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Diversity evaluation for power system operation based on weather forecast information considering
uncertainty
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In recent years, a large scale of renewable energy (RE) such as photovoltaic (PV) power generation has been
introduced to the power grid. As the output of RE fluctuates due to weather conditions, various difficulties occur in
the operation of the power grid. One of them is grid congestion, in which transmission lines and transformers become
overloaded. Thus the operation must be planned to avoid grid congestion based on the forecasted values of the RE
output. However, the prediction of the RE output is usually accompanied by errors. Therefore, it is also important to
operate the grid taking into account the uncertainty of the forecasted values. In addition, PV output has a strong
correlation with solar radiation and it fluctuates depending on the amount of clouds in the atmosphere. Therefore, it is
necessary to utilize meteorological forecast information. Recently, the Japan Meteorological Agency (JMA) has started
to distribute the Meso-scale Ensemble Prediction System (MEPS) as weather forecast information that takes
uncertainty into account. In this paper, we utilize the MEPS information to evaluate the diversity of grid operation by
using optimal power flow considering the uncertainty.
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Fig. 1.  Figure showing research areas related to OPF.
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Table 1. Comparison of MEPS and MSM-GPV.

Category MEPS MSM-GPV
Mesh Skm Skm
Initial time (JST) 3,9,15,21 0,3,6,9,12,15,18,21
Time interval of forecast 3 hours 1 hour
IMax. forecast time 39 hours 39 hours or 78 hours
INumber of members 21 1

I Initial time 3-hour increments

v
S7 ‘ Visualize weather information and OPF results.
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Fig.2.  Summary of forecast values by MEPS.
S1 ‘ Read power system data. ‘
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S4 ‘ Read weather forecast data distributed by MEPS. ‘
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K End: Repeat for the number of analysis hours.

Fig.3.  Flowchart of the proposed method.
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Gray: transformer

Orange: transmission line

Fig. 4.  Power system.
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Fig. 6.  Statistical summary of calculation results
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Fig. 7. Visualization of weather information and OPF results for 2021/8/23 12P.M.
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(b) Results 0f 2021/8/26 2 P.M.

Fig. 8. Generation output at each area.
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Fig. 9.  Relationship between active power flow on N36-

N17 and total generation in Tohoku system.
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Fig. 10. Mean-sea-level barometric pressure and total cloud cover of 2021/8/26 2 P.M.
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Fig. 11.  Relationship between MSM-GPV and measured

value at Tokyo.

Table 2.  Statistics comparing measured values to MSM-GPV.

Point MAE %MAE | RMSE | CORR
[KWh/m2] [%] [kWh/m2]

Aomori 0.105 224 0.149 0.853
Akita 0.157 343 0.209 0.726
Morioka 0.132 27.5 0.176 0.787
Sendai 0.101 20.7 0.143 0.859
Yamagata 0.107 22.7 0.148 0.840
Fukushima 0.101 214 0.152 0.860
Utsunomiya 0.084 16.0 0.124 0.878
Maebashi 0.086 16.2 0.132 0.865
Tsukuba 0.085 16.4 0.125 0.875
Choshi 0.090 16.2 0.134 0.876
Tokyo 0.081 154 0.121 0.894
Kofu 0.092 15.6 0.153 0.809
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