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1. Introduction 
1.1. Project Background 
 

In 2004, the term Environmental, Social and Governance (ESG) was first 
introduced in the paper “Who Cares Wins” [1]. The paper illustrated how ESG 
factors can be integrated into a company’s operations. As of today, there are 
more than 10 ESG frameworks, standards and guidelines proposed and used in 
the ESG arena [2]. Companies across various sectors, including financial 
services, construction, healthcare, insurance, to even sport, publish the ESG 
reports to disclose and evaluate their ESG performance. Besides, investors 
nowadays are increasingly applying the ESG factors as part of their investment 
strategies to identify material risks and growth opportunities of a company. 
According to the research of Bloomberg Intelligence, global ESG assets 
surpassed $30 trillion in 2022 and are predicted to surpass $40 trillion by 2030 
[3]. This trend underscores the rise of ESG investment as well as the importance 
of utilizing effective ESG analytics tools in decision-making.  

 
While rating agencies, such as S&P Global, and Sustainalytics, are present in 
the market, their rating methodologies and criteria vary significantly due to the 
use of different ESG frameworks and country-specific policy. Thus, the ESG 
performance and rating assigned to a company provided by one rating agency 
may not be reliable and applicable when assessed under a different framework 
or in other regions. The lack of standardization in reporting frameworks and 
methodologies hinder the effectiveness of ESG analysis and decision-making 
processes. This inconsistency lead to confusion among the investors, making it 
challenging to make informed decisions regarding ESG investments. Investors 
may face difficulties in comparing companies across different rating systems, 
potentially compromising the reliability and utility of ESG data in their 
investment strategies. 
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1.2. Project Motivations 
 
With the growing emphasis on sustainable business practices, more and more 
companies report their ESG performance to the stakeholders and the general 
public. Current solutions often fail to provide real-time insights or struggle with 
handling data across different ESG frameworks. On the other hand, there are no 
globally agreed rating methodology and criteria, the ESG ratings and 
information provided by current solutions may not be accurate and useful for 
assessment and analysis for companies in different business sectors and regions. 

 
Our motivation stems from the need to improve the accuracy and accessibility 
of ESG data, enabling organizations to meet different reporting frameworks and 
market expectations while fostering responsible business practices. This project 
provides an opportunity to design a cutting-edge solution that supports both 
business objectives and sustainability goals. 

 
Therefore, we introduce a functional ESG Data-Driven Decision Support 
System, ESGenius. The system aims to streamline the collection, management, 
and analysis of ESG data for organizations. The system will offer real-time 
analytics and risk modelling features that align with different ESG reporting 
frameworks. By leveraging Natural Language Processing techniques, the system 
will provide stakeholders with valuable insights to facilitate data-driven 
decision-making and promote sustainable practices in ESG analytics. 
 
In more particular, the proposed project will include the development of a full-
stack web application. Features include a predictor score model, ranking 
system, risk assessment tools, and a user-friendly dashboard for data 
visualization. Users will be able to choose one, combine multiple existing rating 
frameworks, or even customize their own weighing factors for evaluation and 
analysis accordingly to their needs.  
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2. Project Objectives 
 

• Implement Machine Learning and Natural Language Processing techniques 
to generate ratings and qualitative insights for effective ESG performance 
assessment. 
 

• Provide a user-friendly dashboard to easily compare ESG performance 
across companies and industries. 
 

• Employ risk modelling techniques in managing exposure to ESG-related 
risks. 
 

• Develop a full-stack scalable modern web application. 
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3. Methodology 
 
Our project aims to provide a comprehensive analysis to our audience, together 
with a user-friendly user interface (UI) and customizable options to maximize 
the benefits of users from our project. The section explains the methodology 
used to develop this system and the technical considerations and decisions. 
This section consists of five subsections: The first subsection covers data 
collection and preprocessing, the second subsection discusses the Natural 
Language Processing (NLP) techniques to be used, the third subsection outlines 
the risk models adopted, and the fourth subsection explains the web application 
infrastructure of the system, such as the user interface and page structures. The 
fifth section describes the backend implementation, which includes the database 
and authentication. 

