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  Abstract 
The rapid development of the hotel industry has led to increasing energy consump-
tion, which has become a significant constraint on its sustainable development. The 
widespread application of Internet of Things (IoT) technology has provided new op-
portunities for energy management in hotels, while the potential of Artificial Intelli-
gence (AI) in load forecasting and energy efficiency optimization is gradually being 
explored. This paper focuses on the research of energy efficiency optimization algo-
rithms for hotel IoT systems based on AI load forecasting, aiming to achieve effec-
tive energy conservation through innovative algorithm design. This study first con-
ducts an in-depth analysis of the current energy consumption status in the hotel in-
dustry, explores the application prospects of IoT technology in energy management, 
and elaborates on the importance of AI technology in load forecasting and energy 
efficiency optimization. In the literature review section, the research progress in ho-
tel energy management, IoT technology application, AI load forecasting, and energy 
efficiency optimization algorithms is systematically reviewed, laying a theoretical 
foundation for subsequent research. The core of the research lies in the construction 
of an AI-based load forecasting model and energy efficiency optimization algorithm. 
By designing a reasonable neural network structure and combining historical load 
data and weather information as input parameters, high-precision load forecasting is 
achieved. On this basis, an energy efficiency optimization algorithm for hotel IoT 
systems is proposed, which integrates the technical accumulation of Fuji Electric in 
energy-saving control algorithms. By dynamically adjusting the operation strategies 
of equipment, energy consumption is significantly reduced. Experimental results 
show that the proposed algorithm has significant effects on energy optimization, with 
a 25% improvement in energy-saving effects compared to traditional methods. 
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1. Introduction 

1.1 Research Background 

The hotel industry, as a resource-intensive sector, faces increasingly prominent energy consumption issues. According 
to data from the United Nations World Tourism Organization (UNWTO), hotels contribute approximately 1% to 
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global carbon emissions. Energy consumption is primarily concentrated in air conditioning, hot water supply, and 
lighting, with air conditioning accounting for the highest proportion, up to 60%. Additionally, energy costs in the 
hotel industry represent 15% to 20% of operational costs, with an estimated energy-saving potential of around 30%. 
As global attention to environmental protection and sustainable development grows, the need for energy conservation 
in the hotel industry becomes increasingly urgent. 

Table 1. Global Carbon Emission Contribution of Hotels 

Item Description 

Global Carbon Emission Contribution Approximately 1% (according to UNWTO data) 

Air Conditioning Energy Consumption Up to 60% 

Energy Cost Proportion 15% to 20% of operational costs 

Energy-saving Potential Around 30% 

 
IoT technology, as a core component of smart hotels, connects various devices and facilities within a hotel to the 

internet, enabling interconnectivity and information exchange between devices. In terms of energy management, IoT 
technology can monitor real-time energy consumption in hotels and automatically adjust energy supply based on 
factors such as room occupancy status, time, and weather, thereby achieving energy conservation and emission re-
duction. For example, through intelligent energy management systems, hotels can automatically turn off unnecessary 
electrical appliances and lighting fixtures in unoccupied rooms, reducing energy consumption. Moreover, IoT tech-
nology can further reduce energy consumption through intelligent shading systems and high-efficiency energy-saving 
equipment. 

1.2 Research Significance 

Reducing hotel operating costs and improving energy utilization efficiency are significant aspects of this research. 
By employing AI-based load forecasting and energy efficiency optimization algorithms, hotels can achieve precise 
energy management and reduce operational costs. For instance, intelligent energy management systems can automat-
ically adjust energy supply based on room occupancy status, reducing unnecessary energy consumption. Against the 
backdrop of global emphasis on environmental protection and sustainable development, the green and low-carbon 
development of the hotel industry has become an inevitable trend. By applying IoT and AI technologies, hotels can 
achieve energy conservation and emission reduction, reduce carbon emissions, and promote green and sustainable 
development. 

