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Syllabus
Week    Date    Subject/Topics

1 2024/09/11 Introduction Sustainability and ESG Data Analytics

2 2024/09/18 Environmental, Social, and Governance (ESG) in 
                          Net-Zero Digital Transformation

3 2024/09/25 Data Science for Sustainability and ESG

4 2024/10/02 (Class Canceled due to Typhoon)

5 2024/10/09 (Self-Learning) Web 3.0 and Big Data Analysis in Fintech, 
Green and Sustainable Finance

6 2024/10/16 Case Study on Sustainability and ESG Data Analytics I
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Syllabus
Week    Date    Subject/Topics

7 2024/10/23 (Self-Learning) Task Force on Climate-Related Financial
                           Disclosures (TCFD) and En-Roads Interactive; 
                           ESG Data Gathering, Analysis, and Visualization

8 2024/10/30 (Self-Learning)

9 2024/11/06 Self-Learning

10 2024/11/13 Midterm Project Report

11 2024/11/20 ESG Data Reporting; Corporate Sustainability Reports; 
                            ESG Data Verification

12 2024/11/27 Case Study on Sustainability and ESG Data Analytics II
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Syllabus
Week    Date    Subject/Topics

13 2024/12/04 Artificial Intelligence of things (AIoT) in 
                            ESG and Sustainability Applications

14 2024/12/11 Generative AI for ESG Rating and Reporting Generation

15 2024/12/18 Final Project Report I

16 2024/12/25 Final Project Report II
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Generative AI for ESG Rating 
and Reporting Generation
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Outline
• Generative AI
• ESG Rating 
• ESG Reporting Generation
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Sherry Madera (2024), 
Navigating Sustainability Data: How Organizations can use ESG 

Data to Secure Their Future, Kogan Page

7Source: https://www.amazon.com/Navigating-Sustainability-Data-Organizations-Secure/dp/1398612243/

https://www.amazon.com/Navigating-Sustainability-Data-Organizations-Secure/dp/1398612243/


Generative AI-Driven 
ESG Report 

Generation Technology
Industrial Technology Research Institute (ITRI), 

Fintech and Green Finance Center (FGFC, NTPU), 
NTPU-113A513E01, 2024/03/01~2024/12/31
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Generative AI
Powering 

Digital Sustainability 
Transformation
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Generative AI
(Gen AI)

AI Generated Content 
(AIGC)
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Generative AI (Gen AI)
AI Generated Content (AIGC)

11Source: Yihan Cao, Siyu Li, Yixin Liu, Zhiling Yan, Yutong Dai, Philip S. Yu, and Lichao Sun (2023). "A Comprehensive Survey of AI-Generated Content (AIGC): A History of Generative AI from GAN to ChatGPT." 
arXiv preprint arXiv:2303.04226.
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AI, ML, DL, Generative AI

Source: Jeong, Cheonsu. "A Study on the Implementation of Generative AI Services Using an Enterprise Data-Based LLM Application Architecture." arXiv preprint arXiv:2309.01105 (2023).



Feature Generative AI Traditional AI

Output type New content Classification/Prediction

Creativity High Low

Interactivity Usually more natural Limited
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Comparison of Generative AI 
and Traditional AI



Generative AI

• Generative AI: The Art of Creation
• Definition: AI systems capable of creating new content
• Characteristics: Creativity, interactivity
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Generative AI and 
Large Language Models 

(LLMs):
     Popular Generative AI 

Applications
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Generative AI
Large Language Models 

(LLMs)
Foundation Models 
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NVIDIA Developer Program

NVIDIA 
Deep Learning Institute (DLI)

17

https://developer.nvidia.com/join-nvidia-developer-program

https://learn.nvidia.com/

https://developer.nvidia.com/join-nvidia-developer-program
https://learn.nvidia.com/


Join the 
NVIDIA 

Developer 
Program
 take one of the 
complimentary 
technical self-
paced courses

(worth up to $90)

18https://developer.nvidia.com/join-nvidia-developer-program

https://developer.nvidia.com/join-nvidia-developer-program


NVIDIA Deep Learning Institute (DLI)

