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Abstract

The rapid decline in the costs of wind and solar power is accelerating the low-carbon transition of the
power system. However, with the advancement of new-type power system construction, load control
for power grid companies is facing multiple constraints. Based on the actual operational context of
power grid companies in China, in this paper we systematically analyze the key constraining factors
on load control from an industrial chain perspective. Firstly, we identify the constraining factors
which affect the load control of power grid companies from the industrial chain viewpoint. Then, we
propose an analytical method for key constraining factors based on a novel interactive group
Decision Making Trial and Evaluation Laboratory (DEMATEL) approach. Finally, using Yunnan
Power Grid Company in China as a case study, we identify specific constraining factors, including
power generation costs, electricity pricing policies, distribution equipment capacity, and the level of
grid intelligence, thereby providing a theoretical basis and practical pathways for enhancing the
effectiveness of load control.

Keywords: industrial chain; sustainable development; load control; key constraining factors;
interactive group DEMATEL

1. Introduction

The rapid decline in the costs of wind and solar power is accelerating the low-carbon transition
of the power system [1]. However, wind and photovoltaic power generation exhibit significant
randomness and volatility. The increasing penetration of renewable energy generation places higher
demands on its large-scale optimal allocation and the secure operation of the power grid [2]. It is
projected that within the next decade, the daily fluctuation of newly added global renewable energy
generation capacity will exceed 500 GW [3]. Furthermore, intensifying climate change amplifies these
challenges: it not only increases the uncertainty of renewable energy output and the demand for
climate-sensitive cooling and heating loads but also introduces greater variability beyond average
climatic conditions [4]. Extreme weather events—such as prolonged periods of very high wind
speeds or highly variable solar irradiation—can trigger sudden and unpredictable demands for large-
scale flexible energy resources, thereby threatening the stable operation of the power system. Against
this backdrop, load control, as a core function of power grid companies in power system operation,
is seeing its importance increasingly highlighted [5,6]. Load control by grid companies achieves
supply-demand balance by adjusting demand-side resources, ensuring the system’s secure, stable,
and economical operation. With the deep integration of high-penetration renewable energy and the
advancement of electricity market reforms, the load control paradigm is shifting from the traditional
“generation following load” model towards a synergistic interaction of “generation-grid-load-
storage” [7]. Concurrently, the low-emission advantages of renewable energy must not remain
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confined to the pilot stage but require scaled development. This necessitates efficient power allocation
and utilization across wide areas, continuously increasing the share of clean energy, and driving the
overall green transformation of China’s power industry chain [8]. Therefore, from the perspective of
industrial chain sustainability, researching the key constraints on load control is of significant
importance for enhancing system flexibility, promoting renewable energy integration, and achieving
the carbon peak and carbon neutrality goals.

However, existing research predominantly focuses on technical aspects of load forecasting or
optimization of individual segments, lacking a comprehensive analysis of the systemic constraints on
load control from the holistic perspective of the entire industrial chain. For instance, while Stitt et al.
[9] discussed key implementation factors for direct load control systems, they did not delve deeply
into the synergistic interaction mechanisms among generation, distribution, and consumption
segments. Similarly, although Zhang et al. [10] considered the impact of policy factors on load
forecasting, they failed to incorporate the industrial chain synergy mechanism into an overall
analytical framework. In practical applications, the volatility induced by renewable energy and
extreme climate events imposes higher demands on the adaptability of load control [11], while
changes in electricity pricing policies brought about by power market reforms [12] and constraints
on distribution equipment capacity [13] further exacerbate the complexity of system operation. The
deficiencies in systemic and synergistic analysis within existing research make it difficult to
effectively address the challenges of load control under multi-factor coupling conditions.

This paper takes Chinese power enterprises as the research object to conduct a systematic study
on the aforementioned issues. The main contributions of this research are reflected in the following
three aspects: First, based on the holistic perspective of the industrial chain, we systematically
identify the constraining factors in the load control of power enterprises, breaking through the
limitation of existing literature that mostly focuses on technical details or single segments, and filling
the research gap in systematic analysis in this field. Second, we propose a novel interactive group
DEMATEL method that may effectively handle the complex causal relationships among multiple
factors, providing new methodological support for the scientific identification and evaluation of
factors influencing load control. Finally, taking Yunnan Power Grid Company in China as a case
study for empirical research, we identify key constraining factors such as power generation costs,
electricity pricing policies, distribution equipment capacity, and grid intelligence level, and
accordingly propose collaborative optimization strategies, providing a theoretical basis and practical
reference for power grid companies to enhance their load control capabilities and address the
challenges brought by high penetration of renewable energy integration.

The structure of this paper is organized as follows: Section 2 provides a review of relevant
domestic and international research literature. Section 3 conducts a preliminary analysis of the
constraints on power grid companies’ load control from an industrial chain perspective. Section 4
suggests an analytical method for identifying key constraining factors, based on a novel interactive
DEMATEL approach. Section 5 presents a case study applying this method to Yunnan Power Grid
Company, leading to the identification of specific key constraints. Finally, Section 6 concludes the

paper.
2. Literature Review

2.1. Collaborative Optimal Dispatch of Power Systems

Driven by the “Dual Carbon” goals, the large-scale integration of new energy sources and novel
load types has introduced new challenges for the collaborative optimal dispatch of power systems
[2,14]. Existing literature has conducted extensive research on the Economic Dispatch Problem (EDP),
developing various centralized solution algorithms such as the Lagrange relaxation method [15],
mixed-integer linear programming [16], and fuzzy optimization [17], among others. Although
numerous methods have been proposed to solve the EDP, the core objective in constructing these
overall planning models has consistently been the allocation of generation power at the minimum
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total operating cost. Clearly, abstracting the EDP into a simple single-objective planning problem is
biased. In reality, besides minimizing total operating costs, multiple objectives such as grid security
and stability must be considered, making the practical EDP a typical multi-objective planning
problem [18]. Furthermore, in recent years, with the rapid development of renewable energy, the
deployment of large-scale energy storage equipment, increasing stochastic electricity demand from
electric vehicles, and the integration of new business models like virtual power plants, future power
systems will exhibit a highly decentralized structure. This trend renders traditional centralized
decision-making methods less effective in meeting distribution grid requirements, thereby drawing
significant attention from researchers towards distributed solution methods [19-21]. Four typical
categories of distributed solution methods have emerged: decomposition-based methods [14], game
theory-based methods [22], learning-based optimization methods [23], and consensus-based methods
[24,25]. It is crucial to emphasize that these four categories fundamentally assume decision-making
within a stable, secure communication system with low information latency. Real-world scenarios
are far more complex than those assumed in existing method designs. Consequently, there is an
urgent academic need for systematic and in-depth research on distributed collaborative optimization
dispatch problems under general conditions.

