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Outline 9
1. 5K EEAIE A 2B (Introduction to Sustainable Al)
2. AIEEEREEENER

(Al in Smart Energy Management)

3. AHE SR (xS B HIRIE B AR FE F

(Al in Climate Change and Environmental Monitoring)

4. AMERIREZ R FE ARG

(Al in the Circular Economy)

5. ALK B TS /1ML R SELTE P M AR B

(Sustainable Al Project Team Discussion and Application Design)
6. Zrn & 515@ (Open Discussion)
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Sherry Madera (2024),
Navigating Sustainability Data: How Organizations can use ESG
Data to Secure Their Future, Kogan Page
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How organizations < Ni
can use ESG data to
secure their future

https://www.amazon.com/Navigating-Sustainability-Data-Organizations-Secure/dp/139861224 3/
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Innovative Agentic Al
Technology for
Autonomous ESG Report
Generation

Industrial Technology Research Institute (ITRI),
Fintech and Green Finance Center (FGFC, NTPU),
NTPU-114A513E01, 2025/03/01~2025/12/31
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Generative Al-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 Al, Agentic Al, Physical Al

Perception Al

Speech recognition

Deep recommender systems
2012 AlexNet === Medical imaging

Deep learning breakthrough

Generative Al

Digital marketing
Content creation

/

f

Physical Al

Self-driving cars
General robotics

Agentic Al

Coding assistants
Customer service
Patient care

d

y 4
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Al, ML, DL, Generative Al

ML

DL

Al

GAl

ASR/
NLP

Artificial Intelligence

Machine Learning

Automatic Speech Recognition,

Natural Language Processing

Generative Al

15



Generative Al

Computing

Generative Al

Data Algorithms



From Generative Al to Agentic Al

Generative Al
Prompt
ee 9 e /
QO XXX X o’@
90 CX o ® 6 /’é p %
> €85 (o) Reinforcement Learnin
P S5 &
" 1 Output Input
romp Promp‘t Tools’ Memory State Reward
Reasoning ° ’ ’ e X X N J 512512 =
(Planning, WS X EE X XXX : §[_h= T
Reflection) é : : : : > é : :: : > ﬂﬁ An
® e o 2 %
e.g. ain-of-thought oS -
Stflf‘-l(‘{::ﬁne T, Action
Output Outp ut e.g., Toolformer, RAG
Agentic Al
Input
@ Tools, Memory State, Reward
(¥ Reasoning 2229 sizz| [=
o (Planning, XXX = |§= i
Definition Reflection) o (=D B
(Profile, Goals, — 6o '
Constraints) “ETonTe - -
Action
Output
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Four Paradigms in NLP (LM)

Paradigm Engineering Task Relation
CLS TAG
a. Fully Supervised Learning ieatli;zr didentitv. part-of-soeech H
(Non-Neural Network) & P P ’
sentence length)
| |GEN
CLS TAG
b. Fully Supervised Learning Architecture , 0 w [
N | Network (e.g. convolutional, recurrent,
(Neural Network) sell-allenlional)
| |GEN
Transfer Learning: Pre-training, Fine-Tuning (FT) CLS TAG
Objective . .M &
c. Pre-train, Fine-tune (e.g. masked language modeling, next N1
sentence prediction) l
-1 GEN
GAI: Pre-train, Prompt, and Predict (Prompting) CLS TAG
S
N

d. Pre-train, Prompt, Predict

Prompt (e.g. cloze, prefix)

1

— ~GEN

18



Comparison of Generative Al and Traditional Al
Feature Generative Al Traditional Al

Output type New content Classification/Prediction
Creativity  High Low

Interactivity Usually more natural Limited

19



Multimodal Large Language Models (MLLM)

________________ et
Image Text
: A [\
. Text é — > —>
Audio I
"”'""i L LLM -|||||-|-
. Video : E :.i
@ —> ZA::;:Z): Connector . Generator @
Aol . o
: 1] .
4 - 1 ~
. || i o
Multimodall LLM | HE NN | L
Three types of connectors: | ' — @il | « 4 | MH-Attn
. : — A | AQ AK AV
1. projection-based | 1 HE Q-Former | A—“
B MLP o | | | >
2. query-based o 1 I v X B
3. fusion-based connectors [ ) (Ml E s L ) :
| S C
I Learnable queries | o .
. I I J

20



COICTEN]

buipugjsiapun

gleq

Multimodal Large Language Model (MLLM) G

CE T

for Vision Question Answering

-@' Conventional Deep Learning Q‘?’ Multimodal Large Language Model

[ [

: : [ 1
g ! . . 1

: Conventional One-hop Multi-hop 1 : Chain-of-thought LLM-aided & Multi-agent 1
1 1

: I : [ Action ] [ Memory ] :
1 [ SPARQL queries SPARQL, Memory, P Think Step by step i
: Dense Passage Graph, 1 : Step 1: Think xxxx : 1
. - 1

I [ e Retrieval (DPR), Implicit, ... : I Step 2: Consider LLM Control Center -
: ...... il XXXXX 1
[ 1

I : B ([ a s I
I ) " i Step n: Check xxxx A I
: Entlty-based Extraction Feature—based Extraction |,: Agent Agent Bent !
1 1

Q Conventional Deep Learning @M ultimodal Large Language Model

- 1, 1
I L 1
1 1 1
: Deep learning GNN-based Transformer : : Instruction p In-context :
. . rompt > ;
: Concat ] ( Add & Norm | . tuning Learning |
* 1, ¢ 1
: T T [ Feed Forward ] 1, ¢ 1
] t 1 1 1
LSTM H LSTM i & ) -
' f (_addanom J—ii @ uM & gl . | [
1 1 1 = 1
I [ Concat [ Multi-head self-att ] : 1 :
[ | 1
! ! EE—— A 3 - : Image-Text Alignment :
i o i = e e " 1y 1
. 1 1
; 1, 1
I I 1

Image Encoder Text Query

What is the person doing? " -l||||-l-

A. Eating. B. Sleeping.

C. Dancing. D. Singing. Video Rudic
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Large Language Models (LLM) G

° ° ° CE T
Three typical learning paradigms
4 p 4 h
A) Pretrain-finetune
(A) > Flntetu:; on I Infetrer:(c: on
« Typically requires many s as
task-specific examples \_ ) \_ Y,
* One specialized model
for each task
N\ 4 )
Pretrained | (B) Prompting ,| Inference on
LM Few-shot prompting / prompt engineering L
/ o J
4 N )
(C) Instruction tuning Instruction-tune on > Inference on
Model learns to perform many tasks: B, C, D, ... unseen task A

many tasks via natural \_ J L )
language instructions
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LMArena Leaderboard