 

3.1. Data Collection and Preprocessing 
 
This project will be scoped to the S&P 500 companies and the ESG reports will 
be collected from the companies’ official websites. There are two reasons to 
select the S&P 500 companies as the training data. Firstly, we can compare our 
test results with the S&P 500 ESG Index when assessing the ESG portfolio 
performance. Next, the large-cap companies under S&P 500 enforce a 
consistent reporting format in their published ESG report, which is beneficial to 
our analysis. 
 
After collecting the data, we will use the Python library PdfPlumber to extract 
the text data from the PDF. To improve our text analysis in terms of speed and 
accuracy, lemmatization would be adopted by the libraries such as spaCy and/or 
Natural Language Toolkit (NLTK) to standardize the words to their base form. 
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3.2. Natural Language Processing (NLP) 
 
Our system aims to perform two NLP tasks, which are Sentiment Analysis and 
Topic Modelling. These tasks enable our system to analyse and provide 
feedback for textual reports more easily. The following sections will describe 
the techniques in more detail. 

 

3.2.1 Sentiment Analysis 
 
Sentiment Analysis aims at capturing the sentiments, opinions and attitude from 
texts [4]. Since there are paragraphs of texts in different ESG reports, social 
media sites and forums, it is important to take those words into account as well. 
Not only the public’s opinion affects the image of a company, but it also affects 
how likely they are going to invest in. Hence, sentiment analysis is essential and 
should be included in our system for the benefit of both company and investors. 
 

3.2.1.1 Model Selection 
 
There are various models that are suitable for sentiment analysis, such as 
Support Vector Machine (SVM), Neural Networks and Naive Bayes. To 
determine which model to be used, many factors should put into consideration, 
such as the size of the texts and level of accuracy required. It is found that deep 
learning models, such as Convolutional Neural Networks (CNN), can handle 
categorization issues more precisely [5]. 

This project will first pre-process the texts extracted from the documents 
extracted, such as text cleaning and tokenization, then different machine 
learning models will be applied to generate the attitude of the texts. 
 

3.2.1.2 Goal 
 
Sentiment analysis can help potential investors to know other’s opinions on the 
company. It can also analyse how different research and articles feel about the 
ESG performance. By doing that, they can see the overall attitude and 
understand more whether the company is doing well. 
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3.2.2 Topic Modelling 
 
Topic modelling aims to find out the theme and category of texts. Unlike other 
techniques such as semantic tagging, topic modelling works on single corpus 
and does not consider what are the most differences between corpora [6]. Topic 
modelling helps company managers to acquire the most trending and most 
discussed ESG topics, and to develop business strategies based on the most 
concerned from the public. 
 

3.2.2.1 Model Selection 
 
The most common model is the Latent Dirichlet Allocation (LDA) model, while 
some ESG reports analysis are also using this model. However, this model has 
its limitations: fixed number of topics and high computational complexity [7]. 
Other techniques such as Words2Vec, and BERTopic have been developed for 
different text lengths. Hence, our project aims to evaluate the performance 
among these models and select the best model to be applied. 

 

3.2.2.2 Goal 
 

Applying topic modelling can benefit company managers for internal analysis. 
It can uncover the most critical topics of ESG among forums, news articles and 
papers. It can also evaluate how the discussion topics changed over time, as to 
monitor the current trend. Companies can base on these results to formulate 
their future plans, ultimately aligning strategies with ESG principles to enhance 
sustainability. 
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3.3. Risk Modelling 
 
Our project aims to assess risks related to sustainability and ethical practices. 
Two models will be used, named Time-Series and Monte Carlo. The later 
subsections will discuss the models in detail. 

 
3.3.1 Time-series 
 
Time-series risk modelling aims to predict risks over time. The process includes 
collecting past-time data or specific time intervals, then forecast the results in 
the future, while different models use different algorithms for forecasting [8].  
 
Our project will adopt various models, such as Exponential Time Series (ETS), 
Pickup Forecasting and Generalized Autoregressive Conditional 
Heteroskedasticity (GARCH). Since different models produces different results, 
our project will include multiple models to provide a more comprehensive 
analysis. 
 

3.3.2 Monte Carlo 
 
Monte Carlo modelling assesses the probability of different outcomes, with the 
present of random variables [9]. The model can be used for modelling social 
issues and predict its social impact, for example the labour disputes. The output 
of Monte Carlo modelling will form a normal distribution, which the middle 
value is the most likely return [9].  
 