A review of existing literature on optimal load control reveals that the vast majority of studies
focus on system-level collaborative optimization methods, attempting to gradually enhance the
quality and level of load control decisions in power enterprises through algorithmic improvements.
In reality, solving the optimal load control decision-making problem for power enterprises
systematically is difficult to achieve through optimization analysis confined to a single segment.
Therefore, based on the perspective of complex systems science, in this paper we systematically
analyze the key constraining factors on load control from an industrial chain viewpoint, aiming to
lay a preliminary foundation for future exploration of global optimization methods for power
enterprise load control from the same perspective.

2.2. DEMATEL Method for Complex Systems

The Decision-Making Trial and Evaluation Laboratory (DEMATEL) is a method for conducting
structured causal analysis of factors within complex systems, originally developed by American
scholars Fontela and Gabus in the 1970s. Over the past decade, this method and its extensions have
garnered significant attention from scholars in the fields of management science and systems
engineering both domestically and internationally [26,27]. To date, it has been widely applied across
numerous domains such as blockchain [28,29], performance measurement [30,31], green supply chain
management [27,32], low-carbon management [33,34], and safety management [35,36]. However, the
vast majority of related studies are application-oriented or represent outcomes combining DEMATEL
with other methods, with relatively limited innovation at the methodological level. Furthermore,
existing research has primarily focused on extending the forms of expressing expert preference
information, particularly the construction of linguistic scales (including the form of preferences and
the granularity of linguistic term sets). To handle the fuzziness and uncertainty inherent in expert
judgments, scholars have proposed various mathematical representation forms, including point
estimates [37-40], interval estimates [41], fuzzy numbers [42,43], grey numbers [44,45], and Z-
numbers [46,47], among others. Among these, fuzzy numbers and their variants (such as triangular
fuzzy numbers [48], trapezoidal fuzzy numbers [49], intuitionistic fuzzy numbers [50], Pythagorean
fuzzy numbers [51], g-rung orthopair fuzzy numbers [52], spherical fuzzy numbers [53], etc.) account
for over 80% of the applications, exhibiting a trend towards increasing complexity and mathematical
sophistication.

However, from the perspective of deep-level methodological mechanism cognition, existing
DEMATEL expert preference expression methods still exhibit significant limitations at the
mechanistic level. Firstly, although the increasingly complex and diverse expression methods for
DEMATEL expert information have positive significance at the mathematical measurement level for
addressing the fuzziness and hesitation uncertainty present in expert judgment processes, their
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contribution to fundamental methodological innovation and practical promotion remains extremely
limited. On one hand, new forms of DEMATEL expert preference information expression that appear
“varied and diverse” on the surface continue to emerge, but their necessity and effectiveness still lack
sufficient demonstration. On the other hand, the fascination with attempting to use purely
mathematical techniques to solve the fuzziness and uncertainty in expert judgment processes
somewhat detaches from the essential requirement of practical applicability of the method. Secondly,
the mathematical processing of complex fuzzy uncertain information expressions themselves is also
subject to questioning and criticism from experts and scholars due to numerous technical limitations.
For example, methods such as Pythagorean fuzzy numbers are not accurate enough in characterizing
the degree of hesitation, and most fuzzy sets struggle to comprehensively capture the characteristics
of expert judgments [34,54,55]; simultaneously, the need to introduce additional assumptions and
auxiliary functions (such as membership functions) also affects the reliability of the results [56]. To
overcome the aforementioned shortcomings, in this paper, we suggest a novel interactive group
DEMATEL method from the perspective of integrating subjective and objective data to systematically
analyze the key constraining factors of load control in power enterprises.

In summary, existing research has systematically revealed the main challenges faced by power
grid load optimization control, focusing on collaborative optimization methods to enhance the
quality and level of decision-making in load regulation for power enterprises. However, from the
perspective of industrial chain sustainability, current analyses of key constraints on load control for
power grid companies still exhibit the following shortcomings: Firstly, the research focus is relatively
narrow, with most studies starting only from the demand-side management of distribution system
operators [12,21], failing to fully reflect the impact of multi-sector collaboration within the power
supply chain on load control [57]. Secondly, existing analyses of factors influencing load control are
mostly limited to single factors (such as policy [10] or weather [11]) or a few factors (such as
meteorology, date, region, etc. [58]), lacking a systematic examination of the complex
interdependencies among different constraints. Currently, only a few studies exist, such as Gedam et
al. [59] who used the DEMATEL method to analyze human and organizational barriers to sustainable
development in the Indian power industry, Li et al. [60] who identified key influencing factors in the
transition of Chinese coal-fired power plants based on an improved fuzzy DEMATEL method, and
Du et al. [61] who combined DEMATEL with the MARCOS method in a rough fuzzy environment to
construct an evaluation model for the carbon neutrality potential of urban power grids considering
internal and external uncertainties and attribute correlations. However, these studies are mostly
application-oriented or methodological combinations, and have not yet overcome the significant
limitations at the mechanistic level of existing DEMATEL expert preference expression methods. In
particular, the traditional DEMATEL method over-relies on subjective expert judgment, easily
introducing significant bias, which consequently compromises the reliability of the analysis results.
Therefore, based on complex systems thinking, this paper systematically identifies the key
constraining factors on load control for power enterprises from an industrial chain perspective and
proposes a novel interactive group DEMATEL method that integrates interactive group experts’
information to scientifically identify key influencing factors, thereby enhancing the accuracy and
reliability of load control decisions.

3. Preliminary Identification of Constraints

Against the backdrop of the global low-carbon transition in the energy system, systematically
addressing the challenges brought by the integration of high-proportion, volatile, and intermittent
renewable energy sources to achieve their safe, economical, and efficient large-scale utilization is an
important research topic that urgently requires exploration by all sectors of society [2]. However,
constrained by the “energy trilemma,” the core issue to be solved in the aforementioned topic is the
spatiotemporal mismatch between the traditional rigid power system and emerging flexible
renewable energy sources [62]. To address this core issue, it is necessary to adopt a systematic
analytical framework that transcends a single technological or policy perspective to effectively
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identify the preliminary constraints on load control for power grid companies from the viewpoint of
industrial chain sustainability. Therefore, the following section constructs an analytical framework
of “Power Supply Chain - Technology and Economics - Policy and Market” from the integrated three-
dimensional perspective of the physical foundation, driving engines, and regulatory framework of
the power system, as shown in Figure 1.
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Figure 1. Conceptual Framework of Constraint Dimensions for Power Grid Enterprise Load Control from the

Perspective of Industrial Chain Sustainable Development.

