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Abstract: With a substantial fraction of renewable energy integrated into the electrical grid, the new
power system urgently requires grid planning scheme displaying adaptability to different energy
types and their volatility. Considering the indeterminacy of renewable energy generation output
and the different attitudes of decision-makers towards its risk, this paper proposes an adaptability
assessment methodology for power grid planning schemes considering multiple decision psychol-
ogy. First, an evaluation indicator framework is established based on the adaptive requirements
of the grid planning for novel power system, and the weights of indicators are calculated based on
an improved AHP-CRITIC combination weighting method. Second, improved cumulative prospect
theory (ICPT) is adopted to improve to the calculation method of the distance between the evalu-
ation program and the positive and negative ideal programs in the GRA and TOPSIS, which effec-
tively characterize the different decision-making psychologies, and a combination evaluation model
is constructed based on a cooperative game (CG), namely, an adaptability evaluation model of grid
planning schemes for novel power systems based on GRA-TOPSIS integrating CG and ICPT. Fi-
nally, the proposed model serves to evaluate grid planning schemes of three regions in China’s 14th
Five-Year Plan. The evaluation results show that the adaptability of the schemes varies under differ-
ent decision-making psychologies, and under the risk-aggressive and loss-sensitive decision-making
psychologies, grid planning scheme of Region 1 with the greatest accommodation capacity of renew-
able energy is preferable.

Keywords: novel power system; adaptability evaluation; grid planning; decision psychology;
combination evaluation

1. Introduction

With the increasing energy crisis and environmental pollution, China is committed to
constructing a novel power system mainly composed of new energy to promote the clean
and low-carbon transformation of energy [1]. In the future, the substantial integration of
renewable energy generation will emerge as a pivotal characteristic of the novel power sys-
tem, but its stochastic and intermittent nature will pose a serious challenge to the existing
power grid [2,3]. In view of the central position of the power grid in power transmission
and distribution, the adaptability of its planning scheme is decisive for ensuring the stable
operation and economic benefits of the novel power system [4,5]. Therefore, there is an im-
mediate need to assess the adaptability of the grid planning approaches for novel power
system to efficiently identify the weaknesses, rationally construct the grid, and offer guid-
ance for ensuring the system’s future economic and stable functioning [6].

Recently, academics have conducted extensive research on evaluating the adaptabil-
ity of grid planning schemes for emerging power systems. In [7], the authors pointed
out that the grid planning for a novel power system should adapt to the new challenges
brought by the development of new energy sources, and more attention should be paid
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to the adaptability of different energy types and the volatility of different power sources.
In [8], the authors believed that upon the interconnection of a substantial proportion of
renewable energy sources to the grid, a comprehensive assessment of the grid planning
scheme’s adaptability must encompass both the grid’s intrinsic properties and its interac-
tions with external factors. This constituted a vital aspect in evaluating and appraising the
grid’s construction quality, serving as a feedback mechanism for enhancing subsequent
construction quality and operational performance of the grid planning.

In assessing the adaptability of distribution network planning, the technical indicators
for instance capacity expansion margin, power supply capacity margin, and expandability
were proposed to construct an evaluation index system, and then AHP methodology was
employed to derive the comprehensive score of the planning scheme [9]. In [8], some tech-
nical indicators, for instance, load ratio, current, power quality, operating life, and new
energy utilization rate, were considered to construct an adaptability evaluation index sys-
tem of distribution network planning schemes; entropy weight and the AHP method were
adopted to calculate weight; then, TOPSIS was used to construct the evaluation model.
In [10], the complexity of the grid structure after the significant integration of renewable
energy sources was considered, and for the planning of distribution network under the big
data environment, the adaptability evaluation index system was established by selecting
technical indicators from five perspectives: grid structure, power supply capacity, equip-
ment level, load characteristics, and grid integration of new elements; then, the planning
scheme was evaluated employing the back propagation neural network (BNPP) method.
On this basis, in [11], the authors considered the economic and environmental benefits
brought about by the substantial integration of renewable energy sources into the grid,
proposed an evaluation index system of distribution grid planning adaptability, which
contains equipment operation status, power supply reliability, economy, and environmen-
tal friendliness, and adopted a variety of empowerment methods for combined empower-
ment; evaluation results were obtained through the AHP method.

In assessing the adaptability of transmission grid planning, in [12], the efficiency ben-
efits of transmission grid planning scheme were considered to propose the evaluation in-
dex system of system scale, development, and environment. Then G1 method and GRA
method were adopted for combination assignment, and the fuzzy comprehensive evalua-
tion approach was employed to derive the assessment outcomes. In [13], the evaluation
index system was formulated encompassing the dimensions of economy, technology, re-
liability, and new energy acceptance capacity, and the “Over-Average Penalty” entropy
weight method was employed to allocate weights to the indicators; then, a comprehen-
sive evaluation method based on high penetration of new energy (HPNE) was proposed.
Moreover, in [14], the impact of flexibility and vulnerability on the grid planning scheme
was considered, and the IFAHP method was adopted for the assignment of indicators and
comprehensive evaluation.

In summary, the current study exhibits the following weaknesses: (1) mainly, studies
are focused separately on the adaptability evaluation of the transmission or distribution
network, while few studies consider the coordination factors among all levels of a power
grid, and the new needs generated by the grid planning for a novel power system, to con-
struct the evaluation index system; (2) in the process of grid planning for novel power
system, due to the significant uncertainty in the renewable energy power, it is necessary
to fully consider the different attitudes of decision-makers towards risk when constructing
the evaluation model. However, current studies generally ignore the influence of decision-
making psychological factors on the evaluation results, and tend to use a single evaluation
model, which may lead to a large limitation in the results. Thus, it is difficult to compre-
hensively reflect the complexity of the real decision-making environment, which may lead
to bias or conflict in the practical application.

Therefore, this paper introduces a methodology for assessing the adaptability of power
grid planning schemes for a novel power system considering multiple decision psychology,
and the key contributions of this paper are outlined as follows:
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(1) A comprehensive evaluation index system of power grid planning adaptability is es-
tablished, which comprehensively addresses the emerging requirements of grid plan-
ning for the novel power system, including economy adaptability, energy structure
adaptability, power grid structure adaptability, reliability adaptability, and environ-
ment adaptability.

(2) An improved cumulative prospect theory (ICPT) is introduced into the evaluation
model to effectively characterize the different decision-making psychologies, which
enhances the adaptability to the uncertainty of renewable energy and makes the eval-
uation results more realistic.

(3) A combination evaluation method based on a cooperative game (CG) is constructed,
fully contributing to the advantages of different evaluation models to make the eval-
uation results fairer.

