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Doosan GridTech Inc., Melbourne office, Australia and for Elecnor Australia as a Power System consultant. He completed his PhD degree in Electrical and
Electronic Engineering from RMIT University, Melbourne, Australia. He received his Master of Engineering degree from the University of Malaya.
Moreover, he received his Bachelor of Engineering degree in Electrical Engineering and Automation from Shenyang University of Chemical Technology,
China. His research interests and technical expertise lie in Microgrid design and analysis, Hybrid Renewable Energy Systems, Power System Modelling and
Analysis, grid connection studies, feasibility studies, Solar Energy, Wind Energy, Optimization and Al/Machine Learning-based Microgrid assessment,
Control Systems, Power Electronics, BESS Monitoring and Control techniques, and Energy Economics, etc.
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Why Al Matters for Renewable Energy
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EXAMPLES OF Al USE IN THE RENEWABLE

* Renewable output is inherently ENERGY VALUE CHAIN
variable, driven by weather, irradiance,
and W|nd Speed Renewoble.Energy.Source .. R
« Generative design Transmission & Distribution
. « Energy s.upply and demand + Energy supply and
* Al models capture nonlinear patterns e —
. .. . VDI Higpasion + Predictive maintenance
that classical statistical methods miss Lo nnm pthits | : Ramiate iapesiion
* Improves forecasting accuracy, reduces |
. g Consumer
curtailment, and lowers balancing costs S04a7d fes ponse
+ Energy
* Enables predictive maintenance, et -
cutting downtime and O&M R  EoeroyRetoiler
. + Automated and
ex p en d |t ure personalised customer
’ support
* Supports real-time optimization across g Shcn, + Personalised marketing
generation, storage, and grid | cotimbsoion 1R

operations
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The $1.5 Trillion Future:

. .
Renewables account for a growing Global Renewable Energy Growth 2026-2032
share of new global power capacity ot et Cob
additions Regional & Technology Landscape

o 0
e Solar PV and wind remain the fastest- 3};2?38&3“82'!)';‘2’" A _ g et i
. . / » ) arket Share
growing generation sources b g N sorgy et i
WO rl d Wi d e & & 4 — Europe's global leadership.

* Grid operators increasingly rely on i , North America
data-driven tools to manage — T - il
variability 028 | B e

. : Decarbonization is Rapidly Declining
* |nvestment in Al-enabled energy @ the Primary Driver _ #\ Installation Costs () s
. . . | policy fr $ wind are now cost: i la- ICIS
analytics platforms is accelerating b s%t",g'?ﬁ.‘:‘“mz )y o /L HighGrowthEngine
. . . energy sources. ‘ China and India are leading

* Policy frameworks increasingly . ks R
mandate smart grid and forecasting = "
standards

10



Energy Systems

Classical Machine Learning
* Regression models for power curve and yield estimation

* Random forests and gradient boosting for short-term
forecasting

* Support vector machines for fault classification

* Clustering for anomaly and pattern detection

Deep Learning & Reinforcement Learning

e Convolutional neural networks for image-based defect
detection

* LSTM/GRU and transformer models for time-series forecasting
* Reinforcement learning for real-time control and dispatch

* Graph neural networks for grid topology analysis

Core Al Techniques Powering Modern

DEIT | DECT

ring College of Technology.

)ECST ’0 IDC

ring College of Sci Technologies

Optimization of energy
and efficiency

Grid integration

Smart energy
system

Improved user
engagement

Predictive
maintenance

Remote control
and automation

@:: Demand response
MANAGEMENT ET})
Energy :
&Y Real time

monitoring and
data collection

management
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Core Al Technigues Powering Modern
: 8 DEIT | DECT | DECST |+> IDC

E n ergy Syst ems Engineering College of Technology. Technologies
{ Al techniques in energy systems
Forecasting Optimization Maintenance Smart grid
Load & supply Grid dispatch Health & faults Grid awareness
LSTM models RL agents Anomaly detect Digital twins
Boosted trees MPC scheduling CV inspection Edge Al sensors

12
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2. Al in Solar Energy
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Al-Based Solar Irradiance and Power EIT | 2
Forecasting —

ring College of Technology.

