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Abstract. The new power system is characterized by many fields, wide influence scope 
and long business chain, and it is difficult to evaluate the benefits of the implementation 
of standards for the new power system by traditional methods. Based on the analysis of 
the characteristics and development trend of the business chain of the new electric power 
system, this paper proposes the value decomposition method of the whole chain for 
evaluating the benefits of standards implementation, and accurately associates the 
technical standards and implementation benefits through the "business chain". The 
validity of the proposed model and method is verified through the calculation of 
examples of power grid enterprises, and the method proposed in this paper is effective in 
quantitatively evaluating the benefits of implementing new power system standards and 
find out the weak business areas of the implementation of the standards. 
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1 Introduction 

The level of standardization is not only an important indicator of the core competitiveness of 
an enterprise, but also an important indicator of the core competitiveness of an industry or 
even a country [1]. At present, the development of China's power system has made great 
achievements, and has built the world's largest, highest voltage level, most advanced 
technology level, and the strongest resource allocation capacity of the power grid. In order to 
meet the needs of economic and social development of energy and electricity, it is necessary 
to continuously strengthen the standardization construction, form a scientific and applicable 
standard system in the planning and design of power grids, construction and operation, 
equipment management, etc., seize the technological commanding heights through the 
formulation of standards, and always lead the development of the power system with 
advanced and unified standards [2]. At the same time, how to measure the role and benefits of 
standardization has become a key element that needs attention [3]. 
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Literature [4-5] will be the internal structure of the system is decomposed into basic activities 
and related auxiliary activities, the use of value chain analysis to analyze the profitability of 
the implementation of technical standards of electric power enterprises, the method can use a 
systematic approach to the examination of the various activities of electric power enterprises 
and the interrelationships, so as to find a competitive advantage of the resources. Literature [6] 
in the establishment of the standardization of economic efficiency assessment index system 
based on the use of hierarchical analysis to determine the weights, and according to the data 
obtained from the questionnaire for fuzzy comprehensive evaluation. Literature [7] points out 
that the expert consulting evaluation method based on the indicator system is a kind of method 
to carry out the implementation of benefit evaluation by virtue of the subjective judgment of 
experts in the relevant fields, and this kind of method is commonly used in the field of 
technical standardization benefits and other evaluation studies that are difficult to 
quantitatively analyze. The above research methods are mostly based on a single standard 
implementation benefit evaluation as the research object, and the research on the standard 
systematic implementation benefit evaluation is still in the blank stage, and it is difficult to 
provide sufficient theoretical guidance for the existing research results of the electric power 
system which has complex business division of labor, numerous processes and procedures, 
and a huge system of technical standards. 

On March 15, 2021, China made an important deployment of carbon peaking and carbon 
neutrality, proposing the construction of a new power system with new energy as the main 
body. In the past two years, the connotation of the new type of power system has been 
continuously deepened, and it is proposed to accelerate the construction of a new type of 
power system that adapts to the gradual increase in the proportion of new energy. In general, 
the new power system is more open and complex, emphasizing the interaction of the whole 
link of source, network, load and storage, focusing on multi-party scientific and technological 
innovation cooperation, and further highlighting the characteristics of the power system with a 
long business chain and a wide range of specialties [8]. Based on the analysis of the 
characteristics of the business chain and development trend of the new electric power system, 
this study establishes the whole chain value decomposition method to evaluate the benefits of 
the systematic implementation of technical standards of the new electric power system, 
including the business decomposition model, the standard contribution measurement model, 
and the comprehensive benefit calculation model considering the time lag effect, and finally, 
taking the grid company as an example, it carries out the empirical analysis of the evaluation 
model of the benefits of the implementation of the systematic implementation of technical 
standards to calculate the grid The contribution of technical standards to economic benefits. 

2 Analysis of new power system business chain and development 
trend 

The power industry is characterized by long business chains, technology-intensive, capital-
intensive, strong public services and strict regulation. In terms of business chain, the power 
industry chain is a systematic and systematized concept. 

From the perspective of the included fields and links, the power industry business chain 
involves "generation, transmission, distribution, use" of each link, but also the relationship 



 
 
 
 

between "source, network, load, storage" in a number of fields. From the perspective of 
product categories covered, the business chain of the power industry includes upstream basic 
raw materials, basic hardware and software, core basic components, including the midstream 
machine and equipment, components, tools and equipment, including downstream various 
types of grid operators, power producers, integrated energy service providers and other 
enterprises. Among them, the power grid is a bridge hub connecting power production and 
consumption, and is a network platform for energy conversion and utilization, optimal 
allocation and supply and demand docking. High-end power transmission and transformation, 
power distribution, intelligent operation and inspection and power dispatch and other grid 
business is to promote the power system "wind, water and fire" multi-energy complementary, 
"source network, storage" integration through the core of the key, can play a high-quality 
development of the power system industry chain. It can play the role of "main support" and 
"integration drive" for the high-quality development of the power system industry chain. The 
new power system business chain has the following development situation . 