In Figure 1, the power supply chain constitutes the physical constraints of the system,
encompassing the power source structure, grid capability, and load characteristics. It directly
determines the grid integration and consumption capacity of renewable energy, serving as the
objective carrier and ultimate foundation for the system transformation. The technological and
economic dimension provides feasibility constraints for the transition, addressing the questions of
“how to achieve it” and “whether it is cost-effective” through technological performance, cost-benefit
analysis, and business model innovation, thereby supporting the physical transformation of the
system. Policies and markets function as the institutional framework, shaping the behavioral
motivations and investment decisions of all parties through policy objectives, market mechanisms,
and price signals, providing incentives and rules for system evolution. Therefore, these three
dimensions form an inseparable organic whole.

Based on the above analytical framework, and through systematic understanding and in-depth
analysis of the relationships among various segments of the power grid industry chain,
supplemented by interviews with Chinese power experts and practitioners engaged in power load
control management, preliminary constraints have been identified from three aspects: the power
supply chain (generation side, transmission and distribution side, consumption side), policy and
market, and technology and economics. Details are provided in Table 1.

Table 1. Constraint Dimensions, Criteria, and Elements for Power Grid Enterprise Load Control from the

Perspective of Industrial Chain Sustainable Development.

Dimensions Criteria & Elements Notes

Power Supply

Chain Generation Side (C))
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Sources: [62-73] Marginal cost or levelized cost of energy after
Power generation accounting for system balance and flexibility, with
costs (4) system costs becoming significant under high renewable

energy penetration.

The ability of conventional generation units to adjust
their output to accommodate renewable energy
conventional energy  fl,ctuations is crucial for enhancing system regulation

sources (4,) capacity.

Flexibility of

Apolicati ¢ The technology of storing electrical energy through
ppication o ene?'gy batteries and other means to mitigate fluctuations and
storage technologies  ;chjeve peak shaving and valley filling, with key

(4y) parameters including capacity and response speed.

The unpredictability and instability of renewable energy
output (such as wind and solar) affect grid balance and
volatility (4,) regulation requirements.

Renewable energy

The proportion of renewable energy in total electricity
Clean energy supply generation is a core indicator of the low-carbon

proportion (4;) transition in the power sector.

Transmission and
Distribution Side
()

Maximum . .
The maximum power that can be transmitted by a

transmission line under safe and stable conditions
of transmission lines  affects the renewable energy integration capacity.

(4)

transmission capacity

The capability of utilizing sensing, communication, and
Level of grid Al technologies to achieve grid condition awareness and
optimized operation serves as the foundation for precise

intelligence (4,)
control.

o The rated capacity of distribution facilities; integration
Distribution L
of distributed energy resources may cause local
overloads, necessitating capacity expansion and

(4y) upgrades.

equipment capacity

The ratio of actual transmitted power to rated capacity;
improving the utilization rate requires balancing
rate (4,) reliability and flexibility.

Energy utilization

User Side (C,)

Guiding electricity consumers to adjust their usage

Demand response patterns through pricing or incentive mechanisms,

thereby tapping into the flexibility resources on the
demand side.

mechanisms (4,,)
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User electricity consumption habits, price sensitivity,

User behavior and participation willingness affect load forecasting

characteristics (4,) accuracy and response effectiveness.

Government-established electricity pricing rules

Electricity Pricing influence power generation revenue, consumer
Policy (4,) behavior, and the competitiveness of renewable energy.
It refers to the process of reforming the traditional
. vertically integrated power industry structure by
Electricity Market

Policy and Market
Factors Sources: [74]

introducing competition mechanisms and establishing
Reform (4;) wholesale (e.g., spot markets, medium-to-long-term

markets) and retail markets.

Government The intensity of government supervision and
Regulatory Intensity ~ Management of the electricity market ensures fair
(4,) competition and reliable system operation.
14

The accuracy of future electricity demand forecasting

Load Forecasting affects system dispatch and renewable energy

Accuracy (4;) integration.

Quantifying the synergistic optimization potential of

Multi-Energy :
power-heat-hydrogen-storage systems, enhancing

Complementary oo vaple energy integration efficiency and long-term

Technolog}'l and Synergistic Benefits economic viability through multi-energy
Economics (4) complementary conversion.
Sources: [75-77]
Encompassing the total economic investment
throughout the entire lifecycle of key grid equipment
. (such as transformers, energy storage systems), from
Equipment Whole-

procurement and installation to decommissioning and
Life-Cycle Cost (4;)  recycling, it serves as a core evaluation metric for
avoiding short-term behavior and ensuring long-term

sustainability.

4. Analysis of Key Constraining Factors for Power Load Control Based on a
Novel Interactive Group DEMATEL Method

The Decision-Making Trial and Evaluation Laboratory (DEMATEL), developed by the Battelle
Memorial Institute in Geneva, aims to analyze complex system factor problems in fields such as
energy, technology, society, and the environment. This method integrates qualitative analysis and
quantitative evaluation to reveal causal relationships within complex systems [32]. Currently, the
DEMATEL method has been widely applied domestically and internationally in various domains
including accident analysis, risk management, and decision analysis. It can not only transform the
direct influence relationships between system factors into the cause degree and center degree of
system factors through graph theory but can also further identify key influencing factors in complex
system problems.

However, it should be noted that the traditional DEMATEL method overly relies on the
subjective judgment information of decision analysts (experts), which may contain significant
judgment errors, leading to prominent issues such as poor reliability in the method’s decision
outcomes. To address this problem, the authors argue that the DEMATEL method should be
preceded by adequate preparation of relevant qualitative and quantitative data information for each
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system factor. Only in this way can the fuzziness and uncertainty of expert judgment be reduced at
the source. Therefore, this paper proposes a new qualitative-quantitative integrated DEMATEL
method to analyze the key influencing factors of power load control.