Input Features | Feature Extraction i Prediction Model Output: Next 24-hour Forecast

- : : -Defl'p'omt R )

generation and storage dispatch ] | P [l ST ; :
+ Precipitation ; 7 Weather-Type Classification & % N
el f o (Separate models for diferent regimes) Time (hour)

* Combines satellite imagery, sky-camera | and Processing
. . .- istori { e s Deterministic Forecast
data, and numerical weather prediction ! Deteministc Models ?P’f:::FoimT
Data Alignment
= LSTM CNN-LSTM Transformer ~~ GBM
e LSTM and transformer models forecast - — §ISZ
g 0 0 i ,L "1 f" =
irradiance minutes to days ahead L - ‘ fri: ]&Q *
| 0 & 53 ° so
. . b . { I \8 _J wl
. Improve; day-ahead market bidding and o | oot | || ' L
reduces imbalance penalties ) e AT Toe o
: : W0 ity A Nomalzaion | Probabilstc Forecast
* Hybrid physical-Al models outperform +Coudcowr | T ConePrdcion  Geatielodds  BaysinOL (ntevals Scenario)
. 0 ) | i (QRNN, QRF, Conformal) (VAE, cGAN) (Ensemble, MC Dropout)
purely statistical approaches i — o
o Meteorological Variables | A ) ‘ % ;\ ﬁ}f' ‘ ? ] D "‘"""’ LB
. 1| I o re tngineering | | ;
* Enables better scheduling of backup T i e | X sl | I T8\ ¥

* Hour of day
* Day of year
* Weekday/weekend Historical Dataset

r“”‘" indcators (Traiing  Validaton Test) | | RN,
8 12 % 2 A
Time (hour)

Dimensionality
Temporal Indicators , (‘)\ i ‘ A Scenario Ensemble (Examples)
; Y pLE
A

Aoolications Next-day ' Operating Reserve Energy Storage (L MarketBidding & " Power System .
P | Dispath Schedulng Planning Opration . Riskanagement Seourty Asessment.
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Boost Converter

e Traditional MPPT (P&O, Incremental

Battery

Conductance) struggles under partial
shading

_Ju

g

"
il
T
. {q T .

* Neural network and fuzzy-logic

controllers adapt tracking in real time

* Reinforcement learning-based MPPT woe| WM |
improves convergence speed and "“"T‘“’r :
accuracy N '

* Reduces power losses from rapidly e |
changing irradiance conditions i = |

* Enhances overall inverter efficiency ANN |

SCM0Es VEIVINE @peEil ng corelions 00 [ e S ————— J
LSTM-ANN MPPT Control
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Computer Vision for Solar Panel Fault

and Soiling Detection

 CNN-based image classification
identifies cracks, hotspots, and
delamination

* Drone and thermal imaging
combined with deep learning
speeds up inspection

e Soiling detection models estimate
cleaning schedules and energy loss

* Automated defect detection
reduces manual inspection costs
significantly

* Supports predictive scheduling of
maintenance crews and equipment

Step 2. Image
acquisition

Step 1. PV surface
preparation

Engineering Institute of Technology. ‘ Engineering College of Technology. ’ ineering College of Science and Technology. ‘ ) Technologies

Eng

Original
RGB image

Manual classification

Extract Doubling
500x500 px red

:> :> image channel

Red
. Convert to
Step 3. Image preprocessing multichannel

N

Clean Dirty

Evaluated models:

1. Neural network

2. Support vector machine

3. k-Nearest neighbor
218 4. Random forest

5. Naive-Bayes

202 200 402 6. Decision tree

Step 5. Performance assessment Step 4. Machine learning

16
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3. Al in Wind Energy
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Wind Turbine Data Data Preprocessing
Collection

@y B a2 N

e Short-term forecasting relies on SCADA data
and machine learning regressors

 LSTM and hybrid CNN-LSTM models capture

Pre- Processing

Data acquisition and

temporal wind speed patterns —Tree based models
R T I Boosting Models
 Ensemble methods combine multiple | -0
models to improve forecast robustness I e O e I el |
g T Accuracy ) i s
» Accurate forecasts reduce reserve capacity Vg I 2l ™
requirements and balancing costs T aarre— N

