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The Institute for Sustainable Development (INE) and the Institute for Energy Systems and Fluid Engineering are collaborating on a new study to accurately determine the operational and maintenance costs of photovoltaic systems. The Swiss Federal Office of Energy commissioned this research. A significant factor contributing to the low cost of
electricity from solar cells in Switzerland is the reduced investment costs, resulting in recurring annual expenses accounting for up to one-third of production costs. A previous analysis six years ago provided initial insights into operational and maintenance costs. However, the recent market changes necessitate a new, comprehensive reassessment.
The ZHAW School of Engineering and Basler & Hofmann AG are leading this project on behalf of the Swiss Federal Office of Energy. The aim is to better estimate operational and maintenance costs, forecast future development, and establish a catalogue of effective measures for reducing these costs. The study will benefit from cooperation with the
ZHAW School of Engineering in Winterthur, incorporating results into their teaching program. Long-term activities are planned beyond this project's duration. Operational and maintenance costs for solar power plants depend on several factors, including system type, size, location, and capacity. These can lead to varying costs, ranging from $0.01 to
$0.02 cents per watt per year for smaller plants, up to $20,000 to $25,000 per year for larger ones. Factors such as cleaning difficulties, location, or country can affect these costs, making operational maintenance a significant expense. The average solar power plant operational cost is around 1 to 2% of the initial installation cost per year. Key factors
influencing this cost include administrative expenses, equipment size, monitoring costs, insurance, and others. A ground-mounted 1 MW solar power plant's annual operating cost ranges from $35,000 to $60,000 in the United Kingdom. This includes maintenance costs for equipment, labor, and monitoring software. The actual cost may vary depending
on factors such as location and type of solar power plants. In the USA, a similar 1 MW ground-mounted solar power plant's annual maintenance cost is around $18,000 to $25,000. In contrast, the recent estimated cost of maintaining a 1 MW ground-mounted PV power plant in the United Kingdom ranges from £12,000 to £15,000 per year. Solar
panels typically require cleaning at least twice a year, depending on their environment and the amount of output power they produce. Using an automatic cleaning system can reduce human effort and save time. The maintenance cost for solar power plants is relatively low compared to other renewable energy sources. The total cost of ownership
(TCO) for solar power plants includes installation costs, such as setting up the PV mounting system and connecting panels. However, there are two main types of maintenance: preventive and corrective. Preventive maintenance aims to prevent unexpected situations and ensure a clean power supply with sufficient efficiency. This type of maintenance
includes tasks like PV panel repairing and cleaning, inverter repairs, battery maintenance, and monitoring system checks. The cost of preventive maintenance for commercial photovoltaic power plants in the USA ranges from $200 to $500 per year. For home PV plants, this cost is significantly lower, ranging from $100 to $300 per year. Regular
maintenance of a photovoltaic power station involves inspecting the PV system, using netting to prevent bird nesting, monitoring output power, cleaning panels, and checking system connections. This upkeep can cost around $250-$500 annually for a 5 KW residential or rooftop solar panel system in the United States. Corrective maintenance is also
essential and includes replacing damaged components such as fire-damaged PV panels, twisted or broken panels, inverters, and stands. The cost of corrective maintenance varies widely, ranging from $4 to $70 per kilowatt (KW) annually for large-scale power stations. For a 1 MW commercial PV power station, the cost can go up from $5 to $24 per
KW per year. However, these costs are influenced by factors such as equipment cost, location, materials quality, and solar panel maintenance companies' service charges. Another area of expense is replacement and repair, which depends on component quality and location. For example, a tile roof solar system may have higher material costs due to
cleaning and changing panels because birds often make their nests here, increasing the chance of repair and replacement. Ground-mounted PV systems tend to have lower replacing and repairing costs compared to rooftop systems. Depending on the location and material cost, a 5000-watt rooftop solar system's repair and replacement annual cost is
approximately $2-$4.50 per watt. Additionally, replacing a portable solar inverter can cost anywhere from $20 to over $1000, while repairing an inverter might cost between $400 and $3500. Battery repair costs range approximately from $200 to $3000. Commercial ground-mounted solar power station equipment's average repairing and replacement
cost is around $250-$2000 or more, with labor costs adding to the overall expense. The cost of maintaining and operating a solar panel system can vary depending on several factors, including equipment repair and replacement requirements. Regular cleaning is essential for optimal efficiency, with costs ranging from $0.03 to $0.15 per watt, which
translates to $30 to $100 for a 1000 KW capacity system. Additional expenses may include cleaning supplies and labor costs, which can fluctuate based on location, panel size, and other factors. Solar panel maintenance contracts or project-based services are common among service providers, as they avoid hourly billing rates. For instance, a contract
for cleaning 400 solar panels might cost between $3000 to $5000. Homeowners should research and compare costs before selecting a maintenance provider to minimize monthly utility expenses. Quality products are crucial in reducing maintenance costs over the long term. Solar panels can last 20-30 years or more with proper quality, making it