Rank (UB) ~ Model 1 Score 1
1 G gemini-2.5-pro 1455
1 A\ claude-opus-4-1-20250805-thinking-16k 1451
2 © 03-2025-04-16 1444
2 @ gpt-5-high 1442
2 @ chatgpt-4o0-latest-20250326 1441
3 @ gpt-4.5-preview-2025-02-27 1439
3 A\ claude-opus-4-1-20250805 1438
5 ® gpt-5-chat 1430
6 %% gwen3-max-preview 1428
8 N grok-4-0709 1422

https://Imarena.ai/

95% Cl (%) 1

x5

Votes 1l

41,731

11,750

43,898

15,076

36,426

15,271

18,341

11,808

8,781

21,446

Organization 7l

Google

Anthropic

OpenAl

OpenAl

OpenAl

OpenAl

Anthropic

OpenAl

Alibaba

XAl

License 1.

Proprietary

Proprietary

Proprietary

Proprietary

Proprietary

Proprietary

Proprietary

Proprietary

Proprietary

Proprietary
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Q Model

A\

® & & e

)

A\

m m B 2 2

N

239/ 239
claude-opus-4-1-..
gemini-2.5-pro
chatgpt-4o-lates..
gpt-5-high
03-2025-04-16
claude-opus-4-1-..
gpt-4.5-preview-..
gpt-5-chat
gwen3-max-preview
claude-opus-4-20..
deepseek-r1-0528
deepseek-v3.1
deepseek-v3.1-th..
grok-4-0709
kimi-k2-0711-pre..
kimi-k2-0905-pre..
qwen3-235b-a22b-...

glm-4.5

Overall Tl

10

LMArena Leaderboard

Hard Prompts Tl

10

10

Coding Tl

Math Tl

Creative Writing 1.

14

Instruction Following

24

16

https://huggingface.co/spaces/Imarena-ai/lmarena-leaderboard

Longer Query Tl

11

13

22

12

Multi-Turn  T)

10

24
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Artificial Analysis Intelligence Index

Intelligence, Speed, Price

PRICE

USD per 1M Tokens; Lower is better

i

(V] S on

SPEED

Output Tokens per Second; Higher is better

™ 4
&2
~

INTELLIGENCE

Artificial Analysis Intelligence Index; Higher is better

25
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Artificial Analysis Intelligence Index

2022-2025

Frontier Language Model Intelligence, Over Time
Artificial Analysis Intelligence Index v3.0 incorporates 10 evaluations: MMLU-Pro, GPQA Diamond, Humanity's Last Exam, LiveCodeBench, SciCode, AIME 2025, IFBench, AA-

LCR, Terminal-Bench Hard, 7*>-Bench Telecom

@ Alibaba @ Anthropic @ DeepSeek @ Google W LG Al Research @ Meta M Mistral @ Moonshot Al @ OpenAl @ Upstage B xAl B ZAl

Artificial Analysis Intelligence Index

70 -

60 -

50 -

40 -

30 -

20 -

10 -

0_

Nov '22

/\ Artificial Analysis

—
F

I

|

Jan '23

! e —
I N E—
i — ——

g

Mar '23

May '23

Jul '23

Sep '23

Nov '23 Jan '24 Mar '24 May '24 Jul '24 Sep '24 Nov '24 Jan '25 Mar '25 May '25 Jul '25 Sep '25

Release Date

Source: https://artificialanalysis.ai/ 26
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Google Gemma 3 27B

The most capable model you can run on a single GPU or TPU
Chatbot Arena Elo Score

DeepSeek R1 Gemma 3 278’ Deepseek v3 Llama3-4058B Mistral Large Gemma 2 27B

NVIDIA H100 @ ecee -
GPUs required

https://blog.google/technology/developers/gemma-3/
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Google Gemma 3 Multimodality
(vision-language input and text outputs)

Gemma 3 1B (IT)

Gemma 3 4B (IT)

Gemma 3 12B(IT)

Gemma 3 27B (IT)

Shield Gemma 2

English

+140 Languages

+140 Languages

+140 Languages

+140 Languages

https://developers.googleblog.com/en/introducing-gemma3/

Input: Text
Output: Text

Input: Text, Image
Output: Text

Input: Text, Image
Output: Text

Input: Text, Image
Output: Text

Input: Text, Image
Output: Text
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Google Gemma 3: Pre-training and Post-training

(distillation, reinforcement learning, and model merging)

Model Performance vs. Size

na 327BIT

@ DeepSeekV3

ELO Score

Model Size (Billion Parameters)

https://developers.googleblog.com/en/introducing-gemma3
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Google Al Studio (Gemma 3 27B)

Google Al Studio Generative Al: A Comprehensive Over... /  (® EnableAutosave ¢ Compare [/ OpeninKaggle [/ Open in Vertex Al

/7 Run settings

= Get APl key
Generative Al <>

Create Prompt

. X Model
Stream Realtime ,

Generative Al: A Deep Dive

Gemma 3 27B

Starter Apps

Generative Al is one of the most exciting and rapidly evolving fields in artificial intelligence right now. Here's a
* Tune a Model comprehensive overview, covering what it is, how it works, its types, applications, limitations, and future trends:

@, Token count

Library 1,760 /131,072

1. What is Generative Al?

(s Enable chat history

. . . . . - Temperature
Generative Al refers to a category of machine learning models that can create new content - text, images, audio, 6 P

video, code, and more — that resembles the data they were trained on. Unlike traditional Al which analyzes or acts .
on existing data, generative Al produces new data. Think of it as Al that can "imagine" and then manifest those
imaginations.

[0 Prompt Gallery

[za Developer documentation

~ Advanced settings

)4 Developer forum Key Characteristics:

Safety settings
S Changelog (New)

Learns Patterns: Generative Al models learn the underlying patterns and structures within a dataset. Edit safety settings

Generates Novel Content: They use this learned knowledge to create new, original content that wasn't explicitly

present in the training data. Add stop sequence

Gemma models may make mistakes, so
double-check its response. Gemma is Probabilistic: Generation isn't deterministic. The models predict probabilities, leading to variations in output

provided under and subject to the even with the same input.

‘, Add stop...

