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Table 2 Benefits of ESCO and equipment capacities under three scenarios
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Table 3 Benefits of ESCO under different values of vy
Wezs BRR /MR TRR /. WGRIIME / RESSERE /Wi sh

Jiot Jiot hiot hiTt JaHl /%
0.2 187990 187990 187990 0 0
0.4 188000 188000 188000 0 0
0.6 255120 158650 206890 96470 +11.6
0.8 255950 157340 206640 98610 +11.9
1.0 256680 153830 205250 102850 +12.5
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Table 4 Calculative results of Index 1
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AR E  HABIUNH  RIAFIUNH R
T 0.3529 0.7105 0.6090
H 05536 07126 0.6090
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Table 5 Calculative results of Index 2
in typical day of cooling season
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Table 6 Comparison of planning results between Scenario 2 and 4
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Fig.10 Energy interaction between ESCOs
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Bi-level optimal configuration planning model of regional integrated
energy system considering uncertainties

QIU Zhi',WANG Beibei',BEN Shujun®’,HU Nan’
(1. Jiangsu Key Laboratory of Intelligent Power Grid Technology and Equipment,Southeast University,Nanjing 210096, China;
2. State Grid Nantong Power Supply Company,Nantong 226500, China)

Abstract: Aiming at the lack of consideration of the uncertainties of load,prediction error of renewable ener-
gy and energy purchase price fluctuations,a bi-level optimization model based on particle swarm optimiza-
tion and interval linear programming is proposed to solve the planning problem of integrated energy system
with uncertainties. In order to show that the proposed optimal configuration model can significantly improve
the flexibility of system operation,the potential indicators for evaluating the system participating in the de-
mand response projects are given,and the advantages of system in responding to the load reduction targets
and energy price changes are quantitatively analyzed. The results of numerical example not only validate
the validity and feasibility of the proposed model,but also show that under the background of energy inter-
connection and substitution, the fluctuations of natural gas price and power load directly affect the income
range of energy service companies, and the proposed model can optimize the allocation of various energy
storage equipment to improve the energy utilization efficiency and suppress the system operation income
fluctuations.

Key words: integrated energy system;energy hub; planning; uncertainty ; ESCO ; interval linear programming;

bi-level optimization;models
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Table A1 Parameters of each equipment

& AR R A/ (T kW) LGS
CCHP 9000 Nk =0.417 , it =045, =035
GB 850 0.92
FL i AL 950 4
PtG Bl 5500 0.6
fitifie 150 0.95

R A2 BEHEBMN
Table A2 Simulated electricity price

Wz AT GW)T | B BT kW) | B B OG-(kW by | R EHY/[IG (kW h) ]
01:00 0.367 07:00 0.367 13:00 1.253 19:00 0.866
02:00 0.367 08:00 0.367 14:00 1.253 20:00 1.253
03:00 0.367 09:00 0.866 15:00 1.253 21:00 1.253
04:00 0.367 10:00 0.866 16:00 1.253 22:00 1.253
05:00 0.367 11:00 0.866 17:00 0.866 23:00 0.866
06:00 0.367 12:00 1.253 18:00 0.866 24:00 0.866

* A3 BEFHAAGETSKNBRLE

Table A3 Simulated load and wind power of typical summer day

MW
WA mRE AR Q; WA RS A Q; W Mg AR Q; WA MRE AR Q;
01:00 5.38 0 6.78 07:00 5.34 0 3.24 13:00 15.30 36.87 1.08 19:00 18.85 54.81 0.59
02:00 548 0 6.16 08:00 5.43 7.22 3.52 14:00 19.40 48.29 0.91 20:00 19.00 48.31 1.28
03:00 5.34 0 8.41 09:00 15.44 21.92 3.05 15:00 18.59 62.12 0.75 21:00 19.64 37.20 3.10
04:00 5.34 0 7.43 10:00 17.91 26.32 0.82 16:00 18.70 54.90 0.94 22:00 16.70 24.90 3.89
05:00 5.38 0 8.79 11:00 16.40 37.02 1.17 17:00 17.07 43.05 1.06 23:00 5.47 0 7.15
06:00 5.35 0 7.23 12:00 16.53 34.29 1.60 18:00 18.88 42.83 0.67 24:00 543 0 6.28