( Accuracy -

* Enables improved participation in day-ahead — (5% )— =i® e
and intraday energy markets N P
YA = 5 -

System
installation and
application step

18



Al-Driven Predictive Maintenance for
Wind Turbines 2€EIT | 2ECT 2ECST > IDC

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn Technologies

e SCADA and vibration sensor data feed

anomaly detection algorithms o jpammt Eg mﬁ IF
* Machine learning predicts gearbox, e ) SRR

bearing, and blade failures in advance « B -
* Reduces unplanned downtime and — batab .

extends component service life

* Condition-based maintenance replaces
fixed-interval maintenance schedules

= Qi

e Digital twin models simulate turbine
health under varying load conditions

19



Optimizing Blade Design and Wake
Steering with Al

Blade & Aerodynamic Design
e Surrogate ML models accelerate CFD simulations

* Generative design explores blade geometries for
efficiency

* Al-assisted structural optimization reduces material
and weight

e Speeds up design iteration versus CFD-only workflows

RWS
. Higher Beams

RWS,

LiDAR

RWES, =% - .~ W, T

Measuring
Planes

Lower Beams

T1 328 m

West (270-) >7
5 {

North (0-°)

Engineering Institute of Technology. ‘ ‘ Engineering College of Science and Technology.

Technologies

nnnnnnnnnnnnnnnnnnnnnnnnnnnn .

Wake Steering & Farm-Level Control

* Reinforcement learning coordinates yaw
angles across turbines

 Reduces wake losses and increases farm
energy vield

e Farm-level Al control balances loads to
reduce fatigue

* Real-time adaptation to changing wind
direction and speed

20
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4. Al in Smart Grids & Grid Integration




Smart Grid Management and Load
Forecasting 2EIT | 2ECT | 2ECST | +>IDC
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* Al models integrate weather, historical
load, and behavioral data

* Short- and long-term load forecasting
supports capacity planning

* Enables dynamic pricing and improved
renewable energy integration

e Reduces forecasting error compared SR
to traditional statistical methods

* Supports real-time balancing of supply
and demand across the grid

Internet based Smart Contract
Inverter - W

s Wi w

Demand Side Al
Management Techniques

P2P Energy Trading

22
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: L e : Power Generation Sources
¢ M a C h I n e | e a rn | n g I d e nt I fl eS fl eXI b | e Residential EV charging Public EV charging stations

loads suitable for demand response

N g
— .v. \’/' et / FossllFulOF ("‘.N
e Predicts consumer response to price |@ | " @ i“l i /M &mﬂ :
; ! 1

signals and incentive programs

e Optimizes scheduling of controllable
loads such as EV charging and HVAC

* |Improves grid reliability during peak
demand and renewable shortfalls

P Aggregator

EV aggregator/

* Enhances customer engagement

load dispatch
through personalized i‘
recommendations ¢ g}.
pre . i T>) (o il R

' e [nformation flow

Energy market

23



Al for Fault Detection and Grid Stability
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Fault Detection & Diagnosis

Zero Carbon

e Machine learning classifies fault types from sensor ) Ron @
and PMU data i

° Deep |ea rnlng enables faster faU|t |Ocallzatlon than .,' ‘ 2 = -‘ ' o 4 I’::S}?;’::’;“O“Syf::ém
rule-based systems ‘

e Reduces outage duration through automated
diagnostic support

 Supports predictive detection of equipment B“"‘CQQ';‘;':": ;' ren

degradation i
Voltage & Frequency Stability % -

* Al-based controllers respond to frequency deviations in
near real time

* Reinforcement learning optimizes reactive power and

[ Microgrid
voltage regulation icrogri

Region

e Supports stability with high shares of variable renewable
gemerathﬂ P s K % 0 ” ____ Communication Link

* |Improves coordination of distributed energy resources

24
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5. Al in Energy Storage Systems




