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I. EXECUTIVE SUMMARY:: AI AS THE
BACKBONE OF INDIA'S 2030 GRID

The transition required to meet India's ambitious clean
energy targets, specifically integrating over 500
gigawatts (GW) of renewable energy (RE) capacity
before 2030, necessitates a fundamental paradigm
shift in power transmission management. The
traditional, static approaches to grid operation are
increasingly inadequate to manage the variability,
complexity, and bidirectional power flows introduced
by wind and solar photovoltaic (PV) sources.
Consequently, Artificial Intelligence (AI) and
Machine Learning (ML) are evolving from optional
optimization tools to indispensable components of
core operational practice, driving a migration toward a
real-time, self-optimizing system.

The modern grid, increasingly defined as a Power-
Electronics-Dominated Grid (PEDG), demands that
traditional fault detection and stability systems be
entirely redefined. Al provides the machine-speed
decision-making capability necessary to maintain
situational awareness at the required 40-millisecond
resolution, ensuring reliability and security.

Key strategic recommendations derived from this
analysis emphasize targeted investment in Grid
Enhancing Technologies (GETs) and foundational
data infrastructure. Specifically, prioritization must be
given to deploying Al-optimized Dynamic Line
Rating (DLR) and Topology Optimization (TO) to
maximize utilization of existing transmission assets
and defer costly capital expenditures. Concurrently,
the acceleration of high-resolution data acquisition
through Wide Area Monitoring Systems (WAMS) and
the subsequent integration of Al are mandated to
establish the security and resilience layer required to
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prevent cascading failures and facilitate the massive
scale of renewable integration. The strategic
implementation of Al is now critical for preventing
transmission infrastructure from becoming the
weakest link in India’s energy transition.

II. THE STRATEGIC CONTEXT: INDIA’S
TRANSMISSION CHALLENGES AND THE Al
MANDATE

2.1 The Imperative of Renewable Integration and
System Complexity

The national commitment to achieve over 500 GW of
non-fossil fuel capacity before 2030 and reach net-
zero emissions by 2070 places unprecedented stress on
the transmission and distribution network. This
ambitious expansion, coupled with a surging corporate
Power Purchase Agreement (PPA) market fueled by
commercial and industrial demand, mandates a
complete overhaul of grid infrastructure and
operational philosophy.

The core technical challenge lies in managing the
intermittency and variability inherent to wind and
solar energy sources. Unlike synchronous generators
that provide physical inertia, these renewable sources
inject power that is controlled, converted, and
conditioned primarily by power electronic devices,
leading to the emergence of the Power-Electronics-
Dominated Grid (PEDG). This fundamental alteration
in grid dynamics requires a radical redefinition of
legacy systems, particularly relay protection used for
fault detection and fluctuation management. The
analysis confirms that high-voltage direct current
(HVDC) transmission, essential for long-distance
power transfer, and smart grids both rely on the
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efficiency benefits and control capabilities offered by
PEDGs.

Recognizing this complexity, the Government of India
has strategically positioned digitalization, Al, and
unified public infrastructure as essential tools for
transforming the legacy system into a flexible,
resilient, and "smart" network. This policy thrust
underpins the transition from reactive maintenance
and static planning to proactive, intelligence-driven
operations.

2.2 Addressing the Twin Crises: Losses and Aging

Infrastructure

Modernization efforts must simultaneously address

the persistent financial and technical deficiencies

plaguing the sector. India's Transmission and

Distribution (T&D) losses are recognized globally as

critically high, estimated to be between 20-25%. This

massive energy dissipation directly impairs the
financial sustainability and overall health of

Distribution Companies (DISCOMs), creating a

substantial impediment to informed decision-making

and network resilience.

A necessary relationship exists between mitigating

financial stress and implementing advanced

technology. High T&D losses often lead to insufficient
capital investment in infrastructure and technology.

Al-enabled solutions are necessary to break this cycle

by providing a technology-driven pathway to stabilize

revenues and reduce losses, thus improving the
financial health required for deeper grid
modernization.