19https://www.nvidia.com/en-us/learn/learning-path/generative-ai-llm/

Instructor-Led Workshop

Fundamentals of Deep 
Learning

Certificate available
$500
8 hours

Self-Paced Course

Getting Started With Deep 
Learning

Certificate available
$90
8 hours

Self-Paced Course

Generative AI Explained

Free
2 hours

Instructor-Led Workshop

Generative AI with 
Diffusion Models

Certificate available
$500
8 hours

Self-Paced Course

Building RAG Agents With 
LLMs

Certificate available
Free
8 hours

Instructor-Led Workshop

Building RAG Agents With 
LLMs

Certificate available
$500
8 hours

Self-Paced Course

Generative AI with 
Diffusion Models

Certificate available
$90
8 hours

Self-Paced Course

Introduction to Transformer-
Based Natural Language 
Processing

Certificate available
$30
6 hours

https://learn.nvidia.com/en-us/training/self-paced-courses


NVIDIA Deep Learning Institute (DLI)

20https://learn.nvidia.com/en-us/training/find-training?q=Generative+AI

Generative AI 

https://learn.nvidia.com/my-learning


Generative AI Explained

21https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-15+V1

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-15+V1


Introduction to Transformer-Based 
Natural Language Processing

22https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-08+V1

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-08+V1


Building RAG Agents with LLMs

23https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-15+V1

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-15+V1


Generative AI with Diffusion Models

24https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1

https://learn.nvidia.com/courses/course-detail?course_id=course-v1:DLI+S-FX-14+V1


Join the NVIDIA Developer Program
take one of the complimentary technical self-paced courses (worth up to $90)

25https://developer.nvidia.com/join-nvidia-developer-program

https://developer.nvidia.com/join-nvidia-developer-program


Transformer Models

26Source: Lewis Tunstall, Leandro von Werra, and Thomas Wolf (2022), Natural Language Processing with Transformers:  Building Language Applications with Hugging Face,  O'Reilly Media.
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The Development of LM-based Dialogue Systems
1) Early Stage (1966 - 2015) 

2) The Independent Development of TOD and ODD (2015 - 2019)
3) Fusions of Dialogue Systems (2019 - 2022)

4) LLM-based DS (2022 - Now)

Source: Wang, Hongru, Lingzhi Wang, Yiming Du, Liang Chen, Jingyan Zhou, Yufei Wang, and Kam-Fai Wong. "A Survey of the Evolution of Language Model-Based Dialogue Systems." arXiv preprint arXiv:2311.16789 (2023).

Task-oriented DS (TOD), Open-domain DS (ODD)
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Major GenAI LLMs Research Milestones 
(2017-2024)

Source: https://github.com/Hannibal046/Awesome-LLM
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Multimodal Large Language Models (MLLM)

Source: Shukang Yin, Chaoyou Fu, Sirui Zhao, Ke Li, Xing Sun, Tong Xu, and Enhong Chen. (2024) "A survey on multimodal large language models." National Science Review (2024): nwae403.
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Multimodal Large Language Models (MLLM)

Multimodall LLM 
Three types of connectors: 
1. projection-based 
2. query-based
3. fusion-based connectors

Source: Shukang Yin, Chaoyou Fu, Sirui Zhao, Ke Li, Xing Sun, Tong Xu, and Enhong Chen. (2024) "A survey on multimodal large language models." National Science Review (2024): nwae403.
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Multimodal Large Language Model (MLLM) 
for Vision Question Answering

Source: Jiayi Kuang, Jingyou Xie, Haohao Luo, Ronghao Li, Zhe Xu, Xianfeng Cheng, Yinghui Li, Xika Lin, and Ying Shen. (2024) "Natural Language Understanding and Inference with MLLM in Visual Question Answering: A Survey." arXiv preprint arXiv:2411.17558.