The subsequent sections of this paper are structured as follows: In Section 2, the adap-
tive requirement of grid adaptive planning for novel power system are analyzed. Section 3
describes the adaptability evaluation index system of power grid planning scheme for
novel power system. Section 4 presents the weighting method and adaptability evaluation
model of grid planning scheme for novel power system based on GRA-TOPSIS integrat-
ing CG and ICPT. Section 5 presents case studies and comparative analysis of the results.
Lastly, Section 6 concludes this study.

2. Adaptive Requirements of Grid Planning for Novel Power System

In the context of developing a novel power system characterized by a high integration
of renewable energy sources, the characteristics of the power grid have undergone tremen-
dous changes: from passive network to active network, from one-way to two-way power
flow, from pure consumption to both production and consumption, from rigid demand
to adjustable and controllable, and from source-network coordination to source-network-
load-storage coordination [15]. Therefore, due to the transformation of the distinctive fea-
tures of the power grid, power grid planning is facing many new demands, as shown in
Figure 1:
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Figure 1. Adaptive demand of grid planning for novel power system.

2.1. Adaptive Requirements for Economic

To propel the transformation and upgrading of the power system, the power grid
needs to accelerate its digital transformation urgently. This will enable it to optimize the
allocation of multiple factors, effectively fulfill its platform role, and facilitate the in-depth
development of the energy revolution [16]. In this process, the first step in power grid
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planning is to focus on the economic aspect of each link, including sourcing, networking,
loading, and storage. It is crucial to fully consider the impact of various power sources,
electric vehicles, and energy storage on load forecasting. This comprehensive approach
enhances the overall planning concept, shifting the focus from the main power grid to the
broader power system extension. The second consideration is to anticipate the increase
in electricity demand and load, implementing proactive planning and construction of the
power grid. This foresighted approach ensures efficient scalability and adaptability of the
grid network. Furthermore, enhancing the deployment of intelligent terminals and im-
proving the distribution communication network are essential. These actions boost the
observability, measurability, adjustability, and controllability of the power grid, thereby
enhancing its internal rate of return. Ultimately, this translates into a reduction in the over-
all lifecycle expenditure of power grid development.

2.2. Adaptive Requirements for Energy Structure

In the novel power system, non-fossil energy sources, notably hydroelectric, wind,
and solar power, will progressively emerge as the primary sources of installed capacity and
electricity generation [17]. Nevertheless, China faces a persistent challenge of mismatched
distribution between clean energy resources and demand, with water resources concen-
trated in the southwest, wind and solar resources predominantly in the “Three-North” re-
gions, and electricity demand heavily skewed towards the eastern, central, and southern
regions [18]. Ultrahigh-voltage transmission emerges as a pivotal solution for facilitating
long-distance, large-scale power transmission, thereby enhancing new energy integration
capabilities and mitigating wind and solar curtailment issues [19]. As new energy sources
integrate on a massive scale, cross-regional power transmission will inevitably escalate.
Consequently, power grid planning necessitates the development of ultra-high-voltage
and various levels of power grids to enhance the power grid’s capacity to accept new
energy sources.

2.3. Adaptive Requirements for Grid Structure

Under the “Peak Carbon and Carbon Neutral” goal, the penetration rate of distributed
power generation and the proportion of electricity to end energy consumption will con-
tinue to increase [20]. Emerging new loads, represented by electric vehicles, will scale up
significantly, leading to the normalization of the integrated production and sales model.
As new energy sources are increasingly integrated into the power grid on a large scale,
issues such as equipment overload and declining power quality are gradually becoming
prominent, placing higher demands on the substation capacity. When planning the grid,
the flexible coordination between the transmission and distribution networks should be
considered, and the potential for transformation and intelligent upgrade of grid construc-
tion should be enhanced at the planning stage to facilitate the harmonious integration of
large-scale new energy sources with the power grid [21]. At the same time, substation
full stop and turn rate should be improved. When the power outage is caused by special
circumstances, the power grid structure should respond positively enough to transfer the
power load to other normally operating substation buses and quickly restore power supply.

2.4. Adaptive Requirements for Reliability

Considering economic globalization, the establishment of a contemporary industrial
system is speeding up, the eco-friendly transition of conventional industries is picking up
pace, and the high-tech manufacturing sector is gradually emerging as the primary cata-
lyst for progress. As people’s expectations for an improved quality of life rise, there arises
a critical requirement for power grid design to holistically enhance the electricity supply
quality [22]. Moreover, the substantial share of renewable energy power fluctuations trans-
forms the initial unidirectional random demand alteration system into a bidirectional ran-
dom modification system, resulting in challenges such as diminished inertia and insuf-
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ficient voltage support capabilities. To safeguard grid security and elevate power quality
standards, it is imperative to augment investments in reliability during the planning phase.

2.5. Adaptive Requirements for Environment

Traditional power grid planning aims to enhance the economic efficiency of the sys-
tem while meeting specific stability and reliability criteria. Under the “Peak Carbon and
Carbon Neutral” goal, power grid planning should prioritize safety and environmental
friendliness. Building upon the existing standards for reliability and cost-effectiveness,
power grid planning must now incorporate heightened environmental protection mea-
sures. The focus of planning and design needs to shift from solely ensuring safety to
achieving a balance between safety and sustainability.

3. Construction of Evaluation Index System

This paper adheres to the principles of scientific rigor, comprehensiveness, indepen-
dence, applicability, and operability in the construction of the index system. An adaptabil-
ity evaluation index system of power grid planning scheme for novel power system is estab-
lished by integrating the adaptive requirement of grid adaptive planning for novel power
system. This index system encompasses five key dimensions, including economic adapt-
ability, energy structure adaptability, grid structure adaptability, reliability adaptability,
and environment adaptability. The adaptability evaluation index system are shown
in Table 1.

Table 1. Adaptability evaluation index system of power grid planning scheme for novel power system.

