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The graduation plan consists of at least the following data/segments: 
 

Personal information 

Name Yu Hsiu Tung 

Student number 5577632 

 

Studio   

Name / Theme Building technology graduation studio 

Main mentor Laure Itard Building Energy Epidemiology 

Second mentor Charalampos Andriotis Artificial Intelligence 

Argumentation of choice 
of the studio 

Building technology graduation studio 

 

Graduation project  
Title of the graduation 
project 
 

Exploring Energy Performance and Potential 
Improvements through Machine Learning Techniques: An 
Analysis of User Energy Profile Patterns, Anomaly 
Detection, and Clustering of Uilenstede Campus Energy 
Consumption Data 

Goal  
Location: Uilenstede 

The posed problem,  The energy consumption of the Uilenstede campus is 
currently monitored by distributed monitors and sub-
meters in the east part of the buildings, which provide 
data on cold water, heat (total demand for domestic hot 
water and heating), and electricity. However, there is a 
lack of understanding of the energy consumption patterns 
and opportunities for energy conservation. 
The goal of this thesis is to explore energy performance 
and identify potential improvements in the Uilenstede 
campus. 
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research questions and  Research Questions: 
 
“How can machine learning utilizing smart meter data and 
end-user energy profiles inform energy conservation 
efforts towards a CO2-free district at DUWO's Uilenstede 
campus?” 
 
Sub questions: 
 

1. What data is needed to understand and improve 
energy efficiency in buildings? 

2. How can inefficiency or waste be detected through 
analysis of energy consumption patterns using 
machine learning techniques such as clustering, 
regression, or decision tree analysis? 

3. Could introducing extra information such as 
building features, weather, comfort, and schedules 
improve energy consumption and conservation 
opportunities? 

4. How can opportunities for energy conservation be 
identified through analysis of current consumption 
patterns? 
 

  



design assignment in 
which these result.  

Research objectives: 
 

1. Using machine learning methods, develop a 
comprehensive understanding of the energy 
consumption patterns and consumption trends at 
Uilenstede campus. 

2. Understand building occupants' energy usage by 
analyzing energy consumption patterns at building 
blocks and individual building levels, including daily, 
weekly, and seasonal trends. 

3. Use anomaly detection techniques to detect 
potential energy waste or inefficiency by identifying 
unusual or abnormal energy consumption patterns. 

4. Identify opportunities for energy conservation by 
analyzing current energy consumption patterns and 
developing end-user energy profiles. 

5. To examine the impact of building features, 
weather, occupant behavior, comfort, and 
schedules on energy consumption. 

 
Design assignment: 
 
Data Collection: 

1. Gather smart meter data from buildings at 
Uilenstede campus. 

2. Collect data on building features, weather 
conditions, and comfort levels. 
 

Data Preprocessing: 
1. Clean the data to ensure its quality and 

completeness. 
2. Normalize the data to ensure it is on the same scale 

for analysis. 
3. Integrate smart meter data with other features. 

 
Exploratory Data Analysis (EDA): 

1. Perform EDA on the integrated data to understand 
the relationships between different variables. 

2. Plot visualizations to understand the distribution of 
data and identify any outliers. 

3. Summarize the data using descriptive statistics. 
 

Anomaly Detection: 
1. Use machine learning techniques such as clustering 

or anomaly detection to detect unusual or abnormal 
energy consumption patterns. 

2. Evaluate the performance of different techniques 
and select the best-performing one. 



End-user Energy Profile Development: 
Use machine learning techniques such as 
clustering, regression, and decision tree analysis to 
understand energy consumption patterns and 
trends at Uilenstede campus comprehensively. 
 

Energy Conservation Opportunities Identification: 
Analyze current energy consumption patterns and 
develop end-user energy profiles to identify 
opportunities for energy conservation. 
 

Model Validation and Deployment: 
1. Validate the selected machine learning models 

using a set of test data. 
2. Deploy the best-performing model in a real-world 

environment to inform energy conservation efforts 
at Uilenstede campus. 
 

Conclusion and Recommendations: 
Summarize the results of the analysis and provide 
recommendations on how DUWO can use machine 
learning to inform energy conservation efforts 
towards a CO2-free district. 