Multi-task Language Understanding on MMLU
GPT-4, Claude 3.5 Sonnet

32Source: https://paperswithcode.com/sota/multi-task-language-understanding-on-mmlu

Massive Multitask Language Understanding (MMLU)

https://paperswithcode.com/sota/multi-task-language-understanding-on-mmlu
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LLM Capabilities

Source: Minaee, Shervin, Tomas Mikolov, Narjes Nikzad, Meysam Chenaghlu, Richard Socher, Xavier Amatriain, and Jianfeng Gao. (2024) "Large language models: A survey." arXiv preprint arXiv:2402.06196 (2024).



LLM-powered Multimodal Agents
Large Multimodal Agents (LMAs)

34Source: Xie, Junlin, Zhihong Chen, Ruifei Zhang, Xiang Wan, and Guanbin Li. "Large Multimodal Agents: A Survey." arXiv preprint arXiv:2402.15116 (2024).

2022 2023 2024



Four Paradigms in NLP (LM)

35Source: Pengfei Liu, Weizhe Yuan, Jinlan Fu, Zhengbao Jiang, Hiroaki Hayashi, and Graham Neubig. (2023) "Pre-train, prompt, and predict: A systematic survey of prompting methods in natural language processing." ACM Computing Surveys 55, no. 9 (2023): 1-35.

GAI: Pre-train, Prompt, and Predict (Prompting)

Transfer Learning: Pre-training, Fine-Tuning (FT)
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Large Language Models (LLM)
Three typical learning paradigms

Source: Shukang Yin, Chaoyou Fu, Sirui Zhao, Ke Li, Xing Sun, Tong Xu, and Enhong Chen. (2024) "A survey on multimodal large language models." National Science Review (2024): nwae403.



Popular Generative AI
• OpenAI ChatGPT (GPT-o1, GPT-4o, GPT-4)
• Claude.ai (Claude 3.5)
• Google Gemini
• Meta Llama 3.3, Llama 3.2 Vision
• Mixtral Pixtral (mistral.ai)
• Chat.LMSys.org (lmarena.ai)
• Perplexity.ai
• Stable Diffusion
• Video: D-ID, Synthesia
• Audio: Speechify
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LMSYS Chatbot Arena Leaderboard

38https://lmarena.ai/

Claude 3.5

GPT-4o 

https://lmarena.ai/


Claude 3.5 Sonnet State-of-the-art vision

39Source: https://www.anthropic.com/news/3-5-models-and-computer-use

https://www.anthropic.com/news/3-5-models-and-computer-use


Llama 3.2 90B  vision LLMs 

40Source: https://ai.meta.com/blog/llama-3-2-connect-2024-vision-edge-mobile-devices/

https://ai.meta.com/blog/llama-3-2-connect-2024-vision-edge-mobile-devices/


Llama 3.3 70B instruction-tuned

41https://www.llama.com/

https://www.llama.com/


Mistral Pixtral Large (124B)
Frontier-class multimodal performance

42Source: https://mistral.ai/news/pixtral-large/

https://mistral.ai/news/pixtral-large/


Mistral Pixtral 12B

43Source: Agrawal, Pravesh, Szymon Antoniak, Emma Bou Hanna, Baptiste Bout, Devendra Chaplot, Jessica Chudnovsky, Diogo Costa et al. (2024) "Pixtral 12B." arXiv preprint arXiv:2410.07073.



Large Language Models (LLMs)
Artificial Analysis Quality Index

44Source: https://artificialanalysis.ai/

https://artificialanalysis.ai/


Large Language Models (LLMs)
Quality vs. Price

45Source: https://artificialanalysis.ai/

https://artificialanalysis.ai/


Chat 
with 
Open 
Large 

Language 
Models:
Chatbot 
Arena

46https://lmarena.ai/

Large Language Models for Data Science

llama 3.2 claude 3.5 sonnet

https://lmarena.ai/


Perplexity.ai

47https://www.perplexity.ai/

https://www.perplexity.ai/


48Source: Yihan Cao, Siyu Li, Yixin Liu, Zhiling Yan, Yutong Dai, Philip S. Yu, and Lichao Sun (2023). "A Comprehensive Survey of AI-Generated Content (AIGC): A History of Generative AI from GAN to ChatGPT." 
arXiv preprint arXiv:2303.04226.