Al-Driven Battery Management Systems

(BMS) IDC

Technologies

 Machine learning models estimate
battery degradation and remaining

life
* Al optimizes charge/discharge cycles
to extend battery lifespan

* Improves thermal management
through predictive temperature
modeling

[
DATA MOAT:
TIME IS THE
~~ IRREDUCIBLE | %
CONSTRAINT

* Enables adaptive control strategies for
hybrid storage systems

PRE-TRAINED
ON THE 5% RARE
EVENTS

e Supports second-life battery
assessment for stationary storage use

26



State-of-Charge and State-of-Health

Estimation using ML

e Traditional Coulomb counting suffers
from cumulative estimation errors

e Neural networks and Kalman-filter
hybrids improve SoC accuracy

e ML models estimate SoH from
voltage, current, and temperature
patterns

* |Improves reliability of storage
dispatch and grid service
commitments

e Reduces risk of premature battery
replacement or unexpected failure

£CT
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“(a) Data collection and preprocessing

Electric vehicles data upload o
Data transmission

Ny
0110110110101 >
Data |

preprocessing

—
-

Driving Resting Charging

A E 4~

(b) Challenges in SOH estimation from laboratory to real-worid @
(1) -
-

)

Uncontrollable
operating
conditions

-—w
Real -world
vehicle research

Data quality
deficiencies

Laboratory
testing

7(c) Multi-mmodal feature engineering

2-D cell voltage
feature map

1-D IC & temperature

Point features SOH labels

1-dimensional modal Point modal

processing domain
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6. Emerging Al Techniques




Digital Twins for Renewable Energy

Assets

Virtual replicas combine sensor
data with physics-based and Al
models

Enables simulation of turbine,
panel, or grid behavior under
varying conditions

Supports predictive maintenance
and performance optimization

Reduces need for costly physical
prototyping and testing

Facilitates scenario planning for
asset lifecycle management

Engineering Institute of Technology. ‘

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

ollege of Science and Technology. ‘ >

Technologies

DIGITALTWIN - RENEWABLES INTEGRATION TOWARDS GRID MODERNIZATION

Dynamic grid visualization
- Detailed
understanding
of the impacts of
RES
Interconnections
onto the grid
- Easily
accomplished
technical due
diligence

Easy Integration
- Capability to easily
integrate many new
RESsand storage
capacities

- Automated RES' 7
Interconnection
- Confidence in

" 9 {
Py
decision-making \/

N/ " Confidence

> A ]
Easier Energy
Ener
Ecosystem %, Emmiﬁcy
Portfolio \Goals Set with
Management ] Greater

Monitoring  uivio g

analysis based on
future RES addifons
~ - Analysis and
compliance with
» | decarbonization
==l q0als and ‘Energy

lemii Eficiency Plan’

Customer Impact

¢ - Democratize
Y...Q | accurate

“ B information
\ to the public

/satisfaction
eer(e testimonials L\
quality 'lﬂ

. . Increased
Higher Quality Customer

P RESs Satisfaction
.. . Environmental

Impact Analysis
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Reinforcement Learning for Energy
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Forecasting and Prediction

* RL agents learn optimal control

.. . Reinf Learning (RL
policies through trial-and-error B o =
interaction g | :
Q-Learning =% g iy | — Alpha-Zero :,:,:,',-:-:- o -“-“-,‘,““
* Applied to microgrid energy e
Decp - Netwis - L Integration and Optimization

management and battery dispatch ;. U
scheduling | Hybrid RL b TiE
e Optimizes multi-objective trade-offs D“PRei“f"“eme“”“fm.” ' j>
between cost, emissions, and ‘ 4

rel |a b| | |ty /,:_/ >Federated Reixiforcement Learning (FRI% N
g 3.0 Energy Management and Optimization
« Adapts to changing system conditions o syl Y /5

without explicit reprogramming

7] ngy
T
,,,,,,,,,,,,,

[ "'
N
n.,':',',' !

"

* Increasingly combined with digital
twins for safe policy training

Renewable Energy Systems and Storage

30



Generative Al and Large Language
Models in the Energy Sector 2EIT
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lications
m Event Memory Generation Agentic Al Architecture
Automated report generation and regulatory compliance P ;
documentation =) '8 @ £ ' :
IS4 P e W (4 ) ' ,.>
i il &P .

