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Abstract: Power load forecasting is the foundation of urban power grid planning, and saturated electricity power is a key 
indicator for determining the ultimate power grid scale when performing the urban power grid planning. Taken Hubei 
province as the empirical example, the saturated electricity power is studied by employing Logistic curve model in this paper. 
Firstly, the electricity power consumption and annual maximum power load of Hubei province are forecasted; then, the 
saturated time and scale are determined according to the judgment criteria of electricity power saturation. The calculation 
result shows the electricity power of Hubei province will reach saturation at 2042-2043, and the electricity power 
consumption and annual maximum power load will reach to 377.89 billion kWh and 66.2499 million kW, respectively. 
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1. Introduction 
The analysis and prediction on urban saturated power 

load are helpful to coordinate the urban power grid 
construction and economic social development, which can 
also promote the sustainable development of a province or 
city. Saturated electricity power refers to the power scale 
when the electricity demand approaches the saturation 
phase. Urban saturated electricity power is a key indicator 
used for determining the ultimate scale of a province or city 
power grid development. Researching on the saturated 
electricity power can not only provide some guidance for 
the electric power industry development planning, 
especially the construction and renovation of power grid, 
but also promote the sustainable development of regional 
economy, environment and resources.  

Until now, several researchers have conducted the 
research on urban saturated electricity power. Ref. [1] 
summarized the city economic and social characteristics at 
the stage of load saturation and also analyzed the main 
influencing factors of the load saturation, then the macro 
and micro approaches to forecast the saturated load were 
proposed. Ref. [2] employed the space-based saturated 

power load density method to analyze the urban saturated 
load forecasting of Fujian province, and then the saturation 
load density of all district function block construction area 
was calculated. Ref. [3] set up the saturation load forecast 
model by combining the methods of system dynamics and 
econometrics, and a case study was carried on according to 
the situation in Beijing, and the results showed that Beijing 
economy would reach saturation in 2036 and its load would 
reach saturation in 2038. Ref. [4] employed the ant colony 
algorithm and cellular automata theory to forecast the urban 
load saturation, and the characteristic of saturation density 
under different land nature was analyzed by using S curve 
model. Ref. [5] applied system dynamics principles and the 
VENSIM tool to forecast the saturated situation of Fuzhou 
city's economic curve based on the improved neoclassical 
economic growth theory. Ref. [6] applied the per⁃person 
electricity consumption method in saturation load 
forecasting, and the empirical example verified this method 
is effective. To estimate maximum load utilization hours, 
Ref. [7] proposed a new method based on per capita 
electricity load for saturated electricity power issue, and the 
saturated load of that East China city was calculated by 
employing logistic curve fitting. 
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In this paper, we analyze the saturated electricity power 
by employing Logistic curve model. Taken Hubei province 
as the example, the power consumption and annual 
maximum power load are forecasted by employing Logistic 
curve model, and then the saturated power consumption 
and power load are studied. 

2. The Basic Theory of Logistic Curve 
Model 

Logistic curve model is a kind of Growth curve model, 
which was first used to predict population growth, and then 
was widely used in the fields of growth, development and 
reproduction of flora and fauna, socio-economic issues and 
so on [8-9]. The characteristics of Logistic curve model are 
as follows: in the beginning, the object grows slowly; when 
reach a certain period, the object grows with a rapid speed; 
after the object reaches a limit value, its growth rate 
becomes slow again. This characteristic is in common with 
that of power load [10]. Therefore, the Logistic curve 
model can be used for saturated electricity power analysis.  

The mathematical expression of Logistic curve model is 
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Where k, a, b are constants, and k> 0, a> 0, b> 0. 
The Logistic curve shape is shown in Fig. 1. 

 

Figure 1. Logistic curve shape. 

According to Eq. (1), the first-order derivative value of 
Logistic curve equation at any point is always positive. At 
the point (T2, y2), the second-order derivative value equals 
to 0, and at the point (T1, y1) and (T3, y3), the third-order 
derivative value equals to 0. For Logistic curve, just as 
shown in Fig.1, when t is in the interval [0, T1], y is at the 
initial slow growth stage; when t is in the interval [T1, T3], 
y is at the rapid growth stage; when t is in the interval [T3, 
+∞], y is at the saturated growth stage; when t is in the 

interval [T2, T3], y marks a slowing in growth rate 
compared to that in the interval [T1, T2], and gradually 
becomes saturated.  

