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Abstract. As China’s economy continues to grow rapidly, the demand for elec-
tricity across society is steadily rising. Power transmission and transformation
projects, as vital infrastructure for ensuring power supply, are critical to ad-
vancing social and economic progress while supporting the stable operations and
development of power grid enterprises. In this context, thoroughly assessing the
returns on investment and construction effectiveness of these projects is of great
importance. Such evaluations contribute to optimizing project management,
enhancing construction quality, and maximizing the efficiency of capital utili-
zation in China’s power sector.
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1 Introduction

China's rapid economic growth has led to a consistent upward trend in development
across all sectors [1]. As a key component of power supply infrastructure, the level of
investment and the efficiency of construction in power transmission and transformation
projects are crucial for fostering economic and social progress, as well as ensuring the
stable operation and growth of power grid enterprises [2-3]. Moreover, with the on-
going advancement of China's power system reforms and the implementation of market
competition mechanisms, power grid companies are facing mounting pressure to
manage investment costs effectively. Against this backdrop, researching comprehen-
sive evaluation methods for assessing the investment returns of power grid projects
holds significant importance. Such studies aim to enhance both the investment effi-
ciency and the overall construction performance of power transmission and transfor-
mation projects [3-5].

Grounded in DEA theory, this paper develops a comprehensive index system and
evaluation model to assess the investment benefits of power transmission and trans-
formation projects. It conducts an in-depth analysis of projects in Z Province from 2016
to 2017, aiming to offer practical guidance for power grid enterprises in evaluating the
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effectiveness of their investments in such projects. This research provides a valuable
framework for improving the overall assessment and management of investment ben-
efits in the field of power transmission and transformation.

2 Basic Principles of the DEA Theory

Data Envelopment Analysis (DEA) is an interdisciplinary approach that bridges
mathematics, operations research, mathematical economics, and management science.
This method was first introduced and named by renowned American operations re-
searchers A. Charnes, W.W. Cooper, and their collaborators.

DEA is a non-parametric statistical technique grounded in the concept of relative
efficiency. It is primarily used to evaluate whether decision-making units (DMUs) with
multiple inputs and outputs of the same type operate with technical efficiency. The
fundamental idea treats each unit as a decision-making entity within a broader evalua-
tion group. By analyzing the ratio of inputs to outputs, DEA uses the weights of each
input and output index as variables to conduct assessments. It determines the effective
production frontier and evaluates the efficiency of each DMU by measuring its distance
from this frontier. At the same time, it provides insights into the reasons for ineffi-
ciency, suggests directions for improvement, and quantifies the degree of enhancement
required.

One of DEA's notable strengths is that it does not rely on pre-assigned parameters,
which makes it advantageous for minimizing subjective biases, simplifying analytical
procedures, and reducing calculation errors. In recent years, this method has been
extensively applied in various domains, including technology advancement, produc-
tivity evaluation, cost-effectiveness studies, resource allocation, financial investment
decisions, and non-productive efficiency analysis, to facilitate decision-making and
effectiveness assessments.

3 Construction of Evaluation Index System for Investment
Benefit of Power Transmission and Transformation Projects

By conducting a thorough investigation into the investment in power transmission and
transformation project construction, reviewing relevant domestic and international
literature, and consulting with industry experts, the study integrates the principles of
"broad applicability" and "practical accessibility." As a result, key indicators such as
total assets, fixed asset investments, GDP growth rate, line loss rate, and other factors
reflecting the overall investment status were selected. To evaluate the economic bene-
fits of various investments, the target value was set as the electricity consumption per
unit of assets, directly linking asset utilization to economic output. This output measure
was incorporated as the core output index. The framework for the index system is
detailed in Table 1 below.
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Table 1. Evaluation index system.

