DOMAIN 4: Sustainability & Environment

PS-4.1: Intelligent Al-Powered Rural Microgrid System

Problem Description

Rural and remote regions face unreliable electricity access due to intermittent renewable
generation, variable demand, and limited infrastructure. Intelligent microgrid management is
essential for reliable and affordable rural electrification.

Objectives

Optimize utilization of hybrid renewable energy sources
Forecast rural energy demand

Improve power reliability and reduce outages

Ensure affordability and energy equity

Constraints

Intermittent renewable generation

Limited grid and communication infrastructure
Cost-sensitive deployments

Highly variable rural demand patterns

Expected Deliverables

Al-based demand forecasting module
Hybrid microgrid optimization logic
Simulation or prototype system

Reliability and affordability impact analysis

PS-4.2: Enterprise-Scale Carbon Footprint Intelligence and
ESG Analytics Platform

Problem Description

Enterprises struggle to accurately track carbon emissions and comply with ESG regulations due
to fragmented data and manual reporting.



Objectives

Enable real-time carbon emission tracking
Perform lifecycle-based emission assessment
Support ESG compliance and reporting
Provide actionable sustainability insights

Constraints

Distributed and heterogeneous data sources
Accurate scope 1, 2, and 3 emission estimation
Evolving ESG regulations

Enterprise-scale data governance

Expected Deliverables

Carbon analytics engine

ESG dashboards and compliance reports
Lifecycle assessment module
Decision-support insights

PS-4.3: Autonomous Al-Robotic Waste Management System

Problem Description

Manual waste segregation leads to low recycling efficiency and increased landfill usage.
Automation can significantly improve waste processing sustainability.

Objectives
o Classify waste in real time using Al
e Automate segregation with robotics
e Optimize recycling and disposal decisions
e Quantify carbon footprint reduction

Constraints

Mixed and contaminated waste streams
Robotic manipulation uncertainty
Edge-compute limitations

Diverse waste categories

Expected Deliverables



Al-based waste classification model
Robotic sorting prototype or simulation
Recycling optimization logic

Carbon impact analytics dashboard

PS-4.4: Al-Based Renewable Energy Forecasting and Grid
Optimization System

Problem Description

High penetration of renewable energy introduces uncertainty and grid instability, requiring
intelligent forecasting and optimization.

Objectives

Forecast renewable energy generation
Optimize grid load and energy storage
Reduce carbon emissions

Support grid operator decision-making

Constraints

Weather uncertainty

Grid stability limits

Storage capacity constraints
Scalability across grid levels

Expected Deliverables

Renewable generation forecasting model
Grid optimization and storage control logic
Carbon-aware load balancing strategy
Operator dashboard and reports

PS-4.5: Al-Driven Waste-to-Energy Optimization System

Problem Description

Waste-to-energy plants suffer from inefficiencies due to variable waste composition and poor
process control.



Objectives

o Characterize waste feedstock using Al
o Optimize energy conversion processes
e Maximize energy yield
e Minimize environmental impact

Constraints

Inconsistent waste quality

Process control limitations

Energy loss prediction accuracy
Integration with circular economy goals

Expected Deliverables

Al-based biomass classification model
Process optimization analytics

Energy efficiency assessment
Sustainability impact report

PS-4.6: Smart Water Quality Monitoring and Pollution
Prediction System

Problem Description

Water pollution threatens ecosystems and public health, yet monitoring is often sparse and
reactive.

Objectives
e Monitor real-time water quality parameters
e Predict pollution events
e Enable early warning alerts
e Support environmental decision-making

Constraints

Sensor calibration and drift
Harsh environmental conditions
Limited deployment budgets
Data reliability issues



Expected Deliverables

loT-based water quality monitoring system
Pollution prediction models

Alert and visualization dashboard
Deployment and evaluation report

PS-4.7: Al-Driven Precision Forestry and Biodiversity
Monitoring

Problem Description

Deforestation and biodiversity loss require continuous, scalable monitoring to support
conservation efforts.

Objectives
e Monitor forest cover and biodiversity
o Detect illegal logging and degradation
e Support conservation planning
e Quantify ecological impact

Constraints

Limited ground-truth data
Dense vegetation and occlusion
Remote area connectivity
Seasonal variations

Expected Deliverables

Al-based satellite/drone analysis models
Biodiversity monitoring dashboard
Change detection reports

Conservation insights

PS-4.8: Sustainable Urban Heat Island Mitigation System

Problem Description



Urban heat islands increase energy demand, health risks, and environmental stress.

Objectives
 ldentify urban heat hotspots
o Predict heatwave impact
o Evaluate mitigation strategies
e Support city-level planning

Constraints

Sparse temperature sensing
Complex urban geometries
Climate variability

Policy integration challenges

Expected Deliverables

Heat island mapping and prediction model
Mitigation strategy analysis

Visualization dashboard

Policy decision-support report

PS-4.9: Al-Enabled Climate Risk and Disaster Impact
Assessment Platform

Problem Description

Climate-induced disasters cause widespread damage, yet impact assessments are often delayed
and incomplete.

Objectives

Assess climate risk using multi-source data
Predict disaster impact severity

Support disaster preparedness

Enable rapid damage estimation

Constraints

o Data uncertainty and gaps
¢ Real-time processing needs
e Model interpretability



o Regional variability
Expected Deliverables

Climate risk assessment models
Disaster impact dashboards
Scenario-based simulations
Analytical reports

PS-4.10: Circular Economy Optimization Platform for
Sustainable Manufacturing

Problem Description

Manufacturing industries generate waste and emissions due to inefficient material usage and
linear supply chains.

Objectives
o Optimize material reuse and recycling
e Reduce industrial waste and emissions
« Enable circular supply chains
e Support sustainability decision-making

Constraints

Complex supply-chain data
Economic feasibility
Inter-industry coordination
Regulatory compliance

Expected Deliverables

Circular economy optimization engine
Material flow analytics dashboard
Sustainability impact assessment
Industry-use-case demonstrations



