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Abstract: At present, the development of advanced technologies such as ultra-high voltage
has achieved far-reaching, large-scale and accumulated power transmission, and the global
energy Internet is gradually taking shape. The original high-energy consumption and
low-efficiency power generation methods can no longer meet the requirements of the
contemporary economy and society. Clean energy has become the main direction of
electric power development: wind power is the main clean energy source, and its
production technology is relatively mature, but there are difficulties in consumption. The
main purpose of this paper is to study the integrated consumption and benefit evaluation
model of clean energy based on the CGE model. Combining the fuzzy grey relational
cluster analysis theory, this paper proposes a new method for evaluating the characteristics
of new energy consumption strategy implementation indicators based on demand response,
and evaluates the new energy consumption strategy. Experiments have shown that in terms
of the impact on traditional electricity prices, due to the increase in solar electricity price
subsidies, its prices also show a downward trend. Similar to the change trend of fossil
energy.

1. Introduction

In the era of rapid economic development, there are more and more requirements for energy and
more and more constraints on energy. Optimizing the development structure of energy has become
an urgent need for energy development, and the importance of developing renewable energy has
become increasingly prominent. The state also proposes to speed up the reform of energy
production and consumption, and accelerate the transformation of the direction of energy
development. It is clearly stated that increasing the supply of clean and green energy and increasing
the proportion of clean energy production and consumption are the basis of the energy revolution
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[1-2].

In a related study, Cauwer et al. proposed an ensemble model for energy consumption and range
estimation [3], which enables energy-efficient routing. The ensemble model predicts the energy
consumption of all road segments in the road network and applies the shortest path algorithm to
calculate energy-efficient routes. Danyali et al. introduced a new dual-input non-isolated
zero-voltage switching (ZVS) dc-dc boost converter [4]. The proposed converter has a simple and
compact structure, minimal number of power switches and magnetic components, and high
efficiency.

Based on the CGE model, this paper studies the integrated consumption and benefit evaluation
model of clean energy. Aiming at the benefits brought about by the implementation of the new
energy consumption strategy, a comprehensive evaluation index system is constructed, combined
weighting based on the AHP and entropy weight method, and combined with the fuzzy grey theory,
a new energy consumption based on demand response is proposed. Strategy evaluation method, and
applied to the comprehensive evaluation of new energy consumption. The application results show
that the comprehensive evaluation method used can objectively and accurately evaluate the benefits
brought by industrial users' participation in new energy consumption, and can provide strong
support for power grid companies and relevant investors in new energy consumption. good
application prospects.

2. Design and Research
2.1. Theoretical Basis of the CGE Model

General equilibrium theory is one of the well-known theories in economics, and it is a commonly
used auxiliary tool in the process of economic and policy research and analysis. The CGE model is
based on the general equilibrium model, and most of the data come from the input-output table,
which also continues many practices of the input-output model [5-6].

(1) Basic principles of the model

In practical application, the idea of general equilibrium theory is the same as the idea of solving
equations. When some variables or coefficients change, the equation solutions after transformation
of each department (that is, the equilibrium consumption and equilibrium consumption of the CGE
model) are obtained through the equations price). The equation of the model consists of two parts,
exogenous variables and endogenous variables. The main function of the exogenous variables is to
analyze the numerical changes of the relevant indicators after the model is impacted; the
endogenous variables are the research objects of the CGE model and represent the system. Internal
commodities, labor, capital, taxation, consumption, income and other elements are affected when
exogenous variables change.

(2) Content of the model

As mentioned earlier, the CGE model assumes that the market involved in the model has a
perfectly competitive structure. That is to say, there will be no excess supply and demand for
products, manufacturers and residents are both price takers, and there is no arbitrage phenomenon
for producers. The typical standard structure of the CGE model mainly has six modules [7-8]. A
typical CGE model is mainly composed of three parts:

1) Database. The basis of the CGE model for policy research is the database, that is, the SAM
table mentioned above. Although the data sources are not limited, most of them currently come
from input-output tables and related statistical data.

2) The CGE model itself. Because the general structure of the CGE model is general, when
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researchers use this model for analysis, the specific structure of the model is determined according
to actual needs, whether the data is desirable, whether the research object has research significance,
and other factors.