* Natural language interfaces for SCADA and energy
management systems

* Synthetic data generation for training forecasting and fault R -
rT:/Odels i : ° Data & Sensing - RUVPRRRY Replay for Rare Grid Events

Historical  » Forecasts » Generates Scenanos (m;, Ag('nl Sﬁwi((;\ivr\;g- Agem DHiAgmt

Knowledge assistants supporting engineers and operations = —> haitons
° I . Vs g
teams ILI — 5 * Early Event Prediction IA‘",:'.L t} _‘b“w?g&
“ « Hidden Fault Discovery 14 k il
(mory Rc.phy rove
Considerations 6‘3 Restoration Lead Agent _::"l
v v
e Qutputs require validation against physical and safety Memory 4 — ) GridAgent | —p Self-Healing Coordination | ____|  DER Agent
constraints é Replay

+ Fault Detection

,’ + Reconfiguration
@Swmhingkg«n ool I Ega ¥ ane |

* Data privacy and cybersecurity risks in deployment

* Fault Isolation » Fault Isolation
* Explainability remains critical for safety-critical decisions — Fault Detected Grid Restoration
* Integration with existing SCADA and control infrastructure is Self-Healing Algorithm p
non-trivial

31



|||||||

7. Case Studies




Case Study: Al-Optimized Utility-Scale
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e Multi-megawatt solar farm deployed THE ROLE OF DRONES IN SOLAR FARM CONSTRUCTION AND MAINTENANCE

Al-based irradiance forecasting E PG HOMTORN) Nl PRSI _

* Machine learning-driven soiling

detection reduced cleaning costs
* Predictive analytics improved ' J :
TOPOGRAPHIC MAPPING ~ PROGRESS MONITORING ~ QUALITY ASSURANCE THERMAL INSPECTION DEFECT DETECTION &  VEGETATION MANAGEMENT
& SURVEYING & ASSET TRACKING

&HOTSPOT DETECTION ~ DAMAGE ASSESSMENT & SITE SECURITY

i/‘.i
A4\
57 %
A | \
\ TR
WEAM TR

inverter fault response time

* Reported measurable gains in annual
energy vield and availability

TOPOGRAPHIC MAPPING  PROGRESS MONITORING ~ QUALITY ASSURANCE THERMAL INSPECTION &  DEFECTDETECTION&  VEGETATION MANAGEMENT
& SURVEYING & ASSET TRACKING & INSPECTION HOTSPOT DETECTION DAMAGE ASSESSMENT & SITE SECURITY

1 1 High 30 ter Regular aeral updatesand ~ Detecting installal Identifying faulty cels and ~~ Visuali forcracks,  Monitoring plant growth and
* Demonstrates integration of mselign  Taiametoie,  mincimlbsel | omensaael  songousomge et sorymices
. L . signatures. ‘l'
forecasting, vision, and maintenance m = M Loman e 5
Al tOOl S = ACTIONABLE INSIGHTS & REPORTING >° .% |
PROJECT MANAGEMENT WORKORDER  PERFORMANCE
SOFTWARE GENERATION ~ OPTIMIZATION
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Case Study: Predictive Maintenance at

an Offshore Wind Farm

Offshore turbines equipped with
vibration and SCADA-based
monitoring

Machine learning models flagged
early-stage gearbox degradation

Maintenance scheduled proactively,
avoiding costly offshore call-outs

Reduced unplanned downtime and
improved turbine availability

Highlights Al's value in high-cost, hard-
to-access maintenance settings

Engineering Institute of Technology. ‘ Engineering College of Technology. ‘ Engineering College of Science and Technology. ‘ >

Archival data additions

WF status update following as-
sumed maintenance period

Weather
conditions

Technologies

Preventive maintenance

o Historical data
o Weather forecast

o Sensors collect real-time data
(e.g. state of sea, WT conditions)

historical data  weather

Proactive maintenance

o Vessels fleet routing and
scheduling and service
teams scheduling

¢ Constraints programming
(LOG CPLEX, GUROBI, ECL'PS")
eservice leams mission
®transport costs