1.3 Research Objectives 

This research aims to construct AI-based load forecasting models and energy efficiency optimization algorithms to 
optimize energy consumption in hotel IoT systems. Constructing a high-precision load forecasting model by design-
ing a reasonable neural network structure and combining historical load data and weather information as input pa-
rameters to achieve high-precision load forecasting. Proposing an energy efficiency optimization algorithm that inte-
grates the technical accumulation of Fuji Electric in energy-saving control algorithms, proposing an energy efficiency 
optimization algorithm for hotel IoT systems, and significantly reducing energy consumption by dynamically adjust-
ing equipment operation strategies. Verifying the effectiveness of the algorithms by conducting experiments to vali-
date the effectiveness of the proposed load forecasting model and energy efficiency optimization algorithm, and 
providing new technological means for energy management in the hotel industry. Through this research, it is hoped 
that new ideas and technical support can be provided for energy management in the hotel industry, promoting its 
green and sustainable development. 

2. Literature Review 

2.1 Current Hotel Energy Consumption and Energy-saving Technologies 

The hotel industry, as an energy-intensive sector, has energy consumption as a significant component of its opera-
tional costs, typically accounting for 3% to 6% of hotel operational costs. Energy consumption is mainly concentrated 
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in air conditioning systems, hot water supply, lighting systems, and other electrical equipment, with air conditioning 
systems having the highest energy consumption proportion, ranging from 40% to 60%, and hot water supply systems 
accounting for approximately 10% to 20% of total energy consumption [1]. Hotel energy consumption is influenced 
by various factors, including building characteristics, hotel categories, facilities and services, climatic conditions, and 
occupancy rates. 

Table 2. Energy Consumption Proportion of Hotel 

Item Description 

Energy Consumption Proportion 3% to 6% of operational costs 

Air Conditioning System Energy Consumption 40% to 60% of total energy consumption 

Hot Water Supply Energy Consumption 10% to 20% of total energy consumption 

 
In terms of energy-saving technologies, the hotel industry has made certain progress. Energy-saving lamps can 

reduce lighting energy consumption, but have a limited impact on overall energy consumption. Intelligent tempera-
ture control systems can automatically adjust air conditioning temperatures based on room usage to achieve energy 
savings, but their promotion is restricted due to system complexity and cost issues. 

2.2 IoT and Hotel Energy Management 

IoT technology offers new ideas for hotel energy management. Through sensor networks, IoT can monitor real-time 
energy consumption of devices within hotels and collect data, helping managers to grasp the operating status and 
energy consumption of devices in real-time and make timely adjustments and optimizations. For example, managers 
can adjust temperature settings to achieve energy savings based on air conditioning energy consumption data. IoT 
can also achieve coordinated control and optimized operation of devices, such as automatically shutting down equip-
ment on certain floors based on occupancy rates and optimizing device operation strategies in combination with 
weather forecasts and booking information. However, IoT also faces challenges in hotel energy management, such 
as device compatibility, data security, and privacy protection. 

2.3 Application of AI in Load Forecasting 

With the development of AI technology, machine learning and deep learning have been increasingly applied in load 
forecasting. Traditional machine learning algorithms, such as linear regression and support vector machines, analyze 
historical load data and related factors to establish prediction models, which can relatively accurately forecast future 
load demands. In recent years, deep learning algorithms, such as Long Short-Term Memory (LSTM) and Convolu-
tional Neural Networks (CNN), have made significant progress in load forecasting due to their strong non-linear 
fitting and adaptive learning capabilities. Deep learning models have advantages in handling complex load data, but 
require large amounts of data and computational resources, and their model interpretability is relatively weak. In 
contrast, traditional machine learning models have faster training speeds and better model interpretability, making 
them suitable for scenarios with small data volumes or high interpretability requirements. In practical applications, 
the choice of an AI model for load forecasting should be based on data characteristics and specific scenarios. 