3) Departmental knot principle. Since each research object and research purpose are different, for
different research objects, the key modules of the research in the structure of the CGE model are
also different. Some departments can be subdivided according to actual needs, and the Relative data
structures are split and merged.

The data base is the SAM table established according to the actual research object. In short, the
operating steps of the model are to break the equilibrium state of the SAM table by changing some
coefficients related to the researched policies, and then the model goes through operations to regain
equilibrium [9-10].

(3) Introduction to the concept of SAM

The Social Accounting Matrix (SAM) is a matrix double-entry accounting table that can be used
to describe the social and economic operation. The structure and data of the SAM table are the basis
of the CGE model. Combined with social and economic data and other relevant information and
data, the structure is expanded and some account units are added, such as production factors,
resident users, enterprises, etc., which can intuitively express the guantitative changes of each
account within a certain period of time [11-12] .

SAM principle: Simply put, SAM is the balance of the total value of the rows and columns, and
the corresponding number of rows and columns is equal. Moreover, each data in the table has a
double meaning, which is determined according to the row and column where it is located.
Compared with ordinary bookkeeping accounts, the SAM table simplifies the relatively complex
bookkeeping procedures, and can make some research key objects more prominent according to the
requirements.

SAM structure: A standard macro SAM in which the data is presented in the form of a total
amount without deep refinement.

Balance of the SAM table: Due to the diverse data sources and the statistical errors in the data of
different statistical units, the initial SAM table needs to be balanced. There are many methods of
balance. The most commonly used methods are the cross entropy method, the least square method,
and manual Balance method, this paper chooses the cross-entropy method according to the actual
situation.

2.2. Principles of Index System Construction

Demand response benefit analysis indicators cover three aspects: power generation companies,
power grid companies and end users [13-14]. For power generation companies, demand response
can facilitate the integration of clean energy generation into the grid by flattening the electricity
load curve and reduce the need for system reserve capacity. For grid companies, demand response
has transformed grid companies' power purchase mix by facilitating the integration of clean energy
generation into the grid. For end users, demand response provides a way for users to participate in
power generation side dispatch to obtain economic benefits. After determining the demand response
benefit evaluation index, it is necessary to quantitatively analyze different demand response modes
of action, and to improve the problems existing in the demand response mode of action. Specifically,
the compilation of the demand response benefit evaluation index system needs to follow the
following principles: scientific, reasonable, systematic, dynamic and static, and operable.
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2.3. The Equation System of the CGE Model

After the parameters of each module are explained, the next step is the equation system of the
renewable energy CGE model study. Combined with the structure of CGE mentioned above and the
research purpose of this paper, the structure of the model is divided into seven modules, including
energy, production, trade, price, income and consumption, macro variables and macro closure
[15-16].

(1) Energy module

The energy module of the renewable energy CGE model is divided into two levels of nested
production functions. The specific structure is shown in the figure below. The energy module
describes the input-output relationship of energy production.

Intermediate energy input

Fossil Energy electric power
coal traditional Biomass
electricity energy
petroleum
solar wind
natural gas energy energy

Figure 1. Nested structure of energy modules

This module contains two layers of two-layer nested CES production functions. The first layer of
structure includes electricity and fossil energy, and describes the substitution relationship between
electricity and fossil energy through CES.

The second-layer structure of the energy module is to describe the demand for electricity and
fossil energy respectively, and the specific classification is shown in Figure 3 (for the convenience
of formulating, the traditional energy is defined as thermal power).

Include an equation for CO2 emissions in this module, which will be used later in the study of
the environmental effects of renewable energy policies. First, it is necessary to clarify the source of
carbon emissions. This time, it is set to two parts. One part comes from intermediate inputs (only
consumption in the province); the other part comes from residents and government consumer goods
(final consumer goods) [17-18]. The specific calculation formula is:

TCO, = SQINT,,-PQA, €02, + " (QH, + LOGD)-PQ, -CO2, )
i j i

TCO?2 is the total carbon emission, QINTI,j is the value of each intermediate input, PQA]j is the
corresponding price, CO2j is the carbon emission corresponding to each part of the intermediate
input, and the sum is the carbon emission of the intermediate input; QHi and LOGDi are the
residents, respectively And government consumption, PQi is also the corresponding price, CO2i is
the carbon emission of each part, and the sum is the carbon emission of intermediate consumer
goods.
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3. Experimental Research
3.1. New Energy Consumption Problem

