR T X B, AT LAY
DREIX B AT R R . [1X B EE RAMREIN XK RS, A& REE, XEEREER
PABRZE Bl X A, i 2 FAEIX SN (R BT D oK ol I e BRI A MBS, T LU R b 2% [ (X
MR, AR IR . B IRATAT LA S, 6 [l X PR F 0 o R AR SR DL i e
5, PO XA CE AR S i AT /55K e HH AN Rl X 0 L A F R SRAFAE 22 57, X ILAMS AN fE
64T G L R B A BRI L . AR, X A IR X B AEAS [ ) B 1) R L B AR SR [, B
Ao e TN Bt F T DA B W B R AN TR A, (H R AR AR A F I S AN AN E I, AR 2
UL B R A R LS. B, RS IS E IR T RAMARER, i rastdas, Hk
58 A R L AR B R 1 T

4.3. =

431 HERXRMIZLE, KRELERLMEHBICERE

e AN ick = A

FEBAT WA (M S e (R D0, BRATTRT RS KRR e O Fa Y AR T L T A A — TR TR A e
o BAAKRUL, A TR BT TE A 7 W B 25 AN 75 i S0, A 500 6 1) RS S im 243 85 A T 50
Mo D97 T, AT DB s Rl ™ A ) R P X AR A A . KRR, FRATTHLRE NS R — b
PR RIS B AR e WO BRI [ R ST AT T 3EAT 22 B 0 M A 2

B 5 B MR TE B RAS 7] AR -

DOI: /10.12677/aam.2024.137317 3319 I3RS


https://doi.org/10.12677/aam.2024.137317

_ 3000

c =600 70/ KW /4

wind_config_annual

2500

c =5 =500 76/ KW/

solar_config_annual —

TR 1A TC B AR AR 7 A P B R 2 T B R NI Z K A AL AR Ty B — 5 24 x 365 M,
I 21 ¢ FR9 LR ' OR PR TC LR AS 733309 -

600
Cwindfconfigit AN .
ind i year
c 500

solar_config_t — m
HETC B A IR B bR e, 432080 B Ar R 2L

mm ZZ( grld grld it (Cwind + Cwindiconfigit ) : l:)Wind,i,t + (Csolar + Csolarﬁconfigj ) : Psolar,i,t )

+ ZZ( batt_power : batt _charge,i,t + Cbatt_power : Pbatt_discharge,i,t)

5 R =5 /N A A R e v
SN RISEBR PR S /N SO AT T B, X B 4 B EELAR e R T AR AR TR R B AL DA
SRR DI AT, SR A X R A (AR By, S N AR S A N Rl R T AN
T IR FL A A% 114 53 B bR B
1 7<t<22
g”‘“:{OA else

43.2. RIB=RBS IR

F—/NH:

F BT B A SRR A T 45

1) WX A HBIIE: 99.82, Hbf#

2) fHX B M) F. 32.25, HLitif#

3) WX C M. 99.32, Hiitifi#

4) BE T IX ). 100, HLMA#E

KRR IR

T Ak B A el XA IR AR ) 5k L B

1) MBHAE 3 s EdE, FRATTAT DL S AR [ X A d e R R R = AR e R . R PR 3 4R
BET AN H 88 H RO R F DD 2R H500f (RIS 1) FRL ) 2R), e SR S g R H (2508, FRATTRT LAY
HAFREE.,

2) MR FE AR I RO AN B 20 A A A

3) 7R B bR & HCE A o N BC B A S T

J5 AR R AR T e MU AR, BFEIBAT AR A . IUAE AT 5 B AE H A R R IR
FEARTC B RAS 2 PRI o @R P v, FRATTAT DA XU A AR F it P L A A B b e 38 3 4 1)
BATRCARH,  AITEEAT B8 04 1 (00 A 2 A AR Ak o

IZH MATLAB 174 R T K 4 Fis .

RE: 387.34, HiGouiRf#Ee: 68.76;

Be. 80.64, Wi HLfEREE: O;

RE: 269.68, HriOLiRfEAE: 0, Hri¥ X EfikAE: 407.75;
RE: 249.99, FrIOLiRfERE: 31.81, ¥ X EfikRAE: 1000,

DOI: /10.12677/aam.2024.137317 3320 I3RS


https://doi.org/10.12677/aam.2024.137317

K FE G

B/ MY H b R U -
2.7791e+04

Figure 4. The optimal solution for the
coordinated allocation of wind, solar, and
storage under independent operation
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Figure 5. The optimal solution for the
coordinated allocation of wind, solar, and
storage independently operated in each
park under Annex 3
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