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Fig.1 Schematic diagram of PIES structure
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Fig.2 Schematic diagram of ladder-type carbon trading
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Table 3 Planning results with different

benchmark prices

L%/ Al R Bl A/ kW

Ge-t) A/ TATE B /T8 R ARG R
50 3510.74 789.06 650 124 782
100 3545.98 81495 658 159 776
200 3597.66 899.28 647 202 688
300 3638.28 95293 662 297 651
400 3669.71 104343 681 402 617
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Fig.5 Planning results when carbon trading

parameters change with planning stages
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Multi-stage planning of park-level integrated energy system based on
ladder-type carbon trading mechanism
CHEN Zhi,HU Zhijian, WENG Changhong, LI Tiange
(School of Electrical Engineering and Automation, Wuhan University, Wuhan 430074, China)

Abstract: Aiming at the planning of park-level integrated energy system in the background of energy inter-
connection, a multi-stage planning method of park-level integrated energy system based on ladder-type car-
bon trading is proposed in order to fully consider the low-carbon characteristic and the construction time
sequence of park-level integrated energy system. The calculation model of carbon trading cost under ladder-
type carbon trading mechanism is established, based on which,the multi-stage planning model of the park-
level integrated energy system is established with the minimum life-cycle cost including the carbon trading
cost as the objective function,so as to make the optimal decision on the equipment configuration in each
planning stage. Through simulation,the economics of multi-stage planning and the coupling effects of carbon
trading benchmark price, carbon trading price interval length, number of intervals and other parameters on
multi-stage planning are discussed. The results show that the carbon emission of the system is sensitive to
the changes of ladder-type carbon trading’s parameters and the carbon trading benchmark price is the main
factor affecting the planning result.

Key words: park-level integrated energy system;construction time sequence;multi-stage planning;low-carbon;

ladder-type carbon trading
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Table A1 Maximum load at each planning stage

BB HL BT KW AT RW HTRW
1 220 320 260
2 385 560 480
3 550 800 600

*® A2 BERFEREHNSH

Table A2 Parameters of candidate planning devices

Wk iaigadil HEF BRI - (KW hy'] BIES Fifila
Jetk 10000 JG/kW 0.039 — 25
Gk 5500 JG/KW 0.015 0.60 20
LA 1000 JG/KW 0.04 0.95 20

Pl 7000 JE/KW 0.03 7k 045 25

FEHL: 0.30

SR Y 1000 JG/KW 0.03 0.95 25
H Ak 2000 JE/ (KW h) 0.026 0.95 15
ufit 800 Ji/ (KW H) 0.013 0.95 20
i 1800 i/ (KW H) 0.011 0.95 25

® A3 HEHRESH

Table A3 Parameters of carbon emissions

S8 ZHUH
B H B TCEERR RO 8]

[t (mw h)Y 0728
TR e B, | (1 GID 0.102

2fir B IBRHERCRE B, [t (MW h) Y] 1.08
PfEIBRHERCRE 8, 1 (tGI D 0.065
P2G AR S B, [[t (MW h)™] 0.106

BT R A 0, /[MI (kW h)Y] 6

BREEG MG 6 - tD 267.6

WS MK AL « 0.25

& A4 BN ST

Table A4 Power price and gas price

L gl
WM (11:00—16:00, 19:00—21:00) 1.35 56/ (kW h)
SEAfr (08:00—11:00, 16:00—19:00, B
AN 0.9 76/ (kW h)
21:00—24:00)
A4 (00:00—08:00 ) 0.47 5t/ (kW h)
HH 0.35 56/ (kW Hh)
=, 0.28 76/ (KW ) CRERSAHVEHE S 9.7KW « h/m®)

eyl 0.35 76/ (kW h)
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Fig.Al Predicted load and PV output curves of typical days
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Table B1 Planning results of four cases
EB/KW GB/kW CHP/KW P2G/KW
[9EY
S S, S3 Sa S, S, S3 Sa S S, Ss Sy S; S, Ss S,
BBl 120 125 44 43 725 680 276 273 124 217 103 123 0 0 0 0
B 2 0 0 30 36 0 0 224 179 0 0 52 135 0 0 0 0
BB 3 0 0 39 37 0 0 208 206 0 0 0 0 0 0 0 0
&1 120 125 113 116 725 680 708 658 124 217 155 258 0 0 0 0
PV/KW ES/KW HS/KW GS/kW
B B
S, S, Ss S, Sy S, Ss S, S S, Ss S, Sy S, S; S,
WrBt1 547 611 373 361 609 534 612 595 255 258 110 110 0 0 0 0
B 2 0 0 274 300 0 0 11 93 0 0 81 84 0 0 0 0
B 3 0 0 0 0 0 0 0 0 0 0 81 85 0 0 0 0
41t 547 611 647 661 609 534 623 688 255 258 272 279 0 0 0 0
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Fig.B1 Comparison of various costs between Cases S, and S,
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Table B2 Energy purchase amount at different stages under different carbon trading prices

WHL i (MW h) S (MW h)
KB
Sy S; S3 Sy S; Sz S3 S4
Bz 1 2281.07 1979.71 2903.62 2865.14 9670.77 9820.82 9860.91 10275.86
B 2 9491.67 8343.40 8671.15 7871.80 28783.39 30029.47 28469.86 29720.95
BBt 3 22071.81 20410.13 20757.20 19521.11 51932.67 53894.31 51317.20 53171.80

% B3 JARBEH B IER UL
Table B3 Photovoltaic randomness simulation situation description
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Fig.B2 Trend of energy purchase cost changes with change of carbon trading price
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Fig.B3 Trend of energy efficiency of park-level integrated energy system with
change of carbon trading price
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Table B4 Carbon trading amount at different stages under different carbon trading price interval lengths

WA Ty WAt DX AR B 1t 50 100 200 300 400 500 600 700 800 900
BBt 1 142.84 165.12 171.24 170.78 170.86 169.20 170.86 170.86 170.92 170.86
HrE% 2 207.50 232.30 271.31 291.93 296.93 296.15 297.75 321.56 320.13 322.70
BBt 3 525,51 556.33 600.22 622.65 628.71 627.79 629.44 654.45 652.58 655.37

% B5 MR SHH S ZMERBEHEBN LA

Table B5 Simulation situation description of carbon trading and multi-stage coupling simulation

i 1]
A B0 8 32 5 LI ) JIT AT 2 BSOS RS B B i 25 A T 22 £
A; BB BREE 5 FEMEM MBI T, A TR B | k% IX () % H AR 4L
As BB B RS X B R AR J, SEUEMTAR . S X RIECE R AR 1L
A BB BN X R H BRI 2, BEUENAR . IS X EEA R fL
A BERLRI T B84 Bk, BB BBk S 5 B A B IR T . Ak X
BEBEWARR . Ak X RIEH B 2
% B6 B3 SIS MBI LR
Table B6 Sensitivity comparison of carbon trading parameters
AT 4 SR A, As Ay
TR 5.17% 0.12% 0.55%
T AL
LTt SR A 1.56% 0.20% 0.05%
TR 2.15% 7.59% 7.13%
T As

S F5 A R WA 0.50% 1.83% 1.98%
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