Development problems faced by new energy consumption: the phenomenon of new energy
curtailment has eased year by year, but the problem of limited consumption is still serious, and it is
still at a relatively high level in the national grid system. The main problems are as follows: First,
there is a serious shortage of new energy consumption space. The scale of the power supply and the
scale of the load do not match, the total installed capacity of the power supply is about three times
the maximum load, and the new energy consumption market is limited. Second, the scope of new
energy consumption is not large. Self-provided power generation enterprises and self-operated
power grids have closed business models. Except for some self-provided power generation
companies that participate in new energy consumption in the form of new energy substitution
transactions, other self-operated power grids basically do not participate in new energy
consumption. Third, the problem of grid peak regulation has existed for a long time.

3.2. Evaluation Indicators

(1) Construction of evaluation index system

Demand response can participate in different integrated utilization methods of distributed energy
(microgrids, virtual power plants, and combined cooling, heating and power systems, etc.). Evaluate.
From the perspectives of economy, environment and social benefit, this paper adheres to the
principles of combining scientificity and systematicness, representativeness and comparability,
independence and practicability, quantitative and qualitative, and establishes a comprehensive
evaluation index system of clean energy efficiency.

(2) Preprocessing of evaluation indicators

After the initial establishment of the demand response implementation benefit evaluation index
system, the evaluation index system needs to be correlated and standardized. The correlation test is
mainly used to analyze the overlap and inspection between indicators to establish an indicator
system with independent characteristics. Standardized processing is used for consistent and
dimensionless processing, and preparatory work is done for the evaluation of demand response
benefits.

3.3. Improved Grey Relational Comprehensive Evaluation Model

According to the basic situation of the analytic hierarchy process and the entropy weight method
and the theoretical basis of the fuzzy grey relational cluster analysis comprehensive evaluation
method, an improved grey relational comprehensive evaluation model based on the combination
weighting method is constructed to evaluate the research projects.

(1) Weight calculation

Through the combination of AHP and entropy weight method, the more complex objects in new
energy consumption are quantified and correlated with fuzzy grey theory, and a new evaluation
method suitable for new energy consumption strategy is proposed.

U, =Y, ivi )
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After the consistency check, the result meets the requirements.
The weight results obtained by the entropy weight method are as follows

1-S.
V= ©
> a-s)

Combining the above two weighting results by exponentiation, the result of the final combined
weighting can be obtained, that is, the final weighting result, specifically:

w,=UV,/ DUV, (4)

j=1

(2) Calculation of correlation degree
Using the obtained combined weighting result wij of the jth evaluation index of the ith scheme
and the optimal weight value wj* of the index to calculate the correlation coefficient €ij, we can get:

miln mjln‘wj —Wij‘+pmiax m?x‘wj —Wij‘

(5)

g J = * *
‘Wj - W, ‘ + pmax m?x‘wj —wij‘

where p is taken as 0.5.
Using the calculated correlation coefficient, the parameter correlation degree Pi can be further
calculated as:

P =) ©)

j=1
Then, the calculated values of Pi are sorted by size, and then the pros and cons of the compared
schemes can be obtained.
4. Experimental Analysis
4.1. Determination of Parameters of CGE Model

In the previous introduction to the system of equations and variables, it can be seen that there are
many parameters involved in the construction of the model, which are mainly divided into three
types: the first is the elasticity coefficient (mainly substitution elasticity). oen as in the energy
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module, j is the demand substitution elasticity parameter of the energy composite element. The
second category is share parameters, such as dfen,j and dele,j in the energy module, which
respectively express the share coefficients of fossil energy elements and power elements; the third
category is tax parameters, such as income tax, tariff, indirect tax, etc.

The details are shown in Table 1.