First, the new type of power system security development of openness and complexity 
characteristics are more significant. New type of power system massive distributed power 
supply extensive access, all kinds of energy storage resources and regulating resources a large 
number of construction, electric vehicles and integrated energy service providers, virtual 
power plants and other new market players, new forms of participation in the interaction, 
while the digital and physical systems are deeply integrated. 

Secondly, the new electric power system emphasizes more on the deep synergistic interaction 
of the whole link of source, network, load and storage. The new type of power system mainly 
carries the green and low-carbon transformation of key industries such as industry, 
transportation and construction, and needs to give play to its core platform advantage of 
greening and low-carbonizing consumption, strengthen the synergistic matching of supply and 
demand, promote changes in the mode of energy consumption, enhance the terminal energy 
efficiency and electrification level, and promote the transformation of the mode of energy use 
to the intensive and efficient type. 

Thirdly, the new type of power system pays more attention to strengthening the first driving 
force of technological innovation with multi-party cooperation mode. The new power system 
involves many fields and has a wide range of influence, requiring enterprises upstream and 
downstream of the industry chain to play to their strengths and take the initiative to change, 
and requiring the active support and participation of the government, the industry and the 
society to strengthen technological cooperation and sharing of results. 

3 Evaluation method of standard implementation benefits based on 
the whole chain value decomposition method 

Taking into full consideration of the characteristics of the new electric power system, which 
involves many fields, has a wide range of influence, and has a long business chain, the whole-
chain value decomposition method is adopted to evaluate the benefits of the implementation of 
electric power technical standards. The whole-chain value decomposition method is based on 
the overall value chain of the enterprise's main business, through the decomposition, 
determination and stripping of the impact of the standard on the business benefits at all levels, 



 
 
 
 

and ultimately calculate the contribution rate of the implementation of technical standards to 
the enterprise's main business, so as to realize the comprehensive evaluation of the benefits of 
the systematic implementation of technical standards. The comprehensive evaluation model of 
the benefits of systematic implementation of technical standards includes three sub-models, 
namely, the decomposition model of main business based on weight allocation, the 
measurement model of the contribution of technical standards to the underlying business, and 
the comprehensive benefit calculation model considering the time lag effect. 

3.1 Main business decomposition model based on weight allocation 

The main function of the main business decomposition model based on weight allocation is to 
subdivide the main business of an enterprise into secondary and tertiary businesses according 
to the degree of importance or support of the lower business to the upper business, until it is 
decomposed to the specific business activities in which the technical standards play a direct 
role, i.e., the "bottom business". The degree of importance or support of the lower tier business 
to the upper tier business can be weighted based on the hierarchical analysis method and the 
Delphi (DELPHI) expert method. 

Let's compare the degree of influence of then  factor nCCC ,,, 21   on the previous layer (e.g., 

the target layer)O  , i.e., let's determine its share inO  . For any two factors iC  and jC  , use ija  

to denote the ratio of the influence of iC  and jC  onO  , and measure ),,2,1,( njiaij   on 

a scale of 1-9. Thus, a two-by-two pairwise comparison matrix ( )ij n nA a   , also known as 

the judgment matrix, can be obtained, obviously: 
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From the properties of positive reciprocal inverse matrices, it is sufficient to determine the 
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( , , 1,2, , )ik kj ija a a i j k n                                             (2) 

Consistency Ratio Indicator:
RI

CI
CR   , when 10.0CR  , the consistency of the judgment matrix 

is considered acceptable, then the eigenvectors corresponding to max  can be used as weight 

vectors for sorting. At this point 

  1
max

1 1

1

n

ij jn n
ji

i ii i

a w
A W

nw n w
 

 


 


                                                    (3) 

where (A )iW  denotes the i  th component of A W  . 

The vector of total ranking weights of the elements on the k  th layer on the target layer (the 
highest layer) is 
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For any 2k  there is the general formula 

( ) ( ) ( 1) (3) (2) ( 2)k k kW P P P W k                                         (6) 
where W(4) is then the total ordering vector of the elements on the fourth business layer to the 
target layer. 

3.2 The underlying business technology standard contribution measurement model 

The main function of the bottom-level business technical standard contribution measurement 
model is to calculate the supporting role of the technical standard cluster corresponding to the 
bottom-level business unit on the business activity, with the main purpose of deducing the 
contribution of technical standard implementation to the overall main business benefits 
through the cascading contribution of technical standards in the bottom-level business. The 
contribution of technical standards in the bottom business needs to be calculated based on the 
data collection and investigation and analysis of the production process by combining two 
important factors, namely, the classification of technical standards and the driving elements of 
the bottom business. Since the driving factors of each specific underlying business are 
different, the calculation of the contribution of technical standards needs to be revised 
accordingly for different types of underlying businesses. 