Gemma Terms of Use. Requires Large Datasets: Effective generative Al typically needs massive amounts of data for training.
Output length

A 1. taAl__lA L AT L M ___\

£ Settings | 8192

@

<

https://aistudio.google.com
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Al Innovations for Net-Zero Transformation

leu“ I mlt

optimization gg m
-~

— Climate dxg‘—t

modelling X

Carbon ' -
markect
Artificial et
Intelligence
Driven
Innovations
~ Sustainable
pPractices
=,

Descloped
B,
ZERO

sart citics
<=
S Policy &
decision
i
o iy .0’0
=, % waste

Source: Olawade, D. B., Wada, O. Z., David-Olawade, A. C., Fapohunda, O., Ige, A. O., & Ling, J. (2024). Artificial intelligence potential for net zero sustainability: Current evidence and prospects. Next Sustainability, 4, 100041.



Al Technology for Net-Zero Energy Transition

=

Block-chain

.

Big data, cloud computing, Al, gquantum computing

= e
= 2

Information Infrastructures

C

-

I=

Energy generation

Source: Ferdaus, M. M., Dam, T., Anavatti, S., & Das, S. (2024). Digital technologies for a net-zero energy future: A comprehensive review. Renewable and Sustainable Energy Reviews, 202, 114681.

distribution

Renewabk;C'.‘% &Bio S gy M sg - 4—_/

Ro ts in
meter
energy Hydro maintenance Industry —
sources Storage
" D T e~ &5 y
DS ooy Energy transmission and s e a—
ome

Energy consumption
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Al for Energy Systems and Agentic Digital Twins

Agentic Digital Twin

* Structuredand R e T T

' -
unstructured data analytics | ! * Human-in-the-Loop
* New relevantfeatures L Context-Aware Decisions
1

Situational awareness
! * Multi-modal processing |

RAG data generation extraction * Scenariogenerations
R it SeosoEsnosE R st oo
1 e =
= Insights
[ Data analytics & Machine Learning ]_ I Inter Agents'
] -
.... conversation
Assets / grid v
& R 5 Knowledge Actions Planning §
1
R ! Optimization, -
—~ ] = 2 Q
% i Data Simulation, =]
o i a
o i Monitoring = Bzl S
Q : Seeey :.:.."; I
loT D : S ‘8 :
° at? t!' eams 8 Actuators Integration
Integration P o i [
I o 1
1 & I
: \ o D 1
| Sensors =t - = - Energy Assets i Y o Actions |
streams aﬂ' & & Smart Grid e Enforcement
o S o E

P = - % N

Source: Antonesi, Gabriel, Tudor Cioara, lonut Anghel, Vasilis Michalakopoulos, Elissaios Sarmas, and Liana Toderean. "From Transformers to Large Language Models: A systematic review of Al applications in the energy sector towards Agentic Digital Twins." arXiv preprint arXiv:2506.06359 (2025).



=

Local Power System Digitalization
Transition to Net-Zero

Expert engineers /—’ Computer scientists .@
ST < E==
Local power systems . T Digitalization ‘\y/; 03

Interview with stakeholders and
develop a framework that illustrates

--- e b - ~ = = -> ey -
Requirements - how dlgftal'lzatlon addresses specific Opportunities
needs within local power systems
Planning ‘ Predictability
=-.,.- Responsiveness
Operation : Interoperability
Engagement with Review the relevant: Automation
StakehOIderS C ] -> l— academic l.eseal.ch ‘ ---a-
A A A 2- indl.lstrial implementations
A 3- projects
§ E i. Asset ™ o
E it Network :
L

Discuss the current challenges in the

------ Low carbon technologics field and propose future directions

------
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ML and DL for Sustainability Applications

DEEP
LEARNING

Convolutional Neural Networks (CNN)

‘”@

MACHINE 5%
TECHNIQUES LEARN I NG \(.?:;»L, 7

Linear Regression  Decision Trees

Deep Reinforcement Learning (DRL) Support Vector Machines (SVM)
Deep Belief Networks (DBN) ENERER eIt NN
Naive Bayes

DenseNet

Deep Residual
Networks (ResNet)

etc...

APPLICATIONS

Random Forest

Demand estimation
Solar and wind power estimation
Predictive Maintenance and Fault Detection

Developing Next-Generation Sustainable Energy
Technologies

Planning Sustainable Energy Infrastructure
Informing Policy

SUSTAINABILITY

@ APPLICATIONS

Source: Javed, Haseeb, Fatma Eid, Shaker El-Sappagh, and Tamer Abuhmed. "Sustainable energy management in the Al era: a comprehensive analysis of ML and DL approaches." Computing 107, no. 6 (2025): 132.



Digital Transformation for Smart Net-Zero Cities

(Technology, People, Data, and Process)

-Smart grids
-Smart HVAC system
-Blockchain for degenderized
transactions
~Autonomous mobility network...

-Al-based smart energy
-Al-driven predictive maint

-Renewable energy
-Energy from Hydrogen
Carbon capture, utilisation and storage
Nature-based solutions
-Clean mode of transportation

- Vl::lr"-kll-jrpcopnn‘ls’

-Blockchain for energy trading

Predictive analysis for traffic
control...

-Al-enabled predictive climate
adaptation
-Digital Twin for predictive analysis
-Al-enabled real-time governance...

- Smart energy system

-Digital twin for planning
-Smart traffic contro

-Smart buildings
-E-bike sharing and scooter

pPrograms...

-High-bandwidth connectivity
through 5G and 6G networks
-Digital twin for cross sectoral
simulations
-Al to control the network traffic...

Electric vehicle

charging infras

~-Self optimising transportation
system
-Digital twin for predictive evolution
-Al-enabled citizens participation
system...

Source: Jouzdani, Farzaneh Mohammadi, Vahid Javidroozi, Hanifa Shah, and Monica Mateo Garcia. "A Systemic Digital Transformation for Smart Net-Zero Cities: A State-of-the-Art Review." J 8, no. 1 (2025): 11.



Elements of a Smart Grid

SCADA Phasor
Measurement,
CRAS, FACTS,

Generation

\

Customer

Advanced Metering,

Demand Response, and

Distributed SOUrcrs

Distribution Automation
Distribution Circuit of the

Source: Biswas, Parag, Abdur Rashid, Abdullah Al Masum, MD Abdullah Al Nasim, ASM Anas Ferdous, Kishor Datta Gupta, and Angona Biswas. 38
"An extensive and methodical review of smart grids for sustainable energy management-addressing challenges with ai, renewable energy integration and leading-edge technologies." IEEE Access (2025).