essential to choose reputable brands like monocrystalline solar panels. Although polycrystalline solar panels are suitable for small load demands, prioritizing quality and new equipment is recommended to avoid outdated and potentially inefficient systems. Solar panel maintenance costs are minimized by regularly monitoring your system's
performance, including output power, efficiency, and cleanliness. For residential systems, simple cleaning with a brush, soap, and water can be done in-house, saving on technician fees. Advanced solar monitoring systems enable remote monitoring, reducing the need for regular inspections and lowering costs associated with panel cleaning and
maintenance. Automatic solar panel cleaning machines can also be used to maintain bulk commercial systems. Additionally, using better quality inverters with long warranties and engaging in self-cleaning practices, such as regular panel cleaning, can minimize O&M expenses. The total O&M cost of a solar power station is calculated by adding fixed
costs (per KWp) and variable costs (per kWh), then multiplying by the installed capacity. For example, a 1 MW system with a fixed cost of $15 per KWp and variable cost of $8 per kWh has an estimated annual O&M cost of $23 per year per KW. While solar panels require less maintenance than other equipment, periodic cleaning is still necessary to
ensure optimal performance. Typically, this cleaning should be done 3-4 times a year to remove bird droppings, dirt, and other pollutants that can reduce output power. Like checking solar panel systems for cleanliness, performance, and potential issues, regular maintenance is crucial for ensuring optimal energy generation. The frequency of
maintenance depends on system condition, weather conditions, and debris accumulation. On average, maintenance is required at least once a year or sometimes twice a year. Solar panels are an affordable, reliable, and cost-effective energy solution, requiring frequent cleaning (twice to three times a year) to maintain performance. Homeowners can
easily clean residential solar systems. The cost of cleaning commercial solar systems ranges from $0.30 to $15 per watt, depending on panel size, number of panels, and dust level. For example, it may cost between $10 and $25 per panel. Although not a significant investment, regular cleaning ensures a reliable energy source and eliminates monthly
electricity bills. In the USA, the maintenance cost for solar power plants in California ranges from $12,000 to $35,000 per year per megawatt (1LMW). This figure may vary depending on location, material costs, and installer fees. The operation and maintenance cost of a solar power plant is typically around 1-2% per kilowatt-hour, but this can change
based on the number of panels, energy generation capacity, power plant design, and other factors. To determine the exact cost, a simple formula can be used to calculate O&M costs. The US Department of Energy's National Renewable Energy Laboratory (NREL) has developed a financial modeling tool for O&M services for solar power projects. This
tool is available in a downloadable spreadsheet, which can be used to analyze residential, commercial, and utility-scale solar systems. The report delivers three main data outputs - annual O&M costs and tasks, the actual costs of solar panels, and detailed information on solar panel performance and durability. The document provides guidance on
calculating and projecting cash reserves needed for solar panel maintenance, using data from the Sandia National Laboratories' PV Reliability Operations and Maintenance (PVROM) database. This database contains information from over 600 MW of capacity, covering 25 models of solar panels, 29 inverters, and other equipment types across various
locations. The document uses a Weibull curve to model hardware failure rates, which was found to be the best fit for the analyzed data. The Weibull equation describes how certain components fail due to other failures, with parameters a and B obtained from the PVROM database. The spreadsheet tool provides three main outputs: Annual Cash Flow,
Net Present Value, and Related Cost Indicators, as well as a Reserve Account. To use the tool effectively, users must update key fields with their own data, such as warranty periods and maintenance schedules. The Net Present Value tool helps calculate lifetime costs for each component in real dollars, highlighting that some inverters may require
more significant long-term servicing costs despite lower upfront costs. The final output is the Reserve Account tool, which estimates the probability of hardware failures and calculates the required funds to cover repairs. This tool's greatest value lies in providing a basis for creating a credit line with a banker specifically for purchasing hardware, as
exemplified by a carport that was down for two years due to hardware failure. Awaiting financial support to purchase a new inverter system. Once that's secured, it will be time to utilize the spreadsheet tool. The 'List' tab is where most users will make adjustments, containing the majority of unique variables for the project. It's crucial to also review
the Labor Rate and List tabs, as they hold global values that are shared across multiple projects.A review of historical data indicates a downward trend in O&M costs over the years. A study from Lawrence Berkeley National Laboratory found an average decrease in costs from $30/kW/year in 2011 to $15/kW/year in 2015, followed by a slight increase
to $18/kW/year in 2017. More recent research has shown project lifetimes increasing significantly from 21 years in 2007 to almost 33 years in 2019, while overall lifetime operating expenses have decreased from an average of $35/kW/yr to $17/kW/yr.The 2019 data revealed a wide range, spanning from $13 to $25/kW/yr. This variability is not
surprising, given the numerous factors that influence costs, including system size, configuration, climate conditions, and site characteristics. These fluctuations prompted the creation of this document. In a future article, we will examine the document's application on both commercial-industrial and residential projects.
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