3.3 Model for calculating integrated benefits taking into account the time lag effect 

The main function of the comprehensive benefit calculation model that takes into account the 
time-lag effect is to calculate the comprehensive benefits generated by technical standards for 
the main business, which needs to be comprehensively calculated in conjunction with the 
indicator system for the benefits of the implementation of the main business and the period of 
time in which the technical standards are in full play. Since it takes a certain period of time 
from the release of technical standards to the actual application of technical standards to 
generate implementation benefits, and the implementation benefits of standards are mainly 
generated in the second half of the full life cycle of the standards, it is necessary to deal with the 
time-lag effect of technical standards when calculating the implementation benefits of technical 
standards. 

When counting clusters of standards, there are cases of standard turnover and life cycles that do 
not reach five years due to, for example, technological innovations or equipment improvements. 
Specific algorithms: 

base

i
i

N

N
                                                                   (7) 

Where i  is the time correction factor for criterion (cluster) i, iN  is the life cycle (in years) of 

criterion (cluster) i, baseN  is the benefit evaluation cycle, and base 5N   . 



 
 
 
 

Combining the underlying business technical standard contribution calculation model and the 
grid main business weight allocation model can get the contribution of technical standards to 
the main business of the grid, and combining with the technical standard time lag effect, the 
contribution of technical standards to the implementation of the benefits can be obtained as 
shown in the following equation: 

ben-bus bus-bus bus-sta

1 1 1

K J I

s k jk ij i
k j i

F f f f 
  

     
  

                                           (8) 

where sF  is the implementation benefit s, which is contributed by the first-level business 

k=1...K, and ben-bus
kf  is the contribution of the first-level business k to the implementation 

benefit s; the first-level business k is contributed by its underlying business j=1...J, and
bus-bus
jkf  

is the contribution of the underlying business j to the first-level business k; and the contribution 
of the standards in the underlying business j is obtained by multiplying the contribution of the 
corresponding science and technology standard (cluster) i by its time correction factor and then 

summing up to obtain the time correction factor , which can be calculated by Eq. (7). 
bus-sta
ijf

The contribution of the standard in the bottom business j is obtained by multiplying its time 

correction factor i  and then summing up, and the time correction factor i  can be calculated by 

Eq. (7). 

4 Case Study 

In order to verify the correctness and effectiveness of the proposed new power system 
technical standard implementation benefit evaluation method, this paper carries out a case 
study on the example of power grid enterprises. The results of the calculation of the overall 
benefits of the systematic implementation of technical standards in power grid companies are 
shown in Table 1. 

Table 1. Calculation results of the benefits of the implementation of the systematization of technical 
standards in power companies 

typology 
Level 1 

indicators 
Secondary 
indicators 

unit 
Systematic implementation of 
technical standards Benefits 

Economic efficiencies 
Corporate 
operating 

profit 

Grid business 
profit 

billions 2.411955 

societies 
efficiencies 

clean 
energy 

Clean Energy 
Consumption 
of Electricity 

Million 
kWh 

14368.50 

Quality of 
electricity 

supply 

City network 
supply voltage 

pass rate 
% 0.010466 

Agricultural 
network supply 

voltage pass 
rate 

% 0.099997 

specialized field 
level (of achievement 

etc) 

planning 
and design 

Capacity-to-
load ratio 
(500kV) 

% -0.006557 



 
 
 
 

typology 
Level 1 

indicators 
Secondary 
indicators 

unit 
Systematic implementation of 
technical standards Benefits 

marketing 
service 

Electricity 
consumption 
information 
collection 
coverage 

% 2.668480 

From the contribution degree of technical standards of each main business, the contribution 
degree of planning and design profession is the highest (average value 11.8%), and the 
contribution degree of operation, maintenance and repair profession is lower (average value 
9.47%), reflecting that the planning and design profession has higher dependence and 
standardization on technical standards. The overall contribution of technical standards of Grid 
Corporation is 11.97%, and the contribution of technical standards of the five professional 
business systems of planning and design, engineering and construction, scheduling and 
operation, operation and maintenance, and marketing service business is 13.95%, 12.19%, 
12.61%, 10.33%, and 10.76%, respectively, reflecting that the standardization of Grid 
Corporation's planning and design business system is of higher benefit, and operation and 
maintenance The business system should further strengthen the systematic implementation 
and application of technical standards. 

5 Conclusion 

Aiming at the characteristics of the new power system, which involves many fields, has a wide 
range of influence, and has a long business chain, this paper proposes for the first time the 
"whole-chain value decomposition method" for the evaluation of the benefits of the systematic 
implementation of technical standards. According to the evaluation idea of "technical 
standard-business chain-implementation benefit", technical standards and implementation 
benefits are accurately related through the "business chain", thus solving the problem that 
traditional evaluation methods such as the ISO value chain method are unable to evaluate the 
large-scale business system of the new electric power system. This solves the problem that 
traditional evaluation methods such as ISO value chain method cannot evaluate the large-scale 
business system of new power system, and has good value of popularization and application. 
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