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Abstract — As urban energy consumption continues to rise, 

the role of rooftop solar photovoltaic (PV) systems in 

enhancing energy sustainability has become increasingly 

significant. This paper presents a comprehensive analysis of 

a 1 MW rooftop grid-connected solar PV system 

implemented in an urban environment in Central India. The 

focus is on system sizing, rooftop integration, and 

performance evaluation under India’s prevailing net metering 

regulations. The study utilizes PVsyst and MATLAB 

Simulink to simulate energy production, assess system losses, 

and evaluate performance metrics such as Performance Ratio 

(PR) and capacity utilization. In parallel, a detailed financial 

model estimates the total investment, operational savings, and 

payback period over a 25-year lifecycle. Results indicate that 

a rooftop solar installation of this scale can generate over 1.6 

million units annually, achieve a PR above 75%, and recover 

the initial investment in less than seven years. The system 

also contributes to significant carbon emission reductions and 

alleviates pressure on the urban power grid. This paper 

highlights the immense potential of rooftop solar projects in 

commercial and institutional sectors, where unused roof 

space can be transformed into a profitable energy asset with 

long-term environmental benefits. 
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I. INTRODUCTION 

The growing demand for electricity in urban India has 

intensified the need for clean, reliable, and decentralized 

energy solutions. As cities expand and energy consumption 

increases in commercial and institutional sectors, 

conventional power sources are proving insufficient to meet 

rising demands without environmental compromise. In this 

context, rooftop solar photovoltaic (PV) systems have 

emerged as a practical and scalable alternative to grid 

dependency. 

Unlike ground-mounted utility-scale solar farms, 

rooftop systems utilize existing building infrastructure, 

minimizing land use conflicts and offering a decentralized 

model of power generation. India, with its abundant solar 

radiation and expansive urban rooftops, is well-positioned to 

lead the rooftop solar revolution. Government policies, such 

as the Net Metering Mechanism, have further incentivized 

rooftop installations by allowing consumers to offset their 

electricity bills with solar generation. 

This paper focuses on the design and performance 

evaluation of a 1 MW rooftop solar PV system installed in a 

typical commercial complex in Central India. The system is 

grid-connected and operates under the net metering 

framework, enabling surplus solar power to be fed back to the 

utility grid. 

Through detailed simulation and analysis using 

PVsyst and MATLAB Simulink, the study evaluates the 

technical feasibility of the system, considering site-specific 

solar irradiance, system losses, inverter efficiency, and 

energy yield. Financial metrics such as payback period, 

Levelized Cost of Energy (LCOE), and lifetime savings are 

also analysed to determine the project’s economic 

attractiveness. 

By combining real-world applicability with 

technical precision, this research aims to showcase how large-

scale rooftop solar projects can play a pivotal role in 

reshaping India’s urban energy landscape—both 

economically and environmentally. 

II. SYSTEM DESIGN AND METHODOLOGY 

Designing a 1 MW rooftop solar PV system involves 

navigating unique challenges compared to ground-mounted 

systems—chief among them are space optimization, 

structural loading, shading analysis, and compliance with 

urban electrical codes. This section outlines the structured 

approach followed for system sizing, component selection, 

layout planning, and simulation modelling for a typical 

commercial rooftop scenario in Central India. 

A. Site Analysis and Rooftop Feasibility 

The rooftop under consideration spans multiple 

interconnected structures with a combined usable area of 

approximately 10,000–11,000 square meters. A detailed site 

audit was conducted to assess structural integrity, available 

shadow-free zones, and orientation. Satellite data and tools 

like Google SketchUp and AutoCAD were used to model the 

rooftop and determine the optimal panel layout. 

B. Module Selection and Capacity Configuration 

To meet the 1 MW (DC) capacity, high-efficiency 

monocrystalline PV modules rated at 540 Wp were chosen 

for their better performance in limited space and partial 

shading conditions. A total of approximately 1,852 modules 

were configured in series-parallel combinations, distributed 

across multiple rooftop blocks. 

The array was split into several sub-systems, each 

connected to a dedicated string inverter. This modular 

approach not only improves reliability but also simplifies 

maintenance. 

C. Inverter Design and Net Metering Integration 

Each string of modules was connected to string inverters with 

individual MPPT trackers, which enhances yield under non-

uniform irradiance. A central monitoring system was 

integrated for real-time performance tracking and fault 

detection. The AC output was synchronized with the 

building’s internal grid, and a bi-directional energy meter was 

installed to comply with net metering regulations. 



