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Abstract: Promoting the development of renewable energy is a key strategy to address global en-
ergy supply shortages and climate change issues. With the rapid advancement of data analysis tech-
nology, it has injected new vitality into the renewable energy industry. This article discusses the 
specific applications of core data analysis technologies such as artificial intelligence and machine 
learning, data mining and pattern recognition, predictive analysis and optimization algorithms in 
the field of energy. By utilizing data analysis technology, it is possible to monitor the energy net-
work in real time and promptly issue fault alerts. At the same time, it can optimize the operation of 
the smart grid, increase the output efficiency of green energy, and provide scientific data support 
for the formulation of energy allocation strategies. Research has shown that data analysis technol-
ogy provides solid support for the popularization and efficient management of sustainable energy, 
promotes the green transformation of energy structure, and provides feasible solutions for achiev-
ing global sustainable energy development. 
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1. Introduction 
Faced with the increasing global energy consumption and the severe challenges 

brought by climate change, countries have turned their attention to the exploration and 
application of renewable energy. However, the volatility and instability of renewable en-
ergy remain stumbling blocks in its promotion process. In this context, the in-depth ap-
plication of data analysis technology in the energy industry has brought innovative solu-
tions for the effective management of renewable energy. The advancement of artificial 
intelligence and machine learning, as well as the application of data mining and pattern 
recognition technologies, have improved the operational efficiency of energy systems, re-
duced operation and maintenance costs, and laid a solid foundation for promoting sus-
tainable energy development strategies. The article analyzes the current application status 
of data analysis technology in the sustainable energy industry and looks forward to its 
future development direction, exploring the enormous potential of this technology in en-
hancing energy efficiency, improving energy allocation, and reducing environmental bur-
den. 
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2. Overview of Sustainable Energy 
Renewable energy refers to the types of energy converted from continuously renew-

able resources in nature, such as sunlight, wind, water flow, biomass energy, and geother-
mal energy. This type of energy is known for its virtually inexhaustible supply and low 
environmental burden, with minimal interference to the natural environment in produc-
tion and application processes. Compared with conventional fossil fuels, the development 
and application of renewable energy can help reduce greenhouse gas emissions, slow 
down global climate change, and alleviate air pollution. In addition, promoting the devel-
opment of renewable energy is also a key path to ensuring energy security, which helps 
to reduce dependence on overseas fossil fuels, improve the reliability and self-sufficiency 
of energy supply. With the continuous innovation of technology and the large-scale ex-
pansion of industries, the input cost of renewable energy continues to decline, and its eco-
nomic value and market competitiveness are constantly increasing [1]. 

3. Data Analysis Techniques 
3.1. Artificial Intelligence and Machine Learning 

Among the numerous technologies in data analysis, artificial intelligence and ma-
chine learning are at the core, and their application in the field of sustainable energy is 
gradually expanding, as shown in Figure 1. Artificial intelligence technology can simulate 
certain aspects of human cognitive processes and model and optimize the complexity of 
energy systems. Machine learning technology focuses on mining patterns from data and 
building models for prediction and decision-making. The integration of these two tech-
nologies can efficiently process large datasets in energy systems and extract key infor-
mation that is crucial for improving energy production, distribution, and utilization effi-
ciency. 

 
Figure 1. Data Analysis Techniques. 

In terms of energy forecasting, machine learning algorithms can predict energy de-
mand and renewable energy production through historical data and environmental vari-
ables. Algorithms such as Support Vector Machine (SVM) and Random Forest perform 
well in short-term load forecasting, playing a key role in balancing energy supply and 
demand contradictions [2]. Meanwhile, Long Short Term Memory (LSTM) networks in 
the field of deep learning have demonstrated extremely high efficiency in processing time-
series data and are often used to predict the output of wind and solar photovoltaic power 
generation. Artificial intelligence technology in the field of energy management can intel-
ligently adjust the allocation of energy through real-time analysis of energy network data, 
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achieving efficiency improvement. In smart grid applications, artificial intelligence pro-
grams can optimize the transmission route of electrical energy and reduce losses during 
the transmission process. AI that integrates reinforcement learning technology can auto-
matically adjust energy allocation strategies, which helps reduce operating expenses and 
environmental pollution. Taking wind power generation prediction as an example, the 
future wind power generation, denoted as 𝑃𝑃𝑃𝑃, is predicted using relevant environmental 
variables including wind speed v, air density 𝜌𝜌, and the swept area A of the wind turbine. 
Machine learning models can be built based on the following physical formulas: 

