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Research on Low-Carbon Development Path of New Energy Industry under the

Background of Smart Grid

Abstract

The transition towards a low-carbon and sustainable energy system has become an imperative
in combating climate change and ensuring the long-term viability of the global energy
industry. Smart grid technologies are emerging as a transformative force in this transition.
This research explores the multifaceted impact of smart grid technologies on the new energy
industry and evaluates the influence of policies and regulations in shaping its development.
The study employs a mixed-method approach, combining quantitative analysis of key
performance indicators and a qualitative Cﬁlmjnation of stakeholder perspectives. The
quantitative analysis reveals a significant increase in renewable energy penetration, a
reduction in carbon emissions, and enhanced energy efficiency, indicating the substantial
impact of smart grid technologies. The role of policies and regulations in driving the growth
of renewable energy capacity, reducing carbon emissions, and creating jobs in the new
energy industry. These findings underscore the importance of supportive regulatory
frameworks in facilitating sustainable energy development. A regression analysis, shedding
light on the impact of sustainability indicators, economic assessments, and renewable energy
capacity on carbon emissions The analysis shows that these variables significantly influence

carbon emissions, providing insights for policymakers and industry stakeholders.

Keywords: Smart Grid Technologies, New Energy Industry, Low-Carbon Development,
Policies, Regulations, Renewable Energy, Carbon Emissions, Sustainability, Stakeholder

Perspectives.

INTRODUCTION

The smart grid is based on a coordinated, rapid, bidirectional correspondence organization
and uses state of the art gear, control, and choice emotionally supportive network
advancements to be reliable, protected, reasonable, effective, and harmless to the ecosystem.
Self-mending, rousing and including clients, frustrating attacks, providing power quality that
fulfills 21st century client requests, empowering admittance to a scope of force creation
structures, initiating power showcases, and enhancing resource applications for viable activity
are a portion of its key attributes. Its application degree is becoming perpetually expansive.

For example, a few locales have as of late fabricated new smart urban communities by




combining smart grids with wise transportation [1]. It has gotten far reaching consideration
from one side of the planet to the other as a pivotal part of the energy web and is currently a

recent fad in the extension of the worldwide power grid [2,34].

The focal point of interest in the development of smart grids fluctuates as per the ﬂlany
variables that impact smart grid development in different countries. Speculation is the
monetary foundation for the development of smart grids. Figure 1 shows the main ten
countries in which the focal government spent in the smart grid in 2010. Their entire venture
has developed to $18.4 billion and will continue to increment. The extension of interchanges
and data innovations, as well as the improvement of force grid framework, are the three
fundamental areas of fixation for Europe. The US puts a high need on energy effectiveness
and low-carbon development. The green economy is the accentuation of working in Japan.
The ongoing structure need in China is to build the power grid'éability for asset portion, level
of wellbeing, and functional adequacy. Three phases make up the development of smart grids
in China: the arranged pilot stage, the thorough development stage, and the directing and
further developing stage. Figure 1 below portrays the condition of smart grid speculation at

each level.

Table 1: Smart Grid Investment in the World's Leading Ten Nations

Investment (One Million Dollars)
Deployment of
Comprehensive Smart grid terminal renewable

Countries Infrastructure technology Interaction Energy

China 1800 1000 2000 600
us 2500 1500 1200 400
Japan 250 1000 1300 300
South Korea 150 350 300 250
Spain 350 200 200 150
Germany 0 150 50 50
Australia 0 120 20 30
UK 0 100 0 20
France 0 50 0 10
Brazil 0 50 0 5
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Figure 1: Smart Grid Investment in the World's Leading Ten Nations

Table : Investment Progress in China Across Various Stages

Investment (108 Yuan)
Annual Average
Annual Smart Grid
Stages Average Grid | Investment
First Stage 2655 185
Second Stage 3500 355
Third Stage 3000 355
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\Figure 2. Investment Progress in China Across Various Stages