Techno-Economic Assessment of a 1 MW Rooftop Solar PV System under Net Metering Policy in Urban India 

 (IJSRD/Vol. 13/Issue 6/2025/005) 

 

 All rights reserved by www.ijsrd.com 24 

Under this policy, any surplus energy exported to the 

grid earns credits, which are later adjusted in the consumer’s 

electricity bill—enhancing the financial returns of the system. 

D. Structural and Electrical Layout 

Aluminium-based mounting structures with adjustable tilt 

(20°–25°) were used, customized to account for roof angles, 

parapet walls, and wind load factors as per IS 875 Part-3 

standards. Electrical design included surge protection, 

DC/AC isolators, grounding, and lightning arrestors to ensure 

safety and system longevity. 

E. Simulation and Performance Modelling 

The system design was validated using two simulation tools: 

− PVsyst was employed to estimate annual energy 

generation, system losses, performance ratio (PR), and 

solar utilization efficiency. 

− MATLAB Simulink was used for modelling dynamic 

system behaviour, including real-time inverter response, 

MPPT operation, and harmonics analysis. 

These tools helped forecast system performance 

under varying irradiance and temperature conditions, 

enabling informed decision-making during the planning 

stage. 

III. SIMULATION AND PERFORMANCE ANALYSIS 

Accurate performance prediction is essential for evaluating 

the technical feasibility and long-term viability of any rooftop 

solar PV project. In this study, the proposed 1 MW rooftop 

system was simulated using PVsyst for energy yield 

estimation and MATLAB Simulink for detailed electrical 

behaviour analysis. Together, these tools offer both macro- 

and micro-level insights into system performance under 

typical Indian climate conditions. 

A. PVsyst Simulation 

PVsyst was used to simulate the system based on the site's 

geographic location, meteorological data, module 

specifications, inverter characteristics, and loss factors. The 

following key parameters were input: 

− Solar Irradiance Data: Sourced from Metronome, 

averaging 5.2–5.6 kWh/m²/day 

− Ambient Temperature Range: 18°C to 44°C 

− System Tilt and Orientation: 22° tilt facing due south 

− Losses Considered: Soiling (~3%), wiring (~2%), 

module mismatch, inverter efficiency (~97%), shading 

(minimal) 

The simulation estimated an annual energy yield of 

approximately 1.65 million kWh, with a Performance Ratio 

(PR) of 75.6%, which aligns well with standard benchmarks 

for rooftop systems in India. 

The monthly generation profile showed peak 

outputs between March and May, with a slight drop during 

the monsoon period (June to August) due to cloud cover. The 

system’s specific yield was estimated at 1,650 

kWh/kWp/year, indicating efficient rooftop utilization. 

B. MATLAB Simulink Modelling 

While PVsyst provides a high-level system overview, 

MATLAB Simulink was employed to model the dynamic 

electrical characteristics of the PV array and inverter system. 

The simulation included: 

− A PV array block using the single-diode model 

− A DC-DC boost converter controlled via MPPT 

algorithm (Perturb and Observe) 

− A Voltage Source Inverter (VSI) with sinusoidal PWM 

− A grid-tied synchronization block using a Phase-Locked 

Loop (PLL) 

Key outcomes from MATLAB analysis included: 

− Fast MPPT tracking with <1 second settling time during 

irradiance fluctuation 

− Stable sinusoidal output voltage at 230 V RMS per phase 

− Total Harmonic Distortion (THD) within acceptable 

limits (<5%) as per IEEE 519 

− Effective real and reactive power balancing with the 

utility grid 

C. Comparative Analysis 

Combining results from both tools validated the system’s 

technical soundness. PVsyst offered reliable energy forecasts, 

while MATLAB provided confidence in real-time behavior, 

inverter control, and grid compliance. The simulation 

confirmed that the rooftop system could reliably generate 

electricity and feed it into the grid without destabilizing local 

voltage or frequency profiles. 

IV. RESULTS AND DISCUSSION 

The results of the simulation and modeling provide a clear 

understanding of the technical performance, system 

reliability, and real-world applicability of the 1 MW rooftop 

solar PV plant operating under a net metering framework. 

This section presents the key findings derived from both 

PVsyst and MATLAB simulations, along with their practical 

implications. 

A. Energy Generation and Performance Ratio 

Based on PVsyst simulations, the system is expected to 

produce an annual energy output of approximately 1.65 

million kWh (units). The Performance Ratio (PR) of 75.6% 

confirms the efficiency of the system after accounting for 

real-world losses such as wiring, temperature effects, inverter 

inefficiencies, and minor shading. 

The monthly energy generation curve revealed 

higher yields during the summer and pre-monsoon months 

(March to May), reaching over 145,000 kWh/month, while 

slightly lower outputs were observed during July and August 

due to monsoonal cloud cover. Despite seasonal variations, 

the system demonstrated consistent performance across the 

year. 