To address these systemic issues, policy mandates

outline several crucial modernization solutions:

1. Reconductoring and Asset Optimization: A
dedicated reconductoring plan is required to
upgrade existing lines with high-capacity
conductors instead of focusing solely on building
new ones. This is essential for optimizing the
utilization of existing Right of Way (RoW), a
critical constraint in densely populated areas.

2. Mandatory Al Integration: Policymakers must
mandate the integration of AI/ML technology in
new transmission lines and the retrofitting of
older infrastructure to ensure optimized power
flows.

3. Electricity Theft Reduction: Electricity theft
remains a major contributor to T&D losses.
Employing advanced technology solutions, such
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as Advanced Metering Infrastructure (AMI)
coupled with robust data analytics and Al,
enhances surveillance, detects anomalies in real-
time consumption data, and deters potential
offenders.

2.3 Foundational Policy and Investment Drivers
India’s strategic vision for smart grids is not new. The
country launched the National Smart Grid Mission
(NSGM) and commenced smart grid pilot projects in
the early 2010s to build operational capacity and
demonstrate technological feasibility. The NSGM
institutional structure, including the National Project
Management Unit (NPMU) and State Level Project
Management Units (SLPMUs), provides a regulatory
framework, technical standards, and a review
mechanism to monitor implementation.

Commitment to modernization is demonstrated by
substantial financial backing. In 2022, the government
launched an investment scheme totaling INR 3.03
trillion (approximately $38 billion USD) dedicated to
supporting DISCOMs and improving essential
distribution infrastructure.

Furthermore, massive private sector investment in
high-end compute infrastructure is acting as a
powerful external accelerator for grid quality. The
partnership between the Adani Group and Google to
build India’s largest Al data center campus in
Visakhapatnam, Andhra Pradesh, represents a multi-
gigawatt facility designed to power computationally
intensive Al workloads. Crucially, this project
requires co-investment in new transmission lines,
clean energy generation, and energy storage systems
to guarantee the necessary high-standard, resilient
power supply. This high-demand Al infrastructure
forces the surrounding grid to meet an elevated
standard of stability and resilience, accelerating the
adoption of Al-driven energy management systems
locally and strengthening the overall national grid
structure to accommodate unprecedented load growth.

III. FOUNDATIONAL DIGITAL
INFRASTRUCTURE: ENABLING Al

The successful deployment of Al in power
transmission is entirely contingent upon the
establishment of a robust, high-fidelity data
acquisition and management infrastructure. Al models
are useless without accurate, real-time data inputs.
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3.1 The Shift to Real-Time Synchronized
Measurement

The foundation of modern, intelligent grid control is
the ability to monitor grid dynamics across wide
geographical areas synchronously.

3.1.1 Wide Area Monitoring Systems (WAMS)
WAMS utilizes Phasor Measurement Units (PMUs) to
provide high-speed, synchronized data on critical
parameters, including voltage, current, frequency, and
phase angle. This comprehensive, real-time data
allows grid operators to enhance grid stability and
reliability by detecting and addressing system
disturbances or anomalies promptly, which is vital for
managing the dynamic performance of the system.

3.1.2. India's URTDSM Project

The Government of India, through the Unified Real
Time Dynamic State Measurement (URTDSM)
scheme, has embarked on a strategic initiative to
deploy 1,672 PMUs across the national grid at selected
strategic locations. These locations include every 400
kV bus, generation switchyards of 220 kV and above,
and HVDC terminals, ensuring comprehensive
coverage of the high-voltage transmission backbone.
The project includes the installation of Nodal PDCs
(Phasor Data Concentrators) at strategic substations,
Master PDCs at all State Load Despatch Centers
(SLDCs), Super PDCs at Regional Load Despatch
Centers (RLDCs), and Main and backup PDCs at the
National Load Despatch Center (NLDC). This
physical and logical architecture confirms a clear,
strategic focus on high-speed, synchronized data
acquisition as the necessary precursor for advanced
analytics.