When the Logistic curve model is used for electricity 
power forecasting, the input variables is historical 
electricity power data. 

3. Empirical Analysis 
In this paper, Hubei province is selected as the example, 

and the electricity power consumption and annual 
maximum power load from 1990 to 2013 are used for 
sample data. When employing Logistic curve model to 
analyze the urban saturated electricity power, the electricity 
power consumption and annual maximum power load of 
Hubei province should be fitted by Logistic model firstly; 
then, using the Logistic fitting curve to forecast the 
electricity power consumption and annual maximum power 
load in the future year; lastly, according to the judgment 
criteria of electricity power saturation, the saturated time 
and scale of Hubei province can be determined. 

Actually, there are certain differences between electricity 
power consumption and annual maximum power load in a 
province or city. For electricity power saturation analysis, 
the electricity power consumption saturation and annual 
maximum power load saturation should be analyzed 
separately.  

3.1. Analysis of Electricity Power Consumption 
Saturation 

Firstly, the electricity power consumption of Hubei 
province should be fitted by using Logistic curve model. 
The fitting sample data is from 1990 to 2013. By using 
Matlab software, the Logistic curve fitting result is shown 
in Fig.2. 

 

Figure 2. Fitting result of electricity power consumption of Hubei province 
by using Logistic curve model. 

Then, the Logistic curve fitting equation can be obtained: 
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Calculate the first-order, second-order and third-order 
derivative of Eq. (2), we can get T1, T2 and T3, which 
equals to 2005, 2017 and 2029 respectively. So, we can 
safely draw the conclusion that the electric power 
development of Hubei province is at the initial growth 
stage before 2005, and at the rapid growth stage between 

2006 and 2029. After the year of 2030, the electric power 
development of Hubei province will step into the saturated 
stage. 

According to Eq. (2), the electricity power consumption 
of Hubei province from 2015 to 2050 can be forecasted, 
and the result is listed in Table 1. 

Table 1. Logistic forecasting result of electricity power consumption of Hubei province 

Year 
electricity power 

consumption（（（（108kWh）））） 

annual growth 
rate 
(%) 

Year 
electricity power consumption

（（（（108kWh）））） 

annual 
growth rate 

(%) 

2015 1784.43 - 2033 3406.49 1.71 

2016 1892.79 6.07 2034 3459.55 1.56 

2017 2001.79 5.76 2035 3508.55 1.42 

2018 2110.77 5.44 2036 3553.67 1.29 

2019 2219.10 5.13 2037 3595.14 1.17 

2020 2326.15 4.82 2038 3633.15 1.06 

2021 2431.31 4.52 2039 3667.91 0.96 

2022 2534.02 4.22 2040 3699.66 0.87 

2023 2633.79 3.94 2041 3728.60 0.78 

2024 2730.18 3.66 2042 3754.93 0.71 

2025 2822.80 3.39 2043 3778.86 0.64 

2026 2911.36 3.14 2044 3800.58 0.57 

2027 2995.63 2.89 2045 3820.26 0.52 

2028 3075.44 2.66 2046 3838.09 0.47 

2029 3150.71 2.45 2047 3854.21 0.42 

2030 3221.41 2.24 2048 3868.79 0.38 

2031 3287.55 2.05 2049 3881.95 0.34 

2032 3349.21 1.88 2050 3893.83 0.31 

Table 2. Logistic forecasting result of annual maximum power load of Hubei province 

Year 
electricity power 

consumption（（（（108kWh）））） 

annual growth 
rate 
(%) 

Year 
electricity power consumption

（（（（108kWh）））） 

annual 
growth rate 

(%) 

