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Multi-stage coordinated planning method for low-carbon power systems considering wind
power decommissioning and reconstruction and coal power flexibility upgrade
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Abstract: Accelerating the rapid development of new energy sources such as wind power is a key path to achieve the
“dual carbon” goals. However, with the approaching wave of wind power decommissioning near the end of the 14th
Five-Year Plan, China will face the challenges of large-scale wind power decommissioning and reconstruction, which will
seriously threaten the power system’s supply adequacy and flexibility. In this context, coal power remains an important
cornerstone for power supply security and flexible regulation, necessitating coordinated development of wind power and
coal power. To this end, a multi-stage coordinated planning method for low-carbon power systems considering wind
power decommissioning and reconstruction and coal power flexibility upgrades is proposed. First, a model for direct
decommissioning of wind power and orderly decommissioning of life extension retrofit considering system supply
adequacy is established. A multi-path in-situ reconstruction scheme of wind farm is then proposed, featuring "large
replacing small” and “capacity-equivalent retrofit expansion upgrades”. On this basis, considering the impact of coal
power flexibility upgrades on new energy consumption, a coordinated planning model of wind power and coal power
upgrades is constructed. Finally, a case study using the improved IEEE 39-bus system shows that the proposed method
can provide wind power decommissioning and reconstruction schemes to ensure system supply adequacy. In addition,
coal power flexibility upgrades can effectively meet the flexibility demands following wind farm expansions.
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Table 2 Case comparison settings
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Table 3 Cost analysis of the plan
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Fig. 6 Wind and coal power output maps for each

stage of the benchmark plan
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Fig. 8 Indicator comparison of low-carbon power system of

different schemes
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Table A1 Pure condensing unit parameters

B cp/(OB/MWh)  cpo/(JE/MWh)  Cpony/(JT TE/MW) &

1 300 400 80 0.08
2 300 400 80 0.08
3 300 400 80 0.08

& A2 2030 £ CHP HIAAR B BIEIF R
Table A2 Flexibility transformation of CHP units in 2030

ML 1 2 3 4 5 6

RBGKT OB REY B BAGE At

ZAE 50MW 50 MWh 50 MW 50 MWh 50 MWh 50 MW
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Table A3 Parameters of CHP unit
WA BARRENRMW  BUNREIIEMW  BRERAIISEMW  o/(E/MWh)  BP/(EMWh)  ¢/(T/h)  RI/(E/MWh)
1 200 100 300 0.003 110.2 9500 500
2 200 100 300 0.003 110.2 9500 500
3 150 55 200 0.003 110.2 9500 500
4 100 30 150 0.003 110.2 9500 500
5 180 75 280 0.003 110.2 9500 500
6 180 75 280 0.003 110.2 9500 500
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