𝑃𝑃𝑃𝑃 = 1
2
⋅ 𝜌𝜌 ⋅ 𝐴𝐴 ⋅ 𝑣𝑣𝑡𝑡3 ⋅ 𝜂𝜂           (1) 

In formula (1), 𝜂𝜂 is the efficiency of the fan, usually an empirical value. In practical 
applications, the model will be trained based on historical data and optimize prediction 
results by learning temporal patterns of 𝑣𝑣, 𝜌𝜌, and other environmental variables. The ma-
chine learning algorithm constructed with formulas helps energy managers achieve pre-
cise planning of wind farm operations, reduce energy losses or system overload caused 
by prediction deviations, and promote the optimized use of green energy. 

3.2. Data Mining and Pattern Recognition 
In the field of data analysis, data mining and pattern recognition are core technical 

means, focusing on extracting key information and typical feature models from complex 
energy information. Data mining utilizes statistics, intelligent algorithms, and database 
management techniques to process and analyze large-scale datasets. Pattern recognition 
focuses on exploring the inherent regularity and unique attributes of data. The integration 
of these two technologies has numerous application scenarios in the energy industry, in-
cluding but not limited to energy demand forecasting, anomaly detection, and system 
performance optimization. In the analysis of electricity consumption, data mining tech-
niques can be used to integrate past electricity usage records, meteorological conditions, 
and user daily behavior information to reveal user electricity consumption patterns and 
provide data support for the rational allocation of electricity resources [3]. By using clus-
tering analysis and other algorithms, it is possible to estimate changes in energy demand 
in different regions and assist decision-makers in planning corresponding adjustment 
plans in advance. In the daily operation of smart grids, line damage or equipment degra-
dation may cause abnormal conditions. Using pattern recognition methods can quickly 
identify abnormal patterns from numerous grid monitoring information, issue timely 
alerts, and prevent serious accidents from occurring. The method of integrating deep 
learning and pattern recognition is also applicable for detecting fault patterns in wind and 
solar energy equipment, improving maintenance plans, and extending the service life of 
equipment. The following is a statistical report on the electricity consumption of residents 
in a certain area (Table 1). 

Table 1. Electricity Consumption Data Statistics Based on Data Mining. 

User 
ID 

Monthly electric-
ity consumption 

(kWh) 

Proportion of electric-
ity consumption dur-

ing peak hours (%) 

Average daily elec-
tricity consumption 
fluctuation (kWh) 

Classification 
tags 

001 320 45 15 Peak users 
002 280 25 8 Uniform user 
003 450 60 20 Peak users 
004 200 30 5 Uniform user 
005 500 70 25 Peak users 

The above data can be analyzed through data mining techniques. The above data can 
be analyzed through data mining techniques. Using the K-Means clustering algorithm, 
users can be divided into peak users and uniform users to optimize power grid operation 
strategy. The formula is as follows: 
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𝐽𝐽 = ∑ ∑ �𝑥𝑥𝑗𝑗 − 𝜇𝜇𝑖𝑖�𝑗𝑗∈𝐶𝐶𝑖𝑖
𝑘𝑘
𝑖𝑖=1

2           (2) 

In formula (2), 𝐽𝐽 is the clustering objective function, 𝐶𝐶𝑖𝑖 is the i-th cluster, 𝜇𝜇𝑖𝑖 is the 
centroid of the i-th cluster, and 𝑥𝑥𝑗𝑗 is the j-th sample. Based on clustering data analysis, 
power grid managers can implement differentiated time of use electricity pricing strate-
gies for users during peak hours, incentivizing users to adjust their electricity consump-
tion during peak periods, in order to balance the burden on the power grid and improve 
the overall efficiency of energy utilization. 