4.1. Expert Weighting Model Based on Quantitative Assessment of Professional Competence

In group decision-making, evaluating the professional competence of experts is crucial. The
most ideal approach is to determine this based on the actual accuracy rates of experts’ past decisions.
However, this method faces significant limitations in practical application: on one hand, data
regarding the quality of experts’ past decisions is often difficult to obtain systematically; on the other
hand, in many critical fields (such as medical diagnosis, financial risk assessment, etc.), acquiring
authoritative “ground truth labels” is extremely costly, and may even be unfeasible due to ethical
considerations, timeliness, or resource constraints [78]. Therefore, a feasible and effective alternative
is needed. To address this, this study adopts a comprehensive indicator composed of the expert’s
professional position, years of work experience, and educational level as the basis for measuring their
professional competence.

PR, WY, o EL

Definition 1: Let k represent the expert professional position, years of work experience, and

education level score of expert E, , respectively. The professional degree of expert Ev s then defined as:

PD,=(PP,+WY +EL,)/3 )

Among these, professional position reflects an expert’s seniority and influence within the field,
with higher positions typically representing a broader perspective and more widely recognized
contributions; years of work experience reflect the accumulation of practical knowledge, as long-term
practitioners often possess a deeper understanding of industry evolution and complex scenarios;
educational level correlates with their theoretical training and systematic analytical capabilities, with
higher academic qualifications often corresponding to superior logical thinking and knowledge
integration abilities. Higher scores across these indicators signify a stronger capacity for mastering
domain knowledge, addressing practical problems, and forming accurate judgments.

Based on the discussion of professional degree, the expert weight is constructed as follows:

RD,

ST
k=1 k

@)

Calculating expert weights based on professional degree offers both theoretical rationality and
practical advantages: First, this method enhances the reliability of weight allocation by assigning
higher weights according to professional degree, which aligns with decision optimization principles;
second, the selected indicators are easy to obtain and verify, overcoming the high costs and
implementation barriers associated with relying on actual performance data; finally, the multi-
dimensional integration avoids biases inherent in single indicators, providing a more comprehensive
reflection of an expert’s professional level.

4.2. Expert Consensus Measurement

Since achieving complete unanimity among a group of experts is both highly difficult and
unnecessary in most group decision-making scenarios [79,80], this paper adopts a soft consensus
approach for reaching agreement, using the distance between each expert’s preferences and the
group preferences as the measure of consensus level.
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t kt t__ It
Definition 2: Let " [ 4 J"X" be the evaluation value of expert Ee inthe t -t round, and [ ”J"X" be

the evaluation value of expert Ei in the t-th round. Then the consensus degree of expert Ev in the t-th

round is defined as:

1 m
CD, ==Y cDy,
m =1 3)
‘ 1 X kt It
o, ZI_FZZP’” — b} . .
In (3), ==l represents the opinion similarity between expert ~#and ~*

in the ! -th round. The smaller ‘P, the worse the consensus level of expert Ee will be.

Incorporating expert weights, the group consensus level in the ! -th round is:

GCD' =) w,CD,
= (4)

If the group consensus level GCD' > ¢, (where $1'is the consensus threshold), it is considered

!
that all experts have reached consensus, and the larger GCD' s, the higher the degree of consensus.
Otherwise, a feedback process is implemented to improve the consensus level.

4.3. Hierarchical Consensus Adjustment Strategy

To more flexibly guide members in adjusting their preferences to enhance the group consensus
level, this paper constructs a hierarchical consensus model and formulates corresponding consensus
adjustment strategies based on the phased consensus level achieved by the group. First, by setting
the average values of expert weights and consensus degrees as threshold benchmarks for dimension
division, the ICA (Important-Consensus Analysis) chart is partitioned into four quadrants (or
categories). Then, an ICA chart is designed to implement the analysis of expert importance and
consensus degree (see Figure 2), where the X-axis and Y-axis represent expert importance and
consensus degree, respectively. The evaluation values of all experts are mapped to a two-dimensional
coordinate system through their weights and consensus degrees (see the black dots in Figure 2). The
detailed descriptions of the four quadrants in Figure 2 are as follows:

e
1 Q2, ° e OI
P
° o ) )
[ ]
® ‘. [ ] °
,,,,,,,,,,,,,,, ® - g ——
Z o d
2
2
=
S ® °
***** Threshold iof importance
@ ~—~ Threshold of consensus
o i
0\Q3 ' Q4 J)
0 importance

Figure 2. Example of an Important-Consensus Analysis (ICA) Chart.

(1) The first quadrant Q1 is described as the “ideal zone.” Experts in this region possess both
high importance and high consensus. This indicates that they are not only authoritative in their
professional field but also that their opinions are highly aligned with the mainstream views of the
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group. They serve as the core and stabilizers for achieving consensus. Such experts are regarded as a
cohesive cluster and represent the most reliable and critical source of opinions within the group.

(2) The second quadrant Q> s described as the “consensus-priority zone.” Experts in this
region exhibit high consensus but low importance. Their opinions align with the mainstream views
of the group, but their professional authority or influence is relatively limited. While their views
reflect general group sentiment, their input requires cautious consideration in decision-making due
to lower expertise, making them more suitable as supplementary forces for consensus building.

(3) The third quadrant Qs s described as the “most isolated zone.” Experts in this region
exhibit both low importance and low consensus. Their opinions lack professional weight and
significantly deviate from the mainstream views of the group. These experts are relatively isolated,
and their contributions to reducing systemic uncertainty are minimal. Forcibly integrating them into
the cluster may be inefficient; when consensus is already high, allowing them to maintain
independence might be a preferable option.

(4) The fourth quadrant 94 is described as the “expert weight priority zone.” Experts in this
region exhibit high importance but low consensus. They are authoritative experts in their field, yet
their viewpoints significantly diverge from the mainstream views of the group. These experts are key
individuals, but their dissent may hinder consensus formation. Focused attention and guidance are
required to address their opinions, as their alignment is crucial for enhancing the overall consensus
level.