Our project will try to apply this model to estimate the risk that the pattern from 
previous datasets will be disrupted in the future. If the chances were low, 
investors will have more confidence on that company. 
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3.4. Web Application Implementation 
 
This section will illustrate the implementation of our web application, including 
frontend, backend development, features and page structures. 
 
3.4.1 Technology and Framework 
 
All the features of our project will be embedded into a webpage and dashboards. 
The frontend will be developed using React, a popular framework with 
community packages. The backend framework will be developed using Django, 
which is particularly useful in handling APIs and database management systems 
and supports multiple databases. 
 
3.4.2 Features and Visualizations 
 
The web application can be categorized into two modes, one being the public 
mode and the other one being user mode, which can customize the weighting 
factors for evaluation. Our project aims to serve all kinds of users with different 
needs, it is crucial to include customizable options, such as different rating 
frameworks and models, to find out the most suitable piece of data for them. 
 
For the public mode, users will be able select different companies to view their 
performance from dashboards. For the user mode, users will be able to upload 
documents for analysis, customize factors for their own model, and do different 
risk analysis after log-in. 

 
3.4.3 Design Approach 
 
The web application will adopt responsive web design to fit different screen 
sizes and orientations, such as phones, tablets and computers. By adjusting 
elements according to the viewport, the website will be adjusted to any size and 
prevent certain elements to be out of the screen. 
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3.4.4 Page Structure 
 
The web application will consist of six pages with different functions. Detailed 
explanations as follows: 

1. Login page, where users access the user mode by filling in their username 
and password. Authentication will be performed to allow registered users 
only. 
 

2. Register page, where users can create a new account. 
 

3. Dashboard page, the first page shows up at visiting the webpage, which 
shows the most used KPIs by all users. 
 

4. Client page, where users can upload documents (e.g. datasets, textual 
reports) for analysis 
 

5. Risk analysis page, where uses can select different risk models for 
forecasting and risk management. 
 

6. Profile page, where users can edit their personal information and page 
settings. 
 

3.4.5 Hosting 
 
We plan to host the website on cloud hosting platforms, to provide better 
scalability and reliability. If needed, we will consider upgrading to a paid plan 
for cloud hosting services. 
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3.5. Backend Infrastructure Implementation 

3.5.1 Features 
 
The backend system will provide users authentication such as checking 
username and password during login and ensure the newly created credentials 
matches the system requirement during registration. All data access requests 
will be made to the backend through HTTP requests. 

 

3.5.2 Database 
 
Our project will use MySQL as the database for high performance. It is also 
easy to link with web applications. The database will be hosted on Oracle 
Cloud, which can further enhance the security of the database. 
 
There are three main tables in our database: 

1. Ranking: After we predict the score of each company, our project will 
rank them according to sectors. This table consists of the sector, company 
name, predicted score and rank by sector and in overall. 
 

2. Report Data: When users upload their documents for analysis, our system 
will store the data into this table. This table consists of document (i.e. 
PDF) name, company, and text sentence group by the 3 sectors: 
Environmental, Social and Governance. 
 

3. Users: This tables stores the credentials by each user and will be used for 
authentication. Newly registered users will also have their information 
added into this table. This tables consists of an auto incremental ID field 
which is unique for each user, a username as well as the password field. 
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4. Schedule and Milestones 
 

Period  Milestones 

Oct 2024 Literature review for ESG scoring methodologies 
Collect ESG reports and preprocess the data 
Deliverables of Phase 1 

• Project plan 
• Project website 

Nov 2024 Study commonly used ESG scoring models 
Development of the web application and database 

• Preliminary GUI design and construction 
• Design the dashboards for ranking visualization 

Dec 2024 Model training and tuning 
Study risk modelling techniques 

Jan 2025 Deliverables of Phase 2 
• Demo application 
• Interim report 

Feb – Mar 2025 Integrate the risk modelling techniques 
Optimization and Testing 

Apr 2025 Deliverables of Phase 3 
• Finalized implementation 
• Final report 

 

Table 1. Schedule and Milestones 
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