3.3. Predictive Analysis and Optimization Techniques 
Predictive analysis and optimization techniques, as the core part of data analysis, are 

committed to relying on past data and current situations to make advance judgments on 
future development trends and formulate optimal action strategies [4]. They integrate sta-
tistical principles, machine learning algorithms, and optimization techniques for opera-
tional research, providing precise decision assistance to complex energy networks. These 
technologies are widely used in the field of sustainable energy, covering energy consump-
tion prediction, green energy output estimation, optimization configuration of power net-
works, and management of energy storage systems. By constructing a time series data 
model, predictive analysis can effectively predict future changes in energy supply and 
demand. By using regression analysis, deep learning networks, or time-series forecasting 
methods, it is possible to make forward-looking predictions on the fluctuations of urban 
power grid loads, which provides a scientific basis for the layout and management of the 
power system. Based on these predicted data, various optimization strategies have been 
implemented, relying on linear programming, dynamic programming, and metaheuristic 
algorithms (genetic algorithm and particle swarm optimization algorithm), which have 
been widely used in energy scheduling and configuration. In the management process of 
intelligent power grid, these optimization strategies help managers achieve load balance, 
reduce energy consumption costs, and minimize environmental pollution to the greatest 
extent possible. Taking power grid load forecasting as an example, it is necessary to pre-
dict future electricity demand 𝑦𝑦𝑡𝑡  based on historical load data. Time series prediction 
models such as ARIMA (Autoregressive Integral Moving Average Model) are commonly 
used for such problems, and their mathematical formula is: 

𝑦𝑦𝑡𝑡=c+𝜑𝜑1𝑦𝑦𝑡𝑡-1 + 𝜑𝜑2𝑦𝑦𝑡𝑡-2+...+𝜑𝜑𝜑𝜑𝑦𝑦t-p+εt-𝜃𝜃1𝜀𝜀t-1-...-θ𝑞𝑞𝜀𝜀t-q      (3) 

In formula (3), 𝑦𝑦𝑡𝑡  is the predicted value of time 𝑃𝑃, 𝑐𝑐 is a constant term, 𝜑𝜑𝑖𝑖 is the 
autoregressive coefficient, 𝜃𝜃𝑗𝑗 is the moving average coefficient, and 𝜖𝜖 𝑃𝑃 is the error term. 
By combining load forecasting and optimized scheduling, managers can scientifically al-
locate energy sources, such as prioritizing the use of low-carbon energy to reduce envi-
ronmental impact. By combining predictive analysis and optimization techniques, the re-
liability and economy of the energy system have been improved, providing solid technical 
support for the efficient utilization of sustainable energy. 

4. The Role of Data Analysis in Sustainable Energy 
4.1. Real Time Monitoring and Fault Warning 

The main purpose of real-time monitoring and fault warning system is to timely de-
tect potential risks and faults in energy equipment or systems, reduce maintenance costs 
and energy waste, and ensure stable and reliable system operation. In the new energy 
industry, such as wind and solar power generation, monitoring systems rely on sensors 
to collect key data, including wind speed, light level, machine vibration, and temperature 
indicators. This information is transmitted in real time to the central monitoring system, 
and then processed by data analysis models to identify abnormal signal patterns [5]. The 
fault warning system utilizes pattern recognition and prediction algorithms to pre evalu-
ate the danger of equipment operation. Anomaly detection methods based on machine 
learning algorithms, such as support vector machines (SVM) and deep neural networks, 
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can automatically detect abnormal signals in energy networks and issue timely alarms. 
These models continuously improve the accuracy and response speed of early warning 
by analyzing historical data, ensuring the smooth operation of the energy system. Taking 
the fault prediction of wind turbines as an example, the key parameters monitored include 
speed (R), vibration amplitude (V), and temperature (T), and the real-time collected data 
is input into the anomaly detection model. A commonly used anomaly scoring formula is 
the Mahalanobis distance based detection method: 

𝐷𝐷𝐷𝐷 = �(𝑥𝑥 − 𝜇𝜇)𝑇𝑇 ∑−1 (𝑥𝑥 − 𝜇𝜇)         (5) 