Then, set consensus thresholds (6260 . The dual thresholds (6261 represent a key
optimization of the consensus management strategy, dividing the consensus level into three grades
(high, medium, low) and achieving a shift from a binary judgment of “whether consensus is reached”
to a precise diagnosis of “to what degree.” Based on this, a dynamic hierarchical strategy can be
formulated: terminate the process when consensus is high; provide precise guidance to core

dissenting experts ( Qi or & ) when consensus is medium; and implement comprehensive
intervention in expert interaction when consensus is low. This not only significantly improves the
efficiency of consensus achievement but also markedly reduces decision-making costs by optimizing
resource allocation and focusing on key points of disagreement, thereby enabling refined control over
complex decision-making processes. Finally, based on the above-mentioned, a feedback
recommendation mechanism for subgroup opinion adjustment targeting different expert groups’
consensus levels is constructed.

t
Rule %i.1¢ GCD' <0 , the entire group is at a low consensus level, and the opinion similarity

among subgroups is low. In this context, to improve the efficiency of consensus achievement, all
experts need to adjust their opinions. First, select the expert opinion with the highest importance from

quadrant 9 as reference information. The reference expert is defined as:
E, ={Ek |Ek €0, ,w =maxwk}
®)
Then, construct a modification reference set to guide expert Ei in opinion adjustment to
expand the decision space:

min {b"

L k(t+1) k(1+1)
by e {b) e,

b} < b <max{b’,b,'} 0{0,1,...,7,}}

(6)

Rule . 1f £ <GCD"<¢, , the entire group is at a medium consensus level. Generally
speaking, after several rounds of opinion adjustments, when the group consensus level exceeds the
preset minimum threshold, conducting large-scale opinion adjustments would lead to a waste of
resources and time. Therefore, in this context, priority is given to adjusting the opinions of experts in

quadrant 0. First, select the expert opinion with the highest similarity from quadrant Q as
reference information. The reference expert is defined as:
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E, :{Ek|Ek € 0,5 :maxS,;}

(7)

Next, construct a modification reference set to guide expert Ei in opinion modification to
expand the decision space:

[ k(t+1) k(t+1) . Kt
b, e {b[j min{b;,

b;t} Sb;(m) Smax{b;’,b;t}m{o’l""’y}} (8)

If experts in quadrant Qi refuse to adjust their opinions or the adjustment made by experts in
quadrant 9 s too small, resulting in the group consensus remaining below & , then it is necessary
to adjust the opinions of experts in quadrant 0, First, select the expert opinion with the highest

similarity from quadrant 9 or quadrant Q. as reference information. The reference expert is
defined as:

£ ={E|E €00, 5. =maxs,]

. )

Subsequently, construct a modification reference set to guide expert Ee in opinion
modification to expand the decision space:

[ k(t+1) k(t+1)
by e {b}

min{by b} < b <max{b) b, N{0.1,--,7}}

(10)

t
Rule . 1t §1<GCD , when the group’s consensus level is sufficiently high, the consensus
adjustment process ends and proceeds to the next stage of factor analysis.

4.4. Key Constraining Factors Analysis Method for Power Grid Load Control from the Perspective of
Industrial Chain Sustainable Development

This paper takes expert importance and consensus as driving elements, constructs an expert
opinion interaction mechanism through the ICA chart, designs a hierarchical consensus adjustment
strategy, analyzes the complex causal relationships among factors within the system, and accordingly
proposes a novel interactive DEMATEL decision-making method. The specific construction idea is
shown in Figure 3.

Following the above methodological construction idea, the implementation steps of the
interactive group DEMATEL decision-making method are given as below:

Step 1: Determine the system factor set for this complex problem analysis. Based on the
preliminary identification of influencing factors for power load control in Chinese power grid

companies in Section 3, determine the factor set for this practical problem A=Ay A
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Figure 3. The process for exploring the key constraints on load control of power grid enterprises from the
perspective of sustainable development of the industrial chain.

Step 2: Data and information preparation. The system decision-making body should organize
relevant personnel before the formal group DEMATEL analysis to collect, organize, and conduct in-
depth analysis of information related to system indicator factors through multiple channels including
field research, network technology (web crawling, etc.), professional databases (CNKI, Web of
Science, Elsevier, Emerald, Gale, Wiley, etc.), relevant statistical yearbooks, and related data
platforms. This establishes a solid preliminary information foundation for subsequent group experts
to conduct analysis and judgment, fully reflecting the integration of qualitative and quantitative data
information support.

Step 3: Construct an initial direct influence matrix reflecting the practical problem. After
completing the preliminary identification of influencing factors for power load control in China,
invite m experts with extensive experience in the power field, including university scholars, power
enterprise experts, and experts from relevant government management departments, to judge the
inter-influence relationships among various factors according to the scale in Table 2. By averaging
the scores from each expert, finally form a direct influence matrix as shown in Equation (11), with the
specific calculation formula as follows:

0 - bl’z

B, =1 .
kt

by - 0 (11)

kt

In Equation (11), the direct influence matrix element ¥ represents the degree of direct

A,
influence of indicator % on indicator given by expert Ex after the ! -th round of interaction.

Additionally, the decision-maker provides consensus thresholds (6.62) .

Table 2. Evaluation Linguistic Scale.

Linguistic Term Set Evaluation Value

No Influence 0
Relatively Low Influence 1
Low Influence 2
High Influence 3
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Relatively High Influence 4

Step 4: Calculate expert weights and expert consensus degree. Based on the discussion of expert
professional degree in Section 4.1, the expert weight "¢ is derived using formulas (1) and (2). Based
on formula (3) in Section 4.2, the consensus degree CD; of expert £ inthe !-th round is obtained,
and the group consensus degree GCD' s further calculated using formula (4). Then, it is determined

whether 0CD" > g is satisfied. If yes, the process proceeds to Step 8; otherwise, it moves to Step 5.
Step 5: Draw the ICA chart. Based on the discussion in Section 4.3, draw the ICA chart and

classify the experts in the ? -th round of interaction into four quadrants: 9 ideal zone, o,

consensus-priority zone, 9 most isolated zone, and Q. expert weight priority zone.

Step 6: Revise the experts’ direct influence matrix. Following the hierarchical consensus strategy
proposed in this paper, provide corresponding opinion interaction strategies for the experts in the ’
-th round of interaction (specific interaction rules are detailed in Section 4.3). Specifically, if

GCD' < ¢, RI; i 2 <GCD'<(,

, interact according to rule interact according to rule R,; if

t
¢, <GCD , proceed to Step 8.

Step 7: Integrate group expert judgment information. First, obtain the group expert opinion
B=[b,]
1

m ki
by=—>" b
y k=1 "YU

" (12)
Step 8: Construct the normalized direct influence matrix. Normalize the direct influence matrix

matrix " by weighted averaging, where

B to obtain the normalized influence matrix R . The specific formula is:
R=[r,),, =B/ (max Y b))

‘ 1<i<n = k (13)

Step 9: Calculate the comprehensive influence relationship matrix reflecting the practical

problem. Based on R, derive the comprehensive influence matrix as follows:
T=[t,),,=RUI—R)"

nxn

(14)
where ! is the identity matrix.