Al in Decentralized Intelligent Power Grids

Distributed Generation

4 N
w Nuclear

Industrial
Power Plant

-’ A7

Power Plant |-

Components

Distribution and Management

Grid Operation

=y ¥ )

Market

Operator
\Forecaster

!J&k

\Solar Panel Wind Turbine

Distributed Energy Resources

Substations

Distribution/Transmission Network

\‘/ EV ESS

Smart Consumption

Electrical flow —
Charging/Discharging ===
Information flow

Forecaster

Home R :
Meter / /Building HEM
E_E:é\ Solar = System
\ Panel

Customer Network

Source: Biswas, Parag, Abdur Rashid, Abdullah Al Masum, MD Abdullah Al Nasim, ASM Anas Ferdous, Kishor Datta Gupta, and Angona Biswas.
"An extensive and methodical review of smart grids for sustainable energy management-addressing challenges with ai, renewable energy integration and leading-edge technologies." IEEE Access (2025).




Al in Decentralized Intelligent Power Grids
Applications

Distributed Generation

\

Distribution and Management

e

Distributed Distributed Smart \
Energy Management ~ Grid Intelligence Prosumers
4 \/ N\ ( Dpemand AY4 \ ( \/ A
DER Load Supply RTO/ISO || DataStorage | | Home Energy RES
Integration || Management Forecasting || Coordination || and Security Management || Integration
\ J\ )\ /Balancing )\ )\ ) \ J\ y
( \( \ ([ \( \( N\ ( \/ \
: Grid Health ,
Power Flow || Generation o DER Fault Energy Information
Optimization || Forecasting Momtoru?g . Integration Detection Forecasting Security
\ J\ J Analyss J\. J\ J \ J\ y,

Smart Consumption

40



Al in Decentralized Intelligent Power Grids

Distributed Generation

Multi-agent system-based
microgrid operation strategy
for DR

Distributed grid intelligence
using FREEDM system to
manage the DERs

ANN for optimizing distributed
grid operation
Consensus-based distributed
intelligence for optimizing SG
control

Optimization of distributed
generation operation using GA

Source: Biswas, Parag, Abdur Rashid, Abdullah Al Masum, MD Abdullah Al Nasim, ASM Anas Ferdous, Kishor Datta Gupta, and Angona Biswas.
"An extensive and methodical review of smart grids for sustainable energy management-addressing challenges with ai, renewable energy integration and leading-edge technologies." IEEE Access (2025).

Distribution and Management

Al Technology

ANN for forecasting local energy
demand

Central Information Model (CIM) for
implementing VPP communication
and control architecture in SCADA
Deep Learning (Support Vector
Regression (SVR), Recurrent Neural
Network (RNN)) for electricity price
forecasting

Markov Decision Process and RL
based smart energy community
management

Meta-heuristic algorithm for
regulating voltage profile

ANN for detecting energy fraud
Multi-service energy storage for
providing shared ownership of ESS
between local network operator and
customers

Smart Consumption

ANN for DSM for smart
consumers

ANN for forecasting day-ahead
load profile

Machine Learning (support
vector machine, ANN) for
predicting electricity price
Deep learning (Conditional
Restricted Boltzmann Machine
(CRBM)) for forecasting building
energy consumption

ANN and dynamic differential
evolution for demand side
Mmanagement

ANN and RL for demand
response of HEM
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Integrated Real-time Data Monitoring and
Control System for a Smart Greenhouse Environment

(Feedback Loop: Real-\

time data informs
continuous adjustments
\ to conditions 2 >

Temperature Sensors.
*Humidity Sensors

-Light Dependent Resistor
*Soil Moisture Sensors
*Nutrient Sensors

- 2
FEEEDBACK

5

|

Central Control Unit: Receives
data from sensors and sends it
to a cloud-based platform

i Data Transmission: )
Transmits sensor data to
the central control unit via
Wi i-Fi or Bluetooth. )

User Interface: Allows
remote monitoring and
control via smartphones
or computers

; Automated Control ;

Systems: Adjusts
ventilation, irrigation, and
lighting based on sensor

data. o

Cloud-Based Platform:
Processes and analyzes 3
real-time data; supports

. storage and analytics. .3




Al Environmental Control System with CO, Enrichment

Arxtificial Intelligence
(Al): Analyzes data,
predicts plant responses,
and manages strategies

Central Control Unit

4 : 1

CO. Injection System:
Automated release of CO-
based on real-time data

4 !

Dynamic Adjustment:
Adjusts CO. levels based on
changes in environmental
parameters

Sensors: Monitor CO-
concentration

Photosynthesis Enhancement:
Increased CO. boosts
photosynthesis, improving growth
and yield.

Source: Kaya, Cengiz. "Intelligent Environmental Control in Plant Factories: Integrating Sensors, Automation, and Al for Optimal Crop Production." Food and Energy Security 14, no. 1 (2025): e70026.
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Al in Climate Change Predictive Modeling

Computation = single linear function of
inputs with a further single
transformation (link) function

Example
Model Features =~ Clinical Features Logistic Parameterisation =~ Odds Ratio
Regression
(~ £ By
Presentation =~ Pr(Y | X) Function
(Computational
Processes)
\ 4
Structure
Feature LEN SN IDSION)
Engineering - J
= ™
Presentation
(Abductive
Reasoning)
A & )

Understandable =~ Explainable

Reliable Valid

S

P —

Source: Ukoba, Kingsley, Oluwatayo Racheal Onisuru, Tien-Chien Jen, Daniel M. Madyira, and Kehinde O. Olatunji. "Predictive modeling of climate change impacts using Artificial Intelligence: a review for equitable governance and sustainable
outcome." Environmental Science and Pollution Research (2025): 1-20.
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in Environmental Management

Source: Santos, Mércia RC, and Luisa Cagica Carvalho. "Al-driven participatory environmental management: Innovations, applications, and future prospects." Journal of Environmental Management 373 (2025): 123864.
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[ ] [ ] (]
Al Agents in Environmental Sciences
Simple reflex agents
Reactive Agents { Respond directly to stimuli
Applications: Robotics, Basic Al systems
Use internal models of the world
Deliberative Agents Plan actions based on goals
Applications: Strategic decision-making, Complex
systems

Combine reactive and deliberative approaches
Hybrid Agents { Use layered architectures
Applications: Modern Al, Autonomous systems

Source: Miller, Tymoteusz, Irmina Durlik, Ewelina Kostecka, Polina Kozlovska, Adrianna tobodziriska, Sylwia Sokotowska, and Agnieszka Nowy. "Integrating artificial intelligence agents with the internet of things for enhanced environmental 47
monitoring: applications in water quality and climate data." Electronics 14, no. 4 (2025): 696.