In formula (5), 𝑥𝑥 is a real-time data vector, such as [R, V, T]. 𝜇𝜇 is the mean vector of 
historical data, ∑ is the covariance matrix of historical data, and 𝐷𝐷𝐷𝐷 is the Mahalanobis 
distance, representing the degree of difference between the current data point and the 
normal state. When 𝐷𝐷𝐷𝐷 > 𝜏𝜏 (preset threshold), the system determines that the state is 
abnormal and issues a warning. For example, in real-time monitoring, if 𝐷𝐷𝐷𝐷 = 12 at a 
certain moment exceeds the set threshold of 10, the warning system will immediately no-
tify the operation and maintenance personnel to check the equipment to prevent potential 
faults from causing greater losses. 

4.2. Optimization and Operation Management of Smart Grid 
By integrating advanced data collection, transmission, and analysis technologies, 

smart grids can dynamically manage and optimize the flow of energy and information [6]. 
Its purpose is to improve the energy utilization efficiency of the power grid, reduce losses 
during transmission and distribution, and ensure that users enjoy a more reliable power 
supply. In the operation process of smart grid, data analysis technology is key and widely 
applied in various aspects such as load forecasting, supply and demand matching, and 
scheduling of energy storage systems. By utilizing past electricity consumption records 
and real-time electricity consumption data, data analysis techniques can effectively pre-
dict future electricity demand, make resource adjustments in advance, and prevent elec-
tricity shortages or surpluses. The following is an analysis of electricity demand in a cer-
tain region over a period of time: 

Analyzing the data in Table 2, the system accurately calculated the energy difference 
for each time period and adopted optimization algorithms to adjust the operation of the 
energy storage system in real time. With the optimization and regulation methods of 
smart grid, the supply and demand of energy have been instantly balanced, which has 
built a solid defense line for the full utilization of sustainable energy. 

Table 2. Energy Supply and Demand Data during a Certain Period of Time. 

Point of 
time 

Wind power 
generation 

(MW) 

Solar power gen-
eration capacity 

(MW) 

Energy storage sys-
tem available ca-

pacity (MW) 

User de-
mand 
(MW) 

Energy short-
fall/surplus 

(MW) 
08:00 15 20 10 40 +5 
12:00 10 50 15 70 +5 
18:00 5 10 30 55 -10 
22:00 20 5 20 35 +10 

4.3. Improving the Production Efficiency of Clean Energy 
Green energy sources such as wind and photovoltaic energy are often affected by 

surrounding environmental factors, which leads to unpredictable fluctuations in their 
production capacity. With the help of data analysis technology, it is possible to accurately 
optimize the generation process of these renewable energy sources, reduce energy losses 
caused by external interference, and improve equipment utilization and electricity gener-
ation efficiency. In the power generation process of wind and solar energy, data analysis 
relies on monitoring real-time environmental information (including wind speed, light 



European Journal of Engineering and Technologies https://pinnaclepubs.com/index.php/EJET 
 

Vol. 1 No. 1 (2025) 37  

intensity, temperature, etc.), establishing predictive models, and adjusting the operating 
parameters of power generation equipment. Photovoltaic systems adjust the angle and 
operating conditions of solar panels through data analysis to reduce energy loss. Taking 
the photovoltaic power generation system as an example, the output power 𝑃𝑃 of the pho-
tovoltaic panel is related to the light intensity 𝐼𝐼, ambient temperature 𝑇𝑇, and conversion 
efficiency 𝜂𝜂, and its formula is: 

P=I ⋅ 𝐴𝐴 ⋅ 𝜂𝜂(𝑇𝑇)            (6) 

In formula (6), P represents output power (watts), 𝐼𝐼 is light intensity (watts/square 
meter), A is photovoltaic panel area (square meters), and 𝜂𝜂(𝑇𝑇) is the conversion efficiency 
that varies with temperature. A nonlinear regression model of η(T) can be constructed 
through data analysis to predict the efficiency of photovoltaic panels at different temper-
atures. A certain photovoltaic power station has detected that the light intensity I = 800 
W/m², A = 10 m², and T = 35℃. According to analysis, η (35℃) = 0.18, then the output power 
is calculated as follows: P=800 ⋅ 10 ⋅ 0.18=1440W. Through real-time monitoring and anal-
ysis, the output efficiency of renewable energy can significantly increase, making a solid 
contribution to the environmental transformation of the energy structure [7]. 

