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Fig.1 The output curve of nuclear power
plants participating in peak regulation
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Fig.2 The typical daily load demand
curve of the weekday and weekend
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Fig.4 Renewable energy output in 4 scenarios
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Table 1 The operation cost of the power
system in different situation

HHES  BIIRGEEIT A BRI T A

% 5iRg J(FIG-d™) /[ (MW-h)-d™']
B2 430.39 10.23
7 447.21 56.77

B S 45 1T s L AR DL N A% LG S AN PR it
24 h FTRE MRS PRt T 5 T SR i 2 e Al
VAR ML A2 5 IR e i, 57 RE IR A 77 32
SORAAESS 3 BN T AR LA, A% LA S S
VRIIEE S B BE R0 7 2 R AT 4 B2 6 SIS [a]
BerA, 37 F I (8] Boodi o () i, AR 35 BE TR i3 77 it
25l M £ a] ) AR AT DA B 2 R I

JERTREIRFE I D . AN, B S Sl TR
PRI PR RZ ) Ty 2, T LR L LRSS 3
5T AN ] B A G AR T AR A I B, B
SRR A R G R LI ER 3 25 T AN E] BE
BT RE LT 200 R ORI I X U T A vl 2 5 ] e
REAS A 25 56 FEL 19 T 448 RE TR A4 fE

500
450
400
. 350
300
2 250
&~ 200
150
100
50
0
5 10 15 20 25
t/h
s 1 HL 2 S IEI n] B AR REYR 5 ]
ez Y HN S 5 R I I AT AR RE YR 5T A A
—=— W] PR AR R YR AT R 2R
v %2 HRER A] AR H
o LR S I T A AR L

& G
— &z 5 L
B 5 #ZBHEARS 5HERGS 1
THERELZBNEMFANE
Fig.5 The renewable energy generation power

and curtailment in the scenario 1 when nuclear
plants do not participate in peak regulation

K6 25 TS SIS A S 5 IRER LT
T | RG0H K K R B Bl o 2 FS R R
l_ﬁﬁflﬁﬂ%o

1200
1000
800
600
400

HUALH 3/ MW

200

0

W

10 15 20 25
t/h

v X2 IR K RILALLE 7
—=— 1% HANS SRR K ALALH J)
—A-Z: iRz L B )

E6 AREBERTHR1PNAKBI
Rzt A Y £k
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plants in different situations in scenario 1
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Table A4 The base load on buses

RAL BHREBEEFRFTRN

R AS ZRAFLHEEAFHEDLL
Table A5 The proportion of actual load in base load

B SEHE ek He A7 WHBe/  SEBRfumer ki || BPBY SEBRAAU O Sk
i/ MW i/ MW h AR 2 % h BRI E 23 L/ %
1 108 13 265 1 48.244 3 13 63.629 9
2 97 14 194 2 44.832 2 14 63.637 0
3 180 15 317 3 42.592'5 15 66.039 0
4 74 16 100 4 40.922 3 16 65.172 1
5 71 17 0 5 40.011 8 17 65.026 2
6 136 18 333 6 39.732 1 18 65.959 0
7 125 19 181 7 40.915 3 19 62.707 3
8 171 20 128 8 46.337 8 20 62.887 5
9 175 21 0 9 57.840 4 21 61.328 2
10 195 22 0 10 66.898 1 22 59.903 4
11 0 23 0 11 70.570 0 23 57.5252
12 0 24 0 12 71.868 3 24 57.102 7
RA6 NNEBHARES
Table A6 The parameters of thermal power generating units
wE B pp ppin Riv/ R/ cimy iy o,/ B B,/ B Y/
/MW /MW (MW-hT')  (MW-hThH) ek (e (JE-MW™') (JE-MW™?)
1 1 20 16 4 4 10 000 10 000 3205.479 2 520 0
2 1 20 16 4 4 10 000 10 000 3205.479 2 520 0
3 2 20 16 4 4 10 000 10 000 3205.479 2 520 0
4 2 20 16 4 4 10 000 10 000 3205.479 2 520 0
5 7 100 25 20 20 10 000 10 000 6 252.168 174.646 0.210 688
6 7 100 25 20 20 10 000 10 000 6 252.168 174.646 0.210 688
7 7 100 25 20 20 10 000 10 000 6 252.168 174.646 0.210 688
8 13 197 69 39.4 39.4 10 000 10 000 6 662.06 194.321 6 0.028 68
9 13 197 69 39.4 39.4 10 000 10 000 6 662.06 194.321 6 0.028 68
10 13 197 69 39.4 39.4 10 000 10 000 6 662.06 194.321 6 0.028 68
11 15 12 2.4 2.4 2.4 10 000 10 000 691.081 6 226.256 1.313 648
12 15 12 2.4 2.4 2.4 10 000 10 000 691.081 6 226.256 1.313 648
13 15 12 2.4 2.4 2.4 10 000 10 000 691.081 6 226.256 1.313 648
14 15 12 2.4 2.4 2.4 10 000 10 000 691.081 6 226.256 1.313 648
15 15 12 2.4 2.4 2.4 10 000 10 000 691.081 6 226.256 1.313 648
16 15 155 54.3 31 31 10 000 10 000 3057912 8 49.553 2 0.033 368
17 16 155 54.3 31 31 10 000 10 000 3057912 8 49.553 2 0.033 368
18 22 50 10 10 10 10 000 10 000 1200 80 0.032
19 22 50 10 10 10 10 000 10 000 1200 80 0.032
20 22 50 10 10 10 10 000 10 000 1200 80 0.032
21 22 50 10 10 10 10 000 10 000 1200 80 0.032
22 22 50 10 10 10 10 000 10 000 1 200 80 0.032
23 22 50 10 10 10 10 000 10 000 1 200 80 0.032
24 23 155 54.3 31 31 10 000 10 000 3057.912 8 49.553 2 0.033 368
25 23 155 54.3 31 31 10 000 10 000 3057.912 8 49.553 2 0.033 368
26 23 350 140 70 70 10 000 10 000 5320.875 2 47.398 0.019 58