Types of Agents
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Al-driven digital circular economy with material and
energy sustainability for industry 4.0

Review of buildings
No circular economy —  circular {
—~ fr amewc;rk with b:iuldmgs, ] economy electric vehicles
PVs, battery and EVs
— Energy and carbon flow
Circular —> Roles of circular economy in sustainability
Economy and Roles of renewable- Waste materials/energy
Sustainability — building-battery in circular Waste recovery
in Industr economy are not clear —> recovery in
4 4 sustainability Waste-to-c?nergy
.0 Era conversions
Data-driven circular
Advanced economy
circular- —
| | economy — JoT-based waste-to-energy
Digital technology in future
- Circular Economy is =

— Outlook and recommendations
unclear |
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Battery energy
storage system

2o | B |
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a
Electric vehicles
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Building with on-site
renewable generation

"""""""""""""""""""""""""

Al for Circular Economy
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Elcctnc vchicles

(a)
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omy with Material and Energy Sustainability for Industry 4.0." Energy and Al (2025): 100508.

Digital Circular Econ

n. "Al-driven

e: Zhou, Yuekua

Sourc



Al and Data-driven Battery Circular Economy

o4

Recycling

D

- Fe O,

e NiS
e Ca (PO,),

O1

—> LiAl Si O, 00

Material
mining

01 Al for Estimation
S  State estimation

D

- Pack Voltage =

Pack CurrerLt

Cell Voltage s

Temperature

02 Al for Control

Energy management
Charging
Discharging
Current

[TETT]

Al model

AT

Voltage

Thermal management

ntensity (kgCO, /kWh)

Carbon

E +51.0

- Material

3 8

minin
00 =

+34.0
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Manufac-
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5 o2

Re-use
o3

Recziling

SOC estimation e liE== Package
i1t 1 -
SOH estimation 5 1£']:|]]' tce;“perature ;
— [—  temperature

_ Diagnosis |

03 Al for Optimasation

Training
Battery Earty outcome - Bayesian
cycling precictor optimization
Cycia e B3 5
Voltage o &) > -
CTycile life
ESh EiEEp | predictons Parameter 3
Capacity (from ML icCcs)
@ = = ey
E=op [Essp
Parameter 2

er 1
ccn ©c2)

High uncertainty
é (exploration)

High cycle life
(exploitation)

Recormmended charging protocols (CC1, CC2. CC3)

2 R B BN N N BN

Source: Zhou, Yuekuan. "Al-driven Digital Circular Economy with Material and Energy Sustainability for Industry 4.0." Energy and Al (2025): 100508.
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Net-Zero Transformation

 Ambition * Supply chains
 Aligned to achieving global net * Transformed net zero supply chains
zero by no later than 2050 & to * Innovation
limit warmingto 1.5 C * Developed innovation and
* Governance technologies to deliver net zero
* Accountability driven from the top * Finance
* Strategy * Financing the net zero
* Embedded and aligned net zero transformation
into company strategy * Transparency
* Enterprise  Communicating action
* Key operating model changes in * Engagement
support of transformation * 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
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ESG and Net-Zero: The Essentials

* Environmental
* Climate impact, resource use, pollution, biodiversity
* Social

* Labor practices, human rights, community impact, diversity
& inclusion

* Governance
* Transparency, ethics, board structure, risk management
* Net-Zero

* Balancing emissions produced with emissions removed
globally
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Net-Zero Transformation Enablers

Net-zero industry performance Net-zero industry readiness
The four drivers of industry net The five enabling dimensions of
greenhouse gas (GHG) emissions: industry net-zero transformation:

How it is produced:
What is produced: Production process emission and

Industry production volume and mix energy intensity Technology

to decarbonize
production processes

Infrastructure
to enable low-emission
production

Capital
to transform industry

asset base {:j %

Technology

2

Net GHG
emissions

Net-zero
transformation
enablers

What it contributes to:
Scope 3 emissions and offsets

Demand
to buy low-emission
products at a premium price

Policies
to support low-emission
business models

What energy is used:
Types of energy sources consumed

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

55


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

The
Net Zero
Transition

& Discover History Vv

Aoy,
41,,:"090
Ny, .
Sec ‘;’,j;r Reducing Energy
. and Material Waste
Hyd"bgen

cities and
Urba“‘”“o“

N\'\%""‘o“

Lo
N vy §
vy S 2
& S I
S a3
i
'Y

Licensed for personal/academic use only, not for reproduction.
© 2024 World Economic Forum.

Electricjy,

seg puello

Sustainable

Development

The Net Zero

Transition

Future of the

Environment

sreuareN
paoueApy

pue yesiwaud

The Need for Net
Zero

te
c°rp0f3
Governance

Financing the

Transition Banking and

Capital
Markets

Nature ang
Biodiverslty

Sustainable =
Land Use

s,‘53‘\0:\

Source: https://intelligence.weforum.org/topics/alG680000004C93EAE

Hide Panel =

56


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

The
Digital
Transformation
of Business

& Discover

History Vv

o

£ & s

9 2

s ¥ &

G & I3
£

0@ @“\Q
7, o
e, ,deQ‘a“
S::,,," o New Value and s Stwot¥
Clsm Markets
. s ital
Leadership The Digital : odsaoiy
Leading on Tragsfor-matlon
Inclusion, of Business The Digital
ternet Sustainability Enterprise interme
of
Governance and Trust Things
Successful Digita
& i g
02:°“$, Transformation 7 fez/,:’“’ﬂl
0,,09

2 %—%a

Education
swdoiered

a|qeul®¥s

u

Licensed for personal/academic use only, not for reproduction.
© 2024 World Economic Forum.

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

Hide Panel >

57


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

Digital Transformation

Dimensions

Categories

A. BUSINESS MODELS

Business Process Innovation
Business Strategy

B. DIGITAL BUSINESS

Digital Culture, Literacy and Skills
Digital Economy

InNnovation and Socio-technical Shared Values

C. TECHNOLOGIES

Technology and Innovation VManagement
Artificial Intelligence

Big Data

Internet of Things

Industrv 4.0

D. SUSTAINABILITY

Sustainable Business

Sustainable Competitive Advantage
Sustainable Development
Sustainable Innovation

{
1
1

E. HUMAN RESOURCES

Employee Experience
Career Dynamics

F. SMART CITIES

Sustainable Smart Manufacturing
Digital Manufacturing
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Digital Transformation Framework

Organizational Layers Driving Forces & Factors

CORE
Business Model

PERIPHERY
Organizational Process
Digital Servitization*
Digital Platform*

Organizational Structure 0t: Cul
Organizational Culture 02: Human Capital Organizational
03: Governance Drivers
04: R&D
OS5: Strategy
P“ gl A;,;; Operation &
Business* 3 Management