First-Level Indicators Second-Level Indicators

Elasticity coefficient of power production (Cy1)
Investment revenue expansion ratio (Cip)
Additional load capacity per unit investment (Cy3)
Additional electricity supply per unit investment (C14)
Proportion of clean energy (Cp1)
Capacity to accommodate renewable energy (Cyy)
Substation full stop and turn rate (Cs1)
Capacity ratio of transformer (Cs;)
Capacity expansion margin of substation (Cs3)
Remaining interval ratio (Caq)
Line capacity-to-load ratio (Czs)
Line loss rate (Csg)
N-1 pass rate of power lines (Cy1)
N-1 pass rate of transformers (Cyp)
Voltage compliance rate (Cy3)
Mean power supply reliability (Cy4)
CO; emission reduction (Cs1)
Environment Adaptability (Cs) NOx emission reduction (Cs;)
SO, emission reduction (Csz)

Economic Adaptability (Cy)

Energy Structure Adaptability (Cy)

Grid Structure Adaptability (C3)

Reliability Adaptability (C4)

3.1. Economic Adaptability

Economic adaptability refers to the adaptability and support capacity of a new power
grid project to future economic development. The load growth rate of the region is directly
affected by the level of local economic development. As the load increases, the maximum
transmission capacity of the grid will be insufficient to supply the load demand. So, the
capacity construction and economic cost of spare capacity for future development should
be balanced in the grid planning, which enhance the grid’s ability to resist uncertainties
in the future. Therefore, this paper proposes that secondary indicators of economic adapt-
ability include elasticity coefficient of power production, investment revenue expansion
ratio, additional load capacity per unit investment, and additional electricity supply per
unit investment [23].
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3.2. Energy Structure Adaptability

In the assessment of power grid planning, energy structure adaptability constitutes
a pivotal evaluation dimension, assessing the grid’s capacity to accommodate shifts in
energy composition. Amid the ongoing transformation of energy mix and the prolifera-
tion of renewable energy sources, grid planning necessitates a comprehensive considera-
tion of clean energy’s share within the energy structure, along with the grid’s resilience
to integrate new energy forms, ultimately ensuring grid stability and optimizing energy
utilization efficiency. Therefore, this paper proposes that secondary indicators of energy
structure adaptability include the proportion of clean energy and capacity to accommodate
renewable energy.

3.3. Grid Structure Adaptability

The evaluation framework for energy grid structural adaptability primarily aims to
secure that the grid can flexibly and effectively respond to various load changes, resource
allocations, and emergencies. These measures guarantee a stable supply of electricity and
improve a power supply reliability, thereby fostering optimal resource allocation and en-
abling sustainable grid development. Therefore, this paper proposes that secondary in-
dicators of grid structure adaptability include substation full stop and turn rate, capacity
ratio of transformer, capacity expansion margin of substation, remaining interval ratio, line
capacity-to-load ratio, and line loss rate [24].

3.4. Reliability Adaptability

In the evaluation of grid planning, reliability adaptability is essential metric for mea-
suring whether the grid system can provide power supply to customers in a continuous
and stable manner when facing various uncertainties. The integration of large-scale renew-
able energy into the grid presents new challenges to the reliability of the grid, especially
considering the randomness in both power supply and load during summer and winter
load peaks. Therefore, this paper proposes that secondary indicators of reliability adapt-
ability include the N-1 pass rate of power lines, N-1 pass rate of transformers, voltage
compliance rate, and mean power supply reliability [8,25].

3.5. Environment Adaptability

As global attention to climate change and environmental protection continues to grow,
the power sector, as one of the major areas of energy consumption and greenhouse gas
emissions, bears an important responsibility for reducing environmental impacts. Con-
sidering environmental constraints, the impact of high-ratio renewable energy integration
on mitigating grid-connected emissions must be assessed. This assessment is crucial for
evaluating the planning scheme’s compatibility with impending environmental demands.
Therefore, this paper proposes that secondary indicators of environment adaptability in-
clude CO; emission reduction, NOyx emission reduction, and SO, emission reduction.

4. Construction of Evaluation Method Considering Multiple Decision Psychology
4.1. Framework of the Evaluation Method

The volatility, intermittency, and randomness in renewable energy output in a novel
power system have a profound impact on grid planning. The risk attitude of decision-
makers directly leads to the extent to which the grid planning scheme can adapt to the
grid-connected capacity of renewable energy in advance. Therefore, this paper considers
the impact of multiple psychological factors of decision-makers on evaluation results and
expands the cumulative prospect theory into an improved method that includes multiple
risk attitudes and multiple profit and loss attitudes. On this basis, in order to weaken the
one-sidedness of the results caused by a single evaluation method, this paper combines
the subjective and objective factors in the evaluation process and the impact of different
measures on the evaluation results. The evaluation results of the GRA method are more
subjective and based on geometric similarity measures, while the evaluation results of the
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TOPSIS method are more objective and based on distance similarity. We combined these
two methods with ICPT to build two different evaluation models, namely, ICPT-GRA and
ICPT-TOPSIS. Then, in order to ensure the fairness and rationality of the evaluation re-
sults, the results of the two evaluation models were scientifically coupled based on the
ideas of CG and overall difference maximization. In addition, in order to improve the ac-
curacy of the weights, this paper considers the impact of subjective and objective factors
on the weights and adopts an improved AHP and CRITIC indicator combination weight-
ing method. Based on the above, this paper proposes an adaptability evaluation method of
grid planning scheme for a novel power system considering multiple decision psychology.

Figure 2 shows the flow chart of the adaptability evaluation method of the grid plan-
ning scheme for a novel power system considering multiple decision psychology. Firstly,
the subjective weight of the improved AHP method is obtained based on expert scores,
the objective weight of the CRITIC method is obtained based on the original evaluation
data, and the optimal combination weight is obtained based on the minimum deviation
combination weighting method. Secondly, the comprehensive prospect values are calcu-
lated based on the ICPT-GRA method and the ICPT-TOPSIS method. Finally, based on
CG and overall difference maximization, the combined weight coefficient of the results of
the two evaluation methods is obtained, and the combined comprehensive prospect value
is calculated, which is the evaluation result.
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Figure 2. Flow chart of adaptability evaluation method of grid planning scheme for novel power
system considering multiple decision psychology.

4.2. Weighting Method Based on Improved AHP-CRITIC
4.2.1. Subjective Weight Calculation Based on Improved AHP

At present, AHP is a method widely used in power grid planning evaluation, and
mostly uses a 1-9 scale to weigh the significance between indicators to determine the
weight value. However, in actual engineering, it is difficult for decision-makers to make
such detailed distinctions between the differences in indicators, resulting in errors; and
when calculating weights, decisions may not be made when the judgment matrix dissat-
isfies the consistency check. In response to the above problems, this paper proposes a
method by assigning a three-scale value based on the significance of every two indicators
to improve the judgment matrix. And by constructing a consistency matrix to omit the
consistency check step, the calculation process is simplified, and the decision-making effi-
ciency and accuracy are improved. The key steps for improvement are as follows:

(1) Improved judgment matrix

A three-scale evaluation method on the basis of the importance of elements is intro-
duced in this paper, categorized as significant, equally significant, and insignificant. This
approach requires only the comparison of whether elements are important, without the
need to compare their relative importance. This makes for a more intuitive matrix con-
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struction, omitting the step of the consistency test of judgment matrix, and eventually sim-
plifying subsequent calculations. Additionally, it becomes easier to determine the degree
of importance between indicators. The specific steps of matrix construction are as follows:

(a) Experts select the importance of each indicator;

(b) Based on the opinions of experts, ajudgment matrix A = (aij)
following parameters:

is formed, with the
nxmn

1, Element j is less significant than i
ajj =1 0,Thesignificance of element i and j is same (1)
—1, Element j is more significant than i

where 4;; represents the value obtained from comparing the element i with the element
j. When i = j, it is stipulated that holds the same level of importance when compared to
itself, that is, a;; = 0. a;; is the comparison of the element itself. When i # j, the element j
is less significant than the element i and the value is assigned as 1, otherwise as —1.