2015 3023.73 - 2033 6026.60 1.72 

2016 3225.20 6.66 2034 6120.19 1.55 

2017 3428.52 6.30 2035 6205.97 1.40 

2018 3632.32 5.94 2036 6284.36 1.26 

2019 3835.23 5.59 2037 6355.82 1.14 

2020 4035.89 5.23 2038 6420.80 1.02 

2021 4233.00 4.88 2039 6479.76 0.92 

2022 4425.37 4.54 2040 6533.15 0.82 

2023 4611.91 4.22 2041 6581.42 0.74 

2024 4791.68 3.90 2042 6624.99 0.66 

2025 4963.89 3.59 2043 6664.25 0.59 

2026 5127.92 3.30 2044 6699.59 0.53 

2027 5283.30 3.03 2045 6731.36 0.47 

2028 5429.74 2.77 2046 6759.89 0.42 

2029 5567.07 2.53 2047 6785.48 0.38 

2030 5695.28 2.30 2048 6808.43 0.34 

2031 5814.46 2.09 2049 6828.98 0.30 

2032 5924.81 1.90 2050 6847.38 0.27 
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Table 3. Saturation analysis result of Hubei province 

Item 
The year of entering saturated stage 
(according to Criteria 1) 

The year of reaching saturation 
 (according to Criteria 2) 

Saturated scale  
(108kWh, 104kW) 

Electricity power 
consumption 

2032 2043 3778.86 

Annual maximum 
power load 

2032 2042 6624.99 

 
According to Ref. [7], when the annual growth rate of a 

region’s electricity power consumption is less than 2%, we 
can regard the electricity demand of this region has entered 
the saturated stage (called Criteria 1); when the electricity 
power consumption reaches to the 95% of the maximum 
value of Logistic curve equation, we can regard the 
electricity power consumption has reached saturation 
(called Criteria 2). Therefore, we can conclude that the 
electricity power consumption of Hubei province will enter 
the saturated stage at year of 2032 and reach saturation at 
year of 2043. At this time, the saturated electricity power 
consumption of Hubei province will reach to 377.89 billion 
kWh. 

3.2. Analysis of Electricity Power Load Saturation 

Firstly, the annual maximum power load of Hubei 
province should be fitted by using Logistic curve model. 
The fitting sample data is from 1990 to 2013. By using 
Matlab software, the Logistic curve fitting result is shown 
in Fig.3. 
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Figure 3. Fitting result of annual maximum power load of Hubei province 
by using Logistic curve model 

Then, the Logistic curve fitting equation can be obtained: 
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Calculate the first-order, second-order and third-order 
derivative of Eq. (3), we can get T1, T2 and T3, which 
equals to 2005, 2017 and 2029 respectively. So, we can 
safely draw the conclusion that the electric power 
development of Hubei province is at the initial growth 
stage before 2005, and at the rapid growth stage between 

2006 and 2029. After the year of 2030, the electric power 
development of Hubei province will step into the saturated 
stage. This result is consistent with that of electricity power 
consumption analysis. 
According to Eq. (3), the annual maximum power load of 
Hubei province from 2015 to 2050 can be forecasted, and 
the result is listed in Table 2. 

According the forecasting result of annual maximum 
power load of Hubei province by employing Logistic curve 
model, we can conclude that the annual maximum power 
load of Hubei province will enter the saturated stage at year 
of 2032 and reach saturation at year of 2042. At this time, 
the saturated annual maximum power load of Hubei 
province will reach to 66.2499 million kW. 

3.3. Comprehensive Analysis of Electricity Power 
Saturation 

According the forecasting results of electricity power 
consumption and annual maximum power load of Hubei 
province by using Logistic curve model, we can obtain the 
time and scale that electricity power reaches saturation of 
Hubei province, and the result is listed in Table 3. 

Therefore, we can safely draw the conclusion that the 
electricity power of Hubei province will enter the saturated 
stage at the year of 2032, and reach the saturation at the 
year of 2042-2043. At the saturation year, the electricity 
power consumption and annual maximum power load will 
reach to 377.89 billion kWh and 66.2499 million kW, 
respectively. 

4 Conclusions 
The analysis on urban saturated electricity power is 

helpful to coordinate the urban power grid construction and 
economic social development, which is an important topic. 
This paper employs Logistic curve model to study the 
saturated electricity power of Hubei province, China. The 
electricity power consumption and annual maximum power 
load of Hubei province are firstly forecasted by using 
Logistic curve model, respectively; then, according to the 
judgment criteria of electricity power saturation, the 
saturated time and scale of Hubei province are determined. 
The empirical analysis result shows the electricity power of 
Hubei province will enter the saturated stage at 2032, and 
reach saturation at 2042-2043. At the saturation year, the 
electricity power consumption and annual maximum power 
load of Hubei province will reach to 377.89 billion kWh 
and 66.2499 million kW, respectively. 
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