Reactive maintenance
® UAVs fleet routing and

scheduling
o Constraints programming
(LOG CPLEX, GUROBI, ECL'PS*

® UAVs mission
o Costs of UAVs delivery

Total cost of service
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8. Challenges & Future Outlook




Key Challenges: Data, Interpretability,
and Cybersecurity 2EIT | 2EC

||||||| g College of Technology.
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PROTECTO

Technical Challenges

A ?{; Increasing Cyber
* Data quality, availability, and standardization across sites . {('N Threats
* Model generalization across climates and system - =
configurations | leataVolumeand
* Integration with legacy SCADA and control infrastructure Key Challenges ‘ Ejsampionty
* Computational and latency requirements for real-time in Healthcare [ " Compliance and

control ~ /Regulatory Burdens

Data Security

and Protection
Governance & Security Challenges

* Explainability and trust in Al-driven operational decisions

* Cybersecurity risks in connected, Al-enabled systems | ‘ ‘ E%L’ Legacy Systems and

* Regulatory and certification frameworks still maturing g/ Outdated Infrastructure R

* Workforce skills gap in Al and renewable energy integration v @wwwprotectoa

36



Future Trends and Concluding Remarks
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* Greater adoption of digital twins and physics-informed Al
models

* Increasing use of edge Al for real-time, on-site decision
making

* Growing role of generative Al in design, operations, and
reporting

e Stronger integration of Al across generation, storage, and grid
domains

* Al will be central to reliable, cost-effective renewable energy
systems

37
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Please note: courses listed below are subject to their own regulatory requirements—refer to the
relevant website for further information.

Engineering Institute of Technology (EIT) Start Date
Australian Accredited Qualifications & Short Courses

52888 WA Advanced Diploma of Applied Electrical Engineering (Power Industry) 1 September 2026
52892WA Advanced Diploma of Electrical and Instrumentation (E&I) Engineering in Mining 1 September 2026
52910WA Graduate Certificate in Hydrogen Engineering and Management 6 October 2026
52934WA Graduate Certificate in Renewable Energy Technologies 6 October 2026
52910WA Graduate Certificate in Hydrogen Engineering and Management 6 October 2026
Professional Certificate of Competency in Power Distribution 3 November 2026
Graduate Certificate in Power System Analysis and Design 4 January 2027
Master of Engineering (Electrical Systems) 4 January 2027
Master of Engineering — Applied Research (Electrical Systems) 4 January 2027
Associate Degree in Electrical Engineering 8 February 2027
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Please note: courses listed below are offered by separate institutions in the UK and South Africa, each
subject to their own regulatory requirements - refer to the relevant website for location-specific details.

Engineering College of Technology (ECT)

UK qualifications Start Date
Bachelor of Engineering (Honours) in Industrial Automation 21 September 2026
Bachelor of Engineering (Honours) in Electrical Engineering 21 September 2026
Master of Science (Power System Analysis and Renewable Integration) 5 October 2026
Master of Science (Industrial Automation and Instrumentation Control) 5 October 2026

Engineering College of Science and Technology (ECST)

Start Date

South African accredited qualification & ECSA-endorsed

Bachelor of Engineering Technology in Electrical Engineering 3 August 2026
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Engineering Institute of Technology.

Website
www.eit.edu.au

Head Office
6 & 8 Thelma Street, West Perth,
Perth, WA 6005

Phone
Inside Australia: 1300 138 522
Outside Australia: +61 8 9321 1702

Email
webinars@eit.edu.au
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Do

Courses
https://www.eit.edu.au/schedule/
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Engineering College of Technology.

Contact Us:

Website
www.ect.ac.uk

Head Office
Whittle Way, Stevenage SG1 2FS,
United Kingdom

Phone
Inside UK: 0208 335 4014
Outside UK: +44 208 335 4014

Programmes
https://www.ect.ac.uk/programmes/

Sl

=CST

Engineering College of Science and Technology.

Website
WWW. ecst.ac.za

Head Office

Unit 3, Elevation Gardens,
Elevation Close, Waterfall
Office Park, Midrand, 1686

Phone
Within South Africa: 010 823 4497
Outside South Africa: +27 11 823 4497

Programmes
WWW.ecst.ac.za/course-
types/bachelor-of-engineering/
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