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Table 1 Load in each stage during planning period
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Table 2 Planning results of coal-fired units

retirement capacity in each scenario

Rl HEAHLALR A / MW
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Table 3 Planning results of energy storage

in each scenario
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Table 4 Planning results of renewable energy

in each scenario

HREM ML HREIRA A / MW
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1 962.63 482546  6078.71 17481.56
Sk 2 11349.67  5441.66  4788.50 0
3 0 654220  6179.97 0
St 1231230 16809.32  17047.18  17481.56

AR T BT

M T

123

123 123 123
BB
L YD/ F i
Bl BHETEAXMNRIEFERNEEIIERE
Fig.1 New installed capacity of renewable energy and

energy storage at each planning stage
under different scenarios
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Table 5 Economic analysis of each scenario
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Fig.2 Comparison of equipment capacity at each stage
under multi-stage planning of renewable energy

and energy storage
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Table 6 Comparison of computational efficiency

between single-stage and multi-stage planning
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Fig.3 Comparison of carbon emissions at

different stages in each scenario
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Coordination of multi-stage renewable energy,energy storage planning and
coal-fired unit retirement under carbon reduction goal
YUAN Yifang, SHANG Ce
(Department of Electrical Engineering,Shanghai Jiao Tong University,Shanghai 200240, China)

Abstract: The key issue in the low-carbon transformation of power system is to plan for the orderly retire-
ment of existing coal-fired units. The retirement of coal-fired units will result in a shortage of power genera-
tion and insufficient system flexibility, especially under the condition of the proportion of renewable energy
increasing step by step. While energy storage is an effective technological way to balance the power supply
and demand, and improve flexibility of power supply. Thus,the power system planning should be considered
together with the retirement of coal-fired units for a long time. For that,a multi-stage planning model is
adopted to coordinate the planning of renewable energy and energy storage with the coal-fired unit retirement
under the background of carbon reduction for power system. The effective of the proposed model is verified
based on IEEE 39-bus system, the planning results are analyzed from the perspective of unit retirement
and carbon reduction for power system. Results show that the reasonable planning for renewable energy
and energy storage can achieve faster coal-fired unit retirement,so as to realize the low-carbon transformation
of power system.

Key words: coal-fired unit retirement; multi-stage planning; renewable energy;energy storage;flexibility cons-

traint
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Table A1 Parameters of different generation equipments

1 B RAY AR AR A B A [i5] 7 B A/ CO, He R %/ BBAT BB O B A
(JiTG - MW [JiJC - (MW - a)"] (JiJt - MW™) (JiJt - MW™) [kg * (KW - h)"] (i7t - MW™) (it - MW
R LA 322.1 0.027 0.099 21.079 0.77 3.22 80.53
PRAHLA 225.0 0.039 0.032 17.821 0.3 / /
Jetk 598.0 0 0 16.950 0 / /
JRH, 796.0 0 0 15.561 0 / /

R A2 fFikfikaESH
Table A2 Parameters of candidate energy storages

ZH Bl

HNLZ /(MW - h) 50

LAVAS SN N GRS VA 35
IR /NTE L R IERIMW 0
AR 1

FEHRR 0.9
G €S 1

A RHSCAIIIIG - (MW - )Y 450

NEM AT TE - MW™Y) 910
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