B. MATLAB-Based Dynamic Behavior 

MATLAB simulations highlighted the system’s electrical 

stability and fast adaptability to environmental changes. The 

MPPT controller, based on the Perturb and Observe 

algorithm, efficiently tracked the maximum power point with 

minimal delay, ensuring optimized energy harvesting even 

under changing irradiance conditions. 

Inverter modelling showed that the AC output 

voltage maintained a clean sinusoidal waveform with Total 

Harmonic Distortion (THD) well below the IEEE 519 
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recommended limit of 5%. Grid synchronization was 

achieved smoothly using Phase-Locked Loop (PLL), 

confirming the system’s suitability for integration into 

existing urban distribution networks. 

C. Net Metering Impact 

One of the unique advantages of this system is its operation 

under the net metering policy, which allows excess solar 

energy to be exported to the grid. This significantly reduces 

the consumer's electricity bill. Based on the estimated 

generation and a grid tariff of ₹4.0/kWh, the annual electricity 

savings are projected at ₹66–68 lakhs, after subtracting minor 

O&M costs. 

This arrangement not only improves the return on 

investment but also contributes to grid support during peak 

daytime hours. The bi-directional energy meter and utility 

interconnection operated within expected limits during 

simulation, ensuring regulatory compliance and stable power 

injection. 

D. Practical Considerations 

From a deployment perspective, the use of string inverters, 

distributed wiring, and rooftop mounting structures allowed 

efficient utilization of space and load balancing. Real-time 

monitoring systems integrated into the inverter architecture 

allow predictive maintenance, further improving long-term 

reliability. 

The project also promotes sustainable urban 

development, making effective use of otherwise idle rooftop 

space without additional land costs. Additionally, it 

contributes to carbon footprint reduction and serves as a 

model for scalable commercial solar deployments in cities. 

V. FINANCIAL EVALUATION AND PAYBACK ANALYSIS 

Financial viability is a key driver behind the adoption of 

rooftop solar PV systems, especially in commercial and 

institutional sectors where energy bills are substantial. This 

section outlines the capital and operational costs, revenue 

generation potential, payback period, and long-term savings 

of the 1 MW rooftop solar installation considered in this 

study. 

A. Capital and Operational Expenditure 

The total Capital Expenditure (CAPEX) for the 1 MW 

rooftop PV system is estimated at approximately ₹4.2 crore, 

inclusive of solar modules, inverters, mounting structures, 

electricals, installation, and grid connection. Being a rooftop 

system, land acquisition costs are negligible, offering a 

distinct economic advantage over ground-mounted projects. 

A breakdown of major cost components is as follows: 

Component Estimated Cost (INR) 

PV Modules (540 Wp × 1852) ₹1.85 crore 

Inverters and Monitoring ₹0.55 crore 

Mounting and Rooftop Work ₹0.45 crore 

Electricals and Protection ₹0.40 crore 

Installation & Commissioning ₹0.30 crore 

Total CAPEX ₹4.2 crore 

The Operational Expenditure (OPEX), which includes 

cleaning, monitoring, maintenance, and insurance, is 

estimated at around ₹6–7 lakhs per year. 

B. Annual Revenue and Net Savings 

The system is projected to generate approximately 1.65 

million units/year. With a grid tariff (or net metering offset 

rate) of ₹4.0/kWh, the total annual revenue or electricity bill 

savings can be calculated as: 

Annual Savings = 1,650,000 kWh × ₹4.0/kWh = ₹66,00,000 

After subtracting O&M costs (~₹6.5 lakhs), the net annual 

profit comes to around ₹59.5 lakhs. 

C. Payback Period Calculation 

Using the formula: 

Payback Period = Total Investment / Net Annual Profit 

Payback Period = ₹4,20,00,000 / ₹59,50,000 ≈ 7.06 years 

Thus, the initial investment is expected to be 

recovered in just over 7 years, after which the system will 

continue to generate free electricity and income for the 

remaining 18+ years of its operational life. 

D. Lifetime Benefits and LCOE 

The Levelized Cost of Energy (LCOE), calculated by 

dividing the total lifetime cost by the total energy generated 

over 25 years, is estimated between ₹2.6 – ₹2.8 per kWh. This 

is significantly lower than prevailing grid tariffs for 

commercial users, making the rooftop system a cost-effective 

energy solution. 

The cumulative savings over 25 years are expected 

to exceed ₹12–14 crore, accounting for inflation-adjusted 

tariff rates and degradation factors. 