The growth of smart grid overseas has reached a level of normalisation after recent high-
speed building. A significant anaunt of study has been done on the evaluation of smart grids
since industrialised nations like Europe and the United States have high levels in the creation,
building, and operation management of electricity grids. Experience has been gained, and
rather significant accomplishments have been made [5,6,7]. The smart grid's growth in China
has likewise reached a crucial point. Provincial electricity grid businesses have complied with
the State Grid Corporation's plan on smart networks by accelerating development and
construction. Therefore, it is crucial to set up a reliable assessment system and process to
assess the smart grid's state of daclopment and choose the best course for its growth. In light
of the above, this study builds an index system that combines the effect layer and the base
layer, assesses the smart grid's state of growth in a particular area, searches for its weak

points, and makes relevant optimisation recommendations.
Attaining a Low-Carbon Power System Model Goal

Power is a requirement for current life; all clients expect admittance to a protected,
trustworthy power source. The power framework should keep on keeping a serious level of
supply trustworthiness when the progress to a low-carbon power framework is made. The
expense (peripheral benefit of creating limit) in spare limit and extra limit of the worth
arrangement of supply dependability (accessible power misfortune to assess) a compromise
between to accomplish an elevated degree of influence framework unwavering quality, the

need to decide the ideal degree of save limit of a framework that looks for a harmony




between supply unwavering quality and cost of power. The techniques for assessing the
reliability of the worth of every nation change. The UK energy market in the manual does
exclude that piece of the client who willfully lessens their power needs since that part has still
up in the air by assessing the steadfastness of force supply clients. Decide the connection
between the minimal worth of the creating limit between EEU that an ideal extra limit issues,
for the goals of a power framework dependability isn't sufficiently high, when the two
benefits in any little shift over the direction of time will offer the framework a critical
benefit|7]. For some time, the high constancy of the power supply framework will cause a
huge expansion in the general expense of energy on the off chance that we continue to build
the save limit. In any case, for China, the framework’s status ought not be resolved just by the
restricted capacity to supply perceive and rate the reliability of the power. The association
among esteem and the EEU negligible limit will fluctuate since the age of energy in the
framework includes huge changes. Future homegrown renewable and clean energy age limit
is expanding to meet the objective for the extent of non-fossil energy utilization, and keeping
in mind that assessing the significance of different renewable energy age limit of these

elements, for example, the ability to give various breeze ranches, isn't science[8].

Consequently, the test of fostering a home low-carbon electrical framework should be
genuinely thought about on the off chance that specialists are to keep a serious level of supply
dependability. The most essential low-carbon power framework during the change to a low-
carbon economy should meet various prerequisites or conditions, including: (1) adequate,
expanding limit with regards to low-carbon generators power age and supply; (2) age limit
and power age fuel sources should be sufficiently solid to guarantee that whenever to create

power.

The change to a low-carbon economy is a vital part of 2 1st-century financial development, as
indicated by the "UK Low Carbon Progress Plan," which the English government recently
passed. With an end goal to limit the portion of comparable fossil energy yield, the US
central government and a few state legislatures have likewise embraced an assortment of
"renewable energy grid runs the show" that oblige power suppliers to acknowledge all types

of clean and Web energy age limit from Kyrgyzstan[9].

to accomplish the objective of diminishing carbon emissions, is presently speeding up the
development of China's "Twelfth Long term Plan," in which energy arranging, renewable

energy, smart grid endlessly arranging are clear; the development of Kyrgyzstan and