*® A4 ZRFHAFMES X BERIUE
Table A4 Simulated load and wind power of typical winter day

MW
WA mid BSUE Lo | R RS i o | e s g Lo | W mun mder
01:00 7.40 0 8.23 07:00 7.27 0 7.75 13:00 20.69 17.19 1.91 19:00 20.34 26.65 3.10
02:00 7.43 0 9.27 08:00 7.37 6.77 5.15 14:00 20.50 22.66 1.60 | 20:00 19.76 24.23 2.83
03:00 7.23 0 10.12 || 09:00 17.26 9.78 5.01 15:00 20.46 22.24 1.20 | 21:00 15.71 22.06 2.87
04:00 7.32 0 9.46 10:00 19.74 16.87 3.91 16:00 19.99 21.65 1.38 | 22:00 15.92 18.19 4.87
05:00  7.27 0 8.83 | 11:00  19.97 24.17 245 | 17:00  19.26 25.51 121 || 23:00 736 0 8.23
06:00 7.26 0 9.06 12:00 19.88 22.40 2.63 18:00 19.26 26.69 1.92 | 24:00 7.37 0 8.37
F A5 HEFMEI AR S XEELE
Table A5 Simulated load and wind power of typical day in transition season
MW
BZ W AR AR };JL; BZ W AR AT E; BZ W AR AT };JL;
01:00  5.96 0 0 559 || 09:00 1638 2.41 2.80 299 [ 17:00  19.38 14.44 7.12 1.22
02:00  5.94 0 0 6.32 | 10:00  18.68 4.06 4.74 0.80 | 18:00  18.80 14.63 7.59 1.51
03:00  6.12 0 0 7.05 || 11:00  19.93 7.71 7.86 1.33 | 19:00  17.09 16.11 8.35 1.82
04:00  6.11 0 0 6.78 | 12:00  19.61 9.17 6.40 1.76 | 20:00  16.79 15.52 7.81 1.23
05:00  6.17 0 0 570 || 13:00  19.58 9.62 5.06 0.93 | 21:00 16.81 9.55 6.18 3.63
06:00  6.19 0 0 5.19 || 14:00  20.52 14.01 6.76 1.97 | 22:00 13.82 8.21 4.98 5.81
07:00 6.58 0 0 3.39 15:00 20.83 17.35 6.14 1.34 | 23:00 6.56 0 0 5.77
08:00  6.69 2.41 1.83 3.71 | 16:00  21.06 16.15 6.19 1.31 | 24:00  6.46 0 0 6.13
F A6ESCO2 WAl X HEEEIRE
Table A6 Setting of exchangeable energy of ESCO;
MW-h
I K AT 38 H LRGSR IR A4S HAAGE SR KA S HA RS
EST] 00:00—  09:00—  19:00— 00:00—  09:00— 19:00—  00:00—  09:00—  19:00—
08:00 18:00 24:00 08:00 18:00 24:00 08:00 18:00 24:00
A 7= 25 +25 £15 — — — 0 28 +10
TR -15 +£25 +10 0 +15 +8 0 +18 +8
il R -10 +25 £10 0 27 £10 — —
P ENTE ) +6 +3.5 43.5

RN IR ESCO, AT LA ESCO, SK/3LfRefE; “— R IA ESCO AU A M ESCO, AW N RE = .



% A7 ESCO HyESEH N
Table A7 Electricity trading price between ESCOs

i B /[T (kW -h)']
% 0.31

T B 0.74
g 1.06

He NTIRE RGN E, 2 AT &0 BAENIEE T B A2 i
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