Generative AI (Gen AI)
AI Generated Content (AIGC)

Image Generation



Generative AI (Gen AI)
AI Generated Content (AIGC)

49Source: Yihan Cao, Siyu Li, Yixin Liu, Zhiling Yan, Yutong Dai, Philip S. Yu, and Lichao Sun (2023). "A Comprehensive Survey of AI-Generated Content (AIGC): A History of Generative AI from GAN to ChatGPT." 
arXiv preprint arXiv:2303.04226.



The history of Generative AI 
in CV, NLP and VL

50Source: Yihan Cao, Siyu Li, Yixin Liu, Zhiling Yan, Yutong Dai, Philip S. Yu, and Lichao Sun (2023). "A Comprehensive Survey of AI-Generated Content (AIGC): A History of Generative AI from GAN to ChatGPT." 
arXiv preprint arXiv:2303.04226.



Generative AI 
Foundation Models 

51Source: Yihan Cao, Siyu Li, Yixin Liu, Zhiling Yan, Yutong Dai, Philip S. Yu, and Lichao Sun (2023). "A Comprehensive Survey of AI-Generated Content (AIGC): A History of Generative AI from GAN to ChatGPT." 
arXiv preprint arXiv:2303.04226.



Categories of Vision Generative Models

52Source: Yihan Cao, Siyu Li, Yixin Liu, Zhiling Yan, Yutong Dai, Philip S. Yu, and Lichao Sun (2023). "A Comprehensive Survey of AI-Generated Content (AIGC): A History of Generative AI from GAN to ChatGPT." 
arXiv preprint arXiv:2303.04226.



The General Structure of 
Generative Vision Language

53Source: Yihan Cao, Siyu Li, Yixin Liu, Zhiling Yan, Yutong Dai, Philip S. Yu, and Lichao Sun (2023). "A Comprehensive Survey of AI-Generated Content (AIGC): A History of Generative AI from GAN to ChatGPT." 
arXiv preprint arXiv:2303.04226.
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Framework for Implementing Generative AI 
Services using RAG Model

Source: Jeong, Cheonsu. "A Study on the Implementation of Generative AI Services Using an Enterprise Data-Based LLM Application Architecture." arXiv preprint arXiv:2309.01105 (2023).
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Native RAG, Advanced RAG, Agentic RAG

Source: Jun Xu (2024). "GenAI and LLM for Financial Institutions: A Corporate Strategic Survey." Available at SSRN 4988118.
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Modular + Agentic RAG

Source: Jun Xu (2024). "GenAI and LLM for Financial Institutions: A Corporate Strategic Survey." Available at SSRN 4988118.
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LLM Prompt, RAG, Agent, Fine tuning

Source: Jun Xu (2024). "GenAI and LLM for Financial Institutions: A Corporate Strategic Survey." Available at SSRN 4988118.
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LLM Decision Path for Suitable Techniques 

Source: Jun Xu (2024). "GenAI and LLM for Financial Institutions: A Corporate Strategic Survey." Available at SSRN 4988118.
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LLM Stack

Source: Jun Xu (2024). "GenAI and LLM for Financial Institutions: A Corporate Strategic Survey." Available at SSRN 4988118.
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LLM Functionalities

Source: Jun Xu (2024). "GenAI and LLM for Financial Institutions: A Corporate Strategic Survey." Available at SSRN 4988118.
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Factuality Enhancement of 
Large Language Models (LLMs)

Source: Wang, Cunxiang, Xiaoze Liu, Yuanhao Yue, Xiangru Tang, Tianhang Zhang, Cheng Jiayang, Yunzhi Yao et al. "Survey on factuality in large language models: Knowledge, retrieval and domain-specificity." 
arXiv preprint arXiv:2310.07521 (2023).



Large Language Model (LLM) based Agents

62Source: Xi, Z., Chen, W., Guo, X., He, W., Ding, Y., Hong, B., ... & Gui, T. (2023). The rise and potential of large language model based agents: A survey. arXiv preprint arXiv:2309.07864.