(2) Improve matrix consistency

One approach to determine the significance of each element in AHP is through the
empirical method, but because people’s understanding of things is subjective, it may fail
to capture objective facts accurately. Traditional AHP requires consistency testing of the
judgment matrix because of discontinuity in expert judgment on multi-indicator. If it is in-
consistent, mathematical methods need to be used to adjust it, thereby increasing the com-
putational complexity of the problem. However, if a consistent matrix can be constructed
from the start, the consistency test can be omitted, allowing for the matrix to inherently sat-
isfy the consistency requirements and thus simplifying the process of matrix calculation.

(3) Construct an antisymmetric matrix

Let there be n-order real matrices A = [u,-j]nxn and B = [bff]nxn' wherei =1,2,--- ,n;
=12 ,n

Definition 1. For a real matrix A, if j = 1,2,--- ,n, and there is always ajj = —ajj, then it is

called an antisymmetric matrix A.

Based on Equation (1) and incorporating expert opinions, the judgment matrices A is
constructed. From definition 1, it can be seen that the matrix A must be an antisymmetric
matrix, and the size of the matrix varies according to the number of indicators.

aip daip s Ay s g
a1 dzp - dgj -t d2p
A=’ : @)
all al .. al] ... alr[
|An1l  Gn2 - A nn

(4) Solve the optimal transfer matrix

Definition 2. If the antisymmetric matrix A satisfies a;; = a; + ax; , then the matrix A must be
a transfer matrix. If matrix A is a transfer matrix, it is necessary to fulfill the above condition for
all k less than or equal to the dimension of matrix. Among them, a;, a is the element in ith row and
kth column of matrix A, and ay; is the element in kth row and j kth column of matrix A.

n n
Definition 3. For transfer matrix A, if B is the optimal transfer matrix of A, then Y. Y- (bij — aj;)
i=1j=1
must obtain the minimum value, where bj; is the element in row ith row and column jth column of
the transfer matrix B.
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Theorem 1. If A is an antisymmetric matrix, then the optimal transfer matrix B satisfies the
following:

bij = 7111:21 (aik - ﬂjk) 3)

Reasoning 1. Because of the property of antisymmetric matrix A, the optimal transfer matrix B
must satisfy the following:

n

bij = % ) (ﬂik + ﬂkj) (4)

k=1
From Theorem 1 or Reasoning 1, the optimal transfer matrix of B can be obtained:

[b11 b - by bin
byy by -0 by e bog
B_ | : : .
bn b -+ by - b ©)
_bnl bn2 o bij bnn_

1 n 1z
where bij = ﬁ kgl (tlik — ll]'k) = E kgl (aik + ukj) .

(5) Solve the consistency matrix

Definition 4. For matrix A, if Vi,j,k € N, there is Ajakj = dij , which is called a completely
consistent matrix A.

Reasoning 2. For the antisymmetric matrix A, if matrix B is an optimal transfer matrix of A,
when A* = B, A* is a completely consistent matrix of A.

It can be derived from Theorem 2 that the matrix B can be converted into a completely
consistent matrix A*.

% * * * 9
SIS R VA
* * * *
R R Y
« : :
A = a* a* a* a: (6)
i1 i ij in
* * * *
L4 Gt At O

*

;j = exp(b;j). A* is the com-
pletely consistency matrix of A, which satisfies consistency requirements and guarantees
the information of A to the maximum extent.

where a* ;; is the element in ith row and jth column of A*, a

(6) Calculate the weight value

The weight value of indicators signifies the significance of elements in this layer rel-
ative to the previous layer. Determining these values can be simplified to computing the
principal eigenvalues and eigenvectors of the matrix. The eigenvectors of the consistency
matrix A*, which corresponds to the eigen roots, must satisfy A*W = AW. In this equation,
A* is the eigenvector; A is the eigen root. This paper identifies the eigenvectors associated
with the largest eigenvalues through the method of the square root, and the specific steps
are as follow:
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(a) The nth root of the product for the elements in each row of A* are calculated.

N (7)

where W; is the nth root of the product of the elements of the i row.

(b) The values of the elements of each row are processed to the nth power and recorded
as vectors

W= [Wi, Wa, - W] ®)
() Through the step of normalizing W, the weight obtained:

w,— Wi ©)

Wi

]

It

where W] is for the elements of the jth column of the nth root of the product

W= [Wy, Wy, -, W,]" (10)

W in Equation (10) is the eigenvector which is corresponding to the maximum eigenvalue
A, that is, the eventual weight value.

4.2.2. Objective Weight Calculation Based on CRITIC

This paper uses the CRITIC method to calculate the objective weight of indicators
based on the amount of information in the indicator data [26]. When weights are deter-
mined by this method, not only is the amount of information contained in the indicator
considered, but the contrast and the conflict between different solutions and indicators are
also regarded. Therefore, the results are more objective and reasonable.

4.2.3. Combination Weight Calculation Based on Deviation Minimization

Using a single method of subjective empowerment or objective empowerment will
lead to differences and defects in evaluation results. The objective function aims to min-
imize the sum of the squares of the differences between “the deviation between the im-
proved AHP weight and the combination weight” and “the CRITIC weight and the devi-
ation between the combination weight”. The combination weight and the subjective and
objective weights are solved, respectively, when the sum of squares of deviations is mini-
mized and the optimal combined weight result is solved, in which the minimization prob-
lem is solved with respect to the variable .

minz = Y [ (4 = Wi)? + (1 = Vi)’ (11)
i=1

ui = BWi + (1— B)V; 12)

Among them, u; is the comprehensive weight of the ith indicator after combining the
two weighting methods that are represented as a linear combination of W; and V;; B is the
proportion of the subjective preference coefficient weight in the combination weight; W; is
the improved analytic hierarchy process weight of the ith indicator; 1 — B is the proportion
of the objective preference coefficient in the combination weight; and V; is the CRITIC
weight of the ith indicator.
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4.3. Adaptability Evaluation Model Based on GRA-TOPSIS Integrating CG and ICPT
4.3.1. ICPT Method

Cumulative prospect theory focuses on the irrational behavior of decision-makers and
reflects bounded rational behavior by establishing a value function. However, the existing
value function does not distinguish the risk preference type and profit and loss attitude of
decision-makers [27]. This paper expands the value range of the decision-making risk pref-
erence coefficient; proposes an improved prospect value function for three risk attitudes,
radical, balanced, and cautious; and adds parameters J to adjust the decision-maker’s out-
look profit and loss attitude [28]. The details are as follows:

5(Ax)",Ax >0
o(Ax) = { —0(—Ax)P,Ax <0 13)

where v(Ax) is the prospect value; Ax is the difference between the evaluation plan value
and the reference plan value —1~1, which is the value under standard circumstances. If
Ax > 0, then the prospect value is the income value Ax > 0; otherwise, it is the loss value
v~ ; «f are the parameters of risk attitude from different decision-maker; J is the decision-
maker’s sensitivity coefficient to returns; 6 is the sensitivity coefficient of the decision-
maker to the loss.