Indicator type Evaluating indicator

general assets
fixed investments
Enter the index capacity-load ratio
line loss rate
GDP rate of rise

Output indicators Unit investment to increase power supply

In Table 1, the total assets refer to the overall value of the assets of power grid en-
terprises in the analysis year, with a unit of 100 million yuan; The amount of investment
in fixed assets refers to the scale of new investment in fixed assets in the analysis year,
with the unit of 100 million yuan; The capacity ratio refers to the ratio of the total
capacity of substation equipment in the power supply area of the power grid enterprise
to the maximum load (grid supply load) in the power supply area in the analysis of the
year, which shows the relationship between the installed capacity of all transformers in
the area and the maximum actual operating capacity; The line loss rate refers to the
analysis of the annual power grid enterprise power transmission process loss level; The
GDP growth rate refers to the GDP growth of the region where the power grid enter-
prise is located in the current year. The output index unit investment to increase the
power supply refers to the growth level of electricity sales caused by the investment of
power grid enterprises per 10,000 yuan, reflecting the increase in investment efficiency
of enterprises, and the unit is 10,000 kWh/10,000 yuan.

4 Empirical Analysis
This paper collected the index data of 11 prefectural power grid companies in Z
province from 2021to 2022 to carry out empirical analysis and research. Basic data are

shown in Table 2.

Table 2. Basic data sheet.

Power
Toul o GOP, e
Apartic assets invest- (capaci- line loss with a er unit
ular DMU (RMB ty-load o, growth P
.. ment (ten . rate (%) invest-
year 100 mil- ratio o rate of
lion) thousand (%) ment
yuan) ¢ (KWH /
yuan)
Hcompany 130.96 155911.40 243 3.08 9.10 1.91
001 J company 73.65  85845.17  2.29 3.40 6.81 1.95
N company 90.24 113586.01 2.02 3.28 6.63 2.59

Qcompany  30.19  34016.19  2.49 3.52 5.48 0.46
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W company 8534 9360646  2.40 4.53 6.31 1.27
Kcompany  71.97 74353.78 226 2.65 5.99 2.15
Mcompany  30.87 37366.09  2.05 3.52 6.94 2.66
L company  41.76  65224.19  3.11 5.30 6.51 1.21
S company 50.16 5753475  2.45 2.65 6.15 1.86
Tcompany  69.26  79515.66  2.24 4.76 6.34 2.59
K company 11.66 6612.97 3.50 4.76 5.50 0.84
H company  140.07 109.13 2.60 2.89 9.74 2.04
J company 77.24 61.38 2.40 3.29 7.14 2.04
N company 98.07 75.20 2.19 2.98 7.20 2.81
Qcompany  32.14 25.16 2.66 3.29 5.83 0.49
W company  88.17 71.11 2.47 433 6.52 1.31
2022  Kcompany  74.34 59.97 2.33 2.57 6.19 222
M company  32.26 25.73 2.15 3.40 7.25 2.78
L company  43.46 34.80 3.24 5.01 6.77 1.26
S company 51.93 41.80 2.54 2.57 6.37 1.93
T company 76.03 57.71 2.45 433 6.96 2.84
K company 12.74 9.72 3.82 433 6.00 0.93

Table 2 is the actual index data of 11 prefecture and city power grid companies in
Province Z collected and collected in 2021 and 2022. Affected by regional economy,
population, geographical location, etc., there are obvious differences in the asset scale
level, fixed asset investment scale, line loss rate, and power supply increase per unit
investment of the 11 prefecture companies. Therefore, it is necessary to establish a
scientific method to reasonably evaluate and analyze the investment benefit and output
level of 11 prefecture and city companies, so as to further improve the utilization
efficiency of investment funds.