2.4 Research on Energy Efficiency Optimization Algorithms 

Energy efficiency optimization algorithms are key to hotel energy management. Traditional mathematical program-
ming-based algorithms, such as linear programming and dynamic programming, have limitations in handling com-
plex energy consumption systems, such as high computational complexity and difficulty in dealing with non-linear 
constraints. In recent years, AI-based energy efficiency optimization algorithms have become a research hotspot. 
These algorithms utilize machine learning and deep learning models to analyze and forecast energy consumption data, 
combined with optimization algorithms to achieve dynamic optimization control. For example, combining deep learn-
ing models with genetic algorithms can efficiently optimize energy consumption in large-scale energy systems. 
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3. AI-based Load Forecasting Model 

3.1 Model Construction 

When constructing an AI-based load forecasting model, it is essential to first determine the input parameters. Based 
on the literature review and practical application requirements, historical load data, weather data (including temper-
ature, humidity, wind speed, etc.), and time series information (such as hours, days of the week, seasons, etc.) are 
selected as input parameters. These parameters can comprehensively reflect the factors influencing load changes. For 
example, historical load data can provide information on load change trends, weather data directly affects the energy 
consumption of air conditioning and hot water supply systems, and time series information reflects the periodic 
changes in load. 

The neural network structure design employs a Feedforward Neural Network (FNN). This network consists of an 
input layer, hidden layers, and an output layer. The number of neurons in the input layer corresponds to the dimension 
of the input parameters. The number of neurons in the hidden layers is determined through experimentation to achieve 
optimal forecasting performance. The output layer has one neuron, representing the forecasted load value. The ReLU 
(Rectified Linear Unit) activation function is used for the hidden layers, as it effectively alleviates the vanishing 
gradient problem and improves network training efficiency. The output layer uses a linear activation function to 
directly output the forecasted load value. 

3.2 Model Training and Validation 

Before model training, data preprocessing and feature extraction are necessary. Data preprocessing includes data 
cleaning and normalization. Data cleaning primarily involves removing abnormal values and missing values from 
the data. For example, statistical analysis methods are used to detect and eliminate values that exceed reasonable 
ranges, and interpolation methods are employed to fill in missing values. Normalization scales the data to the [0,1] 
interval to enhance model training efficiency and forecasting accuracy. Feature extraction involves using methods 
such as Principal Component Analysis (PCA) to extract the main features from the data, reducing the dimensionality 
of the input data while retaining the primary information. 

The training algorithm selected is the Adam optimization algorithm. The Adam algorithm combines the advantages 
of momentum and adaptive learning rates, enabling rapid convergence and finding the global optimal solution. During 
training, cross-validation is used to validate and optimize the model. The dataset is divided into training, validation, 
and testing sets in a 70%, 15%, and 15% ratio, respectively. The training set is used for model training, the validation 
set is used to adjust model hyperparameters such as learning rate and the number of hidden layer neurons, and training 
is halted when the model's performance on the validation set no longer improves to prevent overfitting. Finally, the 
model's performance is evaluated using the testing set. 

Table 3. Selection of Training Algorithms 

Item Description 

Training Algorithm Adam optimization algorithm 

Advantages of the Adam Algorithm Combines momentum and adaptive learning rates, enabling rapid convergence and finding 
the global optimal solution 

Model Validation and Optimization Cross-validation method 

Dataset Division Training set (70%), Validation set (15%), Testing set (15%) 

3.3 Model Performance Evaluation 

Model performance is evaluated using two metrics: Mean Squared Error (MSE) and Mean Absolute Error (MAE). 
MSE reflects the average of the squared errors between forecasted and actual values, effectively measuring model 
forecasting accuracy. MAE reflects the average of the absolute errors between forecasted and actual values, intuitively 
indicating the model's average forecasting error. In experiments, the MSE of the constructed AI-based load forecast-
ing model is 0.035, and the MAE is 0.12. Compared to traditional linear regression models, MSE is reduced by 40%, 
and MAE is reduced by 30%, indicating that the model has higher forecasting accuracy and better performance [2]. 
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4. Energy Efficiency Optimization Algorithm for Hotel IoT Systems 

4.1 Energy Consumption Model Establishment 

In hotel IoT systems, major energy-consuming devices include air conditioning systems, hot water supply systems, 
lighting systems, and other electrical equipment. To achieve energy efficiency optimization, it is necessary to estab-
lish energy consumption models for these devices. The energy consumption model for air conditioning systems can 
be established by analyzing their cooling/heating power, operating time, and the temperature difference between 
indoors and outdoors. For example, assuming the cooling power of the air conditioning system is Pcool, the heating 
power is Pheat, the operating time is t, and the temperature difference between indoors and outdoors is ΔT, the energy 
consumption of the air conditioning system EAC can be expressed as: 

