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Abstract：With the deepening of power system reform, the precise investment and lean development of 
power grids have become the focus of power grid enterprises. It is of great significance to carry out evaluation 
research on the efficiency of input and output of effective assets of power grids. Based on the analysis of the 
status quo of effective asset evaluation in China's power grid, this paper combines the model of super-efficient 
DEA with the analysis of effective asset output efficiency of power grid to construct an evaluation system of 
effective asset input and output efficiency of power grids, and takes the national power grid as an example 
for calculation and analysis. This paper objectively evaluates the internal and external factors affecting the 
efficiency of the effective assets of the grid, and provides quantitative analysis support for the effective asset 
investment decision of the grid.  

1 Introduction 
Since March 2015, the document “Several Opinions on 
the Further Deepening of the Reform of the Power System 
(Zhongfa [2015] No. 9) has been officially released. The 
pricing principle of the electricity price has been changed 
from “the difference of purchase and sales price” to 
“permitted cost plus granted income”. Therefore, it is 
important to clarify and improve the utilization of 
effective assets. Although the network DEA [1-2] method 
is widely used in the field of efficiency evaluation, the 
application of the super-efficiency DEA model [3-4] is 
very rare in the field of effective assets of the grid. At 
present, the super-efficient DEA model is mainly used in 
agriculture, science and technology and service industries. 
In summary, this paper will use the super-efficient DEA-
BCC model to analyze the effective assets of the national 
grid. The rest of this paper unfolds as follows. In Section 
2, we explain the status quo of effective assets of power 
grids and introduce the definition scope of effective assets 
in China. In Section 3, we establish an indicator system 
for effective assets input and output of power grids. 
Mathematical formulations are presented in Section 4. An 
application to the national power grid is presented in 
Section 5, along with analyzed from the perspective of 
efficiency and projection. Conclusions are given in 
Section 6. 

2 Status quo of effective asset 
evaluation of power grid 

With the deepening of the electric power system reform, 
power grid effective assets will be the main basis on 
where government or regulatory agency enterprise 
computes grid grant income and prices the transmission-
distribution price. Therefore, it is of very great importance 
to define the range of effective assets and evaluate their 
valuation for grid enterprises. In the Measures for the 
Determination of Effective Assets of the Power Grid 
(Temporary), effective assets of the power grid refers to 
the assets necessary to maintain the continuous and 
normal production and operation activities of the power 
grid enterprises, including fixed assets (net value) 
(included fixed assets formed under construction), current 
assets, long-term investments, intangible assets, other 
assets, etc. Before the main and auxiliary separations are 
not in place, the auxiliary services for the production and 
operation activities of the grid enterprises are still 
regarded as effective assets. From Figure 1, we can see 
that the total assets of China's power grid are rising year 
by year, but the total profit has not grown steadily and is 
relatively low. In Figure 2, it can be concluded that the 
return on equity of the grid is relatively low, even showing 
negative growth in 2009. And the growth rate has been 
decreasing year by year in the past five years. Therefore, 
it is necessary and urgent to study the input-output 
efficiency of effective assets. 
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Fig.1The fluctuation of the total profit and total assets in 2005-
2018 

Fig.2The fluctuation of the return on equity in 2005-2018 

3 Grid effective assets input and output 
efficiency evaluation system 
According to the definition of effective assets, the 
selected indicators should be related to the main business, 
and the selected indicators are shown in Figure 3.  

Fig.3 The evaluation system of effective asset 

4 The super-efficient network DEA 
method 
This paper adopts the super-efficient network DEA-BCC 
input-oriented model because the super-efficient network 
DEA can refine the efficiency value of the effective unit 
compared with the traditional model, better distinguish 
the difference between the effective units, and carry out 
more in-depth analysis. For invalid units, the super-
efficient network DEA is consistent with the calculation 
results of the traditional model. The BCC model can 
separate pure technical efficiency and scale efficiency 
based on the CCR model, so as to more clearly see the 
reasons for the change in the comprehensive technical 
efficiency value. The input-oriented model is to reduce 
the proportion of inputs with the same output, that is, to 
produce maximum output benefits with the least amount 
of inputs. The SE-DEA model is defined as follow: 𝑚𝑖𝑛 𝜃 𝜀 ∑ 𝑠 ∑ 𝑠𝑠. 𝑡. ∑ 𝜆 𝑥 𝑠 𝜃𝑥∑ 𝜆 𝑦 𝑠 𝑦𝜆 0，𝑗 1,2, … , 𝑛, 𝑠 0, 𝑠 0，∑ 𝜆 1 1

In the equation (1), n is the number of evaluation units, 
m and s are respectively the input index and the output 
index, 𝑥  is the i-th input of the j-th DMU, and 𝑦  is the 
r-th output of the j-th DMU, 𝜃  is the super efficiency 
evaluation value, ε is the non-Archimedes infinitesimal 
quantity greater than zero, 𝑠 ，𝑠 are the slack and 
residual variables of input and output respectively, 𝜆 is 
the weight coefficient matrix, 𝑥 ，𝑦  are the original 
input and output. 