Based on the principles of the model, an input-output ratio of 1 in the comprehensive
efficiency range indicates the most optimal utilization of resources. Conversely, the
lower the comprehensive efficiency score, the less relatively efficient the unit becomes,
and at least one input does not meet its target value. The gap between the actual value
and the target value represents the potential improvement area for resource utilization
in inefficient units. This provides a reference point for optimizing and adjusting fixed
asset investments. The input-output analysis results for each region are outlined as
follows:

Table 3. Input-output efficiency table for the calculation of DEA in each region.

a partic- overall pure tech-
p DMU R nical effi- Scale efficiency
ular year efficiency .
ciency
H company 0.768 0.942 0.723 irs
2021

J company 0.735 0.924 0.679 irs
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N company 1 1 1 -
Q company 0.219 1 0.219 irs
W company 0.423 0.935 0.396 irs
K company 1 1 1 -
M company 1 1 1 -
L company 0.474 0.832 0.394 irs
S company 0.835 1 0.835 irs
T company 1 1 1 -
K company 1 1 1 -
average 0.769 0.967 0.743 -
value
H company 0.753 0.853 0.642 irs
J company 0.734 0.933 0.685 irs
N company 1 1 1 -
Q company 0.22 1 0.22 irs
W company 0.491 0.968 0.475 irs
K company 0.966 1 0.966 irs
2022 M company 1 1 1 -
L company 0.423 0.885 0.374 irs
S company 0.882 1 0.882 irs
T company 1 1 1 -
K company 1 1 1 -
average 0.770 0.967 0.745 -
value

Table 3 is the level index of investment benefit evaluation calculated according to
the basic theory of DEA and the basic data of 11 municipal companies. From Table 3, it
can be seen that the input-output effect of each unit is as follows:

The efficiency analysis results for 2021 indicate that among the 11 decision-making
units (DMUs), four companies (N, K, M, and T) achieved an overall efficiency score of
1, demonstrating optimal performance in resource utilization and production. These
units also exhibited perfect pure technical efficiency and scale efficiency, indicating
that their operations were both technically sound and appropriately scaled. On the other
hand, companies such as Q and W showed significantly lower efficiency scores, with Q
company achieving an overall efficiency of only 0.219, mainly due to poor scale effi-
ciency. The average overall efficiency for all DMUs in 2021 was 0.769, highlighting
room for improvement in the overall performance of several companies.

In 2022, the results reveal a similar trend, with M, T, and K companies maintaining
an overall efficiency score of 1, reflecting continued optimal performance. However,
there is a slight drop in the overall efficiency of some companies compared to the
previous year. For example, H and J companies experienced reduced scores in both
overall efficiency and scale efficiency. Q company, despite achieving pure technical
efficiency of 1, still suffered from low scale efficiency, resulting in an overall effi-
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ciency score of only 0.22. The average overall efficiency for 2022 slightly increased to
0.770 compared to 2021, though the difference is marginal, suggesting a relatively
stable performance across the two years.

When comparing the two years, the average pure technical efficiency remained
constant at 0.967, indicating that most companies managed their internal technical
operations effectively. However, the average scale efficiency showed only a minor
improvement, increasing from 0.743 to 0.745. This suggests that while technical effi-
ciency is generally high, scale efficiency remains a limiting factor for many DMUs,
particularly for companies like Q, W, and L. The results highlight the need for several
DMUs to focus on optimizing their scale of operations to improve overall efficiency,
especially those operating under increasing returns to scale (IRS).

5 Conclusion

This study integrates the unique characteristics of power grid project investments with
the principles of DEA theory to establish a comprehensive evaluation index system and
methodology for assessing the benefits of power transmission and transformation
project investments. Using investment projects in Z Province, China, as a case study,
the paper conducts an empirical analysis to evaluate the effectiveness of grid invest-
ments in the region. The findings aim to provide technical support for power grid
enterprises to carry out similar investment benefit evaluations in the future.However,
this research has certain limitations. First, as economic and social conditions continue
to evolve, the investment priorities of power grid companies are likely to shift. This
necessitates periodic adjustments to the selection of evaluation indicators to align with
the changing focus of the enterprises. Second, the evaluation methodology should be
adapted based on the availability and quality of actual data to further enhance the
accuracy and effectiveness of the investment efficiency analysis.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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