While the URTDSM project is installing the physical
infrastructure for high-volume data collection, the
crucial challenge is shifting from mere physical data
acquisition to robust data governance and reliable
utilization. The successful application of WAMS
analytics, such as the six applications deployed by IIT
Bombay, depends entirely on the high-resolution data
being consistently available and utilized by power
system operators. Academic analyses and operational
reviews by institutions like GRID-India highlight that
the quality and consistency of input data remain
significant operational challenges that require
continuous improvement. The collaboration between
GRID-India and IIT Kanpur to develop an AI/ML
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engine specifically for cleaning real-time renewable
energy data underscores the fact that data fidelity,
synchronization, and governance are active,
recognized bottlenecks that must be overcome to fully
realize the potential of the installed PMU fleet.

3.2. Core Al Toolkit and Digital Twins

Grid operations rely on a sophisticated and diverse set

of Al techniques tailored to specific functional needs.

3.2.1. Al Methodologies in Use

The prevalent Al toolkit for grid operations in India

encompasses several advanced methodologies:

e Machine Learning (ML): Used primarily for
forecasting, classification tasks, and improving
operational efficiency.

e Deep Learning (DL): Essential for handling non-
linear patterns, processing complex, high-
resolution datasets (such as 40-millisecond data
streams), and achieving the necessary high-speed
decision-making capability.

e Reinforcement Learning (RL): A critical
emerging technique employed for adaptive, real-
time grid control and complex optimization tasks,
facilitating strategies such as optimal resource
allocation and congestion management.

3.2.2. Digital Twins for Operational Optimization
Digital Twin technologies virtual replicas of physical
power systems are emerging as a novel tool that
directly —addresses practical Dbarriers to Al
implementation. These virtual environments allow for
the real-time simulation and optimization of energy
networks, which improves overall grid performance
and sustainability.

Digital Twins are particularly valuable in a safety-
critical domain like power transmission because they
allow utilities to test complex Al-driven dispatch and
optimization strategies in a risk-free environment
before deploying them to the actual grid. For instance,
Tata Power utilizes sophisticated digital twins to
analyze the full anatomy of its network, identifying
potential design flaws and optimizing highly efficient
dispatch operations. This ability to simulate complex
scenarios is fundamental for integrating intermittent
resources into a round-the-clock reliable supply.
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IV. AI-DRIVEN APPLICATIONS FOR
ENHANCED GRID CAPACITY AND ASSET
UTILIZATION (GETS)

The deployment of Grid Enhancing Technologies
(GETs), powered by Al, represents a paradigm shift
away from traditional, capital-intensive infrastructure
expansion toward intelligence-based optimization. For
a high-demand developing economy like India,
constrained by funding and Right of Way (RoW)
acquisition complexities, GETs offer faster, more
cost-effective pathways to capacity enhancement.

4.1 Dynamic Line Rating (DLR) Optimization
Dynamic Line Rating (DLR) is a crucial GET that
addresses the limitations of static line ratings, which
rely on conservative, worst-case seasonal assumptions
that typically undervalue true line capacity.

4.1.1. Concept and Al Integration

DLR maximizes the utilization of existing
transmission lines by continuously assessing real-time
environmental factors (such as conductor temperature,
ambient temperature, wind speed, and solar intensity)
to calculate the maximum safe current capacity.

Al is indispensable for DLR implementation because
it provides improved forecasting of local and regional
weather conditions, allowing system operators to
predict thermal limits and dynamically maximize
power flow without violating safety constraints. This
prediction capability ensures that transmission lines
operate within safe sag limits, reducing the risk of
contact with vegetation and mitigating wildfire risk, a
safety benefit recognized globally.

4.1.2. Suitability and Proven Results in India
DLR is strategically suitable for India because it
directly addresses the constraints imposed by complex
RoW acquisition and the urgent need to increase
capacity through reconductoring existing lines. DLR
provides a capacity boost, typically 20-25%, without
requiring new civil infrastructure. This capability acts
as a potent financial and logistical tool, optimizing
capital expenditure (CAPEX) by deferring or reducing
the scope of new construction projects.
Operational experience in India confirms this strategic
value:
e POWERGRID Trial: A 2018 trial conducted by
Power Grid Corporation utilized DLR

technology, successfully resulting in
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approximately a 20% increase in line capacity,
which eased system traffic and enhanced supply
reliability.

e MSETCL Case Study: The Maharashtra State
Electricity Transmission Company Limited
(MSETCL) deployed AI and IoT-based sensors to
trial DLR. This system achieved a 25% higher
line throughput and resulted in savings of 3400
crore by successfully deferring transmission
upgrades.