LLM-based Agents

63Source: Cheng, Yuheng, Ceyao Zhang, Zhengwen Zhang, Xiangrui Meng, Sirui Hong, Wenhao Li, Zihao Wang et al. "Exploring large language model based intelligent agents: Definitions, methods, and prospects." arXiv preprint arXiv:2401.03428 (2024).



Large Multimodal Agents (LMA) 

64Source: Xie, J., Chen, Z., Zhang, R., Wan, X., & Li, G. (2024). Large Multimodal Agents: A Survey. ArXiv, abs/2402.15116.



Large Multimodal Agents (LMA) 

65Source: Xie, J., Chen, Z., Zhang, R., Wan, X., & Li, G. (2024). Large Multimodal Agents: A Survey. ArXiv, abs/2402.15116.
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Large Language Models for Financial Applications

Source: Yuqi Nie, Yaxuan Kong, Xiaowen Dong, John M. Mulvey, H. Vincent Poor, Qingsong Wen, and Stefan Zohren (2024). 
"A Survey of Large Language Models for Financial Applications: Progress, Prospects and Challenges." arXiv preprint arXiv:2406.11903.
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Financial Large Language Models (Fin LLMs)

Source: Yuqi Nie, Yaxuan Kong, Xiaowen Dong, John M. Mulvey, H. Vincent Poor, Qingsong Wen, and Stefan Zohren (2024). 
"A Survey of Large Language Models for Financial Applications: Progress, Prospects and Challenges." arXiv preprint arXiv:2406.11903.
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Financial Reasoning Tasks

Source: Yuqi Nie, Yaxuan Kong, Xiaowen Dong, John M. Mulvey, H. Vincent Poor, Qingsong Wen, and Stefan Zohren (2024). 
"A Survey of Large Language Models for Financial Applications: Progress, Prospects and Challenges." arXiv preprint arXiv:2406.11903.
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Financial LLM Agent

Source: Yuqi Nie, Yaxuan Kong, Xiaowen Dong, John M. Mulvey, H. Vincent Poor, Qingsong Wen, and Stefan Zohren (2024). 
"A Survey of Large Language Models for Financial Applications: Progress, Prospects and Challenges." arXiv preprint arXiv:2406.11903.



Digital Sustainability 
Transformation

ESG Data Analytics
70



ESG:

Environmental

Social
Governance

71



CSR:
Corporate
Social
Responsibility

72



Evolution of Sustainable Finance Research

73
Source: Kumar, S., Sharma, D., Rao, S., Lim, W. M., & Mangla, S. K. (2022). Past, present, and future of sustainable finance: 

Insights from big data analytics through machine learning of scholarly research. Annals of Operations Research, 1-44.

1986 1995 2005 2015 2020

Topic

Socially Responsible Investing
Ethical Investing
Green Financing

Carbon Financing
Climate Financing

Conscious Capitalism
CSR: Corporate Social Responsibility 

ESG: Environmental, Social, and Governance

Impact Investing
Innovative Financial Instrument

SDGsSDGs: 
Sustainable Development Goals



Sustainable Development Goals (SDGs)

74Source: https://sdgs.un.org/goals

https://sdgs.un.org/goals


Sustainable Development Goals (SDGs) 
and 5P

75Source: Folke, Carl, Reinette Biggs, Albert V. Norström, Belinda Reyers, and Johan Rockström. "Social-ecological resilience and biosphere-based sustainability science.”Ecology and Society 21, no. 3 (2016).

Planet

People

Prosperity

Peace

Partnership



ESG to 17 SDGs

76Source: Henrik Skaug Sætra (2021) "A Framework for Evaluating and Disclosing the ESG Related Impacts of AI with the SDGs." Sustainability 13, no. 15 (2021): 8503.