The improved traditional prospect theory is shown in Figure 3. The value range of
«p is expanded and decision-makers are divided into three types. If 0 < &, B < 1, then the
decision-maker is a radical type; if a, B = 1, then the decision-maker is a balanced type; if
«, B > 1, then the decision-maker is a cautious type. Traditional prospect theory is only a
cautious decision-making model.

Radical
V(X)A Balancer
/
// Cautious
- < >
Ax

Figure 3. Improved prospect value function.

A new prospect value function parameter ¢ is added to adjust the decision-maker’s
attitude towards profit and loss. If the decision-maker is more sensitive to prospect losses
than to prospect losses, then let 6 > 6 = 1; if the decision-maker is more sensitive to
prospective losses than to prospective gains, then § > § = 1; if the decision-maker is
equally sensitive to prospective gains and losses, then make 0 = J = 1.

Based on the improved prospect value function and using the cumulative functional to
optimize the decision weight, the comprehensive prospect value of ICPT can be obtained:

n n
Vi = El vt (wi) + El v (wi) (14)

where V; is the comprehensive prospect value of the jth plan; UZ.JJTZJI.; are, respectively, the
positive and negative prospect values of the ith plan under the jth indicator; 7t (w;), 7~ (w;)

are, respectively, the decision weight functions of the positive and negative prospect values
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corresponding to the ith indicator weight w;; i = 1,2,...,n,j = 1,2,...,m. The decision
weight function is as below:

7T+(wi) = R - .
[wl +(liy‘:7i)’y ]7 (15)
e (wi) = s T

where 7T~ are the fitting parameters; usually, the values are 7" = 0.61,7~ = 0.69 [29].

4.3.2. ICPT-GRA Method

The GRA method determines the closeness based on the geometric similarity between
the comparison sequence curve and the reference sequence curve. The greater the gray
correlation degree, the closer the comparison sequence is to the reference sequence [30].
According to the standardized evaluation matrix, the positive and negative ideal schemes
are established as reference schemes, and the Dun’s gray correlation coefficient between
each evaluation scheme and the positive and negative ideal schemes under each evaluation
index is calculated [31].

The gray correlation coefficient &;; between the reference plan sequence x; and the
plan sequence x} to be evaluated with respect to the ith indicator is as follows:

: s / / / /
min;min; | X;y — Xj; +pmaxmax; |X;, — xij'
Gij = — : — (16)
Xijo — xl-]- +pmax;min;X | X;, — xi]-
where x; ].x;.() are the evaluation values of the index x}xé, respectively; p is the resolution

coefficient, which generally takes the value 0.5 [32].

Any evaluation plan should be a gain compared with the negative ideal plan, so its
prospect value should be a positive number; similarly, any evaluation plan should be a loss
compared with the positive ideal plan, so its prospect value should be a negative number.

The prospect value function of the ICPT-GRA method takes the positive ideal solution
as a reference:

v;;]. =4 {1 - QJ] le Take the negative ideal solution as a reference;
(17)
vy = -6 - {_ { IJJF - l] }ﬁ, Take the positive ideal solution as a reference.

where 63 {;’Z.; are the coefficients of gray correlation for the ith plan and the positive and
negative ideal plans under the jth index, respectively; v{“ij is the positive prospect value of
the jth plan and the negative ideal plan with respect to the ith index; v;; j s the positive
prospect value of the jth plan and the positive ideal plan with respect to the ith index nega-
tive prospect value. Combining Equation (14), we can obtain the comprehensive prospect
value Vj; of the first solution using the ICPT-GRA method (the first evaluation method in
this paper).

4.3.3. ICPT-TOPSIS Method

The basic idea of the TOPSIS method is to use Euclidean distance to measure the dis-
tance between the evaluation object and the positive and negative ideal solutions [33]. As
shown in Table 1, there is a correlation between the secondary indicators in environment
adaptability. If calculated using the Euclidean TOPSIS method, it will lead to biased rank-
ing results. Mahalanobis distance can eliminate the impact of indicator correlation, but it
requires that the number of evaluation objects must be greater than the number of indi-
cators, so it is not suitable for power grid planning adaptability evaluation, while cosine
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similarity (CS) is not interfered with by the correlation of indicators, and there is no require-
ment for the relationship between the number of indicators and the number of evaluation
objects [34]. Therefore, this paper uses cosine similarity as the ranging algorithm of the
TOPSIS method.

o
v;j =4 (x;]. - x;min) , Take the negative ideal solution as a reference; 18)

p o .
Vg = —0- [— (x;j - x;max)} , Take the postive ideal solution as a reference;

Vg = 7’21] (w;) + Vgij+ 7T (wj) (19)

where v;]- is the positive prospect value of the jth plan and the negative ideal plan with
respect to the ith index; v,;; ;i the negative prospect value of the jth plan and the positive

ideal plan with respect to the ith index; x_. , x; _ are, respectively, the negative and pos-
itive ideal plans in the standard evaluation matrix index value; yjj is the comprehensive
prospect value of the jth plan with regard to the ith index. The comprehensive prospect
matrixis V = (v2i]-)nxm = Uzj)m.

Z 1772m D2ip

sim(voq, Upp) = cos by, = 20)
\/Zl 1 Uzm \/Zl 1 UZlb
V2a0vg = 0.5(v2max + Y2min) 1)
d -1 Sin(vzj*UZavg/UZmax*02avg)+1
(027, V2max) = og%( 2 ) o
d(7)2]', Vomin) = IOg% (SIH(UZ]'*'UZaz;ng;Zmin*"Uvag)+1)
d(vy:, Vomi
sz _ ( 2j me) (23)

d(02j, V2min) + 4 (V2j, V2max)

where vyj is the comprehensive prospect column vector of the jth plan; vpmax, V2min are the
comprehensive prospect column vectors of the positive and negative ideal plans, respec-
tively; V;; is the comprehensive prospect value of the jth ICPT-TOPSIS method (the second
evaluation method in this paper).