2 Elements
P3: Management

- *
L T2: Tan:sntt* g Technology
T3: Data* Enablers

ENVIRONMENT
Cooperation with Customers
Digital Ecosystem*
Supply Chain Management
Competitive Dynamics
Sustainability

Environmental &
Contextual Factors

* denote “digital capabilities” others indicate “leadership capabilities

source: langwaragorn, P., Lhareonruk, N., Virlyasitavat, W., langmanee, L., Kanawattanachal, P., Hoonsopon, D., ... & Khuwadnhana, P. (2024).
Analyzing Key Drivers of Digital Transformation: A Review and Framework. Journal of Industrial Information Integration, 100680.
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Digital Transformation: Theoretical and practical dimensions

Organizational
structures

Layer 1: Organizational
Core culture
Business
models # Organization
Organizational -
Environment Sreconnes Process & Operations
Periphery Layer 2: Dightat Human Capital
Periphery servitization P
Digital
| platforms + Technology
Cooperation Environment

with customers
Digital
ecosystems

Layer 3:

: Supply chain
Environment

management

Competitive
dynamics

Sustainability

Made with <& Whimsical

Source: Tangwaragorn, P., Chareonruk, N., Viriyasitavat, W., Tangmanee, C., Kanawattanachai, P., Hoonsopon, D., ... & Rhuwadhana, P. (2024).
Analyzing Key Drivers of Digital Transformation: A Review and Framework. Journal of Industrial Information Integration, 100680.
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Sustainable Development Goals (SDGs)

NO ZERO GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY AND SANITATION

Tdil &

DECENT WORK AND INDUSTRY, INNOVATION 1 REDUCED 1 SUSTAINABLE CITIES 12 RESPONSIBLE
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPTION

AND PRODUCTION
/s/i - E

1 CLIMATE 1 LIFE 15 LIFE 1 6 PEACE, JUSTICE 1 PARTNERSHIPS
ACTION BELOW WATER ON LAND AND STRONG FOR THE GOALS

INSTITUTIONS

vz SUSTABLE
@ @ DE\(‘I‘E'I‘;OPMENT
GiL:ALS

“an”

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

Evolution of Sustainable Finance Research

SDGs: SDGs

SUSta i na ble Develo pment Goa IS Innovative Financial Instrurr.\ent
Impact Investing

ESG: Environmental, Social, and Governance
CSR: Corporate Social Responsibility
Conscious Capitalism
Climate Financing
Carbon Financing
Green Financing
Ethical Investing
Socially Respcl)nsible Investing

1986

1995 2005 2015 2020



Sustainable Development Goals (SDGs) and 5P

Partnership
Peace
Prosperity
People

Planet

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

ESG to 17 SDGs

ENVIRONMENT SOCIAL GOVERNANCE

GOOD HEALTH GENDER

AND SANITATION POVERTY AND WELL-BEING EQUALITY

14

o

1 CLIMATE QUALITY GENDER CLEAN WATER
ACTION EDUCATION EQUALITY AND SANITATION

&

LIFE DECENT WORK AND 10 REDUCED 16 PEACE, JUSTICE
BELOW WATER ECONOMIC GROWTH INEQUALITIES AND STRONG

o INSIHUII?.P;S

4€.> 1_

1 PEACE, JUSTICE
AND STRONG
INSTITUTIONS

DECENT WORK AND
ECONOMIC GROWTH

i

1 CLIMATE
ACTION

&

17 PARTNERSHIPS
FOR THE GOALS

Source: Henrik Skaug Szetra (2021) "A Framework for Evaluating and Disclosing the ESG Related Impacts of Al with the SDGs." Sustainability 13, no. 15 (2021): 8503.
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ESG to 17 SDGs

B Environment ™ Social ™ Governance

1: End Poverty

2: Zero Hunger

3: Good Health and Well-Being

4: Quality Education

5: Gender Equality

6: Clean Water and Sanitation

7: Affordable and Clean Energy

8: Decent Work and Economic Growth

9: Industry, Innovation, and Infrastructure
10: Reduced Inequalities

11: Sustainable Cities and Communities
12: Responsible Consumption and Production
13: Climate Action

14: Life Below Water

15: Life on Land

16: Peace, Justice, and Strong Institutions
17: Partnerships for the Goals

Source: https://sustainometric.com/esg-to-sdgs-connected-paths-to-a-sustainable-future/
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Where ESG Meets — It's All Connected

 Environmental Justice

* Underserved communities disproportionately impacted by
pollution, climate hazards

* Responsible Tech Supply Chains

* Resource extraction, e-waste, labor rights across the tech
lifecycle

* Inclusive Product Design

* Accessibility, addressing digital divides, social impacts of
technology.
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Digital Transformation: Enabler and Challenge

 Enabler

* Data-driven decision-making, efficiency gains, new
business models, collaboration

* Al optimizing renewable energy
* Challenge

* Energy consumption, e-waste, planned obsolescence, Al
ethics

* Al servers representing increased energy use
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Sustainable Productivity:
Finance ESG

SUSTAINABLE ~ _ F X E X S X G
PRODUCTIVITY INANCE NVIRONMENT OCIAL OVERNANCE
UsEe

DEVELOPMENT PRODUCTION

Marketing & Product SCM{& Produql:on Logistics Braduction Quality Sarvice
sales development purchasing planning assurance

F " Financial result Return on sales, profit,
INANCE Financial expense return on equityY
E Positive environmental contribution Management of energy,
NVIRONMENT Environmental impact waste, pollution water, ...
S Positive social contribution Equal opportunity,
OCIAL Social burden collaboration & safety, ...
G Positive governance contribution Compliance, shareholder
OVERNANCE Governance expense structure, innovation contribution, ...




Sustainable Resilient Manufacturing
ESG

et of Prodycy;
FINANCE e Uct/o,’ ENVIRONMENTAL
€ N sales Equity Emissions —] Reuse
snl ] revenue ratio r impact = quota
{é@ Value creation Compensation
=0 [ per employee measures
GOVERNANCE =+~ SOCIAL
&Y. Innovation 1P  Renumeration 91P  Gender Long-term
" capability @ structures @ equality db view

Integration &

3 Working conditions in the
value chain [%T-’[% collaboration

Source: Huang, Ziqi, Yang Shen, Jiayi Li, Marcel Fey, and Christian Brecher (2021). "A survey on Al-driven digital twins in Industry 4.0: Smart manufacturing and advanced robotics." Sensors 21, no. 19: 6340. 69



ESG Indexes

*MSCI ESG Index
*Dow Jones Sustainability Indices (DJSI)
*FTSE ESG Index



MSCI ESG Rating Framework

@@ DATA

1,000+ data points on ESG policies, programs, and performance;

Data on 100,000 individual directors; up to 20 years of shareholder meeting
results

DI] EXPOSURE METRICS |MANAGEMENT METRICS

How exposed is the company How is the company managing
to each material issue? each material issue?