  



Process  
Method description   
Research framework

 
Anomalies detection and user energy profiling 

 
 
 
Research Framework: 

1) Problem definition and research question 
2) Literature research: 

The Literature Study is divided in three phases: 
1) First phase: formulate a research question and research 

aims and set up a research plan with a planning of 
intermediate milestones with appropriate deliverables. 

2) Second phase: looking at resources, find an overview of: 
- Current state of the art 
- What are the usual research approaches 
- What has been left for future work 

3) Third phase: answering the main question (and it sub 
questions)that were formulated in the introduction. 
 



3) Case study 
This step aims to assess the robustness of the previous studies and gain 
insight into the method that data have been used to address the 
problem. And to Identify limitations or gaps in the dataset. 
• First, look into Uilenstede Campus Energy Consumption Dataset and 

understand the distribution system. 
• Second, elect a relevant and recent research paper that addresses a 

similar problem or question. 
• Attempt to reproduce the results of the selected paper using the 

same or similar methods with current dataset. 
• Compare the reproduction results to the original paper. 
• List down the potential and limitation. If the reproduction is 

successful, use the paper as a case study to further explore the 
research question. 
 

4) Research Methodology  
1) Design of the study 

• The study will use a mixed-methods approach, including 
qualitative and quantitative data collection and analysis 
techniques, to answer the research questions. The study will 
use a case study design to explore energy consumption 
patterns and opportunities for conservation. 
 

2) Data collection and analysis techniques 
• The sample for the study will consist of data from the DUWO 

data portal and any additional variables collected such as 
building features, weather conditions, occupant behavior, 
comfort level, and operating schedules. 

• Quantitative data will be analyzed using descriptive statistics 
and inferential statistics such as correlation analysis, 
regression analysis, and time-series analysis. 

• Descriptive statistics such as mean, median, mode will be 
used to summarize the data. 

• Analyze the data using the methods described in the 
methodology section, and interpret the results in the context 
of the existing literature 
 

5) Performance evaluation 
• The results will be validated by comparing the results with the 

benchmark studies in the literature. 
• The benchmark studies should be those that have addressed similar 

research questions and used identical data collection and analysis 
techniques. 

• The study's results will be evaluated against the benchmark studies 
in terms of their ability to extract crucial information from time series 
data, identify potential opportunities for energy conservation, and 
detect unusual or abnormal energy consumption patterns. 



 

  

• Additional performance evaluation for the study can be done by 
comparing the results with the actual energy consumption data and 
energy efficiency metrics of the building before and after 
implementing any recommendations for conservation. 
 

6) Results and discussion 
• Present the study results clearly and concisely, using tables, figures, 

and graphics as appropriate. 
• Discuss the implications of the results for understanding energy 

consumption and improving energy efficiency in buildings. 
• Highlight any new insights or contributions that the study makes to 

the field. 
• Provide recommendations for future research based on the results of 

the study. 
7) References and bibliography 
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Reflection 
1. What is the relation between your graduation (project) topic, the studio topic (if 

applicable), your master track (A,U,BT,LA,MBE), and your master programme 
(MSc AUBS)?  
 
The relation between the graduation project topic, the studio topic, the master 
track, and the master program is that they are all closely related to the field of 
building technology and energy efficiency. The graduation project topic is focused 
on exploring energy performance and potential improvements through 
unsupervised learning techniques on the Uilenstede campus. The studio topic 
provides the opportunity for students to work on real-world projects and gain 
hands-on experience in the field of building technology and energy efficiency. 

 
2. What is the relevance of your graduation work in the larger social, professional 

and scientific framework.  

 

The relevance of the graduation work addresses the critical issue of energy 

consumption and its impact on the environment. By exploring energy performance 

and identifying potential improvements through unsupervised learning techniques, 

this research will contribute to the larger goal of reducing energy consumption and 

greenhouse gas emissions in buildings. The study can provide valuable insights 

for building operators, managers, architects, and engineers to improve energy 

efficiency and reduce energy consumption in buildings. Additionally, the research 

could contribute to developing new methods and technologies for analyzing 

energy consumption patterns and identifying opportunities for energy 

conservation, which could be applied in other buildings and campuses. 

 
 

 

 
 