Step 10: Calculate the influence degree vector £ and the influenced degree vector G for each
factor. The specific formulas are as follows:

j=1 i=1

IxXn (15)

nxl
In Equation (15), 7 represents the comprehensive influence degree of factor 4 on other

, A
factors, and & reflects the comprehensive influence degree of all other factors on factor .

Step 11: Calculate the centrality degree “ and causality degree - for each factor. The
expressions are as follows:

z=f,+g,y,=f —g,i=12,---,n (16)

In Equation (16), when the causality degree i >0 , factor 4 s a cause factor; when the
causality degree i <0 , factor 4 is an effect factor.

Step 12: Plot the cause-effect relationship diagram of the centrality degree “ and causality

degree ¥ of each factor, and identify the key factors for power load control of Chinese power grid
enterprises using the quadrant-driven method.

5. Case Study
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To further validate the practical applicability of the method proposed in Section 4, this section
conducts a case study based on the real-world context of Yunnan Power Grid Company in China.
Unlike the general electricity supply and demand situation, Yunnan Province’s power structure
exhibits distinct regional characteristics. Yunnan’s power structure is dominated by clean energy,
with hydropower holding an absolute advantage (accounting for approximately 55.04% of installed
capacity and about 71.11% of power generation). New energy sources such as photovoltaic and wind
power have grown rapidly in recent years (photovoltaic accounts for about 24.51% of installed
capacity, wind power about 11.01%), while thermal power serves as a regulating power source (about
9.44%). Affected by the variability of water inflow, hydropower generation fluctuates significantly,
while photovoltaic power generation has increased rapidly, becoming the third largest energy source.
In terms of policy, Yunnan leverages its hydropower advantage to promote electrification and
expands electricity consumption through preferential electricity prices. Simultaneously, the
development of new energy is constrained by integration capacity and grid conditions, necessitating
optimized layout. In recent years, the scale of new energy grid integration in Yunnan Province has
achieved leapfrog growth. In 2024, the total installed capacity of new energy further exceeded 50
million kilowatts (33.8306 million kW for photovoltaic, 16.2838 million kW for wind power), with a
utilization rate reaching 98.5%. The maximum daily power generation reached 380 million kWh,
making it the second largest power source after hydropower. At the policy level, Yunnan has ensured
efficient grid integration of new energy through measures such as opening a “green channel” for grid
connection, reducing approval times (averaging a 64% reduction), and accelerating supporting grid
projects (construction cycles shortened by 30%). In 2024, electricity generation from new energy
reached 66.9 billion kWh, showing significant year-on-year growth and providing important support
for ensuring power supply and the West-East Electricity Transmission project. However, alongside
the increasing share of new energy generation, its inherent instability poses significant challenges to
the load control operations of Yunnan Power Grid Company. Therefore, a systematic analysis of the
key constraints affecting power load control in Yunnan is necessary to provide a theoretical basis and
methodological support for macro-level decision-making.

Based on the aforementioned case background, first, seven experts highly familiar with the
Yunnan power grid, including power experts, relevant university professors, and researchers from
power research institutions, were invited to conduct an in-depth investigation of the Yunnan power
grid to fully grasp the current status of power load control in the case enterprise. The specific details
of the seven experts are introduced in Table 3. To construct a scientific and rigorous expert weight
calculation model, this study adopts a multi-criteria quantitative evaluation model, the core of which
is to build a comprehensive indicator to objectively measure the professional competence of experts.
The quantitative rules for each dimension of professional competence are as follows: The professional

position score PR s assigned based on the expert’s positional level within their respective
institution to reflect their industry influence and decision-making experience. The specific scoring
criteria are: ordinary engineer or lecturer is assigned a point, senior engineer or associate professor 2
points, department director or professor 3 points, and enterprise senior management or chief scientist

4 points. The work experience score WY evaluates the expert’s practical experience using a linear
function, calculated starting from zero years, with a three-year interval. Experts with zero to three
years of work experience score 1 point, more than three years to six years score 2 points, and so on.

The education level score Z%%is also considered using a linear scale: a bachelor’s degree is assigned
1 point, a master’s degree 2 points, and a doctoral degree 3 points. Accordingly, based on formulas
(1) and (2), the expert professional competence scores and expert weights are obtained. Following
Steps 1 and 2, and based on clarifying the relevant constraints, the case enterprise was requested to
provide qualitative and quantitative data related to the factors, forming a sufficient information base
(this information is not displayed due to confidentiality requirements). Based on the above
preparations, five experts were asked to independently judge the direct influence intensity between
factors in the power grid enterprise load control system, and the consensus thresholds were set as
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¢, =08¢,=09 . Then, following Step 4, the expert consensus degrees CDi and the group

1
GCD, , were calculated, and according to Step 5, an ICA chart was drawn, detailed

consensus degree
in Figure 4 (due to space limitations, this paper only shows the expert interaction process at the

dimensional level. ).

Table 3. Group Expert Direct Influence Matrix, Comprehensive Influence Matrix, and Analysis Results of the

Load Control Dimension Level for Power Grid Enterprises.

B R T
GES Cit (o G Ci (2 G5 (1 (2 G F G 2 Y Causeleffect
Ci 0.003.003.000.000.410.413.253.133.3911.18 9.77 20.941.41  cause
) 4.000.003.870.550.000.534.263.414.07 9.77 11.7421.511 -97 effect
Cs 3.323.000.000.450.410.003.673.233.2110.6710.1120.780.56  cause
105 ooy &) 19 %, on 1.0(2g " = )
o § i, & _ A 8%
: & Lo i o i W,
g5 o5 O g 2 2 e 2 !
g|lo o i o W ; 3 ‘ g
o . 3 53 1S o
L ! :
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1. Interaction Round 0 2. Interaction Round 1 3. Interaction Round 2

Figure 4. ICA Chart of Expert Opinion Feedback at Different Interaction Rounds.

