
Off-the-grid Photovoltaic Inverter for Residential 
Applications

Saravanaa Kesavan

Ahmad Althikri 

Ali Al Sulis 

Mohammed Alali 

Osama Ansari 

Faculty Advisor: Dr. M. Youssef

Coordinator:       Dr. Q. Mahmoud



Content

• Introduction and  Problem Identification

• Marketing and Engineering Requirement

• Scenarios 

• Design Process

• Cost

• Code

• Testing

• Demo Video



Introduction and  Problem Identification

• Relieve energy shortage 

• Relieve environmental pollution

• Flexible system size 

• Simple installation

Photo-Voltaic Energy
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Marketing Requirement
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Main requirements for the off-the-grid photovoltaic inverters in residential 
applications:

• Safe to use 

• Efficient 

• Cost Effective

• Reliable 



Engineering Requirement
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Main engineering requirements for the off-the-grid photovoltaic inverters in 
residential applications:

• Maximum Power Generation 

• Compatibility with PV system 

• Sinewave form with 50 Hz frequency

• Affordable price

• Reliability

• Technologically Implementable
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Different aspects of the 
scenarios

Final Cost of 
the produced 

off-grid 
inverter

Compatibility 
with the other 
elements in 

the PV power 
generation 

system

Load and 
demand

Produced 
topologies 

and 
technologies 
in the market
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Step 1
• Conceptual design

Step 2

• Software validation by simulation

• PSIM

Step 3
• Functional testing

Step 4

• Final design

• Schematics (Prototype Board)

• PCB (Printed Board with components on it) 



Design Process for the 1-phase inverter
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• For our prototype we chose the Half bridge inverter

• Cheaper and better for home application 

Single phase Full bridge inverterSingle phase Half bridge inverter



Design Process for the 1-phase inverter
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• The 1-phase inverter with DC-DC boost  convertor circuit in simulation



Design Process for the 1-phase inverter
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Simulation result for the 1-phase inverter with DC-DC booster 



Preliminary Design
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Components

12V Battery 50W Solar panel
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Preliminary Design Testing vs. Simulation Result 

S
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Final PCB Design for 1-Phase Half bridge inverter

• Create Schematic 

• Arduino Mega with microcontroller ATmega2560

• MOSFET Driver SG3525A

• Transformer

Schematics 
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Schematic Library for the Arduino transformer, and 
MOSFET driver

• Arduino controls the MOSFET driver.

• MOSFET driver provides the gate voltage to the two MOSFETS

• The MOSFETS are used in the 1-phase inverter

• The inverter feeds in to step-up transformer
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PCB Prototype
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PCB Design

• PCB library obtained from online resources for             
Adruino Mega

PCB Library for components in schematic
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• MOSFET Driver



PCB Design

• Created PCB Library from scratch which is built using exact dimension and specification from 
the transformer with similar properties. 

PCB Library for transformer 
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PCB Design

Implementation – Top Layer
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PCB Design

Implementation – Bottom Layer
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Final Product

Top Side Bottom Side
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PV inverters can be categorized as: 
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• Module integrated inverters, typically in the 50–400 W 

• String inverters, typically in the 0.4–2 kW  

• Multistring inverters, typically in the 1.5–6 kW  

• Mini central inverters, typically > 6 kW

• Central inverters, typically in the 100–1000 kW 



Cost 
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Code 
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• The core microcontroller in this Arduino is AVR ATmega 2560

• CodeWizardAVR used to program AVR microcontroller

• Provides more tools to access to the timers

• Access to other peripherals

• Code contains following functions:

• Timer1 overflow interrupt

• Timer3 overflow interrupt

• Timer 0 and Timer 4 for PWM

• Each interrupt updates duty cycle and gate signal of switches.



Testing
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• Inverter DC performance test:

• To assess the inverter performance during voltage and power changes in the DC source.

• Inverter AC performance test:

• Inverter Output Time Delay Test

• Under-Voltage/ Over-Voltage Transients Tests

• Voltage/Frequency Oscillation Tests 

• Short Circuit Test



Conclusion & Achievements

• We created a simple yet effective design. 

• Our design provides good performance and a stable output.

• It is safe and commercially viable.

• By using wholesalers and PBC fabrication companies we can offer our inverter less than 150 dollars.

• Making our design one of the cheapest on the market.

• We will have some difficulty to certify our product by national and international standard organization

• To improve our inverter we need to add 2 more parallel circuits  

• One problem we need to synchronize all the circuit 

• So we need to create a synchronizer circuit to synchronize all the outputs 

• Current Limiter and voltage limiter
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Live demonstration
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