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Abstract: Aiming at a series of problems such as power quality degradation and unreliable opera-
tion of the power system caused by the continuous increase of the penetration rate of renewable
energy power generation in the entire power grid, this paper proposes a multi-area wind-photo-

voltaic-storage capacity optimization method for maximizing the average renewable energy accom-

Wk H# . 2022-03-18.  MEHM A FIEQ998—) Lo Wi+ RILGEGIESR . B mlE AR m,  Xeumi.
| % H 0 28 ) B % B 35 H (4000-202035039 A-0-0-00)
2% R A . 2022-09-01 2% H AR #i ik . https://kns. cenki. net/kems/detail /61, 1069, T. 20220901, 1514. 004, html



16

[ S N

o
=)

=]

o JL T BILE I 8RR 25 i BE B AR L F T R e T

modation level under the typical renewable energy generation time series based on the stochastic
programming theory by comprehensively considering the wind power, photovoltaics and other
power sources, as well as the operation constraints of tie lines and energy storage equipment.
This method mainly considers that the amount of the generated wind power and photovoltaic
power that cannot be accommodated by the power grid after meeting the load demand will be
stored without exceeding the capacity of the energy storage equipment and will then be provided
by the energy storage equipment during the off-peak period of renewable energy generation, giv-
ing full play to the space-time complementarity of the wind power and photovoltaic power and the
peak load regulation advantage of energy storage. First, an uncertain set of typical renewable en-
ergy power time series characteristic sequences is constructed with the time-space correlation con-
sidered; then, the model is decomposed according to the typical sequences, and the distributed
optimization solution of the objective function is realized by the distributed penalty primal-dual
subgradient algorithm; finally, the case is analyzed based on the IEEE-24, 31-node system to ob-
tain the wind-photovoltaic-storage capacity allocation results, and it is suggested that the energy
storage equipment in the multi-area power grid should be considered to be built in the area with
installed wind and photovoltaic power capacity. The simulation results show that compared with
the traditional centralized optimization method and the lLagrangian relaxation method, the pro-
posed distributed optimization method has more and more obvious advantages in computing effi-
ciency as the number of power grid areas increases. The proposed distributed method, compared
with the Lagrangian relaxation method, improves the convergence speed by 57.1% in 10 typical
sequences. The proposed method can provide a systematic solution for the optimal allocation of
the capacity of the wind-photovoltaic-storage multi-area power grid considering the uncertainty of
renewable energy sources.

Keywords: capacity optimization; renewable energy accommodation; stochastic programming;

time-space correlation; distributed optimization
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