This documented ability to significantly boost

capacity while deferring infrastructure investment

validates DLR as a strategic imperative for
accelerating renewable integration targets while
navigating financial and logistical constraints.

4.2 Topology Optimization (TO) and Congestion
Management

Topology Optimization (TO) is a critical method for
managing grid flows dynamically by reconfiguring the
electrical network. This involves strategically opening
and closing circuit breakers to change the flow paths,
thereby achieving a higher utilization rate of existing
grid assets and reducing localized congestion.
Identifying the correct set of reconfiguration actions in
real-time is computationally demanding. It is
structured as a complex, constrained, multi-objective
optimization problem, often involving objectives such
as minimizing losses, managing voltage profiles, and
reducing congestion. Al algorithms, particularly those
based on Reinforcement Learning and advanced
optimization techniques, are essential because they
can identify optimal solutions rapidly under a variety
of real-time scenarios, thus reducing interconnection
costs and managing the volatility introduced by
variable renewable generation.

Al-based Decision Support Tools (DSTs) for
congestion management are becoming vital for system
operators facing increasingly complex network
behavior. The utilization of these tools is a necessary
step toward realizing semi-autonomous grid
management, significantly improving efficiency in
resource allocation and overall grid performance.

4.3 Advanced Predictive Maintenance (PdM) and
Asset Management

Al methods for predictive maintenance (PdM) and
condition monitoring represent a foundational
application for enhancing transmission reliability and

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 4200



© October 2025 | IJIRT | Volume 12 Issue 5 | ISSN: 2349-6002

reducing operational expenses (OpEx). By deploying
Al coupled with inexpensive loT sensors, utilities can
analyze equipment health data from assets like
transformers and circuit breakers.

The core benefit of PdM is the ability to identify
technical problems before they manifest as failures or
outages, thereby enabling targeted, preventative
maintenance rather than costly, reactive repairs. This
approach significantly reduces equipment downtime,
minimizes maintenance expenses, and contributes to
the overall reduction of system losses. For India, PdAM
is crucial for overhauling aging equipment, which
currently contributes to blackouts, burnouts, and
power surges.

Furthermore, Al-enabled asset management holds
specific relevance for India’s growing solar fleet.
Given that certain regions, such as Delhi, suffer from
severe air pollution, Al can analyze weather and
environmental data to predict when solar PV panels
will require maintenance to counter attenuation
(soiling) that degrades performance. Studies have
shown that pollution can lead to significant revenue
loss up to $20 million per year in one documented case
highlighting the economic necessity of Al-driven
optimization of maintenance schedules for large-scale
renewable assets.

V. AT FOR GRID RESILIENCE, STABILITY, AND
SECURITY

As the power system transforms into a highly
interconnected, Power-Electronics-Dominated Grid,
the required operational speed moves far beyond
human capacity. Al must be deployed as a core
reliability and security layer, capable of operating at
machine speed to ensure stability.

5.1 Real-Time Stability Management and Oscillation
Monitoring

The grid environment increasingly demands machine-
speed situational awareness. Grid India is actively
preparing to embed Al deep into its operations for real-
time risk detection and market manipulation
surveillance, requiring operational visibility and
response capability at an unprecedented 40-
millisecond resolution.

5.1.1. WAMS and Advanced Analytics

While the WAMS infrastructure provides the
necessary high-fidelity, synchronized data, Al
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provides the intelligence layer required to interpret
that data instantaneously. WAMS solutions built for
grid orchestration utilize robust Al analysis engines to
quickly identify and pinpoint the precise cause of grid
disturbances and system oscillations. This capability is
proactive, enabling operators to intervene before
outages can propagate across the network.
Applications include Oscillation Monitoring and
Source Location, Disturbance Detection, and Effective
Inertia Metering all critical for proactively
orchestrating the complex national grid.

