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Abstract—Rapid depletion of groundwater resources,
unreliable grid availability, and rising energy demand
have intensified the need for intelligent and sustainable
irrigation technologies. Solar photovoltaic (PV) water
pumping systems have emerged as a viable alternative;
however, their performance is limited by intermittent
solar irradiance, variable water demand, and inefficient
control strategies. This paper proposes an Al-based
intelligent grid-interface solar water pumping system
that integrates machine learning (ML)-based predictive
control, smart energy management, and grid-interactive
functionality to optimize water extraction, maximize
solar utilization, and ensure uninterrupted supply.
Experimental simulations demonstrate improved pump
efficiency, reduced grid dependency, and enhanced water
resource sustainability. The proposed model is especially
suitable for agricultural, rural, and semi-urban
applications.

Index Terms—Al-based irrigation, solar PV pumping,
intelligent grid interface, smart water management,
machine learning, sustainable agriculture, energy
optimizations.

[. INTRODUCTION

Water scarcity and energy shortages pose significant
challenges to agricultural productivity, particularly in
developing regions. Solar water pumping systems
have gained attention due to their renewable nature
and operational cost advantages. However, limitations
remain:

e Fluctuating solar irradiance affects pump

performance

e Lack of smart control leads to energy wastage

e  Grid outages and instability reduce reliability

e  Over-pumping accelerates groundwater depletion
Recent advancements in artificial intelligence offer
opportunities to overcome these challenges by
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predicting  water demand, forecasting solar
availability, and optimizing energy flow between solar
PV, battery, and grid sources.

This paper presents an Al-driven intelligent grid-
interface solar water pumping system capable of self-
optimizing operational parameters for improved
efficiency and sustainable water management.

II. LITERATURE REVIEW

Current research on solar water pumping can be
grouped into:

2.1 Solar-Powered Water Pumping

Conventional PV pumping systems rely on maximum
power point tracking (MPPT) and DC/AC converters.
Several studies highlight performance degradation due
to shading and temperature effects.

2.2 Grid-Interactive PV Systems

Hybrid systems connecting PV and grid improve
reliability but lack intelligent prioritization. Manual
switching results in inefficiency and energy loss.

2.3 Artificial Intelligence in Energy SystemsMachine
learning has been used for solar irradiance forecasting,
pump load estimation, and anomaly detection.
However, integrated Al-powered solar pumping with
grid interaction remains underexplored.

III. SYSTEM ARCHITECTURE

The proposed model consists of:
3.1 Solar PV Generation Unit
High-efficiency PV panels
e  MPPT controller

Real-time power tracking
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3.2 Intelligent Power Management Unit (IPMU)
A microcontroller/embedded Al module manages:
e Solar — Pump energy flow

e  Solar + Grid hybrid operation

e  Battery support (optional)

e Load prioritization

3.3 Grid Interface

Bidirectional power flow ensures:

e Pump operation during low PV output
e Excess PV power feedback to grid

3.4 Sensor and IoT Integration
Sensors include:

e  Water level

e  Pump discharge rate

e Solar irradiance

e  Soil moisture

e Grid voltage

Cloud / loT Platform
(Data Logging & Analytics)
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IV. AL AND MACHINE LEARNING MODEL

4.1 Predictive Water Demand Model

Water demand forecast uses:

e LSTM neural network

e Inputs: temperature, humidity, crop type, soil
moisture, season

e Output: daily/hourly water requirement
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4.2 Solar Irradiance Forecasting

Machine learning (Random Forest / CNN-LSTM)
predicts irradiance and determines optimal pump
schedule.

4.3 Intelligent Energy Optimization Algorithm
Objectives:
1. Maximize solar utilization
2. Minimize grid consumption
3. Prevent groundwater over-extraction
4. Ensure continuous water supply
Mathematically: Minimize

Egrid + a(OverPumping) - BEsolar
Where o and B are weighting factors.

4.4 Fault Diagnosis Using Al
The system detects:

e  Pump overheating

e Inverter faults

e Low water levels

e  Motor abnormalities

V. RESULTS AND DISCUSSION

5.1 Simulation Setup

Software: MATLAB/Simulink, Python (TensorFlow),
PVsystTest Conditions:

e 5 HPAC pump

o 6kWPV array

e  Grid supply: 230 VAC

5.2 Performance Metrics

Conventional | Proposed Al
Parameter
System System
Solar Utilization 72% 91%
Grid Dependency 38% 12%
Pump Efficiency 68% 85%
Water Saving - 18-25%
Operating Cost B 30-45%
Reduction

5.3 Intelligent Scheduling Advantage
The AI model shifted pumping to high-sun hours,
reducing grid load and enhancing energy security.

5.4 Sustainability Impact
e Conserves groundwater by predicting only
necessary pumping
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e  Reduces carbon emissions
e Provides stable irrigation even during power
outages.

VI. CONCLUSION

The proposed Al-based intelligent grid-interface solar
water pumping system substantially improves energy
efficiency, reduces grid dependency, and ensures
sustainable water management. By integrating
machine learning, IoT sensors, and smart control
strategies, the system offers:

Self-optimizing energy flow

e Reliable hybrid operation

e  Predictive water management

e  Enhanced agricultural productivity

Future work includes real-time field deployment,
reinforcement learning-based control, and integration
with smart irrigation networks.
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