EAC=Pcool×t×f(ΔT)orEAC=Pheat×t×f(ΔT) 

where f(ΔT) is a function related to the temperature difference [2], describing its impact on energy consumption. 
The energy consumption model for the hot water supply system can be established by analyzing the volume of hot 
water used, the temperature of the hot water, and the heating power. Assuming the volume of hot water used is V, the 
temperature of the hot water is Thot, the temperature of the cold water is Tcold, and the heating power is Pheat, the 
energy consumption of the hot water supply system Ehot can be expressed as: 

Ehot=Pheat×C×V×(Thot−Tcold) 

where C is the specific heat capacity of water [4]. The IoT system collects real-time energy consumption data from 
these devices through sensor networks and analyzes it. For example, smart electricity meters installed on air condi-
tioning and hot water supply systems can monitor the power consumption and operating time of the devices in real-
time. Meanwhile, temperature and flow sensors can obtain data on indoor and outdoor temperatures, hot water tem-
perature, and usage volume. These data are transmitted to the central control system via a wireless network for real-
time analysis and processing, providing data support for subsequent energy efficiency optimization. 

4.2 Optimization Algorithm Design 

Based on the load forecasting results, the optimization objective function aims to minimize the overall energy con-
sumption of the hotel while meeting the comfort requirements of guest rooms. The optimization objective function 
can be expressed as: 

min∑i=1NEi(t) 

where Ei(t) represents the energy consumption of the i-th device at time t, and N is the total number of devices [5]. 
The constraints include the operating range of the devices and the temperature requirements of the guest rooms. For 
example, the temperature setting range for the air conditioning system is Tmin to Tmax, and the hot water supply 
system requires the hot water temperature to be no lower than Thot. The algorithm framework employs an AI-based 
dynamic optimization algorithm. First, based on the load forecasting results, the energy consumption demand for a 
future period is forecasted. Then, through the optimization algorithm, the operating parameters of the devices are 
dynamically adjusted to minimize energy consumption. The specific implementation steps are as follows: First, input 
the load forecasting results, the energy consumption models and operating parameters of the devices; then, set the 
initial parameters of the optimization algorithm, such as learning rate and number of iterations; next, through iterative 
optimization, adjust the operating parameters of the devices to minimize the objective function; finally, output the 
optimized device operating parameters and energy consumption forecast values. 

4.3 Algorithm Innovation Points 

The energy efficiency optimization algorithm proposed in this study integrates the technical accumulation of Fuji 
Electric in energy-saving control algorithms, significantly reducing energy consumption through dynamic adjustment 
of device operation strategies. The specific innovation points are as follows: First, based on the load forecasting 
results, the operating parameters of the devices, such as the temperature settings of the air conditioning system and 
the heating power of the hot water supply system, are dynamically adjusted in real-time. This dynamic adjustment 
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strategy can better adapt to load changes and achieve energy minimization. Second, the combination of AI technology 
with Fuji Electric's energy-saving control algorithms improves the accuracy and efficiency of the optimization algo-
rithm. For example, by using neural networks to forecast load demand and combining genetic algorithms for optimi-
zation, the global optimal solution can be quickly found. Finally, during the optimization process, not only is energy 
minimization considered, but also the comfort requirements of guest rooms are taken into account. By setting rea-
sonable constraints, the optimized device operating parameters can both reduce energy consumption and meet the 
comfort requirements of guest rooms. Through these innovations, the energy efficiency optimization algorithm pro-
posed in this study has significant energy-saving effects and practical application value in hotel IoT systems. 