5.1.2. Load Forecasting and Dynamic Dispatch

Al algorithms analyze massive datasets, including
weather forecasts, consumption patterns, and grid
performance metrics, to predict demand fluctuations
(Short-term  load forecasting) and generation
availability with high accuracy. This predictive
capability is essential for better scheduling of
generation and energy storage systems to ensure a
balanced and stable supply.

A real-world example of this functionality is seen in
the Tata Power implementation. The utility
successfully piloted and adopted BluWave-ai's cloud
platform, which employs neural networks to generate
optimized intra-day and day-ahead dispatch plans.
This system outperformed legacy tools, demonstrating
Al’s capacity to mitigate stiff market penalties
incurred when generation schedules miss the required
output, thereby enhancing operational profitability and
accuracy.

5.2 Automated Fault Detection and Diagnosis
(FD&D)

The complexity introduced by integrating variable
renewable energy sources requires that fault detection
and isolation times be drastically reduced. In a
complex PEDG, the physical network’s reliance on
power electronics fundamentally changes fault
signatures, requiring advanced analytical tools to
achieve rapid identification and removal of problem
areas before system collapse.

Al systems are capable of drastically reducing fault
response times from minutes to mere seconds.
However, achieving this machine-speed detection and
diagnosis capability requires sophisticated modeling,
as traditional Machine Learning techniques often fall
short. Simple algorithms like Decision Trees, while
less complex, require prohibitively long training times
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and carry the risk of overfitting. Similarly, the K-
Nearest Neighbors (KNN) algorithm, though robust to
noise, suffers from high computational complexity
that renders it too slow for real-time, mission-critical
applications.

The inherent non-linearity and high-stakes nature of
fault detection in modern grids mandate a reliance on
computationally intensive, hybrid Deep Learning
(DL) models. Research confirms the efficacy of hybrid
models combining Convolutional Neural Networks
(CNN) with Recurrent Neural Networks (RNN) or
Long Short-Term Memory (LSTM). Models such as
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CNN-LSTM have demonstrated high accuracy rates
(e.g., 93.05%) in automatically identifying and
diagnosing faults in real-time, facilitating fast removal
with minimum losses and ensuring resilience. The
increasing complexity of India’s grid architecture,
therefore, necessitates significant investment in both
the computational infrastructure and the highly skilled
domain expertise required to develop and deploy these
hybrid DL models for system security.

The following table summarizes the suitability of
different AI/ML models for critical transmission
operations:

AI/ML Model Suitability for Critical Transmission Operations

Operation Task Relevant AI/ML Models Key Performance Metric Indian Application Relevance | Source

Automated Fault CNN-LSTM, Hybrid Deep Accuracy in real-time fault Essential for rapid fault

Detection Learning identification (e.g., >93%) isolation in PEDGs

Dynamic Line Rating| Neural Networks, Improved |Throughput Increase (Target 20-| Maximizes existing RoW
(DLR) Weather Forecasting ML 25%), Sag Reduction utilization; proven in MSETCL
Short-Term Load Deep Learning, Neural Mean Absolute Percentage Error| Critical for real-time market
Forecasting Networks (e.g., Tata Power) (MAPE), Dispatch Accuracy compliance and VRE
management
Topology Constrained Multi-Objective Optimization solution Reduces interconnection costs

Optimization (TO) | Reinforcement Learning (RL) |identification speed, Congestion [ and relieves system congestion

Reduction

5.3. Cybersecurity and Resilience

The strategic shift toward a fully digitalized, Al-
integrated grid introduces significant cybersecurity
risks, particularly targeting critical Operational
Technology (OT) systems such as SCADA.
Cybersecurity remains a vital aspect of smart grid
technology, requiring constant adaptation to evolving
threats.

Al provides essential capabilities for fortifying grid
security. Deep learning techniques are effectively
employed to enhance cyber-defense, especially in
targeting vulnerabilities within SCADA systems
through robust anomaly detection. Furthermore, for
decentralized smart grid architectures involving
numerous Distributed Energy Resources (DERs), Al-
driven cybersecurity solutions are critical for
identifying and mitigating threats inherent in these
distributed environments.

Beyond physical and operational security, Al is also
being deployed for sophisticated market manipulation
surveillance, ensuring fair practices and security

within the increasingly complex electricity market
exchanges.