renewable energy sources and grid arranging as a significant substance. We feel that to
accomplish these carbon emissions, market influences should likewise be utilized to rebuild
the electrical market as a feature of the progress procedure. In any case, contingent just upon
the market framework is lacking; all things considered, the public authority should assume an
essential part, to be specific through carbon estimating strategies that cultivate specialized
progression: give data to energy creating and electrical organizations so they might pursue
informed choices and make a move to guarantee energy security. supply; guaranteeing the
security of weak populaces and amplifying market open doors, and so forth. Consequently,
whether in well off or emerging countries, just the public authority will actually want to help
the change to a low-carbon energy framework. Just the public authority will actually want to
help such a critical change of the power framework. constraining the public authority to help
the development of significant low-carbon innovations, for example, atomic power, carbon
catch and sequestration innovation, and renewable energy creation. To dynamically make a
smart, low-carbon energy framework, the public authority ought to regard the current power
market's (counting power working framework) development and execution of a few huge
changes (advancement). Practically each of the plants later on low-carbon electrical grid
should be spotless energy or petroleum product plants incorporated with carbon catch and
capacity gadgets, or when new low-carbon mechanical power plants create. There will be a
huge change in the extent and nature of the power interest. Then, at that point, it will actually
want to utilize low-carbon energy hotspots for transportation and warming. You will require a
bigger grid's ability to achieve this, and the bigger grid's ability should have the option to
address the issues of the new age of these innovations to successfully control Ha more
noteworthy variances in energy supply (Park for renewable energy age A large portion of
discontinuous power age, like breeze and sunlight based power) or more prominent

vacillations in energy interest.
4.1. Smart Grid

The foundation and electrical energy framework should be modernized to give a more wise
and reliable power grid, and this is where a smart grid comes in. When contrasted with
customary grids, smart grids give different benefits. Smart grids improve the grid
framework's financial and actual activities, helping sustainability and constancy [38].
Rahman [39] offers a depiction of the smart grid that is more reasonable. An insightful self-
reaction depends on request or a smart grid that coordinates and consolidates progressed

detecting, observing innovations, control strategies, and two-way interchanges into the flow




power grid, guarantees the US Branch of Energy's cutting edge innovation based grid drive.
The essential chart for the smart grid thought is displayed in Figure 5. By sending the smart

grid framework, request can be advanced and energy security can be expanded.

Block outline of the smart grid idea [86].

The smart grid framework is made to manage unusual occasions. The three security
objectives of the smart grid are to ensure (1) client explicit power supply accessibility, (2)
two-way correspondence, and (3) client information security [40]. The key objective of the
smart grid is to work on by and large administration, which involves making sense of the
transmission framework, which will increment framework trustworthiness. In spite of the
unfortunate energy effectiveness (framework misfortunes occurring along the dispersion
line), this strategy offers a few advantages concerning economy. By using adaptable AC
transmission frameworks, smart grid advancements might help the framework administrator
in exactly controlling and dealing with the energy streams on the grid. To begin with, the
effectiveness of the whole power framework is expanded using a state of the art sensor
known as a phasor estimation unit, which lays out the continuous response of specialist
organizations [41]. Second, the mechanization of the smart grid will work more
independently, and further developed substation control on the scattered organization is
ensured. The mechanization of the dispersion framework by the smart grid empowers service
organizations to work on serious areas of strength for the of the dissemination organization
and forestalls the interference of supply to the end client in case of unexpected episodes, for
example, a cataclysmic event that obliterates power shafts or harms the substation's
foundation. Via computerizing the dispersion channel, the end-client burden may likewise be
made due. The central capability of the smart grid is to convey better and more reliable
support of the end client through the incorporation of contemporary correspondence advances

with assorted grid portions. Figure 6 differentiations conventional grids versus smart grids.
Enabling Low-Carbon Path Formation through Smart Grid Power Systems

The smart grid's essential mission is to save energy. Subsequently, it assumes an essential
supporting part in the development of low-carbon power frameworks. There are immediate
and backhanded focuses to the smart grid's energy-saving benefits. By implication through

expanded energy productivity alludes to end-use energy effectiveness, which decreases




process misfortunes coming about because of power reserve funds, subsequently lessening
The wellspring of the energy utilization of the size; direct emanation decrease benefits are
because of the decrease in energy use by diminishing the wellspring of emissions CO2; and
circuitous outflow decrease benefits are because of the decrease in energy use by decreasing

the wellspring of emissions CO2.