5. Experiments and Results Analysis 

5.1 Experimental Design 

To verify the effectiveness of the proposed AI-based load forecasting model and energy efficiency optimization al-
gorithm, a series of experiments was designed in this study. The experimental platform was established in a mid-
sized hotel with 200 guest rooms [6], equipped with a complete IoT system, including smart electricity meters, tem-
perature sensors, flow sensors, and other devices that can collect energy consumption data and environmental param-
eters in real-time. Data collection and processing are key to the success of the experiments. During the experimental 
period, historical load data, weather data, time series information, and device operating parameters were collected 
from the hotel's IoT system. After data cleaning and normalization, these data were used for model training and 
validation. Data cleaning mainly involves removing abnormal values and filling in missing values, and normalization 
scales the data to the [0,1] interval to enhance model training efficiency and forecasting accuracy. 

Table 4. Experimental Design Process 

Item Description 

Experimental Purpose To verify the effectiveness of the AI-based load forecasting model and energy efficiency op-
timization algorithm 

Experimental Platform Mid-sized hotel (200 guest rooms) 

Data Processing Data cleaning and normalization 

Data Cleaning Removal of abnormal values and filling in missing values 

5.2 Experimental Results 

The load forecasting model's results demonstrate that the constructed AI-based load forecasting model has high fore-
casting accuracy. During the experimental period, the model's Mean Squared Error (MSE) was 0.035 [7], and the 
Mean Absolute Error (MAE) was 0.12. Compared to traditional linear regression models, MSE was reduced by 40%, 
and MAE was reduced by 30%. This indicates that the AI model can more accurately forecast the hotel's load demand, 
providing reliable data support for subsequent energy efficiency optimization. The energy efficiency optimization 
algorithm achieved significant energy-saving effects. Through dynamic adjustment of device operating parameters, 
the optimization algorithm achieved a 25% energy-saving effect during the experimental period. Specifically, the 
energy consumption of the air conditioning system was reduced by 30%, and the energy consumption of the hot water 
supply system was reduced by 20% [3]. These energy-saving effects not only reduced the hotel's operating costs but 
also improved energy utilization efficiency and reduced carbon emissions. 

5.3 Results Analysis 

Comparative analysis of the performance of different algorithms shows that the AI-based load forecasting model and 
energy efficiency optimization algorithm outperform traditional methods in multiple aspects. In terms of forecasting 
accuracy, AI models can better capture the non-linear characteristics and time series properties of load data, thereby 
providing more accurate forecasting results. In terms of energy-saving effects, AI algorithms can more effectively 
optimize energy consumption by dynamically adjusting device operating parameters, achieving significant energy-
saving effects. 



Chao Zhang 
 

 

DOI: 10.26855/acc.2025.07.007 150 Advances in Computer and Communication 

 

6. Conclusions and Future Work 

6.1 Research Conclusions 

This study focuses on energy efficiency optimization algorithms based on AI load forecasting, aiming to achieve 
energy consumption optimization in hotel IoT systems through innovative algorithm design. The main achievements 
of the research include the construction of a high-precision AI load forecasting model and an effective energy effi-
ciency optimization algorithm. Experimental results show that the proposed AI load forecasting model significantly 
outperforms traditional methods in forecasting accuracy, with a 40% reduction in Mean Squared Error (MSE) and a 
30% reduction in Mean Absolute Error (MAE) [8]. 

6.2 Research Innovations and Contributions 

The innovation of this study lies in the combination of AI technology with the energy-saving control algorithms of 
Fuji Electric, proposing an AI-based dynamic energy efficiency optimization algorithm. This algorithm dynamically 
adjusts device operating parameters to significantly reduce energy consumption while ensuring guest room comfort. 
Additionally, a new load forecasting model is proposed, which can more accurately forecast the hotel's load demand, 
providing reliable data support for energy efficiency optimization. These innovations not only enhance the energy 
management level of hotel IoT systems but also provide references for energy consumption optimization in other 
industries. 

6.3 Future Research Directions 

Despite the achievements of this study, there are still some issues that require further research. First, the training of 
AI models requires a large amount of data and computational resources. Future research can explore more efficient 
training algorithms to reduce data requirements and computational costs. Second, the interpretability of AI models is 
relatively weak. Future research can combine traditional methods with AI technology to improve model interpreta-
bility and reliability. 
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