ESG to 17 SDGs

77Source: https://sustainometric.com/esg-to-sdgs-connected-paths-to-a-sustainable-future/

https://sustainometric.com/esg-to-sdgs-connected-paths-to-a-sustainable-future/


• Ambition
• Aligned to achieving global net 

zero by no later than 2050 & to 
limit warming to 1.5°C

• Governance
• Accountability driven from the top

• Strategy
• Embedded and aligned net zero 

into company strategy
• Enterprise
• Key operating model changes in 

support of transformation

78Source: https://www.pwc.com/us/en/services/esg/library/building-blocks-for-net-zero-transformation.html

Net-Zero Transformation
• Supply chains
• Transformed net zero supply chains

• Innovation
• Developed innovation and 

technologies to deliver net zero
• Finance
• Financing the net zero 

transformation
• Transparency
• Communicating action

• Engagement
• Enhancing the pace and scale of net 

zero action

https://www.pwc.com/us/en/services/esg/library/building-blocks-for-net-zero-transformation.html


79Source: https://www.weforum.org/agenda/2022/07/net-zero-tracker/

Net-Zero Transformation Enablers

https://www.weforum.org/agenda/2022/07/net-zero-tracker/


80Source: https://intelligence.weforum.org/topics/a1G680000004C93EAE

The 
Net Zero 

Transition

https://intelligence.weforum.org/topics/a1G680000004C93EAE


81Source: https://intelligence.weforum.org/topics/a1G0X000006DIDZUA4

The 
Digital 

Transformation 
of Business

https://intelligence.weforum.org/topics/a1G0X000006DIDZUA4


82Source: Reis, João, and Nuno Melão (2023). "Digital transformation: A meta-review and guidelines for future research." Heliyon (2023).

Digital Transformation



Green FinTech Ecosystem

83Source: Lee, Haein, Jang Hyun Kim, and Hae Sun Jung. "Deep-learning-based stock market prediction incorporating ESG sentiment and technical indicators." Scientific Reports 14, no. 1 (2024): 10262.



The EU AI Act Regulatory Framework

84Source: Lee, Haein, Jang Hyun Kim, and Hae Sun Jung. "Deep-learning-based stock market prediction incorporating ESG sentiment and technical indicators." Scientific Reports 14, no. 1 (2024): 10262.
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AI System and ESG World

Source: Xu, Jun. (2024) "AI in ESG for Financial Institutions: An Industrial Survey." arXiv preprint arXiv:2403.05541 (2024).
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AI Solution for Net Zero Model

Source: Xu, Jun. (2024) "AI in ESG for Financial Institutions: An Industrial Survey." arXiv preprint arXiv:2403.05541 (2024).
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Data Analytics for ESG Ranking & Scoring

Source: Xu, Jun. (2024) "AI in ESG for Financial Institutions: An Industrial Survey." arXiv preprint arXiv:2403.05541 (2024).
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Traditional and AI-Power ESG Rating

Source: Xu, Jun. (2024) "AI in ESG for Financial Institutions: An Industrial Survey." arXiv preprint arXiv:2403.05541 (2024).
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ESG Data Providers

Source: Xu, Jun. (2024) "AI in ESG for Financial Institutions: An Industrial Survey." arXiv preprint arXiv:2403.05541 (2024).
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ESG Data Providers

Source: Xu, Jun. (2024) "AI in ESG for Financial Institutions: An Industrial Survey." arXiv preprint arXiv:2403.05541 (2024).
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ESGReveal:
LLM for Data Analytics from ESG Reports

Source: Yi Zou,Mengying Shi, Zhongjie Chen, Zhu Deng, ZongXiong Lei, Zihan Zeng, Shiming Yang, HongXiang Tong, Lei Xiao, and Wenwen Zhou. (2023) 
"ESGReveal: An LLM-based approach for extracting structured data from ESG reports." arXiv preprint arXiv:2312.17264.
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Structure of ESG Metadata Module: 
Entities, Extensions, and Expressions