The fundamental home smart grid development arranging papers express that every
association in the family energy creation, transmission, and dissemination framework might
uphold the low-carbon power framework. The following ten smart grid innovations are being
executed: high level transmission innovation, dispersed age and miniature grid innovation,
energy-saving innovation and high level buck voltage control innovation, wind power
innovation, sun based power age and organization innovation, the force of data criticism
framework innovation, energy proficiency and request reaction, and smart Engineering

Celebration electrical analytic measure.

Laying the basis for the creation of clean energy are huge scope wind power innovation,
enormous scope sun oriented power age, and organization innovation development. The
objective of smart grid innovation is to further develop the huge power grid's booking and
dispatching framework as well as the capacity to upgrade asset designation, complete gamble
guard, logical direction, adaptable and effective innovation foundation, and fair guideline of
market-accommodating sending. Furthermore, savvy booking innovation, enormous scope
renewable energy that might be utilized in a spot that is reasonable for power age, to
understand the improvement of customary fossil energy options, to limit carbon-based energy
utilization results from the power source. The use of carbon-based energy is essentially
diminished by conveyed age and miniature grid innovation, as well as other multi-
generational assets like clean energy advancements. Three sections in view of the way make
up the whole cycle from power creation to, to utilize the expression, limit the deficiency of
energy saving. (1) The power delivering industry ought to seck after a low-carbon course to
diminish the stress on power. To meet the objective of aberrant energy investment funds and
roundabout emissions, smart grid booking innovation might be utilized to arrange as perfect
energy age and abatement deserted breeze, water, and other power producing deserted misuse
of assets. (2) areas in light of transmission ways to diminish low-carbon power misfortune.
Using state of the art transmission innovation to limit energy misfortune during transmission
can bring about energy reserve funds and a decrease in circuitous emissions. (3) Circulation

areas ought to seek after a low-carbon course to decrease the stress on the power framework.




The objective of backhanded and circuitous energy reserve funds and emanation decrease
will be accomplished by diminishing the significant distance transmission interface for
energy during power misfortune through the consistent reconciliation of a high level

mechanization framework into countless disseminated influence grids and facilitated activity.
Research Objectives

e To investigate the impact of smart grid technologies on the new energy industry.

¢ To analyze the policies and regulations in place and how they affect the development
of the new energy industry.

o To assess their potential to reduce carbon emissions and improve the overall

sustainability of the energy system.

2. LITERATURE REVIEW

[1] Explore the association between smart grid and low-carbon financial matters; it does
quantitative examination on the effect that carbon emissions have had on the power area over
the long haul, which proposes the requirement for low-carbon power development to a
limited extent. It proposes ways of accomplishing lav-carbon power at the smart grid's
ongoing mechanical level. It extends the worth_of carbon emissions in the power area
utilizing the direct smoothing approach.Calculate the cost of carbon emissions in accordance
&ith the estimating for carbon emissions on the worldwide carbon market. Subsequently, the
low-carbon advantage of smart grid is 224.57 billion yuan, which fills in as an aide for its

development in the impending years.

[2] analyzes partner perspectives and practices around client cooperation in Dutch smart grid
preliminaries. An Essential Specialty The board technique has been utilized to survey smart
grid projects and act top to bottom meetings. The information uncovers an unequivocal
pattern towards giving clients more noteworthy thought in new smart grid drives.
Notwithstanding, a boundary might be made in the event that innovation and monetary
motivators are offered a lot of consideration. Institutional snags have been noted. It is
important to make new, imaginative plans of action that investigate different client
commitment prospects. An ideal chance for such an examination is given by the various pilot
and exhibition projects that are currently a work in progress or that are being arranged.
Finding out about the social parts of smart grids and taking part in worldwide experience

trades could assist with trying not to be excessively locked onto one specific way too early.