Table 1. Relevant elastic coefficient table

Armington CET Fossil Energy Electricity | Energy
Agriculture 3 5 1.25 5 0.6
Industry 3 5 1.25 5 0.6
Construction industry 3 4 1.25 5 0.2
Service industry 3 4 1.25 5 0.25
Coal 3 4 1.25 5 0.5
Fuel 3 4 1.25 5 0.5
Natural gas 3 4 1.25 5 0.5
Electricity 1.1 0.5 1.25 5 0.1
Wind energy 1.1 0.5 1.25 5 0.1
Biomass 1.1 0.5 1.25 5 0.1
Solar energy 1.1 0.5 1.25 5 0.1

4.2. Energy Effect Analysis of Solar Electricity Price Subsidy

The model is run according to the programming, and according to the different subsidy levels set,
the price changes of each energy source are compared with the simulation results of the base year.
The data is divided into two parts: the impact of solar electricity price subsidies on other energy
prices and the impact on other energy consumption. The specific impact trends are as follows.

(1) Impact on other energy prices

Table 2. The impact of solar electricity tariff subsidies on energy prices Unit: %

Subsidy 5% 10% 15% 20% 25% 30%

Coal price 0.13 0.23 0.47 0.90 1.53 2.21

Oil price 0.09 0.13 0.22 0.34 0.58 0.81

Changes in
_ each Naturalgas |07 | 012 | 018 | 024 | 031 | 042
indicator price

Electricity

. 0.05 0.08 0.20 0.31 0.39 0.55
price
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Figure 2. Analysis of the impact of solar electricity tariff subsidies on energy prices

As can be seen from Figure 2, with the increase of solar electricity price subsidy, the price of
traditional energy shows an increasing trend, which can be divided into two situations. When the
solar electricity price subsidy is below 20%, the increase of traditional energy price is not very
obvious. , the growth rate is relatively low, in the process of changing solar electricity price
subsidies from 20% to 30%, a total of 10%, the price of oil increased by 0.47%, and the price of
natural gas increased by 0.18%. In particular, coal energy, with the increase of subsidies, was the
most affected, and its price increased most obviously, with a total change of 2.08%. It can also be
seen that the development of solar energy resources can increase the price of traditional energy,
thereby restraining the corresponding consumption, reducing the use of traditional energy, and
increasing the proportion of clean energy consumption, so as to achieve the purpose of energy
reform.

(2) Impact on consumption of other energy sources

According to the different subsidy levels set, the simulation results of the changes in the
consumption of each energy source compared with the base year are shown in Table 3.

Table 3. The impact of solar electricity tariff subsidies on energy consumption Unit: %

Subsidy 5% | 10% | 15% 20% 25% | 30%
Coal consumption -7.16 | -8.73 | -10.11 | -16.254 | -25.13 | -33.76
Oil consumption -2.33 | -541 | -8.34 | -11.13 | -16.21 | -24.72

Chaeg%ff "N "Natural gas consumption | -1.27 | -1.98 | -3.12 | -5.34 | -7.65 | -9.97
Traditional electricity 3.21 | 3.87 | 4.65 3.13 2.12 | -0.87

indicator Sol
olar energy 27.65 | 36.41 | 49.34 | 63.54 | 85.65 | 106.8
consumption
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Figure 3. The impact of solar electricity tariff subsidies on energy consumption

It can be seen intuitively from the figure that various types of energy consumption are
specifically affected by the increase in solar electricity tariff subsidies. The most obvious one is the
consumption of solar energy. When the consumption of solar energy increases, the consumption of
other traditional energy sources will also be affected. In addition, for the impact of oil and natural
gas prices, before 20%, the degree of impact is not very obvious, the specific reduction degrees are
2.33%~11.13%, 1.27%~5.34%, but between 20%~30%, the degree of influence increases . In terms
of the impact on the price of traditional electricity, due to the increase in solar electricity price
subsidies, the price of solar energy also shows a downward trend. The trend of change is similar.

5. Conclusion

At present, clean energy power generation has remarkable characteristics, namely cleanliness,
convenience and economy, and is the main energy for future development. However, at this stage,
the traditional energy consumption structure is limited by many situations, which directly limits the
sustainable development and coordinated utilization of energy. Combining with the development of
new energy in my country, the existing research on the evaluation of the implementation effect of
the new energy consumption strategy has considered the implementation basis, comprehensive
benefits and later operation of the new energy consumption strategy to varying degrees, and
constructed a comprehensive comprehensive evaluation index. The system provides a reference
basis for the benefit evaluation of new energy utilization in my country.
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