Based on over 80 business 150 policy/program metrics, 20
and geographic segment performance metrics;
metrics 100+ Governance Key Metrics

D
INSIGHT

Specialized ESG research
team provides additional

SOURCES

100+ specialized datasets
(government, NGO, models)

Company disclosure (10K, insight through:
sustainability report, proxy report) Company reports
3,400+ media sources monitored Industry reports
daily (global and local news Thematic reports

sources, governments, NGOs)

MONITORING &

QUALITY REVIEW

Systematic, ongoing daily monitoring of
controversies and governance events
In-depth quality review processes at all
stages of rating, including formal
committee review

Analyst calls & webinars

DATA OUTPUTS ||=§

Access to selected underlying data

Ratings, scores, and weights on
680,000 securities

17 years of history
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MSCI ESG Key Issue Hierarchy

3 Pillars

Environment

10 Themes
Climate Change

35 ESG Key Issues

Carbon Emissions

Product Carbon Footprint

Financing Environmental Impact

Climate Change Vulnerability

Natural Capital

Water Stress
Biodiversity & Land Use

Raw Material Sourcing

Pollution & Toxic Emissions & Waste Electronic Waste
Waste Packaging Material & Waste
Environmental Opportunities in Clean Tech Opportunities in Renewable

Opportunities

Opportunities in Green Building

Energy

Social Human Capital Labor Management Human Capital Development
Health & Safety Supply Chain Labor Standards
Product Liability Product Safety & Quality Privacy & Data Security
Chemical Safety Responsible Investment
Consumer Financial Protection Health & Demographic Risk
Stakeholder Controversial Sourcing
Opposition Community Relations
Social Access to Communications Access to Health Care
Opportunities Access to Finance Opportunities in Nutrition &
Health
Governance Corporate Ownership & Control Pay
Governance Board Accounting
Corporate Business Ethics
Behavior Tax Transparency
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MSCI Governance Model Structure
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MSCI Hierarchy of ESG Scores

ESG Letter Rating

(AAA-CCC)

Pre-set score-to-letter-rating matrix

Final Industry
Adjusted Score (0-10)

Adjusted relative to Industry Peers, Exceptional overrides

Weighted Average Key
Issue Score (0-10)

Weighted average of underlying pillar scores

Environment Pillar Social Pillar
Score (0-10)

Governance Pillar
Score (0-10)

Score (0-10)
Each pillar is organized into underlying themes;
Environmental and Social Pillar and Theme Scores derive from Deduction-based scoring
the weighted average of underlying Issue scores model applied

Environmental Key Social Key Issue
Issue Scores (0-10)

Governance Key Issue

Scores (0-10) Scores (0-10)

Key Metrics:

Indicators: Indicators: Indicators: Indicators: Ownership Characteristics;

Business Strategy Business Strategy Board & Committee
Segments; Programs & Segments; Programs & Composition;
Geographic Initiatives Geographic Initiatives Pay Figures;
Segments; Performance Segments; Performance Accounting Metrics;
Co-specific Controversies Co-specific Controversies Policies & Practices
indicators indicators Business & Geographic

Segments; Controversies

Raw Data
Company financial and sustainability disclosure, specialized government & academic data sets, media searches, etc.



8,000

Companies

90%

Global market
capitalization

340,000+

Current Research Universe
and Active Securities

DJSI S&P Global ESG Score

Approx.

1,000

Datapoints

130+
30+

Criteria scores

S&P GLOBAL
ESG SCORE

Assessed values, text,
checkboxes, documents

Sources: Web-based questionnaire

and company documents

Weighted
data point scores

Up to 50% industry-specific

Weighted
question scores

61industry specific approaches,

with tailored questions, criteria
and related weightings

3

Dimension scores

Weighted
criteria scores

Adjusted for corporate ESG
controversies where applicable

S&P Global
ESG Score

Sum of weighted
dimension scores
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FTSE Russell ESG Ratings

Tax
Transparency
Biodiversity
Risk
Management

Corporate Pollution &
Governance Resources

Corruption Security

Customer
Standards Responsibility

Human Rights
& Community

SUpp,y Chain: Soc\a\
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wmames Sustainalytics
ESG Risk Ratings

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

Negligible Low Medium High Severe

0-10 10 - 20 20 - 30 30-40 40+
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TruValue Labs i o-base
FACTSET Truvalue
ESG Ranks

* Truvalue Labs applies Al 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.
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Analyst-driven vs. Al-driven ESG

Analyst-driven ESG research Sustainalytics

Derives ratings in a structured data model

Analyst role at the end of
Collect Process Analyze Generate th I
data data data score/rating € p b O‘?e.SS QHOWS
subjectivity to color
\ J | )
I I

results

DATA MINERS & TECHNOLOGY ANALYSTS

Al-driven ESG research
Derives signals from unstructured data

Analyst expertise at th
Develop Extract Analyze Generate A lyst p?th e
algorithms signals data score/rating eginning ot the process
produces consistent
\ J |\ )
I |

Truvalue Labs

results
ANALYSTS & ENGINEERS TECHNOLOGY
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Analyst based
ESG Research

Al based
ESG Research

Analyst Based ESG Research

Collect Data Analyze Data Generate score rating
u J N
Y

Y
Raw data sources Analysts

and tools

Applying Al to ESG Research

Analyze data and Review and
Develop algorithms Extract signals uncover material determine
impact investment decision
\ J \ J 1\ J
Y Y Y
Analysts and Technology Analysts
Engineers

It would take an analyst over 5 years to do what our Al can in 1 week
Combining analysts with Al creates gives you the full picture

@+=@

Invest where it matters.

ANALYTICS
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ESG Analytics: NLP Taxonomy

—4@ Climate Change @ 5 subtopics
—4) Environmental ———@) Sustainability @ 3 subtopics
—@ Biodiversity & Water @ 3 subtopics
—4) Health & Safety @ :subtopics
Eifé}:;?'ﬁ:; .7—. Social ——. Employee Standards . & subtapics
. Community .
Responsibility @ 7 subtopics
——4@) Human Rights @ 5 subtopics
Leadership & \
—. Management . 4 subtapics
Business .
@ Governance —— @ Innovatiorn @ 3 subtopics
—@ Outside Activities . 4 subtaopics
—@ Business Ethics @ 4 subtopics

ANALYTICS



Top
ESG Reporting
Software

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.