Subsequently, following Step 6, the experts’ direct influence matrix is revised. As shown in

Figure 4, expert opinions are scattered at this point, with O =1L, By B} , 0, ={E\. B} , O, =1L} ,
and & =15 At this stage, GCD; =0.757<¢,
engage in opinion interaction according to rule R; of the hierarchical adjustment strategy outlined
in Section 4.3. After the first round of interaction, we have O =1k, B} , 0, ={E} , 0, =&, By} ,

— I _ 1
and @ =B Ed At this point, GCD, =0.861 meaning 0.8<GCD <09 Following rule R in

. Therefore, it is necessary to guide all experts to

Section 4.3, priority is given to guiding the interaction of experts in Qs =tE, Eid | After the second

round of interaction, as shown in Figure 4.3, through two rounds of targeted interaction, expert

opinions have achieved high convergence and uniformity. The vast majority of experts £y BBy Ey

are clustered in quadrant 9 , indicating that their opinions not only hold high professional
importance but also align highly with the group consensus, forming a stable and reliable effective

GCD}

expert subgroup. At this stage, =0.902>¢, , and no further adjustment is needed. Meanwhile,

only experts Es and £7 remainin quadrant o, , the “most isolated zone.” The opinions of experts
in this zone have relatively low importance, and their viewpoints still exhibit some discrepancy with
the group consensus. However, due to their limited influence and the already high overall group
consensus level, according to the hierarchical interaction strategy, their opinions can be considered
acceptable minor divergences or marginal viewpoints. To save interaction costs, no specific
intervention for them is necessary. This result demonstrates the effectiveness of the ICA chart-based
hierarchical interaction strategy in achieving consensus efficiently and accurately.
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After the expert group reaches consensus, integrate the group expert judgment information
through Step 7 to establish the group expert direct judgment matrix (as shown in columns 2-4 of Table
3) and the normalized direct influence matrix (columns 5-7 of Table 3). Step 9 was then used to
calculate the comprehensive influence matrix for this practical problem (columns 8-10 of Table 3).
Subsequently, following Steps 10 and 11, the influence degree, influenced degree, centrality degree,
and causality degree of each factor in the system were calculated, with the results shown in columns

11-14 of Table 3. Evidently, the policy and market dimension (©) has the highest centrality degree
(21.51), indicating its core position within the constraint factor system and its most significant
comprehensive impact on the overall mechanism of power grid enterprise load control. The power

supply chain dimension (€) has the highest influence degree (11.18), illustrating its strongest effect

on external factors, while the policy and market dimension () has the largest influenced degree
(11.74), reflecting its susceptibility to significant constraints from other factors.

Finally, based on Step 12, the inter-dimensional cause-effect relationship diagram (Figure 5.1) is
plotted. As shown in Figure 5.1, there are interactions between the dimensions along with clear causal
directions. Among them, the power supply chain (causality degree: 1.41) and technology-economy
(causality degree: 0.56) have positive causality degrees, belonging to cause factors that can actively
drive changes in other dimensions within the system; the policy and market dimension has a negative
causality degree (-1.97), indicating that it is an effect factor, influenced more by the power supply and
technology-economy dimensions. This causal structure demonstrates that the stability of the power
supply chain together with technological and economic feasibility form an important prerequisite for
policy formulation and market mechanism adjustments. Regarding the influence transmission
mechanism, although policy and market is an effect factor, it acts as a hub in the system due to its
highest centrality degree, and its feedback and regulatory role remains crucial. This result highly
aligns with the actual mechanism in the current power system transition where infrastructure and
advanced technologies drive policy evolution, indicating that the effective implementation of load
control by power grid enterprises must be based on power supply guarantee and technology-
economy optimization, thereby providing a decision-making basis for policy and market, and
ultimately achieving the goal of industrial chain sustainable development.

2.000 1.500

relation

C,(20.944,1.409)
1500 R 1.000

1.000
0.500

0.500 ©.
prominence

0.000 0.000

20700 20800 20.90
0005\ (20.775,0.564)
-1.000

200 21300 21.400 20.500
-0.500

-1.000
-1.500

-1.500

-2.000 o
C,(21.508,-1.973)
2500 2,000

1. Cause-effect relations map of the dimensions 2. Cause-effect relations map of the criteria

Figure 5. Cause-effect relations diagram of the dimensions and criteria.

Similarly, the group expert direct judgment matrix at the factor level can be obtained (details in
Table 4), and based on this, the factor analysis results for power load control of Yunnan Power Grid
Company are calculated (Table 5 and Figure 6). Subsequently, following Step 12, the cause-effect
relationship diagram of the system factors is plotted (Figure 5.2), and further, the “Quadrant-Cause
Effect Diagram” is drawn using the quadrant method (Figure 7). Based on this, the factors distributed
in the first quadrant are identified as the key constraining factors in the power grid enterprise load
control system.
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As shown in Figure 7, the key constraining factors for power load control in Yunnan Power Grid
Company are power generation costs (4) , grid intelligence level () , distribution equipment

capacity (Ax), and electricity pricing policy (4.). Specifically, factor 4 represents the fundamental
economic constraint for the entire power system transformation. In particular, the system balancing
costs brought by high penetration of renewable energy integration serve as the core driver pushing
load control from an “optional” to a “mandatory” measure. One of the primary purposes of load
control is to reduce the demand for high-cost power generation facilities constructed to meet short-
term peak loads. This push-and-pull relationship constitutes the core economic logic behind the

development of load control. Grid intelligence level (4) forms the technical foundation for achieving
precise and automated load control. Without advanced sensing, communication, and control
technologies, it would be impossible to perceive grid status in real-time or precisely control massive
distributed load resources. It represents the key enabling link that transforms load control from a

concept into reality. Factor 4 represents the rigid physical bottleneck faced by load control.
Currently, distribution networks in many regions are operating near full capacity, and the integration
of distributed energy resources (such as photovoltaic systems) and charging piles further exacerbates
congestion. Load control represents the most economical and rapid means to address local capacity
shortages, making distribution network capacity the direct breakthrough point for its development.

Factor “ constitutes the most direct and effective economic lever for regulating supply and
demand. Policies such as time-of-use pricing and peak pricing directly determine the commercial
value of load control and user participation willingness, fundamentally driving the formation of
market mechanisms and changes in user behavior.

