49 % B9 A ERGEF B EH Vol.49 No.9
202145 H1H Power System Protection and Control May 1, 2021

DOI: 10.19783/j.cnki.pspc.200834

TR P BT A B S M B A R

REBREMXI A

K %, Wby, EiEm, £ OB, E£HE

(B R E SN S ZFEARFLH, #d B8 443002)

R B0 H AR IR BRI S R, A SE R IR 2 W A BRI FU £ A REUR R G A B B S e —F
TR P ERG RTBEAT AR 3 1 1) gk S REIR R SRR %, H o, @M IR RSN . 285,
PR LR A REIR R G h S 2K 3 E AR RIS AR A o [R]EE 25 P AL RE SIS IR BT, S BURE X R XU
QEHETR APPSR . FEURIERR B, 8T AN SRR A RESEALEE M, WS ) IR & BEIR R S I U B S 1 5%
BB . fe e, A SRR RIE AT R 7 A RIGIE 7207 B L Ve A 2 -

KRB GRS REEA SR R REHIRAT s BUIREUE: BURHLRD; [ZEie

Integrated planning of supply and demand side considering the behavior analysis of
energy users and the policy-oriented impact

DAI Lu, TIAN Libo, WANG Hailiang, WANG Meng, JIANG Mingzhan
(State Grid Yichang Power Supply Company Economic and Technological Research Institute, Yichang 443002, China)

Abstract: To address deepening energy and environmental issues, it is of great significance to study integrated energy
system planning from a broader macro perspective. A wide-area integrated energy system planning method considering
the user comprehensive energy consumption behavior and policy orientation is proposed. First, the utility model of user
energy consumption decisions is established. Then the planning revenue models of all kinds of market entities in the
integrated energy system are constructed. Considering the environmental benefits of energy supply and transformation, a
government evaluation model of pollution emissions from both sides of supply and demand is established. On that basis,
based on the analysis of game mechanisms among different players, a two-layer dynamic game planning model for a
wide-area comprehensive energy system is constructed. Finally, an iterative search method is used to solve the model. The
simulation results verify the correctness and effectiveness of the method.
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Xy, =argmaxU (X, X[, Xy
X, =argmax1(X,, X}, Xg) (21)
X;::wgnme(XR,X;,Xf)
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Fig. 4 Solving flow chart

5 BHlfmESHh

51 2HE

ASCWIAE K IEEE24 H1J) RS ST 17
TR RN R G X IR ER & BEIR R GE AT 7 0
Bro Hrh, HARGMRIRTRG KT mAF
FEPEA B EE A, RIS L 6'.10". 11",

X 1R,

i
N’
]

L Ry o o R R g (R
WAME i g am Do Qi A Lo
TR, RS R (@) Wtk

Ui "o i @ i

E 5 ZEBERRGIRHINGRE
Fig. 5 Topological structure of integrated energy system
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Table 1 Planning results of the outer bodies

Gila SARIEAS BURF
R LIRSl AR EGE S uE M HLAN A/ il LA R/ SAHNIG/
HUBE/% HUBL/% Bi1% (FG/KWh) (timd) (7G/kWh) (E/md)
1 275 33.9 61.4 0.568 2.40 0.100 1.00
2 32.7 375 70.2 0.556 2.35 0.100 1.00
3 353 36.9 72.2 0.556 2.31 0.108 0.97
2 FERERGASTIATHFNNIER
Table 2 Planning results of market players in the integrated energy system
LR KA HL R A ] RIRAAT]
1 1, 7. 13 1-3. 7-8. 12-13. 14-16. 1-2', 2-3' 9-12', 16-17'
2 1. 7. 13, 23 1-3. 7-8. 12-13. 14-16. 20-23 1-2', 2-3'. 6-7'. 9-10'. 9-12'
3 1. 7. 13, 21 1-3. 7-8. 12-13. 14-16. 18-21. 20-23 1-2', 2-3'. 56 6-7'. 9-10. 16-17'
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Table 3 Comparison of the cost and benefit of each subject in scenarios 1 and 2

- i P L O IR A G5 B S Bt
TR " NET N . N e . N e

AL K HLA HL 2 ) FIRA AT s F HeA BT
1 7.675x10%0 2.415x1010 1.208x10%0 1.085x100 4.708x10%° 6.364x108 1.868x108 8.232x108
2 7.903x1010 2.747x1010 1.273x10%0 1.240x100 5.260x10%0 5.250x108 2.179x108 7.429x108
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Table 4 Comparison of costs and benefits between users and government in scenarios 2 and 3

g FH P AR BURFINHES B/t

JRAITT F A L5 SRS =

2 7.903x10%° 5.250x108 2.179x108 7.429x108

3 7.945x10%° 5.023x108 2.209x108 7.232x108

=5 1B® 2. 3PEEERERFWEITEL
Table 5 Comparison of integrated energy system revenue in scenarios 2 and 3
g e IsUON] BB AS TR RS TS RAS RER %N BAT AL IREE AL pstliEa)