4.3 .4. Integrating CG and ICPT GRA-TOPSIS Method

Using the TOPSIS method to evaluate the adaptability of power grid planning schemes,
if the evaluation index data are limited, it may lead to large errors in the evaluation re-
sults [35]. The GRA method is suitable for comprehensive evaluation in gray environ-
ments with incomplete information [36]. The evaluation results of the TOPSIS method are
more objective, while the GRA method has the subjective color of dividing the optimal
value of the gray index; the TOPSIS method is based on distance measurement, while the
GRA method is based on geometric similarity [37]. In view of the advantages and dis-
advantages of the TOPSIS method and the GRA method, this article adopts the combined
evaluation method of ICPT-GRA and ICPT-TOPSIS (ICPT-GRA-TOPSIS method). In order
to determine the combined evaluation coefficient, this paper uses the CG method, which
has a relatively small total system error. However, the feasibility of using the average
value as the benchmark value of this method needs further study, and it is not suitable
for the combination of two evaluation methods. The combination coefficient has no so-
lution [38]. Therefore, this paper improves the CG combination evaluation method, uses
variance maximization as a measurement standard, and constructs an integrated CG and
ICPT GRA-TOPSIS combination evaluation model and overall difference maximization to
solve the problem of artificial setting of benchmark values, the limited number of combi-
nation evaluation methods, and other issues.
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The comprehensive prospect values obtained by the ICPT-GRA method and the ICPT-
TOPSIS method are standardized as follows:

Vi i Vimin

Vie ———— (24)
ki Vkmax - Vkmin
VEi—-V*
k k
o= — 5 (25)
V= 5 %
k= a]g kj
(26)

w505 %)

where Vj; is the comprehensive prospect value of the kth evaluation method for the jth plan;
Vimins Vkmax are, respectively, the minimum and maximum comprehensive prospect values
of the kth evaluation method; Vk*]., ij are the standardized processing results; VTC*, sy are the
average values of all plans of the kth evaluation method’s standard deviations, respectively.

max] = LHLT = L(ee") LT (27)

where L = [l1]5],1; + 1, = 1,1y > 0(k = 1,2); H is the variance information matrix of the

combined evaluation model; e = ( ¢; o’
Xm

LetG = {1,2,...,¢}, f C G, u(f) be a real-valued function defined on the set 2¢, and
let u(f) = J(f)-

u(¢) = 0
28
u(G) < § u({K)) )
k=1
If u(f) satisfies the above conditions, it is called the characteristic function of the co-

operative game [G, u], where J(f) is the variance information matrix of the alliance f for
combined evaluation.

el =3 SR ) — (s - (k) 9)

@x is the Shapely value, which represents the average contribution of the kth evalu-
ation method in the cooperative game. After normalizing the obtained Shapely values,
the combined evaluation weight coefficient determined by the cooperative exchange is as
follows:

(30)

5. Example Analysis
5.1. Basic Data and Standardized Processing

In this paper, grid planning schemes from three regions encompassed by China’s
14th Five-Year Plan are designated as the evaluation subjects. The adaptability evaluation
model of grid planning scheme for novel power system based on GRA-TOPSIS integrating
CG and ICPT is applied to assess the degree of adaptability and identify the limitations
inherent in each regional grid planning scheme.

The region-specific data were transformed into isotropic indicators, which were then
converted to positive indicators and rendered dimensionless prior to presentation
in Table 2.
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Table 2. Standardized data.

Indicators Region 1 Region 2 Region 3
Cn 0.6200 0.6000 0.9800
Ci2 0.8627 0.8013 0.8480
Ci3 0.8460 0.5331 0.7840
Cia 0.7578 0.6525 0.8867
Cy 0.6421 0.5262 0.5575
Cx 0.5846 0.6048 0.5408
Cs 0.7541 0.8230 0.6997
Ca 0.4710 0.9058 0.7609
Cs3 1.0000 0.6750 0.9300
Caq 1.0000 0.9555 1.0000
Css 0.8036 0.8794 0.7851
Cse 0.6584 0.6569 0.6996
Cy 0.9000 1.0000 0.8300
Cy 0.7456 0.6616 0.7144
Cy3 0.7546 0.8750 0.8449
Cy 0.9709 0.7750 0.9340
Csy 0.6121 0.5538 0.5645
Cs2 0.6411 0.6554 0.3992
Css 0.5839 0.5209 0.6227

5.2. Weighting of Indicators

Using the improved AHP method, expert opinions are collected and scores for each
indicators are obtained according to Equations (1)—(10); the average value is taken as subjec-
tive weights W = (0.0672, 0.037, 0.0579, 0.0774, 0.0761, 0.0525, 0.0395, 0.0903, 0.0168, 0.0254,
0.054, 0.0373, 0.084, 0.0703, 0.0782, 0.0821, 0.0301, 0.0117, 0.0122)T. Meanwhile, we used
the RANCOM method [39], which takes into account the inaccuracy of expert judgment,
to calculate the value of indicator weights as W' = (0.0654, 0.0354, 0.0498, 0.0787, 0.0759,
0.0498, 0.0327, 0.1057, 0.0215, 0.0265, 0.0504, 0.0363, 0.0873, 0.0669, 0.0683, 0.0928, 0.0239,
0.0193, 0.0134)T, where the difference in weight under the two methods is minimal and the
results are consistent.

The CRITIC method was employed to compute the index information quantity and
corresponding objective weights, with the outcomes presented in Table 3.

Table 3. Objective weights.

Evaluation Indicators G; V; Evaluation Indicators G; \4
Cp 0.8402 0.0498 Css 1.3243 0.0785
Copo 0.6686 0.0397 Csg 0.8448 0.0501
Ci3 0.6666 0.0395 Cyq 1.2951 0.0768
Cuy 0.7340 0.0435 Cy 0.6796 0.0403
Cx 0.7453 0.0442 Cy3 1.2499 0.0741
Co 1.2320 0.0731 Cua 0.6662 0.0395
Cs1 0.6853 0.0406 Csq 0.7662 0.0454
(@) 1.2692 0.0753 Csp 1.1607 0.0688
Cs3 0.6674 0.0396 Css 0.6995 0.0415
Csy 0.6653 0.0395

Table 4 displays the comprehensive weights of each indicator, derived from the in-
tegration of subjective and objective weights. Notably, reliability and grid structure ex-
hibit a heightened influence in assessing grid planning adaptability, particularly through
indicators like N-1 pass rate of power lines and mean power supply reliability, which
are intimately tied to this metric. Conversely, environmental adaptability demonstrates
a lesser impact.
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Table 4. Combined weights.
. . Combined Second-Level . .
First-Level Indicators Weights Indicators Combined Weights
Cn 0.0601
Ci2 0.0383
C 0.1969 Cis 0.0476
Cig 0.0509
Cy 0.0492
C 0.1210 Co 0.0718
Ca1 0.0388
Ca 0.0873
Cs3 0.0364
GCs 0.2936 Cas 0.0341
Css 0.0548
Cas 0.0422
Cy 0.0825
Cap 0.0672
Cy 0.03065 Cus 0.0764
Cu 0.0804
Cs1 0.0315
Cs 0.07940 Cs 0.0235
Cs3 0.0244