Table 4. Initial Direct Influence Matrix of Factors for Power Load Control in Yunnan Power Grid Company.

criteria A1 A2 As As As As A7 As Ay Aw An Anr A Au Ais Asx Av
A1 0.00 4.00 4.00 1.00 2.00 3.00 3.89 2.00 2.00 2.00 1.00 4.00 1.00 1.00 3.00 4.00 2.00
A2 216 0.00 211 3.11 1.00 1.00 1.11 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.27 2.00 1.00
As 1.00 143 1.18 1.00 1.00 1.12 2.00 2,55 2.15 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
A+« 100 1.42 1.11 0.00 1.11 1.00 1.00 1.00 1.00 1.00 1.00 2.74 1.00 1.13 1.00 4.00 1.00
As 2,00 1.00 2.00 2.00 0.00 1.00 1.26 1.00 1.00 1.00 1.00 1.00 1.36 1.00 1.00 3.00 2.00
Aes  1.00 1.00 1.00 1.00 1.00 0.00 2.26 2.00 3.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
A7 232 142 222 1.11 1.11 222 0.00 2.00 3.26 3.26 2.00 1.00 1.00 1.13 3.27 2.00 2.00
As  3.11 2.00 0.00 3.13 3.11 2.00 2.00 1.00 3.36 2.00 1.00 1.00 1.00 1.00 2.00 3.00 3.00
A9 1.00 1.00 1.00 1.00 1.00 2.31 2.35 2.15 0.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 1.00
Awn 2.00 1.00 2.00 1.00 1.00 1.00 2.00 1.00 2.00 0.00 3.00 2.74 1.74 1.13 2.00 2.00 1.00
An 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 0.00 1.00 1.00 1.40 1.00 0.68 1.00
A 1.66 1.00 1.00 3.00 1.00 1.00 1.00 1.00 1.00 4.00 3.26 0.00 3.74 2.73 1.00 3.18 1.00
A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.74 1.00 3.16 0.00 3.73 1.00 1.73 1.00
A« 113 1.00 1.00 2.00 1.00 1.00 1.13 1.00 1.00 1.13 1.00 4.00 4.00 0.00 1.13 3.51 1.13
Ais 2.00 1.00 2.00 1.00 1.00 1.00 2.47 1.00 2.24 3.50 1.00 1.00 1.00 1.00 0.00 2.00 1.00
A 1.00 1.00 1.00 2.00 2.00 1.00 1.15 1.00 1.00 1.00 1.00 1.51 1.51 1.51 1.00 0.00 3.00
A1z 2.00 1.00 2.00 1.00 4.00 1.00 1.15 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 4.00 0.00

Table 5. Interrelations and cause-effect relationships between criteria.

Code Dimension F G VA Y Cause/effect
Al Power Generation Costs 2.814 1.798 4.666 0.499 cause
4 Flexibility of Conventional Energy
2 1.565 1.524 3.479 0.133 cause
Sources
A3z Application of energy storage technologies  1.554 1.825 3.889 -0.243 effect
Aa Renewable energy volatility 1.537 1.814 4.047 -0.471 effect
As Clean energy supply proportion 1.621 1.678 3.824 -0.075 effect
s Maximum transmission capacity of - ;) 1.556 3450 -0.005 effect

transmission lines
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Figure 6. Analysis Results of Power Load Control Factors for Yunnan Power Grid Company.
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Figure 7. Quadrant-Cause-Effect Diagram of Power Load Control Factors for Yunnan Power Grid Company.

Therefore, facing the strategic goal of industrial chain sustainable development and the practical
needs of energy transition, power grid enterprises must shift from passive operation to active
strategic planning. The analysis of key constraints on load control indicates that enterprises should
concentrate resources on resolving fundamental contradictions, transforming from grid operators
focused on “heavy assets and supply assurance” into builders of a grid ecosystem characterized by
“effective pricing, data proficiency, and system optimization.” Achieving this transformation hinges
on utilizing electricity pricing policy as the market engine, leveraging intelligent technology to
empower the entire power operation process, efficiently addressing the physical bottleneck of
distribution capacity, successfully overcoming the economic constraints of power generation costs,
and meeting the electricity demands of users, thereby catalyzing system-wide optimization and
upgrading. Specifically, enterprises should actively participate in the design and advocacy of
electricity pricing policies, promoting the establishment of pricing mechanisms that better reflect
spatiotemporal supply-demand relationships and incentivize flexible resources. Simultaneously,
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load control should be strategically employed as a tool to hedge against high power generation costs,
reducing overall system supply costs through precise control, thus finding a balance between
corporate operations and user interests, and reshaping the enterprise’s value proposition in the new
energy era. Furthermore, prioritizing distribution network expansion and intelligent upgrades in
investment decisions is critical. This not only addresses current interconnection bottlenecks but also
positions the enterprise to seize the strategic high ground in future distributed energy and diversified
load services, laying the groundwork for sustainable development of power grid enterprises.

6. Conclusions

Power load control by grid companies is a core link in ensuring the safe and stable operation of
the power system, and its importance is reflected in three aspects: first, precise regulation avoids
chain faults caused by grid overload, ensuring power supply reliability; second, it optimizes power
resource allocation and enhances new energy integration capacity; third, it balances supply-demand
contradictions, especially during extreme weather or peak electricity consumption periods, where
dynamic load management is needed to maintain grid frequency and voltage stability. Furthermore,
load control can extend equipment lifespan and reduce line losses, making it a key technical means
for the economical and efficient operation of the power grid. This shows that how to manage power
load control for power enterprises is not only an important topic requiring in-depth research, but
also, given that Chinese power enterprises currently face multiple constraints, it is necessary to
systematically understand the key constraints on load control for Chinese power enterprises from the
perspective of complex systems science. Considering that existing DEMATEL methods overly pursue
mathematical complexity while neglecting the decision-supporting role of highly integrated
qualitative and quantitative data, in this paper, we innovatively propose a novel interactive group
DEMATEL-based analysis method for identifying key constraints on power enterprise load control.
Applying the proposed new method to the case study of Yunnan Power Grid Company shows that
for Yunnan Power Grid Company, in the process of power load control, four key constraints need to
be emphasized: power generation costs, electricity pricing policies, grid intelligence level, and
distribution equipment capacity. For example, from the perspective of power generation costs, how
Yunnan Power Grid optimizes the three-dimensional cost structure of “traditional energy stabilizing
the base, new energy reducing costs, and system regulation increasing expenses” is an important
breakthrough point for the next step in improving power load control levels.

The scientific contributions of this paper mainly lie in the following two aspects. On one hand,
based on the perspective of industrial chain sustainable development, 17 constraints for power
enterprise load control in the Chinese context are proposed from three aspects: power supply chain,
policy and market, and technology and economy. On the other hand, a novel interactive group
DEMATEL method is suggested to identify key constraints on power enterprise load control, which
could provide theoretical and methodological support for power enterprises to systematically
understand the complexity of power load control. Furthermore, the novel interactive group
DEMATEL method may realize effective improvement of analysis quality through expert interaction
and solve well the issue of analysis of key constraining factors for power grid companies.
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