Source: Yi Zou,Mengying Shi, Zhongjie Chen, Zhu Deng, ZongXiong Lei, Zihan Zeng, Shiming Yang, HongXiang Tong, Lei Xiao, and Wenwen Zhou. (2023) 
"ESGReveal: An LLM-based approach for extracting structured data from ESG reports." arXiv preprint arXiv:2312.17264.
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Information Extraction: 
Unstructured to Structured for ESG Reports

Source: Zounachuan Sun, Ranjan Satapathy, Daixue Guo, Bo Li, Xinyuan Liu, Yangchen Zhang, Cheng-ann Tan, Ricardo Shirota Filho, and Rick Siow Mong GOH. (2024) ”
Information Extraction: Unstructured to Structured for ESG Reports." 2024 IEEE International Conference on Data Mining Workshops (ICDMW)
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SGX Suggested ESG Metrics

Source: Zounachuan Sun, Ranjan Satapathy, Daixue Guo, Bo Li, Xinyuan Liu, Yangchen Zhang, Cheng-ann Tan, Ricardo Shirota Filho, and Rick Siow Mong GOH. (2024) ”
Information Extraction: Unstructured to Structured for ESG Reports." 2024 IEEE International Conference on Data Mining Workshops (ICDMW)

Environmental Social Governance

Total GHG absolute emissions
GHG Emission intensities
Total energy consumption
Energy intensity consumption
Total water consumption
Water consumption intensity
Total waste generated

Current employees by gender
New hires by gender
Turnover by gender
Current employees by age groups
New hires by age groups
Turnover by age groups
Total turnover
Total number of employees
Average training hours per employee
Average training hours per employee 
by gender
Fatalities
High-consequence injuries
Recordable injuries
Recordable work-related ill health 
cases

Board independence
Women on the board
Women in the management team
Anti-corruption disclosures
Anti-corruption training for 
employees
List of relevant certifications
Alignment with frameworks and 
disclosure practices
Assurance of sustainability report



ESG Challenges and Opportunities

95

•Challenges
• Fragmented and unstructured ESG data.
• Lack of standardization and transparency.
• Timeliness of data availability.

•Opportunities
• Rising demand for actionable ESG insights.
• Innovation in sustainable solutions and policies.
•Generative AI as a tool for transformation.



Sustainability and ESG Data Analytics

96



Generative AI for ESG Data Analytics

97

•Data Integration and Enrichment:
• Synthesizing structured and unstructured ESG data.

•Automated Reporting and Insight Generation:
• Tailored ESG reports and insights for stakeholders.

•Scenario Modeling and Forecasting:
• Simulating potential risks and opportunities.

•Addressing Bias and Ensuring Accountability:
• Transparent, fair, and ethical AI deployment.



Generative AI and LLMs for Sustainability and 
ESG Data Analytics

98



Sustainability Innovation 
with Generative AI

99

•Sustainable Product Design:
• Eco-friendly designs minimizing waste and energy.

•Policy Formulation and Implementation:
•AI-driven simulations for effective policies.

•Stakeholder Engagement and Awareness:
• Communicating ESG strategies with compelling AI-driven 

visuals.



Generative AI for ESG Rating and Reporting 
Generation

100



Mapping the ESG Standards Landscape
• The most prevalent ESG reporting frameworks
• GRI (Global Report Initiative)

• CDP (Carbon Disclosure Project)
• SASB (Sustainability Accounting Standards Board

• ISSB (International Sustainability Standards Board)
• TCFD (Task Force on Climate-related Financial Disclosures

• How companies choose

•Materiality, industry-specific standards, investor alignment
101



GRI (Global Report Initiative)

102https://www.globalreporting.org/

https://www.globalreporting.org/


CDP (Carbon Disclosure Project)

103https://www.cdp.net/

https://www.cdp.net/


SASB (Sustainability Accounting Standards Board)

104https://sasb.org/

https://sasb.org/


ISSB (International Sustainability Standards Board)

105https://www.ifrs.org/groups/international-sustainability-standards-board/

https://www.ifrs.org/groups/international-sustainability-standards-board/


TCFD 
(Task Force on Climate-related Financial Disclosures)

106https://www.fsb-tcfd.org/

https://www.ifrs.org/sustainability/tcfd/

https://www.fsb-tcfd.org/
https://www.ifrs.org/sustainability/tcfd/


Sustainable Productivity:
Finance ESG

107Source: Huang, Ziqi, Yang Shen, Jiayi Li, Marcel Fey, and Christian Brecher (2021). "A survey on AI-driven digital twins in Industry 4.0: Smart manufacturing and advanced robotics." Sensors 21, no. 19: 6340.