9.4

PRODUCT FEATURES AND SATISFACTION
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@ EMITWISE
— EHS INSIGHT
ENERGYCAP ‘
FIGBYTES
ENVIZI
envizi o [r—
SERVICENOW ESG MANAGEMENT
DILIGENT SUSTAINABILITY REPORTING SOFTWARE
w
WORKIVA ESG

ES? BENCHMARK ESG REPORTING

~ ESP CSR

&

ECOMETRICA SUSTAINABILITY REPORTING

VENDOR EXPERIENCE AND CAPABILITIES
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Grok 3 Deep Search

{7 Grok g & = ©

Generative Al

Exploring user intent
Q Completed » The request is "Generative Al," which feels a bit unclear. It could
49s - 71 Sources ; -
be asking for a definition, recent updates, or use cases.
@ Thinking Q  Searching for "definition of generative Al"

10 results found

@ Exploring user intent W Generative artificial intelligence - Wikipedia en.wikipedia.org

) B Generative Al - What is it and How Does it Work? | NVIDIA nvidia.com
Q Researching recent

s What is generative Al? - IBM Research research.ibm.com
developments

@ What is Generative Al? - Gen Al Explained - AWS aws.amazon.com

(] Investigating M Explained: Generative Al | MIT News | Massachusetts I... news.mit.edu
healthcare See more (5)
applications )
@ Browsing results
» Currently looking for a definition from the search results, ha
inAllidinA calirane lilza \Ailzinadia anA IDAM R aAanarvativia Al Avraatac
How can Grok help?
()  © DeepSearch & Think Grok3 v

https://grok.com/chat
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Perplexity.ai Deep Research

K perplexity 1« Generative Al

g Deep Research [ Images o Sources 39 54 steps v
New Thread 8 K
@ linkedin € ciklum A research.aimultiple g,f'] @ f@%
The Future of Generative Al: Key Top 10 GenAl Trends to Watch in Top 100+ Generative Al
@ H ome Trends and Opportunities in... Technology 2025 and Beyond Applications with Real-Life... +36 sources
& Discover Generative Al: Current State, Applications, and Future Trends in 2025

Generative Al has rapidly evolved into a transformative technology, revolutionizing content creation,
O Spaces business operations, and digital interactions across industries. As of early 2025, this technology
has moved beyond experimental phases into mainstream adoption, with McKinsey reporting that
65% of organizations now regularly use generative Al, demonstrating its growing significance in the

A .
-~ L|brary business landscape & .

Understanding Generative Al

Gpnaroﬁ\la Al rafarc tn a ennhictinatad hranrh Af artificial intallinanra that amnlavie marcrhina

Ask follow-up

<88 Deep Research v) @

Networks), which have enabled increasingly sophisticated applications 1 .
https://www.perplexity.ai/
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Al Technology Applications in Sustainability \=
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1. JKEAIE A I 48 (Introduction to Sustainable Al)
2. AIEEERFEEENER

(Al in Smart Energy Management)

3. AHE SR (xS B HIRIE B AR FE F

(Al in Climate Change and Environmental Monitoring)

4. AMERIREZ R FE ARG

(Al in the Circular Economy)

5. AlsK BB HTH SE/IMAL A SL T R T A

(Sustainable Al Project Team Discussion and Application Design)
6. %R ETEW (Open Discussion)




ESG Challenges and Opportunities

* 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 Al as a tool for transformation.
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Generative Al for ESG Data Analytics {'

‘alpel University

* 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 Al deployment.
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Generative Al and LLMs for Sustainability and
ESG Data Analytics




Sustainability Innovation G
with Generative Al

* Sustainable Product Design:

* Eco-friendly designs minimizing waste and energy.
* Policy Formulation and Implementation:

* Al-driven simulations for effective policies.
* Stakeholder Engagement and Awareness:

* Communicating ESG strategies with compelling Al-driven
visuals.
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Generative Al for ESG Rating and Reporting \=
Generation

Exi x;




Future Directions

* Integrating blockchain, 10T, and digital twins.
* Democratizing Al tools for all stakeholders.

* Promoting collaboration among experts and
communities.
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Conclusion N,

* Generative Al is transforming ESG analytics and
sustainability innovation.

* Collaboration among researchers, policymakers, and
innovators is key.

* Generative Al to build a sustainable future.
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Summary e
1. 5K EEAIE A 2B (Introduction to Sustainable Al)
2. AIEEERFEEENER

(Al in Smart Energy Management)

3. AHE SR (xS B HIRIE B AR FE F

(Al in Climate Change and Environmental Monitoring)

4. AMERIREZ R FE ARG

(Al in the Circular Economy)

5. ALK B TS /1ML R SELTE P M AR B

(Sustainable Al Project Team Discussion and Application Design)
6. Zrn & 515@ (Open Discussion)
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Generative Al Multi-Agent Systems with LLM-Based RAG for ESG Reporting Automation
« NSTC (E4104), NSTC 114-2221-E-305-002-, 2025/08/01~2026/07/31

Innovative Agentic Al Technology for Autonomous ESG Report Generation
* Industrial Technology Research Institute (ITRI), Fintech and Green Finance Center (FGFC, NTPU), NTPU-
114A513E01, 2025/03/01~2025/12/31

Digital Support, Unimpeded Communication: The Development, Support and Promotion of
Al-assisted Communication Assistive Devices for Speech Impairment(3/3), Sub-project 3:
Multimodal Cross-lingual Task-Oriented Dialogue System for Inclusive Communication

Support,
¢ NSTC (HZZ22), NSTC 114-2425-H-305-003-, 3 Years (2023/05/01-2026/04/30) Year 3: 2025/05/01~2026/04/30

Research on speech processing, synthesis, recognition, and sentence construction of people
with language disabilities, Sub-project 3: Multimodal Cross-lingual Task-Oriented Dialogue

System
e NTPU, 114-NTPU_ORDA-F-004, 3 Years (2023/01/01-2025/12/31) Year 3: 2025/01/01~2025/12/31
Development of a Deep Learning for Dental Implant Detection in Panoramic Radiographs,

* University System of Taipei Joint Research Program (NTPU, TMU), USTP-NTPU-TMU-114-02,
2025/01/01~2025/12/31

https://web.ntpu.edu.tw/~myday/cindex.htm#projects 95
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