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Renewable electricity capacity growth by technology
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/ \ The Effect of Sky Conditions on Solar Panel Power Output
The Duck Curve
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Impact of DA solar power forecasting improvement on electricity generation upward ramping.

Solar Penetration (%) 4.5 I 9.0 13.5 || 18.0
Forecast Improvement (% 25 150 | 75 {100} 25 | 50 | 75 (100 25 |50 | 75 | 100 |25 [50 | 75 | 100
Coal (% change) -0.5(-0.7]-1.1)-1.7}-1.1]-3.5|-5.4}-6.0]-1.1|-2.9] -4.7 | -5.2 |-1.5]-3.0| -4.0
Gas CC (% change) -0.5(-0.7]-1.5]-1.7}-0.2]-1.2|-2.1|-2.4]-0.4|-1.0] -1.8 | -1.9 |-0.3]-0.8{ -1.6
Gas & Oil ST (% change) -0.91-3.2]-2.6]-2.8|-2.4)-3.3|-5.7-7.7|-3.9|-8.5|-11.7|-14.2|-3.1|-7.7|-11.8
Gas & Oil GT & IC(% change) |[F0.2]-0.9]-1.1]-1.0}-2.4]-3.5|-3.5|-4.3|-1.6]-3.5] -4.6 | -5.7 |-2.9]-5.3] -6.9

Impact of solar power forecasting improvement on start & shutdown costs.

Solar Penetration (%)

Forecast Improvement (%)

[Gas CC 03 |1.1]|1.7]3.2]1.6]|23(3.8(55]0.0]09|2.4 |43 [04 0.1
(% change)

Gas & Oil GT & IC 0.1]-1.0-1.0|-1.4[-3.5|-4.9]-53|-62(-1.5[-3.5|-5.1 |-6.3[-2.7|-4.9 |-7.0
(% change)

Source : C. B. Martinez-Anido, etl. (2016), “The value of day-ahead solar power forecasting improvement”, Solar Energy, 129, 192-203
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Source : C. Voyant, etl. (2017), “Machine learning methods for solar radiation forecasting: A review”, Renewable Energy, 105, 569-582
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Ref: 1. Metrics for Evaluating the Accuracy of Solar Power Forecasting, NREL, 2013
2. Photovoltaic and Solar Forecasting: State of the art, IEA, 2013 10
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Machine Learning FEill%

Weather Train Test
Forecasting MAE RMSE MAPE MAE RMSE MAPE
15 min 92.49 121.00 79.57 173.25 228.02 79.59
30 min 99.45 129.98 93.63 173.10 23391 78.32
45 min 106.90 135.93 104.76 183.74 247.63 76.37
60 min 116.25 146.46 110.51 184.42 247.10 86.80
Sky Image Train Test
Forecasting MAE RMSE MAPE MAE RMSE MAPE
15 min 77.26 109.69 27.75 74.10 100.96 39.51
30 min 81.32 112.78 30.31 78.79 105.36 4747
45 min 81.87 11357 31.58 91.53 119.15 55.36
60 min 83.58 115.29 32.72 97.38 127.53 56.99
Time Series Train Test
Forecasting MAE RMSE MAPE MAE RMSE MAPE
15 min 47.21 72.85 18.07 4131 60.89 2342
30 min 56.15 84.05 23.32 51.10 72.03 30.17
45 min 64.71 95.71 25.96 61.53 84.80 34.99
60 min 73.34 105.44 28.33 63.86 87.85 35.63
Sky Image + Time Train Test
Series
Forecasting MAE RMSE MAPE MAE RMSE MAPE
15 min 41.30 63.90 15.20 38.37 57.53 24.35
30 min 50.29 73.10 19.59 52.18 71.34 32.16
45 min 56.94 84.07 22.58 58.90 80.01 38.25
60 min 59.52 86.60 2331 65.29 90.02 42.73
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EE8757% : Deep Learning FEHI A

e predict sky image dynamic

- > %autﬂ t+1 9%7%/1%
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t+2

DNN architecture

- Multiple scale CNN+GAN

t+n

e prediction result

Note: use past 4 images to predict nine future
step (red box is predicted frames)
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Predict solar power

Training Data: 2017/11/28 ~ 2018/2/1

Testing Data: 2018/2/1~ 2018/3/2
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