Sustainable Resilient Manufacturing
ESG

108Source: Huang, Ziqi, Yang Shen, Jiayi Li, Marcel Fey, and Christian Brecher (2021). "A survey on AI-driven digital twins in Industry 4.0: Smart manufacturing and advanced robotics." Sensors 21, no. 19: 6340.



ESG Indexes

•MSCI ESG Index
•Dow Jones Sustainability Indices (DJSI)
•FTSE ESG Index
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MSCI ESG Rating Framework

110Source: https://www.msci.com/documents/1296102/21901542/ESG-Ratings-Methodology-Exec-Summary.pdf



MSCI ESG Key Issue Hierarchy

111Source: https://www.msci.com/documents/1296102/21901542/ESG-Ratings-Methodology-Exec-Summary.pdf



MSCI Governance Model Structure

112Source: https://www.msci.com/documents/1296102/21901542/ESG-Ratings-Methodology-Exec-Summary.pdf



MSCI Hierarchy of ESG Scores

113Source: https://www.msci.com/documents/1296102/21901542/ESG-Ratings-Methodology-Exec-Summary.pdf



DJSI S&P Global ESG Score

114Source: DJSI, S&P Global Corporate Sustainability Assessment (CSA), https://www.spglobal.com/esg/solutions/data-intelligence-esg-scores



FTSE Russell ESG Ratings

115Source: https://www.ftserussell.com/data/sustainability-and-esg-data/esg-ratings



Sustainalytics 
ESG Risk Ratings

116Source: https://www.sustainalytics.com/esg-data

Sustainalytics’ ESG Risk Ratings measure a company’s 
exposure to industry-specific material ESG risks and 
how well a company is managing those risks.

Analyst-based 
approach



Truvalue 
ESG Ranks

• Truvalue Labs applies AI to analyze over 100,000 sources and uncover 
ESG risks and opportunities hidden in unstructured text. 

• The ESG Ranks data service produces an overall company rank based on 
industry percentile leveraging the 26 ESG categories defined by the 
Sustainability Accounting Standards Board (SASB).  

• The data feed covers 20,000+ companies with more than 13 years of 
history. 

117Source: :https://developer.truvaluelabs.com/data/esg-ranks

TruValue Labs

Machine-based 
approach



Analyst-driven vs. AI-driven ESG

118Source: Mark Tulay (2020), Man vs. machine: A tale of two sustainability ratings systems, GreenBiz, 
https://www.greenbiz.com/article/man-vs-machine-tale-two-sustainability-ratings-systems

Sustainalytics

Truvalue Labs



Analyst based 
ESG Research

AI based 
ESG Research

119Source: https://www.esganalytics.io/insights/how-data-is-accelerating-esg



ESG Analytics: NLP Taxonomy

120Source: https://www.esganalytics.io/insights/how-data-is-accelerating-esg



Top 
ESG Reporting 

Software

121Source: https://www.softwarereviews.com/categories/environmental-social-and-governance-reporting

Environmental, Social and 
Governance (ESG) Reporting 
software or Sustainability 
software helps organizations 
manage their operational 
data, evaluate their impact on 
the environment and provide 
reporting to perform audits.



Future Directions
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• Integrating blockchain, IoT, and digital twins.
•Democratizing AI tools for all stakeholders.
•Promoting collaboration among experts and 

communities.



Conclusion
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•Generative AI is transforming ESG analytics and 
sustainability innovation.
•Collaboration among researchers, policymakers, and 

innovators is key.
•Generative AI to build a sustainable future.



Summary
• Generative AI
• ESG Rating 
• ESG Reporting Generation
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