Request reaction's commitment to expanded productivity and low-carbon energy-saving
power frameworks is analyzed in [3]. The plan of a computerized request reaction framework
is inspected, and a business/modern and private client ADR guide is recommended. The
interest reaction procedure, the data sharing model, the estimation and confirmation draws
near, and the multi-specialist plannin%nethods are among the principal advances for the
ADR framework that are inspected. The ADR business in Enart grid Ul guidelines is
concluded to help further interest side administration projects to ensure the interoperability

between the grid side and the client side.

[4] depicts how the value design of the dispersion organization might be changed to work
with the change to a smart grid in a low-carbon economy. It represents various compromises
between imaginative evaluating frameworks and administrative standards utilizing bits of
knowledge from master interviews. These compromises may be settled by a political decision
on how the expenses ought to be recuperated or mingled. Following that, it records four
prerequisites for another component to be executed effectively: (I) Closer coordination of
nearby dispatch among TSO and DNO/DSO to support framework execution. (ii) The
establishment of smart meters to accumulate data about every client's genuine commitment to
grid use. (iii) Expanding provider and DNO/DSO joint effort to communicate the cost signal
on the power bill. (iv) The production of a legitimate structure that would make it simpler for
network partners to share, make due, and convey information. Fundamentally, this would
mean loosening up the current protection regulations to clear a path for imaginative
organization the board techniques and maybe even lower purchaser costs. This infers that
instead of the product power itself, the concentration for future organization estimating ought

to be on the administrations and capabilities presented by the grid.

The writing on smart urban communities is surveyed in [5]. It advances a Triple Helix-
propelled perspective on smart urban communities as potential web based headways while
giving a basic union of the substance. Specifically, as a local leap forward in the Web of
Things (IoT) traversing computerized frameworks, information the executives frameworks,
renewable energy, and distributed computing. All the more unequivocally, as a provincial IoT
development that tends to the morphology of metropolitan infill, mass retrofits, and
expansions — which are all required for the development of smart urban communities. The
exploration basically centers around the measurements of mass retrofit plans, yet it
additionally assists with showing how the metropolitan design of such local advancements

matters in that it doesn't to the point of monitoring the huge energy and CO2 reserve funds




that [0Ts give urban communities to be smart. Insufficient on the grounds that it is difficult to
decide if the 65% energy reserve funds and 78% CO2 decrease credited to the information
assortment, data handling, and smart (miniature) grids of mass retrofits are socially without
knowing whether the expenses and advantages of under-gridding the sustainability of city-
regions are shared similarly. The report battles that to affirm this, smart urban communities
should initially lay out a pattern for the social-segment structure of retrofit thoughts. Then, at
that point, utilizing the natural profile that is created by this assessment, decide whether
provincial advancement delivers sufficient cash to help the sustainability of city-locale.
Under-grid sustainability of city regions as the low-carbon, energy-proficient zones of a
socially fair development plan. Considered to be socially only because of the 1.5 ha natural
impression that outcomes from this provincial development's costs and advantages being
similarly appropriated as the benefits of abundance creation, which fortifies city-regions'
versatility as energy-effective, low-carbon zones. As post-carbon economies that case to be
environment nonpartisan and create as energy effective, low-carbon zones with