5.3. Adaptability Evaluation of Grid Planning Scheme for Novel Power System Based on
GRA-TOPSIS Integrating CG and ICPT

5.3.1. Evaluating Based on ICPT-GRA

Using the geometric similarity of the GRA method, the grey correlation coefficient be-
tween the planning scheme and the positive and negative ideal schemes is separately cal-
culated. To investigate the influence of the limited psychological behaviors of the decision-
makers in grid scheduling on the evaluation results, the ICPT-GRA method, which takes
into account the psychology of decision-making, introduces the cumulative prospect the-
ory on the basis of the grey correlation coefficient, and the comprehensive prospect value
of each evaluation scheme is calculated. The final evaluation scores and ranking results of
each scheme, as shown in Table 5. This section takes the more radical loss-sensitive psy-
chological evaluation of decision-makers as an example for analysis. It is consistent with
the most conservative mindset held by grid planning decision-makers to ensure reliable
and safe operation of the system, for whicha = =1, =1,0 = 2.25.

Table 5. Overall scores and ranking results in ICPT-GRA method.

Positive Ideal Negative Ideal = Comprehensive Ranking
Sample Solution Solution Prospect Value Results in
Distance Distance of ICPT-GRA ICPT-GRA
Region 1 0.6555 0.5990 1.7874 1
Region 2 0.5998 0.6037 0.5395 3
Region 3 0.6312 0.5659 1.6623 2

5.3.2. Evaluating Based on ICPT-TOPSIS

According to the TOPSIS method, the Euclidean distance between the decision matrix
and the positive and negative ideal schemes is separately acquired. Combined with the cu-
mulative prospect theory, the ICPT-TOPSIS method considering the decision psychology
applies cosine similarity to obtain the comprehensive prospect value of each index of the
schemes, as shown in Table 6.
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Table 6. Overall scores and ranking results in ICPT-TOPSIS method.

Positive Ideal Negative Ideal Comprehensive Ranking
Sample Solution Solution Prospect Value of Results in
Distance Distance ICPT-TOPSIS ICPT-TOPSIS
Region 1 0.6138 0.6873 0.33364 2
Region 2 0.46540 0.5548 0.1974 3
Region 3 0.6973 0.4213 0.4064 1

5.3.3. Combination Evaluation Based on CG

Considering the advantages and disadvantages of the ICPT-GRA and ICPT-TOPSIS
evaluation methods, their combined prospective values are normalized to obtain the vari-
ance information matrix. Based on the variance maximization principle, the optimal
weights for the combined evaluation methods are derived by calculating the shapely values
of individual evaluation techniques. Combined with the results of the improved combina-
tion assignment, the comprehensive evaluation scores and ranking results of GRA-TOPSIS
integrating CG and ICPT methods are shown in the Table 7.

Table 7. Overall scores and ranking results in GRA-TOPSIS integrating CG and ICPT method.

Comprehensive Prospect Value of Ranking Results in
Sample GRA-TOPSIS Integrating CG and GRA-TOPSIS Integrating
ICPT Method CG and ICPT Method
Region 1 0.9879 1
Region 2 0.2983 3
Region 3 0.9100 2

Comparison of the results in Tables 5-7 reveals that the combination evaluation not
only evaluates the optimal scheme explicitly from the overall dimension, but also widens
the gap between different schemes, which makes up for the shortcomings of a single eval-
uation method. Figure 4 shows the comprehensive evaluation results of ICPT-GRA, ICPT-
TOPSIS, and GRA-TOPSIS integrating CG and ICPT. Figures 5 and 6 show the first-level
indicator scores for each scheme under the ICPT-GRA and ICPT-TOPSIS methods. Al-
though both evaluation methods are based on the relative distances of positive and nega-
tive ideal scenarios, there are large differences in their overall scenario and first-level indi-
cator scores. As can be seen from Figures 2 and 3, the scores for each first-level indicator
under the ICPT-GRA method of evaluation are relatively balanced, while the ICPT-TOPSIS
method makes a more significant distinction between the strengths and weaknesses of the
first-level indicators. For Region 1, economic adaptability and adaptability of grid struc-
ture are evaluated poorly in the ICPT-GRA method, but they are significantly worse in
the ICPT-TOPSIS method. That is, when evaluating the overall scenario, the ICPT-TOPSIS
method highlights the worse structures in the scenario, while the ICPT-GRA method can
distinguish the better overall scenario more intuitively. The evaluation approach that in-
corporates the combination of CG assigns weights based on the marginal contribution of
each evaluation method, thereby addressing the limitations of single-method evaluations
and quantitatively fusing the outcomes from two individual evaluation techniques.

Combined with the results of the scenarios in Table 3, it can be seen that Region 1 has
the highest overall rating, Region 3 occupies second place, and Region 2 is the worst. The
safe and reliable operation of the grid is the prerequisite for evaluating the adaptability of
the grid planning scheme, which has the largest weight, as high as 0.3065. Among them,
the two indicators of mean power supply reliability and N-1 pass rate of power lines deter-
mine the safety and reliability of the grid, the combined weight of two accounting for more
than 53.15%. The strengths of Region 1 in terms of reliability adaptability, in particular the
mean power supply reliability and N-1 pass rate of lines, make its overall score stand out
among the three scenarios. Region 1 has significant advantages in terms of adaptability
of energy structure, reliability adaptability, and environmental adaptability. This region
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is equipped with a certain scale of installed renewable energy capacity and realizes the
transfer of power resources in time through large-capacity energy storage to ensure the
controllability of grid fluctuations, so that the proportion of clean energy and the mean
reliability of power supply are increased by 18.78% and 30.17%, respectively. Compared
with other regions, the significant increase in the proportion of its clean energy makes the
environmental adaptability of the region better than that of other regions. At the same
time, limited by the scale of renewable energy installed capacity and line capacity ratio,
the ability to increase load and power supply by subsequent unit investment is insufficient
in Region 1. The planning scheme of Region 2 has the largest transformer capacity-load
ratio and large available capacity, which is more conducive to the access of a high propor-
tion of new energy sources. Despite the capacity to integrate new energy sources, there
is a mismatch between the scale of renewable energy sources and the grid structure plan-
ning, resulting in grid line redundancy. The inefficiency can lead to increased operational
costs and underutilized infrastructure. The primary cause is the lack of synchronization
between renewable energy development and grid planning, leading to oversupply in cer-
tain grid lines and insufficient supply in others. Region 3 focuses on wind power, due to
the large differences in the seasonal distribution of wind resources, resulting in the overall
power supply of the project being overly dependent on the generation of traditional ther-
mal power units. This reliance on thermal power is primarily due to the intermittent nature
of wind energy and the lack of sufficient storage or backup renewable sources to compen-
sate for periods of low wind availability. The efficient use of existing thermal power plants
and strategic deployment of renewable resources make it outstanding in terms of economic
adaptability and grid structure adaptability, and relatively balanced power supply relia-
bility capacity.