5 Empirical and results analysis 

5.1 Data collection 

According to the year, the data of various indicators from 
2005 to 2018 are extracted from the State Grid 
Corporation's Social Responsibility Report. The 
calculation of effective assets is based on the complete 
consumption coefficient of input and output of different 
industries according to the China Statistical Year book. 

Table1. Descriptive statistics of input and output variables of 
effective asset,2005-2018. 

Variable Max Min Mean StDev
Total effective

assets I1
27528 1989 14495 7757 

Electricity 
sales 

amount O1

42361 14646 29101 8358 

Maximum 
power 

load O2

8 3 5 2 

Total profit O3 1090 45 575 325 

Effective asset 
evaluation system

Input indexes Total effective 
assets（I1）

Output indexes

Electricity sales 
amount(O1)

Maximum power 
load(O2)

Total profit(O3)
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5.2 Input-output analysis 

In this paper, we evaluate the efficiency of effective assets 

of power grid from 2005 to 2018 through DEA-SOLVER 
Pro5.0 software, we not only obtain integrated technical 
efficiency, pure technical efficiency and scale efficiency, 
but also get the optimal target value and potential 
commission space. 

5.2.1 Analysis of efficiency values 

First, according to the super-efficient DEA model, the 
super-efficient comprehensive technical efficiency of 
effective assets in 2006 is 1.67, which means that the 
utilization of effective assets in that year increases by 67%. 
The relative efficiency is still valid, and it’s the best state 
when the efficiency value is 1 at this time. 

In addition, from Figure.4, we see that the efficiency 
of the integrated technology fluctuates greatly. 2006 
witnessed the rapid development of the main business of 
the State Grid. The scale of the power grid continued to 
expand and the capacity of power grid resources was 
continuously improved. As of 2006, cross-transmission 
capacity had increased by 38.4%. At the same time, State 
Grid Corporation was still strengthening the technical 
transformation of the power grid, accumulating a total 
transmission capacity of 85.27 million kilowatts. As a 
result, effective asset utilization has risen sharply. In 2018, 
the comprehensive efficiency value is the lowest, because 
the growth rate of the main business of the power grid is 
much lower than the growth rate of the main business in 
2006. 

Finally, for other units whose comprehensive 
efficiency value does not reach 1 (invalid evaluation unit), 
the overall scale efficiency is low, indicating that the scale 
utilization benefit of effective assets in the country has not 
reached the most effective, and there is still a lot of room 
for improvement. However, the overall technical 

efficiency is higher than the overall scale efficiency, 
indicating that effective assets are well utilized in the 
management process. There are other units whose pure 
technical efficiency value does not reach 1, indicating that 
it is still necessary to optimize the input structure. 

Fig.4 The results of effective asset efficiency value,2005-2018 

Table.2 The results of effective asset efficiency value in the 
super-efficient DEA model,2005-2018 

5.2.2 Projection Analysis 

The comprehensive technical efficiency of effective 
assets in 2006 was 1.67. Therefore, when the input of 
effective assets increase by 3433.23, the electricity sales 
will increase by 17313.9, and the effective value will be 
1. In other years, the effective assets are redundant and
have great potential for improvement. Among them, the 
comprehensive technical efficiency is the lowest in 2018, 
and the effective asset redundancy is the most. Therefore, 
it is urgent to establish a reasonable effective asset 
management system and make a rational plan configure 
effective assets. 

6 Conclusion 
This article uses the super-efficiency DEA - CCR model 
to compare the input and output efficiency of nationwide 
effective asset of power grids from 2005 to 2018. Through 
the above calculations, effective assets occupy a large 
proportion in the State Grid Corporation, but it is 
redundancy, very low efficiency and poor profitability. 
According to relevant statistics, in the revenue structure 
of the State Grid Corporation, transmission and 
distribution revenue accounts for more than 90%, but the 
profitability is the lowest, with a net interest rate of about 
2%. Electrical equipment, clean energy and energy saving 
sectors are the most profitable sectors of the company. For 
example, the net profit margin of energy saving projects 
in the distribution network is more than 15% [5]. 
Therefore, in order to ensure the efficient operation of 
effective assets, it is necessary to establish a reasonable 
management and operation system, such as reducing the 
idleness of assets, developing leasing business, and 
accelerating asset turnover. 

The super-efficient DEA model 

year 
comprehensive 

technical 
efficiency 

pure 
technical 
efficiency 

scale
efficiency rank

2005 0.89 1.04 0.86 3 
2006 1.67 1.73 0.96 1 
2007 0.41 0.54 0.77 12
2008 0.24 0.46 0.53 14
2009 0.24 0.52 0.46 13
2010 0.28 0.71 0.40 11
2011 0.32 0.87 0.37 8 
2012 0.65 1 0.65 4 
2013 0.38 1.23 0.31 2 
2014 0.39 0.89 0.44 7 
2015 0.30 0.74 0.41 10
2016 0.28 0.85 0.32 9 
2017 0.26 1 0.26 4 
2018 0.22 1 0.22 4 
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