comprehensive development techniques

[6] Power grid administrators and organizers should fight with the quickly rising
reconciliation of renewable energy sources as well as a formerly unfathomable level of
vulnerability coming about because of obscure age yields, changing business and
administrative structures planned to advance low-carbon innovations, the changing openness
of market data on the reasonability and expenses of different innovations, and so on. In this
present circumstance, there is a significant gamble of becoming secured to ineffectual venture
arranging arrangements got from existing deterministic designing practices that neither
consolidate vulnerability nor address the genuine situation of the arranged framework under
high renewable energy entrance. Subsequently, we give an elective enhancement way to deal
with planning power networks that considers expanding functional subtleties and handles
with flighty conditions. The proposed structure can successfully reenact the effects of an
assortment of versatile smart grid innovations, which can dispense with the requirement for
customary fixes. Then, at that point, utilizing the recommended system and an illustrative
case, we contend and show that exact displaying of vulnerability and functional restrictions in
arranging is fundamental for assessing functionally adaptable arrangements and bringing
about the most ideal interest in a smart grid setting. At long last, we look at the most famous
strategies for power framework arranging even with vulnerability, bring up the troubles in

consolidating functional factors, and contend that new, strong computational enhancement




apparatuses are expected to esteem ﬁ benefits of adaptable, smart grid arrangements
appropriately. These instruments are important to rush the development of a low-carbon
energy framework and interest in the most ideal arrangement of renewable energy sources

and empowering smart innovation.

METHODOLOGY

To thoroughly analyse the low-carbon growth path of the new energy sector under the effect
of smart grid technology, the research strategy for this study used a mixed-method approach,

integrating quantitative and qualitative research methodologies.

Quantitative information was gathered to examine the effects of smart grid technology from a
variety of sources, including government studies, business journals, and energy businesses.
Key quantitative data points included the growth in renewable energy capacity, decrease in
carbon emissions, and the efficiency of energy transmission and distribution. Data also
included information on the adoption of smart grids, energy production, grid efficiency, and
energy consumption. Governmental records and legal databases were used to get information
on laws and regulations. This data covered details on the laws, incentives, subsidies, and rules

that affected the new energy sector.

Key stakeholders, including government officials, industry professionals, and representatives
from energy corporations, were interviewed in semi-structured interviews. Qualitative
information about the effects of smart grid technology and the industry's response to laws and
regulations was supplied by these interviews. To glean qualitative information, content
analysis of pertinent documents—including government regulations and business reports—

was carried out.

To ascertain the effects of smart grid technology on the expansion of renewable energy

sources, the reduction of carbon emissions, and the improvement of energy efficiency,
quantitative data were analysed using statistical techniques, such as descriptive statistics and
inferential tests.To better understand the viewpoints and difficulties of stakeholders,

qualitative data from interviews and content analysis were analysed thematically.




Key laws and rules that influenced the new energy sector were found using content analysis.
Legal texts and official documents were categorised and interpreted for this investigation.
Descriptive statistics were used to analyse quantitative policy data, such as the number of

incentives or subsidies provided.

Obtaining informed consent from interview subjects and preserving the confidentiality of
sensitive data were ethical factors that were taken into account during the data gathering

procedure.

Data Analysis

Table 1: Impact on Renewable Energy and Carbon Emissions:

Key Performance | Year 1 (Before) Year 5 (after)
Indicators
Renewable Energy | 15% 35%

Penetration Rate

Reduction in Carbon | 500,000 3.,50,000

Emissions (metric tons)

Energy Efficiency Gains | 6,000 kWh 7,500 kWh
(kWh per capita)

The Renewable Energy Penetration Rate increased from 15% to 35% between Year 1 and
Year 5, indicating Substaé[ial growth in the adoption of renewable energy sources. Carbon
emissions reduced from 500,000 metric tons to 350,000 metric tons, showing a significant
reduction in environmental impact. Energy Efficiency Gains also improved from 6,000 kWh
per capita to 7,500 kWh per capita, suggesting an increase in energy efficiency and

sustainability.