Month 
Energy Generated 

(kWh) 

Performance Ratio 

(%) 

Jan 120000 73.0 

Feb 135000 74.5 

Mar 145000 75.0 

Apr 150000 76.0 

May 155000 77.0 

Jun 145000 75.5 

Jul 125000 73.5 

Aug 120000 73.0 

Sep 135000 74.5 

Oct 140000 75.0 

Nov 130000 74.0 

Dec 125000 73.5 

Simulation Results Table for the 1 MW rooftop solar PV 

system 

VI. ENVIRONMENTAL AND TECHNICAL BENEFITS 

Rooftop solar photovoltaic (PV) systems offer far-reaching 

advantages beyond financial returns. They directly contribute 

to a cleaner environment, reduce stress on traditional power 

grids, and introduce modern technologies into aging energy 

infrastructures. This section outlines the key environmental 

and technical benefits of the proposed 1 MW rooftop solar 

plant. 
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A. Environmental Sustainability 

1) Carbon Emission Reduction: By generating 

approximately 1.65 million kWh annually, the system 

helps avoid nearly 1,500 tonnes of CO₂ emissions every 

year, assuming a grid emission factor of 0.9 kg 

CO₂/kWh. Over its 25-year lifetime, the system could 

prevent more than 37,000 tonnes of greenhouse gas 

emissions — equivalent to planting over 60,000 trees. 

2) Minimal Resource Footprint: Rooftop installations use 

existing building infrastructure, requiring no additional 

land or deforestation. They also consume negligible 

water, apart from periodic panel cleaning — making 

them highly suitable for water-scarce urban regions. 

3) Urban Heat Reduction: The installation of solar panels 

on rooftops provides partial shade, which helps in 

lowering rooftop temperatures and reducing the urban 

heat island effect in dense city areas. 

 

B. Technical Contributions 

1) Peak Load Management: The rooftop system generates 

power primarily during daylight hours, aligning with 

peak electricity demand. This helps reduce pressure on 

the distribution grid and avoids the need for costly 

peaking power plants. 

2) Voltage Stabilization and Grid Support: The proximity 

of power generation to consumption points minimizes 

transmission losses and improves local voltage profiles. 

This enhances power reliability for the connected 

building and nearby consumers. 

3) Smart Grid Readiness: Equipped with smart inverters, 

remote monitoring, and MPPT control, the system is 

compatible with future smart grid infrastructure. 

Advanced features like reactive power compensation and 

fault detection help stabilize the grid in real time. 

4) Resilience and Redundancy: In case of grid outages, the 

system can be paired with battery storage in the future to 

offer backup power, improving resilience during 

emergencies or power cuts. 

C. Social and Educational Impact 

Large-scale rooftop projects set a visible example of clean 

technology adoption. In academic campuses, hospitals, or 

government buildings, they serve as live demonstration 

models that raise awareness and inspire further adoption 

across sectors. 

VII. CONCLUSION AND FUTURE SCOPE 

This study demonstrates the technical soundness and 

financial attractiveness of implementing a 1 MW rooftop 

solar photovoltaic (PV) system in an urban Indian context 

under the net metering framework. Through detailed 

simulation using PVsyst and MATLAB Simulink, the system 

was shown to consistently generate over 1.65 million kWh of 

clean electricity annually, while maintaining a performance 

ratio above 75%. The simulation results confirmed that both 

energy efficiency and grid compliance can be achieved with 

modern inverter and MPPT technologies. 

Financially, the project offers compelling returns, 

with a payback period of just over 7 years and cumulative 

savings of more than ₹12 crore over 25 years. The Levelized 

Cost of Energy (LCOE), estimated between ₹2.6 and 

₹2.8/kWh, positions rooftop solar as a cost-effective solution 

even in densely populated cities. Furthermore, the system 

enables a yearly carbon offset of 1,500 tonnes, contributing 

significantly to climate action goals. 

Technically, the use of smart inverters, grid-tied 

synchronization, and modular installation makes the system 

future-ready for integration with smart grids and battery 

storage systems. The net metering mechanism enhances value 

recovery and supports the wider energy ecosystem by feeding 

excess power into the grid during daytime peaks. 

A. Future Scope 

While this study focuses on a grid-connected rooftop model, 

several opportunities exist for further enhancement: 

− Incorporating Battery Energy Storage Systems (BESS) 

to store excess solar generation and support backup 

during grid outages. 

− AI-based predictive maintenance systems to reduce 

downtime and improve panel efficiency. 

− Hybrid configurations combining solar with wind or 

bioenergy for continuous energy supply in microgrids. 

− Policy modelling and tariff optimization to improve 

investment decisions under varying state regulations. 

Expanding such projects across institutional 

rooftops, commercial hubs, and residential societies could 

transform India’s energy landscape — making clean energy 

not just a choice, but a default infrastructure feature. 
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