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Fig.1 Framework of electric vehicle charging stations
participating in AGC power allocation
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Table 1 Parameters of AGC units in
Hainan Power Grid

LA THE esER/ A/

B K oMW B/MW (MWemin?) [76- (MW-h)")]
G, ﬁiﬁ 0 70 35 132.83
G, gffﬁ 200 210 105 127.64
G, ﬁiﬁ 735 -5 3675 181.42
Gs ;{iﬁ 140 -140 14 22678
Gs ;{iﬁ 60 ~60 6 23391
Gs ;ﬁzg 232 0 3 75.16
G, ﬁzﬁ 52 0 52 73.67
Gy ;ﬁg 80 0 80 70.17

1 LNG HLAL R RR AL RAR LA,
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Fig.3 Topology of communication network of
charging stations in Hainan Power Grid

F2 ERGBHNAFTHEEIREMN
REEAiAEE
Table 2 Regulation cost coefficient and

available power capacity of a section
for different charging stations

e Hert WWRAR /s LRAFE/, THER/

[JG- (MW -h)™] MW MW

Cs1 77.44 3.0 25
cs2 65.12 42 3.6
CS3 82.30 6.3 5.8
cs4 78.08 32 2.6
CSs 96.51 48 43
CS6 83.27 18 1.4
cs7 95.94 2.8 22
S8 92.02 15 12
CS9 68.04 2.4 2.0
CS10 70.93 5.0 4.4
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Fig4 Available power capacity of charging stations
for 96 sections per day

42 BEH—BMEEHEWE

ASCHE EREERVINE B IERE B AR HER 2
Ptz Wi S R L TR ASRAR,
AR A — B AR & HEL| AP, | <001 MW
RS R ETTTEF y BL05, % APys=10 MW
B, BT A — B E R 10 NSRBI AGC )
RO SGT B aE 5 iR,

ME 5 FTLUE H ) SRR HCH 800 B, T A 7
e 5 PE T AR — B BRI -8, KR
il & L T R A7E R — B 20 ek, B3R F 1.5 MW, AT
APgys=10 MW FITEBLT | BT A o4 B o 19 & B T 36
YRR BN AR FRME , i B 53— B AR & Ik

10 20 30 40 50

WA A/ (TG -h)

20 0 100 200 300 400 500 600 700 800 900
E AV

®r1,®r2,®r3,@r4,®r5

@R,@H,Q,@hn@ﬁo

(a) VAT A WS R

Fo e K
IR/ MW

100 200 300 400 500 600 700 800 900
BREH

DO AP, @ AP,,® AP, @ AP, AP

@AP6’®AP73AP8’@AP9’®APIO

(b) & FTH L & T R SGT R
B5 BAHRA—BiEKSERE (APys=10 MW)

Fig.5 Consensus convergence process of
regulation cost(APgys=10 MW)
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Fig.6 Consensus convergence process of
regulation cost(APgys =25 MW)
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Fig.7 lLoad disturbance simulation with stochastic
square pulse in wet season
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Table 3 Statistics of test indexes of Hainan Power Grid in wet season
for different algorithms

Bk |Af |/ Hz |ACE |/MW  CPS1/% CPS2/%  CPS/% A /TG
BA—-BERE 9.0017x10™ 0.5176 199.9767 100 100 10.94
GA 9.0018x10™* 0.5177 199.9767 100 100 10.91
PSO 9.0014x10™* 0.5176 199.9767 100 100 10.92
GSO 9.0014x10™* 0.5176 199.9767 100 100 10.89
LP 9.2019x10™* 0.5723 199.9747 100 100 10.73
PROP 9.0014x10™* 0.5176 199.9767 100 100 10.95
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Table 4 Comparison of running times among
different algorithms

. BATHE /s
FHE B/ME BoR{E
BA—-SMWHE 00075 0.0068 0.0106
GA 18.8779 15.7479 22.8251
PSO 1.2999 1.4223 2.2543
GSO 1.4430 11774 1.5026
LP 0.4365 0.0107 0.8518
PROP 3.8404x107° 7.1426x10*  0.0014
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Table 5 Statistics of test indexes of Hainan Power Grid in wet season,
without electric vehicles participating in AGC power allocation
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A novel topology of n+1 hybrid modular multilevel converter and

its control strategy
MIAO Huiyu',MEI Jun',ZHANG Chenyu?*,ZHENG Jianyong'?,MEI Fei**

(1. School of Electrical Engineering,Southeast University,Nanjing 210096, China;
2. State Grid Jiangsu Eleciric Power Research Institute,Nanjing 211103, China;
3. Jiangsu Key Laboratory of Smart Grid Technology and Equipment,Zhenjiang 212000, China;
4. College of Energy and Electrical Engineering,Hohai University,Nanjing 211100, China)

Abstract: A novel topology of n+1 HMMC(Hybrid Modular Muliilevel Converter) is proposed for medium
voltage application occasions. A full-bridge submodule is added to the traditional modular multilevel
converter with n submodules in one arm,so that the capacitor voltage is controlled by half of half-bridge
submodule,and the output voltage level increases from n+l1 to 2n+3. The proposed strategy employs a
hybrid modulation mode which can decrease the losses of HMMC submodule and guarantee steady-state
operational condition for HMMC. Due to the difference in capacitor voltage between half-bridge submodule
and full-bridge submodule,a capacitor precharge method is adopted and a model of submodule capacitor
voltage is built,based on which a control strategy of submodule capacitor voltage balance is further
proposed. Simulative results with MATLAB/Simulink validate the effectiveness and correctness of the
proposed topology and control strategy.
Key words:hybrid modular multilevel converter;hybrid modulation;submodule capacitor voltage balance;

capacitor precharge
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Cost consensus algorithm of electric vehicle charging station participating
in AGC power allocation of grid

LI Qing,ZHANG Xiaoshun,YU Tao,QU Kaiping,ZHENG Weinan,LIU Qianjin

(College of Electric Power,South China University of Technology,Guangzhou 510640,China)
Abstract:A framework of electric vehicle charging station participating in the AGC power allocation of
grid is constructed and its optimal mathematical model is established,based on which,a cost consensus
algorithm of electric vehicle charging station participating in AGC power allocation is proposed. In order to
improve the application flexibility of algorithm,the virtual consensus variables are taken as the information
of consensus interactive calculation among agents while the actual consensus variables are adopted to
determine the AGC power of electric vehicle. Simulative results of a power grid model show that,the
proposed algorithm can reduce the regulation costs and enhance the AGC performance of power grid,and
can also effectively achieve autonomous frequency regulation of electric vehicles participating in AGC
power allocation.
Key words:electric vehicles;electric vehicle charging station;cost consensus algorithm;automatic generation

control ; autonomous frequency regulation