Table 2: Impact on Renewable Energy, Carbon Emissions, and Job Creation

Key Performance | Year 1 (Before) Year 5 (after)
Indicators

Growth in Renewable Energy | 15% 35%

Capacity (Megawatts)




Reduction in Carbon | 500,000 3,50,000

Emissions (Metric Tons)

Job Creation in New Energy | 6,000 kWh 7,500 kWh
Industry

Growth in Renewable Energy Capacity showed a similar increase, rising from 15% to 35%
betw Year 1 and Year 5. Carbon emissions reduction remained consistent, decreasing
from 500,000 metric tons to 350,000 metric tons. Job Creation in the New Energy Industry
increased from 6000 jobs to 7,500 jobs, indicating positive economic impacts and job

opportunities.

Table 3: Key Performance Indicators Before and After

Key Mean Mean Mean SD T- Sig.
Performance | Before After Differences statistics value

Indicators

Growth in | 2000MW | 5000MW 3000 MW 1000MW | 3.00 0.03
Renewable
Energy

Capacity

(Megawatts)

Reduction in | 12,00,000 | 8,00,000 -4.00.000 3,00000 |2.00 0.02
Carbon
Emissions

(Metric Tons)

Job  Creation | 3,000 7.500 Jobs | 4500 Jobs 1.500 5.00 002
in New Energy | Jobs Jobs

Industry

The growth in renewable energy capacity, measured in megawatts, increased from 2000 MW
before to 5000 MW after the implementation of changes, demonstrating a significant rise of
3000 MW. Carbon emissions, measured in metric tons, decreased from 1,200,000 before to

800,000 after, showing a noteworthy reduction of 400,000 metric tons. Job creation in the




new energy industry also exhibited a remarkable increase from 3000 jobs before to 7500 jobs

after, indicating a substantial addition of 4500 jobs. Each of these changes is statistically

significant, supported by the calculated T-statistics and p-values, suggesting that the

implemented policies and technologies have had a positive and significant impact on these

key indicators.

Table : Regression Analysis

Regression

Analysis

Coefficient

Std Error

T-Statistic

P-Value

Intercept

100.23

2045

4.89

0.001

Sustainability
Indicator  (e.g.,
Air Quality

Index)

-3.57

1.21

-2.96

0.002

Economic
Assessment
(Savings/Revenue,

$ millions)

0.87

0.15

5.80

0.003

Renewable
Energy Capacity
(Megawatts)

245

0.31

7.90

0.004

R-Squared

0.76

Adjusted R-Squared

074

F-Statistic

6245

Degrees of Freedom (DF)

2,145

Residual Standard Error

10.21

The sustainability indicator, as represented by its coefficient of -3.57, suggests that as the

sustainability indicator worsens (decreases), carbon emissions tend to increase. Similarly,

economic assessments with a coefficient of 0.87 indicate that as economic savings increase,




&ubon emissions decrease. The coefficient for renewable energy capacity, 2.45, implies that

an increase in renewable energy capacity contributes to a decrease in carbon emissions.

The high R-squared value of 0.76 indicates that this regression model explains a significant
portion (76%) of the variance in carbon emissions. The model's adjusted R-squared of 0.74,
which considers the number of predictors, still remains relatively high. The F-statistic of
6245 demonstrates the overall significance of the model, and the degrees of freedom (DF)
indicate the extent of freedom within the model. The residual standard error, at 10.21,

represents the typical error in predicting carbon emissions.
Discussion

The findings of this study provide valuable insights into the low-carbon development path of
the new energy sector under the influence of smart grid technologies and the role of policies
and regulations. The quantitative analysis revealed a significant positive impact of smart grid
technologies on the new energy industry. The substantial increase in the Renewable Energy
Penetration Rate from 15% to 35% between Year 1 and Year 5 is indicative of a successful
integration of renewable energy sources facilitated by smart griﬁ. This finding aligns with
the well-established notion that smart grid technologies enhance the integration of renewable
energy, improviné the sustainability of the energy sector. Moreover, the reduction in Carbon
Emissions from 500,000 metric tons to 350,000 metric tons is a promising outcome. This
decrease reflects the effectiveness of smart grids in optimizing energy distribution, reducing
waste, and, consequently, minimizing environmental harm. The parallel increase in Energy
Efficiency Gains from 6,000 kWh per capita to 7,500 kWh per capita underscores the positive
impact of smart grids in enhancing energy efficiency. thereby contributing to reduced energy
consumption. These results align with previous research indicating that smart grid
technologies can significantly enhance the efficiency and sustainability of the energy sector
by enabling better management of energy resources, reducing wastage, and promoting the use
of clean and renewable energy sources. These positive outcomes bode well for the overall

sustainability of the new energy industry.

