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Table 1 Configuration results of devices
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Table 2 Configuration results of devices under
electricity price mechanism with same price

for whole network
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Table 3 Configuration results of devices for

IES in industrial park

B /KW Y& #itg / (kW-h)
CCHP &4 2207.6 ES 10

EC 2564.54 HS 10

EH 3046.79 cs 10

E5RHEE Bel XAH L, Toll bl X BE & () CCHP R 4¢
EC.EH % & [ Fh, ES HS &t M/, X &N Tl
bl DX RIS B i B A7, JU HA A A 7 A ] 2 15 24
YEFFTER R O & 1 T W A AE R SR
bl AL AR A G . fEXFMELL T,
CCHP R G4 fn A8 T f e Pr LA o8 1 45 it
EHET. VRN A I ERE I A5 , ¥ s BBz s it B 1%
D EC A bt $in i B e s i BE 1545 R EH
i EJt . BRI E RS RO, R 1
DIES [ FR AR B il S5 L B 7 i, e W Ha v S8 PR
A, F AR A, Tl el DX A g KP4 v P AR
AT HR s, PRI T A 2 e el X 4 T

i IR M vl 45, R AR SCUT R DIES I 9 5 HL A
BLHI T, 2498 #4171 o7 28 (AR K V-4 i HLYS PR A7 7
i, 2T CCHP RGE A Bl B 25 i, EC \EH 55 Hh
HERE U &R N 25 AR S AR EE T 5 AR AS
e FL45 2 oy 22 BE KR, 1 P IR CCHP RGEA
i, 0 YR ES  HS 258 RE 145 .

3.4 FAPRAgTEMERMNEEL RN

DIES 7 B ] S BESRAN [R] |, A% SRS Y i
SERARCERA AN o R H A P R T Sk
BRI, B 5% A & AS WAEATR 9 FHBE T 58 22K
(ASAD) TRy AR E LS. B 3 A0 i s
Bt FH P e ] SRR AR AR TS O o

2 180 =054
N z
& 140 < 0.50
§ 100 46
0.997 0.998 0.999 1.000 < 0997 0.998 0.999 1.000

HLAf /
o

FHFHRERT SR 2R JHFHRE AT FEPE 2R

12 800 L’i 900
“f 750 880
ﬂ,l 1

§ 700 = 860
= &

0 650

1) 840
0.997 0.998 0.999 1.000 0.997 0.998 0.999 1.000
IR ECIE e SN IRV IR SN
B3 #E. BN WEEAPRETEEERNEL
Fig.3 Variation of investment,electricity price and

revenues vs. users  energy supply reliability requirements
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Influence analysis of negative sequence components of commutation voltage on
commutation of LCC-HVDC transmission system and its suppression strategy
LIU Dui, LI Xiaochua,CAI Zexiang, YIN Shanshan
(School of Electric Power Engineering,South China University of Technology,Guangzhou 510640, China)

Abstract: Aiming at the problem that LCC-HVDC (Line Commutated Converter based High Voltage Direct
Current) transmission system may have commutation failure when the AC system fault occurs on the inverter
side, the quantitative relationship between the negative sequence components of the commutation voltage and
PLL(Phase Locked Loop) is deduced,and the influence of the negative sequence component of the commu-
tation voltage on the commutation of LCC-HVDC transmission system is qualitatively analyzed. On this basis,
an improved double second-order generalized integrator PLL is proposed to suppress multiple commutation
failures. Firstly, the phase sequence decoupled resonant controller with separation characteristics is used to
decouple the positive and negative components of commutation voltage. Then,using the double second-order
generalized integrator-quadrature signal generator,the positive and negative sequence components are separated,
and harmonic components are eliminated again. Finally,the quadrature harmonic cancellation module is used
to filter the low-order harmonics,improve the anti-interference ability of PLL,and complete the accurate extrac-
tion of the synchronization signal. Simulative results show that the improved PLL has better dynamic perfor-
mance and a strong suppression capability of negative sequence components of commutation voltage and
harmonic. The frequency and phase of the grid voltage can be captured efficiently when the grid voltage
is asymmelric and the harmonic content is high. And the improved PLL can reduce the probability of com-
mutation failure.

Key words: LCC-HVDC transmission system;negative sequence components of commutation voltage ; commuta-

tion failure;phase locked loops;phase sequence decoupled resonant controller
(L% 17 R continued from page 17)

Optimal configuration of integrated energy system equipment
considering reliability value
GAO Xueqian, LIU Wenxia

(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China)

Abstract: In order to promote the power grid and terminal DIES (Distributed Integrated Energy System) to
share the responsibility of the users’ energy supply reliability by market mechanism,and fully reflect the
reliability value of DIES,an optimal configuration method of integrated energy system equipment considering
reliability value is proposed. Based on the electricity price of node considering reliability and the reliability
evaluation of DIES, a grid-connected electricity price estimation model considering reliability for DIES is
constructed. Based on this,a two-layer collaborative planning model that takes into account optimal configu-
ration and operation of equipment is established. The equipment capacity allocation with the goal of optimi-
zing the total revenue of DIES is performed in the upper layer. Considering incremental value of reliability,
the output of each unit is optimized with the goal of maximizing operating revenue in the lower layer. An
example is used to verify the effectiveness of the optimal configuration model of integrated energy system
considering reliability value,and the impacts of users’ load characteristics, users’ energy supply reliability
requirements,and annual load growth rate of distribution network on the configuration results are analyzed.