T T T
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] [ 1cpT-TOPSIS
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(¢}
>
0.4F 1
i I H H |
0 . . .
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Figure 4. Comparison of the assessment results of 3 evaluation methods.
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Figure 5. The scores of the first-level indicators in ICPT-GRA.
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Economic Adaptability C1
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Figure 6. The scores of the first-level indicators in ICPT-TOPSIS.

Considering the limited psychological behavior of the planning decision-makers, the re-
sults of the evaluation of the fist and secondary indicators under the planning scenarios for the
three districts based on the ICPT-GRA-TOPSIS methodology are shown in Figures 7 and 8.

Economic Adaptability Ci —8— Region 1

Region 2
—8— Region 3

Environment Energy Structure

Adaptability Cs Adaptability C2
Reliability Grid Structure
Adaptability Cs Adaptability G

Figure 7. The scores of the first-level indicators in GRA-TOPSIS integrating CG and ICPT.
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Figure 8. The scores of the second-level indicators in GRA-TOPSIS integrating CG and ICPT.

5.4. Sensitivity Analysis Based on Multiple Psychology of Decision-Maker on the Evaluation of
Planning Schemes

In this paper, decision-making psychology is taken as a sensitive factor that is in-
troduced into the GRA-TOPSIS integrating CG and ICPT method combined evaluation
model for the adaptive evaluation of grid planning schemes. The personalities of differ-
ent decision-makers are classified as radical, balanced, or cautious based on the improved
cumulative prospect theory. Combining these three psychological behaviors as well as
profit-loss attitudes to explore their influence on the comprehensive evaluation and rank-
ing results of regional planning schemes, the constructed six combinations of psychological
parameters for grid planning decision-making are shown in Table 8, Figure 9 shows the re-
sults of the comprehensive rating evaluation of the six combinations, and Figure 10 shows



Energies 2024, 17, 3672 20 of 23

the results of the evaluation of the first-level indicators under multiple psychology in the
case of Region 1.

Table 8. Combination of mental parameters for decision-makers.

. . Profit-Loss
Sequence n B J 0 RISk. A'ttltudes of Attitude of
Decision-Maker . .
Decision-Maker

1 0.4 0.4 1 2.25 Radical

2 1 1 1 2.25 Balanced Loss-sensitive
3 1.9 1.9 1 2.25 Cautious

4 0.4 0.4 2.25 1 Radical

5 1 1 2.25 1 Balanced Profit-sensitive
6 1.9 1.9 2.25 1 Cautious

0.8

0.6

04

0.2

Radical-Profit Balanced-Profit Cautious-Profit Radical-Loss Balanced-Loss Cautious-Loss
Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive

—Region 1 Region 2 Region 3

Figure 9. Results of multiple psychological comprehensive evaluation of decision-makers.
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Figure 10. Results of the evaluation of first-level indicators under multiple psychology in Region 1.

From the Figure 9, it can be seen that in the case of the decision-maker having the same
profit-loss attitude, the three different decision-making mindsets of radical, balanced, and
cautious evaluate the value of the integrated prospect value of the same scheme differently,
but the rank of three regions remains consistent, which proves the validity in accurately
evaluating the value of different schemes and informing decision-makers. Furthermore,
for the more cautious, with a loss-sensitive attitude, the higher the prospect value of the
scheme is assessed at, while for the less aggressive, with a lower prospect value of the
scheme under the profit-sensitive attitude, it suggests that a difference in the personal-
ity/mindset of grid planning decision-makers will produce different selection outcomes for
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scenario evaluation. Under the same risk attitude, the profit-sensitive type evaluates the
prospect value of the scheme 42.5% higher than the loss-sensitive type on average. When
the prospect value of Regions 2 and 3 tends to zero, the evaluation value of Region 1 re-
mains around 0.3, which means that under the most conservative and negative planning
mindset proposed in this paper, the planning scheme of Region 1 still has a great prospect
of revenue and planning application value. That is, the decision-makers believe that the
planning scheme in Region 1 has a larger prospect of gain and can bear a controllable risk
of loss. The more radical the loss-sensitive decision-maker is, the lower the prospective
value of the scenario is considered for the same profit-loss attitude, while the opposite is
true for the gain-sensitive decision-maker. In region 1, the difference in the evaluation of
the indictor in adaptability of energy structure across risk attitudes for loss-sensitive atti-
tudes is less than 0.02, which shows that the adaptability of the energy structure is less
considered to be significantly affected by the psychology of decision-makers. Neverthe-
less, the prospect value of economic adaptability varies by as much as 0.57 across different
decision-making mindsets, which means this level of indicator is the most sensitive to the
mentalities of decision-makers.

6. Conclusions

To foster the efficient utilization and consumption of renewable energy sources, this
paper proposes an adaptability evaluation of power grid planning scheme for a novel
power system considering multiple decision psychology. Compared with the existing
studies, this paper analyzes the demand for the adaptability of grid planning for a novel
power system in depth, constructs an index system based on it to characterize the adaptabil-
ity of the planning scheme more comprehensively, and builds an adaptability evaluation
model of grid planning scheme for a novel power system based on GRA-TOPSIS integrat-
ing CG and ICPT, so as to more accurately reflect the evaluation results of the experts based
on different decision-making mentalities in the real environment. After the simulation and
analysis of the algorithms, subsequent conclusions can be drawn, as follows:

(1) In the evaluation of the adaptability of grid planning for novel power system, grid
structure adaptability and reliability adaptability have a greater impact.

(2) It is considered that the different risk and loss attitudes of decision-makers can ef-
fectively improve the accuracy of the evaluation results, and radical profit-sensitive
decision-making psychology pays more attention to economic adaptability.

(3) The ICPT-TOPSIS method can better identify the weakness of the evaluation scheme,
while the ICPT-GRA method can distinguish the better overall scenario more intu-
itively, and the combination evaluation method based on CG effectively combines
the advantages of these two different methods.

In the future, we will consider the different identities and backgrounds of decision-
makers to build a more credible evaluation model, and carry out extensive empirical evalu-
ations to guide power grid planning and promote the high-quality development of
new energy.
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