10 7t 107 7t 107 7t 107 76 107 76 107 7t 107 75 107 75
RHL 5597 149.9 7235 546.5 0 980.2 4495 2747
L 1400 15.03 0 0 111.2 0 0 1273
R 2819 42.64 0 0 0 1536 0 1240
Mt 9820 207.6 7235 546.5 111.2 2516 4495 5260
K 5909 201.7 681.1 674.7 0 1019 4557 2876
L 1452 17.48 0 0 130.1 0 0 1304
R 20915 52.63 0 0 0 1705 0 1157
Mt 10 280 271.8 681.1 674.7 130.1 2724 455.7 5337
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Table Al Data of alternative fuel gas generator unit

B K ERIMW 555 9% F/(10° JT) PRHFERE ZIRIA U (BTUIMW?) PEHFEE — IR EU(BTUIMW)
1 167.2 160.5 0.01131 12.145
2 167.2 160.5 0.01131 12.145
7 220 2112 0.0122 17.924
13 833.4 800 0.003 0 20.023
15 34 327.36 0.003 92 8.919
16 34 327.36 0.066 7 9.2706
21 880 844.74 0.002 8 5.345
23 341 327.36 0.002 8 5.345
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Table A2 Data of alternative transmission line

Lk A REIMW R B AR K /km
1-3 175 1 2 55
2-4 175 1 2 33
7-8 175 1 2 16
12-13 500 1 2 66
14-16 500 1 2 54
15-24 500 1 2 72
18-21 500 1 2 36
20-23 500 1 2 30

R A3 MBERFREERE
Table A3 Data of existing and alternative pipelines

il HIEHH A7 Ry A K JE/km
1-2' 0.0320 1 2 85
T 2-3' 0.0128 1 2 72
i 5-6' 0.0320 1 2 82
< 6-7' 0.021 4 1 2 95
W 9-10' 0.0320 1 2 96
b=} 9-12' 0.021 4 1 2 70
- 16-17' 0.0320 1 2 86
1-10' 0.021 4 1 2 70
i 3-4 0.010 3 1 2 69
; 4-5' 0.0128 1 2 75
4-7 0.0103 1 2 75
4-g 0.0130 1 2 86
! 10-11' 0.128 1 2 72
10-15' 0.0128 1 2 81
10-16' 0.021 4 1 2 81
12-13' 0.0128 1 2 76
13-14' 0.0130 1 2 98

R M RASWEHELSH
Table A4 Related parameters of natural gas network

AW Wd) A RBEAHI BOMNRIE BORTIAUE AW W RS RSN BT BT

A A (L0°SCF/h)  (10°SCF/h) J1lpsia J1lpsia Wi WA (10°SCF/h)  (10°SCF/h) [k J/psia JE Jilpsia
1 23 0 25.6 600 1200 9 341
2 20 2.74 — 600 1200 10 3.71
10' — 600 1200
3 19 3.15 — 500 1200 11 0
4 16 2.16 — 600 1000 12 0
17 0 3 3.52
5' — 600 1200 i — 500 1000
18 5.39 24 0
21 0 12' 6 2.98 — 600 1200
6' 30.9 600 1200
22 0 13' 5 1.70 — 500 1200
7 15 5.26 — 400 1000 1 2.23 —
14' 400 1000
8 14 3.95 — 400 1000 2 2.06 —
13 4.56 15' 4 1.82 — 500 1200
9 22.0 600 1200
22 0 16' 8 3.35 — 600 1200
17 7 2.68 26.3 600 1200
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Table A5 Fire coal load needing transforming of various users in each area
MW

10 13 14 15 16 18 19 20

XI5k 1 2 3 4 5 6 7
J& R A 60 0 162 0 0 75 0
[ER4n¥) 20 64 0 0 0 0 0
Tl A g 0 0 0 18 47 0 95

55 106 0 0 100 80 0 0 7
67 0 0 0 0 180 97 0

0 1056 127 0 0 0 120

* A6 AP HEBESUERRRBETESH
Table A6 Simulation parameters for user heating transforming decision model

ZH r Thea 3, 10L/m?) 9, /(7E/kWh)
Kol 0.07 20 1 0.1
R AT FEERRGMNERFTESH
Table A7 Simulation parameters for integrated energy system planning model

ZH il S 1A
T. Tors TeL. Tel4E 20 0, | (FG/KWh) 0.026
Cg ! (7i/kWh) 0.021 Cs: ! (GG/KWh) 0.031
C2 1 (76/kWh) 0.016 Cs. ! (Gt/kwh) 0.028
Cs 1 (FE/kWh) 0.003 Cui. ! (GE/KWh) 0.047

CE/ (FE/kWh) 0.012 ol% 70

= A8 BTRRIRE(HESH
Table A8 Simulation parameters for government’s decision model

Hfl CO, SO, NO
R™ () 0.052 0.033 0.019
RY®(t) 0.021 0.014 0.012
RIM () 0.041 0.021 0.011
R (1) 0.019 0.012 0.009

Qu 0.48 0.36 0.16

SE Rk [3] Rz, HE, BEE, 55 M REGEERET b
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