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Abstract: Under the vision of the high penetration renewable
energy power systems in the future, the renewable energy,
such as wind and solar, with volatility and uncertainty becomes
the main energy provider, which brings the great flexibility
requirement to the power system. The power planning model
will no longer be applicable, which considers single flexible
resource to provide the regulatory ability and power planning
method based on the net load envelope. This paper introduces
the flexibility indices to quantitatively assess the regulatory
potential of multi-type flexible resources of source-load-storage
and incorporate it into the planning model as an optimization
decision-making variable. A high penetration renewable
energy power planning model is built, whose objective is the
minimizing investment of the whole planning period. Through
the three process modules including power investment decision,
production simulation and flexibility assessment, the power
planning solution is obtained, which achieves the optimal
unit investment improvement flexibility indices. Finally,
the long-term planning(up to 2 050) of a provincial power
grid in northeast China is taken as an example to verify the

effectiveness of the above models and algorithms.
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Fig. 1 Framework of optimization planning
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Table 1 Load data of system during outlook period
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Table 2  Existing installed capacity and development potential
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Table 3 Multi-type flexible resources planning results

FEE/E 2020 2030 2050
RE(X. ) /MW 7950 20387 36695
TKHL/MW 4752 5747 5747

EE/E 2020 2030 2050
KH/MW 19165 17687 18781
W) F/MW 1310 1310 1310
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LS /MW 0 1800 2600
DR/MW 0 0 1000
AR AZ TG 249.01 44121 1537.65
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Fig. 2 Investment decision optimization results
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Table 4 Single type flexible resource planning results

FE/E 2020 2030 2050
RE(Kl. ) /MW 7950 20387 36695
KL/ MW 4752 5747 5747
KHL/MW 19165 18193 19183
HEYIF/MW 1310 1310 1518
fitfe/ MW 1700 5900 10100
AL TT 249.01 476.64 1703.19
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Table 5 Power loss of energy storage

FE/E 2020 2030 2050
5 H/GWh 134.14 743.88 1087.37
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Fig.3 Energy storage charge and discharge power distribution
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Fig.4 Abandon wind/solar rate sensitivity analysis
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