VI. POLICY, INVESTMENT, AND
IMPLEMENTATION ROADMAP FOR INDIA

The technical readiness of Al models must be
complemented by supportive policy and robust
investment strategies to ensure successful, large-scale
deployment across India's vast and heterogeneous grid
landscape.

6.1 Overcoming Barriers to Scale and Acceptance
Implementation barriers in India are often categorized
as technological, financial, and socio-operational.

6.1.1 Technological Integration Challenges

The primary technological hurdle lies in scaling Al
applications from pilot projects to full operational
practice. This requires navigating the complexity of
integrating advanced Al models with existing legacy
Operational Technology (OT) infrastructure, a process
that is often costly and slow. Furthermore, the
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development and refinement of complex Al models
necessitate substantial technical depth and specialized
domain expertise, which is not universally available
across all utilities.

The paramount challenge, however, is data fidelity.
Even with the large-scale deployment of PMUs under
URTDSM, the quality and consistency of input data
require continuous improvement. This challenge
manifests as an analytical conclusion: the
computational governance of the data stream,
including sophisticated cleaning and standardization,
is the key bottleneck, not merely the sensor count.

6.1.2. Non-Technical Barriers

Financial and social barriers significantly impede the
acceptance and deployment of smart grid technology
in India. Earlier smart grid pilot projects demonstrated
deficiencies related to poor infrastructure development
and a persistent lack of consumer involvement and
awareness. Moreover, energy providers face systemic
obstacles such as low capital investments, a lack of top
management support for necessary IT infrastructure
upgrades, and difficulties reconciling human
operational goals with autonomous machine output.
Policy stability and financial de-risking mechanisms
remain essential for unlocking India's energy future
and attracting the necessary private investment.

6.2 Strategic Policy Levers for Accelerating Adoption
The implementation roadmap for widespread Al
adoption requires addressing the regulatory and
financial instability that precedes technological
scaling. Policy measures must focus on streamlining
processes and incentivizing compliance.

6.2.1. Mandating and Standardizing Digitalization

The national strategy must transition from merely
encouraging the adoption of smart technology to
mandating AI/ML integration in new transmission
lines, while also enforcing retrofitting plans for
optimizing older assets. This is coupled with the
urgent need to standardize technical specifications
across state procurement bodies, ensuring alignment
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with Central Electricity Authority (CEA) norms to
reduce inefficiencies and lower implementation costs.

6.2.2. Financial and Regulatory Reforms

Policy intervention is required to address the high

costs and fragmentation that currently delay

transmission projects. Critical financial reforms
include:

e De-risking Projects: Replacing costly bank
guarantees with more efficient instruments such
as insurance surety bonds.

e  Cost Management: Allowing the pass-through of
Right of Way (RoW) cost overruns, which often
stall projects, to ensure execution speed is
maintained.

These non-technical policy adjustments are

fundamentally necessary to stabilize the legal and

financial environment, which, in turn, fosters the
private sector confidence and fast execution required
for successful technology deployment.

6.2.3. Prioritizing Operational Acceptance and UX
As Al-based Decision Support Tools (DSTs) are
introduced for mission-critical functions like
congestion management, it is essential that
development prioritizes the User Experience (UX) of
control room operators. Systems must be developed
that ensure high usability, trust, and acceptance in the
joint human-machine control environment, addressing
the potential mismatch between human goals and
machine output noted as a current barrier.
Furthermore, addressing low consumer involvement a
persistent issue in early smart grid adoption requires
prioritizing consumer-centric service improvements
and providing real-time data on energy use to facilitate
greater control over energy bills.