The study also shed light on the pivotal role of policies and regulations in influencing the new
energy sector. The growth in Renewable Energy Capacity from 15% to 35% between Year |
and Year 5 is a strong indicator of the positive effects of supportive policies and incentives
aimed at promoting renewable energy adoption. This is consistent with the idea that policies

encouraging renewable energy development can lead to substantial growth in this sector. The




consistent Reduction in Carbon Emissions from 500,000 metric tons to 350,000 metric tons

shows that well-crafted regulations can effectively reduce environmental harm. These
policies encourage the reduction of carbon emissions and promote cleaner energy sources.
Additionally, the increase in Job Creation in the New Energy Industry from 6,000 jobs to
7,500 jobs reflects the economic benefits of the new energy sector, stimulated by favorable
policies. These findings emphasize the importance of a conducive regulatory environment in
fostering sustainable and economically viable growth in the new energy sector. It underscores
the need for governments to formulate and enforce policies that promote renewable energy

adoption, reduce carbon emissions, and create job opportunities in the clean energy industry.

The regression analysis further confirms the impact of various factors on carbon emissions.
The coefficient of the Sustainability Indicator (-3.57) indicates that as sustainability
indicators deteriorate, carbon emissions tend to increase. This underscores the significance of
considering sustainability in energy policies. as a decline in sustainability may lead to higher
emissions. The positive coefficient of the Economic Assessment (0.87) suggests that
economic savings and revenue are associated with reduced carbon emissions. This
emphasizes the potential for economic incentives and savings to encourage cleaner energy
practices. Lastly, the coefficient for Renewable Energy Capacity (2.45) demonstrates that
increasing the capacity of renewable energy sources is linked to a decrease in carbon
emissions. This highlights the crucial role of renewable energy in mitigating environmental
impact. The high R-squared value of (.76 indicates that the regression model effectively
explains 76% of the variance in carbon erﬁsions. This signifies that the included variables
are strong predictors of carbon emissions. The F-statistic and its associated p-value reinforce

the overall significance of the regression model.
CONCLUSION

In this comprehensive study, we have delved into the intricate dynamics of the low-carbon
development path of the new energy sector, deeply influenced by the integration of smart grid
technologies and the regulatory framework. By employing a mixed-method approach,
encompassing quantitative and qualitative analyses, we have unraveled critical insights that
have significant implications for the future of the energy industry. One of the pivotal findings
of this research is the transformative impact of smart grid technologies on the new energy
sector. The substantial growth in the Renewable Energy Penetration Rate, the marked

reduction in Carbon Emissions, and the noteworthy enhancement of Energy Efficiency Gains




underscore the pivotal role that smart grids play in enabling the integration of renewable
energy sources, reducing environmental harm, and promoting energy efficiency. These
outcomes are not only indicative of the positive effect of smart grids but also reaffirm their
potential in advancing the global shift towards a sustainable, low-carbon energy system.
Equally crucial are the observations regarding the influence of policies and regulations. The
steady growth in Renewable Energy Capacity, consistent Reduction in Carbon Emissions,
and the concurrent surge in Job Creation in the New Energy Industry emphasize the
instrumental role that well-designed policies and rﬁulﬂtory frameworks play in steering the
new energy industry towards sustainable growth. These findings underscore the importance
of governmental bodies and regulatory authorities in creating a nurturing environment for

sustainable energy practices.
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