Key words: integrated energy system; electricity price of node; reliability value; ISODATA clustering; adap-

tive differential evolution algorithm;collaborative optimal configuration
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% AL DIES B & A 1 K1E
Table Al DIES equipment reliability data

W MO AL (K Aty WSS r/h
CCHP %4t 4 24
AL 0.4 2
FEL- P i 0.4 10
VAW N 0.4 20
NN 0.4 20
fif P B 0.05 50
fiti LA 0.05 50
it A LA 0.05 50
A — —

I 0.9 20
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Fig.A3 Photovoltaic output curve
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Fig.A6 Clustering results of probability scenarios for reliability evaluation of science and technology parks

% A2DIES RiZ&ESH
Table A2 DIES equipment parameters

B i (KW kW« h) S i @i iR GolkW sloo/(KW - ) R EE iR
CHP: e:35%
CCHP R4t T 6000 h-c:50%
GB: 0.8
AL T 1500 4
H- R B A il 2700 4
fifi G B Fiic & 2500 0.9
TR T 500 0.9
iR ek FFC 1000 0.9
G 335 — —
Jatk 550 — —
F A3 ZHB P SEFER

Table A3 Classification of typical days

A AAERFEEIR]

FURY = 3-5, 9-11 A, JL183 Kk
Cates 6-8 J1, k92 KX
g7 1. 2. 12 H, Ft 90K
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% A4 DIES MEREMIER
Table A4 DIES purchase and sale energy price list

RIRA 2.63 jt/m®
ik
LA —
AR 0.6 7c/kWh
e HhE 0.4 5t/kWh
Wik 0.8 7/kWh
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Table A5 Refined reliability (Average annual power outage time) grade table of each electricity price characteristic

et 0=2% p=16% ¢=12% ¢=0.8% ¢=04% | 5% ¢=2% ¢=16% ¢=12% ¢=08% ¢=0.4%
1 0.7 h/a 0.7 h/a 0.7 h/a 0.7 h/a 0.7 h/a 16 9.8 h/a 2.6 h/a
2 0.8 h/a 0.8 h/a 0.8 h/a 0.8 h/a 0.8 h/a 17 151h/a 29h/a
3 0.9 h/a 1lh/a 0.9 h/a 0.9h/a 0.9 h/a 18 3.2h/a
4 1.2h/a 1.2h/a 1lh/a 1lh/a 1h/a 19 3.6 h/a
5 1.6 h/a 15h/a 1.2 h/a 1.1h/a 1.1h/a 20 4 hla
6 2.3h/a 19h/a 1.4 h/a 1.3h/a 1.2 h/a 21 4.6 hla
7 3.6 h/a 2.7h/a 1.8 h/a 1.4 h/a 1.3 h/a 22 5.2 h/a
8 6.6 h/a 4 hla 2.2hla 1.6 h/a 1.4 hla 23 6.1h/a
9 16.3h/a  6.7h/a 2.9 h/a 1.9h/a 1.5h/a 24 7.1hla
10 13.6 h/a 4 hla 2.2 hla 1.6 h/a 25 8.5 h/a
11 5.9h/a 2.6 h/a 1.7 h/a 26 10.2 h/a
12 9.5 h/a 3.2hla 1.9 h/a 27 12.7 h/a
13 18.2 h/a 4 hla 2 hla 28 16.1h/a
14 5.2 h/a 2.2 hla 29 21.1h/a
15 7hla 2.4 hla
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Fig.A11 Electricity price characteristics graph of grid connection point with
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annual load growth rate of 1.2%
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R A6 FEIAPAFEMEERT DIES W&HEELR
Table A6 DIES device configuration results under different user reliability requirements

ASAl  CCHP/KW  EC/kW  EH/KW  ES/ (kW +h) HS/ (kW < h) CS/ (kW « h)

0.9999 852.6 2554.9  2600.32 23.584 5341.36 10
0.9997 453.76 2499.48  3021.04 10 969.42 10
0.9995 406.43 2530.13  3083.31 10 10 10
0.9993 237.36 2506.12  2951.82 10 10 10
0.9991 274.86 2543.04  2954.24 10 10 10
0.9989 222.17 2436.63  2930.33 10 176.08 10
0.9987 10 2550.07  2966.59 10 1440.22 10
0.9985 10 2531.74  3104.99 10 10 10
0.9983 69.09 2377.95 2961.17 10 10 10
0.9981 237.96 2524.28  2832.68 10 10 10
0.9979 210 2319.63  2662.26 10 659 10
0.9977 226.29 2195.72 2709 10 201.18 10
0.9975 237.15 1968.7 272201 10 10 10
0.9973 459.53 1358.24  2477.49 10 10 10

R AT TREHEEKET DIESIRERELER
Table A7 DIES equipment configuration results under different electricity price characteristics

1] CCHP/kW  EC/KW  EH/KW  ES/ (kW «h) HS/ (KW < h) CS/ (kW = h)
0.4% 1140.18 2550.46  2704.49 3135.2 4258.02 10
0.8% 1001.19 2530.83  2957.62 10 1889.96 10
1.2% 852.6 2554.9  2600.32 23.584 5341.36 10
1.6% 601.84 2589.88  2526.43 10 5838.08 10

2% 854.1 25247  2584.83 21.33 5235.5 10
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