The table below summarizes the key implementation
barriers and corresponding strategic mitigation
pathways necessary for large-scale Al deployment in
India:

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 4203



© October 2025 | IJIRT | Volume 12 Issue 5 | ISSN: 2349-6002

Key Implementation Barriers and Mitigation Strategies in the Indian Context

Barrier Specific Challenge Impact on AI Deployment Mitigation Strategy (Policy/Tech)  [Source
Category
Data & Data quality and Hinders accuracy and reliability of| Mandate data standardization (CEA
Technology consistency issues real-time Al models; requires norms); Invest in Al data cleaning

constant data cleaning

engines (GRID-India/IIT-K model)

legacy OT/SCADA

Infrastructure | Complex integration with | High implementation cost; slows
down scaling from pilot to
systems operational practice

Develop robust IT/OT integration
platforms and standardized APIs; Utilize
Digital Twins for simulation/testing

Financial & | Low investments; Costly

Slows physical infrastructure

Implement insurance surety bonds;

human/machine goals; Low|
consumer acceptance

Regulatory bank guarantees; RoW build-out (which underpins Al Allow RoW cost pass-through; INR
overruns delay projects deployment); reduces financial 3.03T scheme utilization
sustainability
Social & Lack of domain expertise; [Limit’s ability to develop and trust| Develop capacity building initiatives
Operational Mismatch between complex Al models; slow (SGKC); Prioritize User Experience

technology acceptance

(UX) evaluation for control room DSTs

VII. STRATEGIC RECOMMENDATIONS AND
FUTURE OUTLOOK

7.1 Prioritizing Investment in Intelligence Over Steel

To meet the 2030 renewable integration targets, India
must adopt a planning philosophy that prioritizes
intelligence and optimization of existing assets over
immediate, large-scale construction of new high-
voltage lines.

The strategic focus should be on mandatory
deployment of Grid Enhancing Technologies (GETs).
Specifically, reconductoring existing AC transmission
lines with advanced conductors and implementing Al-
optimized Dynamic Line Rating (DLR) is proven to
yield 20-25% capacity gains. This strategy offers a
faster and more fiscally responsible route to capacity
creation, significantly mitigating the logistical hurdles
and project delays associated with new RoW
acquisition. The proven economic benefit of deferring
hundreds of crores in transmission upgrades via DLR
demonstrates that Al is not merely a technical addition
but a powerful economic tool for optimized capital
allocation.

Furthermore, policy must mandate the adoption of
Digital Twin technology for all new large-scale
transmission projects and critical control centers.
Digital Twins facilitate the necessary real-time
simulation and testing of complex Al control
strategies, such as Topology Optimization, thereby
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reducing deployment risk in safety-critical domains
and ensuring long-term system sustainability.

7.2 The Next Generation of Grid Control

The future operational landscape envisioned by grid
managers involves Al not just supporting human
decisions, but enabling semi-autonomous grid
management. This architectural shift entails moving
beyond current decision support tools (DSTs) to
realize capabilities such as self-healing fault detection,
adaptive resource dispatch, and coordinated control of
distributed assets. This requires continued research
and investment in advanced control techniques,
particularly Reinforcement Learning, to handle the
increasing volatility and complexity of the PEDG
environment.

For this transition to succeed, regulatory and utility
strategies must heavily focus on human factors. The
development of advanced, Al-based congestion
management tools must undergo rigorous User
Experience (UX) evaluation to ensure they are trusted
and effectively utilized by human operators, who
remain crucially "in the loop" for safety-critical high-
risk domains.

7.3 Leveraging Global Al Investment

India must strategically capitalize on the massive
energy demands generated by global hyperscale Al
infrastructure investment within its borders. High-
profile projects, such as the Adani-Google multi-
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gigawatt data center campus, require a continuous,
highly reliable, and sustainable power supply. The co-
investment by these entities in new transmission lines,
clean energy generation, and grid-scale storage creates
a localized anchor that forces the acceleration of grid
modernization, strengthening India's electricity grid to
a standard that benefits the entire system. These high-
value compute hubs serve as catalysts, mandating and
funding the immediate adoption of advanced, reliable
transmission standards for quicker than general utility
demands might otherwise permit.
The integration of Artificial Intelligence into India's
power transmission infrastructure is a non-negotiable
requirement for realizing its energy future. By
focusing investment on enhancing data governance,
deploying Al-optimized GETs, and adopting
advanced deep learning models for machine-speed
resilience, India can ensure its unified electricity grid
operates as a data-rich, intelligent, and highly reliable
system capable of powering the national energy
transition and achieving global climate goals.
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