4.4. Optimizing Energy Dispatch Strategies 
Optimizing energy scheduling strategies is the core approach to promoting efficient 

integration of renewable energy and conventional energy, and achieving sustainable de-
velopment [8]. Energy dispatch refers to the scientific allocation of various energy sources 
in different temporal and spatial contexts, with the aim of improving energy efficiency, 
reducing negative environmental impacts, and lowering operational economic costs. 
Given the volatility and unpredictability of renewable energy, data analysis techniques 
are particularly important in the field of energy allocation. By relying on data analysis 
technology, the energy system can track changes in energy supply and demand, environ-
mental conditions, and equipment operation in real time, and flexibly optimize allocation 
strategies based on this. For example, a certain energy dispatch system needs to meet the 
user demand 𝐷𝐷𝑡𝑡  at different time periods, while optimizing the allocation of wind energy 
𝑊𝑊𝑡𝑡, solar energy 𝑆𝑆𝑡𝑡, and energy storage system 𝐸𝐸𝑡𝑡, with the goal of minimizing costs. The 
optimization objective function and constraint formula are: 

Minimize C = ∑ (𝑐𝑐𝑊𝑊𝑊𝑊𝑡𝑡+𝑐𝑐𝑆𝑆𝑆𝑆𝑡𝑡+𝑐𝑐𝐸𝐸𝐸𝐸𝑡𝑡)𝑇𝑇
𝑡𝑡=1         (7) 

The constraint condition in formula (7) is that the total supply satisfies the demand 
𝑊𝑊𝑡𝑡+𝑆𝑆𝑡𝑡+𝐸𝐸𝑡𝑡 ≥ 𝐷𝐷𝑡𝑡, ∀𝑡𝑡  . The production limits for wind and solar energy are 0 ≤ 𝑊𝑊𝑡𝑡 ≤
𝑊𝑊𝑚𝑚𝑎𝑎𝑎𝑎, 0 ≤ 𝑆𝑆𝑡𝑡 ≤ 𝑆𝑆𝑚𝑚𝑎𝑎𝑎𝑎 , and the storage capacity limit is 0 ≤  𝐸𝐸𝑡𝑡 ≤ 𝐸𝐸𝑚𝑚𝑎𝑎𝑎𝑎. At a certain time 
period, the user demand is 𝐷𝐷𝑡𝑡  = 100MW, and the unit costs of wind energy, solar energy, 
and energy storage are 0.05, 0.06, and 0.08 yuan/kWh, respectively. Data analysis shows 
that the optimal allocation plan is 𝑊𝑊𝑡𝑡 = 40MW, 𝑆𝑆𝑡𝑡 = 30MW, and 𝐸𝐸𝑡𝑡 = 30MW. The total 
cost calculation is C=(0.05 ⋅ 40) + (0.06 ⋅ 30) + (0.08 ⋅ 30)=6.3yuan. This optimized sched-
uling scheme reduces costs while meeting demand, and maximizes the use of clean energy, 
promoting the sustainable development of the energy system. 

5. Conclusion 
With the rapid advancement of data analysis technology, it has shown new develop-

ment space in promoting the efficient application and management of renewable energy. 
Data analysis technology is important for real-time system monitoring, early warning of 
faults, upgrading the intelligence of the power grid, improving the efficiency of green en-
ergy output, and optimizing energy allocation strategies. The data-driven energy sector is 
gradually moving away from traditional models and towards a transformation in intelli-
gence and environmental protection, providing a solid technological foundation for the 
grand blueprint of global carbon neutrality. With the acceleration of technological inno-
vation and the deepening of application, data analysis will play a more critical role in 
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promoting the development of renewable energy, laying a key support for creating a more 
environmentally friendly, intelligent, and sustainable energy new era. 
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