(TF4% 126 )
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Optimal capacity configuration of hydro-wind-diesel microgrid

considering uncertainty of renewable energy and load
ZHANG Wenjie, WU Jiekang, ZHAO Junhao, YE Huiliang, REN Dejiang
(School of Automation, Guangdong University of Technology , Guangzhou 510006, China)
Abstract : The uncertainty of hydro, wind resources and load will affect the economics and robustness of microgrid configuration ,
this paper proposes a bi-level optimal planning and design model for grid-connected hydro-wind-diesel microgrid, considering
uncertainty of renewable energy and load. The up-level optimization is a microgrid configuration model. The low-level
optimization is a microgrid economic dispatch model considering the uncertainty of hydro-wind power and load. Based on the
robust linear optimization theory proposed by Seng-Cheol Kang( SCK-type robust linear optimization) ,the uncertainty model is
transformed into a deterministic model. Then,combined with the fast non-dominated sorting genetic algorithm with elite strategy
(NSGA-IT) and mixed integer linear programming ( MILP ) , the multi-objective optimal configuration problem of microgrid is
solved. Finally,a distribution system in Shaoguan city is taken as a simulation example. The results show that the model not only
improves the robustness of the microgrid,but also ensures the economics and reliability of the configuration.
Keywords : hydro-wind-diesel microgrid ;optimal capacity configuration;robust linear optimization ; multi-objective ; bilevel opti-

mization
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A two-stage stochastic optimization for power system nuclear power plants participa-

ting in peak regulation with the consideration of renewable energy uncertainty
NING Yangtian', LUO Cuiyun', ZHAO Ziqi', MIAO Zenggiang' , ZENG Ziyu®, DING Tao®

(1. Guangxi Power Grid Power Dispatching Control Center,Nanning 530023, China; 2. State Key Laboratory of Electrical

Insulation and Power Equipment , Shaanxi Key Laboratory of Smart Grid( Xi'an Jiaotong University) ,Xi’an 710049, China)
Abstract : The energy crisis is getting more and more serious around the world. In recent years, renewable energy has developed
rapidly as one of the ways to relieve the energy crisis. However, renewable energy has the characteristics of uncertainty.
Therefore, high renewable energy penetrated power system will bring new challenge to the optimal dispatching for the power
system. In the case of rapid development of renewable energy power generation and nuclear power station, the peak and valley
difference of the power system becomes larger, which increase the pressure on the power system peak regulation. In order to
increase the peak regulation capacity, a model for flexible participation in peak regulation is proposed in this paper.
Meanwhile, a two-stage stochastic optimization for power system nuclear power plants participating in peak regulation with the
consideration of the stochastic renewable energy output is given. The first stage of optimization determines the status of the
power plants. In the second stage of optimization minimize the expected operation cost of power system based on the decision
made in first stage. The model is tested by IEEE 24 bus system and a real power system. The results verify the feasibility and
economy of the nuclear plants participating in peak regulation.

Keywords : renewable energy ;nuclear power plant;peak regulation ;two-stage stochastic optimization
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