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Abstract

The residual demand, which is defined as electricity demand minus power supply from variational generators, is getting

important to be considered as installations of variational generators to power grid systems are increasing. Because variational power

generations and electricity demand fluctuate due to variations in

weather variations. However, understanding of the variability of

weather, the residual demand is supposed to be influenced by

the residual demand is not deepened adequately. Therefore, we

investigated variability of the residual demand to deepen understanding of the mechanism for how meteorological variability of

photovoltaic (PV) power generating systems affects the variability of the residual demand. Because there is not enough long

observation data to analyze the variability of residual demand and power supply from PV systems, numerical simulations were

performed using numerical models of electricity demands and PV systems. Local and seasonal characteristics of variations in the

residual demand are generated by variations in the electricity demand and power supply from PV systems and the correlation

between the electricity demand and power supply from PV systems. It was an interesting finding that installation of PV systems

causes reduction of variability of the residual demand depending on some situations of areas and seasons.
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Table 1 The unit and period of data on each variable and usage of the
variable in the modeling for electricity demand (D) and photovoltaic

electricity power generations (P).

Variables Unit Period Usage in
modeling
D P
2017/1-
Energy load MWh v
2019/12
PV 1 MWh 2016/4- v
ower su -
P PPy 2020/12
1991/1-
Air temperature °C v v
2020/12
1991/1-
Global solar irradiance ~ MJ/m? v v
2020/12
1991/1-
Relative humidity % v
2020/12
1991/1-
Wind speed m/s v
2020/12
1991/1-
Snow fall cm - v
2020/12
1991/1-
Snow cover cm - v
2020/12
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Figure 1. Control area of each general transmission and
distribution operator (TDO) and weather observation stations in
the TDO control area. The area filled with gray is the control area.

The rhombus shows the weather observation station.
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Table 2 Parameters of the photovoltaic (PV) power supply model
and electricity demand of each general transmission and

distribution operator (TDO) used for the numerical simulations.

TDO Trend component Maximum of the Ratio”
of the electricity hourly power
demand generation from
PV systems

(MWh) (MWh) (%)
Kyushu 9849 6958 71
Tokyo 32741 9941 30
Hokkaido 3514 1151 33
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" Ratio is defined as the ratio of the maximum of the hourly power

generation from PV systems to the trend component of electricity demand
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Figure 2 The schematic diagram to illustrate the relationship
among variables in Eqgs.9-14 The left and right gray circles
represent the mean of the residual demand (RD) and electricity
demand (D), respectively. The error bar extended upward and
downward of the circle represents the range between the 1% and
the 99" quantile (q1-q99).
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Figure 3. Scatter plot diagrams used to verify models based on
electricity demand (D) and residual demand (RD) of three general
transmission and distribution operators (TDOs). Each panel
compares the predicted (Prd) and observed variable (Obs) for each
TDO model. Panels in the leftmost column ((a), (d), and (g))
indicate the hourly D. Panels in the middle column ((b), (e), and
(h)) represent the hourly RD. Panels in the rightmost column ((c),
(f), and (1)) represent the monthly standard deviation (SD) at each
hour. Panels in the upper ((a), (b), and (c)), middle ((d), (e), and
(), and lower ((g), (h), and (1)) rows indicate the data for Kyushu,
Tokyo, and Hokkaido, respectively.
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Figure 4 Statistics indicating the variability of electricity demand (D) and residual demand (RD) at each hour for each
month in Kyushu. Upper panels indicate the 15-99™ quantile of D and RD. The gray band shows the range between 15
and 99" quantiles of D. The white broken line shows the mean of D. The upper and lower solid lines show the 99" quantile
and 1% quantile of RD, respectively. The black broken line shows the mean of RD. The middle panels illustrate three
different statistics. The gray line shows the difference of means between D and RD (E(P)); the black solid shows the
difference of the range from the 1% quantile to the mean between RD and D (dDL); the dashed line shows the difference
of the range from the mean to the 99'" quantile to the mean between RD and D (dDU). Lower panels include the correlation
coefficients between D and power supply from photovoltaic generators (Cor). Horizontal dashed lines pass through + 0.36

and -0.36 which are corresponding to the 95% confidence level.
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Figure 5 Statistics indicating the variability of electricity demand and residual demand at each hour for each month in

Tokyo. Each panel is drawn in the same manner as the panels in Fig. 4.
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Figure 6 Statistics representing the variability of electricity demand and residual demand at each hour for each month in Hokkaido.

Each panel is drawn in the same manner as the panels in Fig. 4.

Table 3 Results of the model verification for the hourly electricity demand and the hourly residual demand of three general
transmission and distribution operators (TDOs): Kyushu, Tokyo, and Hokkaido. The statistics and metrics used for the verification
are the mean (Mn) and standard deviation (SD) of observations (O) and predictions (P), the mean bias error (MBE), and the root
mean square error (RMSE). Values inside parentheses in the columns of RMSE indicate the ratio between the RMSE and SD of the

observation (in percentile).

TDO Hourly electricity demand (MWh) Hourly residual demand (MWh)
Mn SD MBE RMSE Mn SD MBE RMSE
(0) P (0) P 0] P (o) P
Kyushu 10257 10255 1691 1668 -2 269 (16) 9171 9167 2044 2014 -4 311(15)
Tokyo 34278 34195 6562 6442 -83 1035 (16) 32632 32585 6140 5980 -48 1089 (18)
Hokkaido 3621 3613 626 619 -7 98 (16) 3449 3437 706 706 -12 124 (18)

Table 4 Results of the model verification based on the monthly standard deviation (SD) of electricity demand and residual demand
at each hour for three general transmission and distribution operators (TDOs): Kyushu, Tokyo, and Hokkaido. The statistics and
metrics for the verification are the mean (Mn) of observations (O) and predictions (P), the adjusted chi-square (C?) statistic, and

Pearson’s correlation coefficient (Cor).

TDO SD of the electricity demand (MWh) SD of the residual demand (MWh)
Mn C? Cor Mn Cc? Cor
(0) P (o) P
Kyushu 674 575 0.72 0.97 969 877 0.77 0.99
Tokyo 2362 1984 0.68 0.98 2661 2246 0.68 0.97
Hokkaido 196 160 0.63 0.96 245 219 0.74 0.97
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