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The Montana Solar Electric System Owner’s Manual Performance, Monitoring, Maintenance, Safety and Resources/Support Thank you for taking the time to learn more about the safe and productive operation of your solar electric system. In order to better serve solar electric system owners, we have developed this publication as a resource and practical guide. This manual is focused primarily on grid-interactive solar electric systems. It is the result of the authors’ 10 years of experience with solar electric technologies. The listed issues and areas of concern for system owners were developed directly from customer experiences, utility inspection, and evaluation of existing installations. The majority of contained photographs are of Montana systems. This publication is beneficial as an on-site resource to assist in visually inspecting your solar electric system. Our belief is that owner diligence and a proactive approach to maintenance and care are essential to the longevity, performance, safety and enjoyment of your solar electric investment.
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System Owner Introduction and Safety Overview Solar Electric technologies have emerged as the leaders for residential and small business renewable energy installations in the United States. This is due to the fact that they are dependable, relatively maintenance free, and have proven production values in nearly all geographic locations. Solar electric market transformation has also led to a decrease in prices and an increase in the quality and performance of components. Arrays are projected to have life expectancies of 25-50 years with minimal production loss due to age or normal operating conditions. Solar electric arrays are power production units. Except during the night when there is no visible light, they produce electricity. This includes periods of cloud cover or inclement weather. Although they are current limited and do not yield the high amperages found on the utility grid, a single array’s voltage/amperage combination can be hazardous to both people and structures. From a safety perspective, arrays and associated components should be treated with caution. A single module in an array can produce 6 amperes at 50 volts (average grid-interactive module). Depending on the conditions and resistance factors of the person contacting a module or solar electrical component, it can cause a deadly shock. In typical string inverter systems, when all connections are made, the voltage present to the inverter is typically above 400 volts. As a comparison, voltage of this magnitude is over three times that realized in household circuits supplied by the utility grid (120/240 volts). The good news for solar contractors and system owners is that the National Electric Code (NEC), in conjunction with industry professionals, have established standards for all types and aspects of installations. If your system was purchased and installed through a professional solar contractor, the applicable permitting, standards and electrical inspection are all in place, similar to the criteria required with a structure’s traditional electrical system. This publication has been developed to assist system owners with ensuring that their systems are safe, reliable and productive. The structure of the manual has been grouped into the three primary functions/objectives of a solar electric system. Each of them will be described and discussed. 1. Capturing the available sunlight (modules, arrays, racking, mounting structures). 2. Converting and directing the captured energy from the solar array (inverters, charge controllers, wiring, disconnects). 3. Utilizing the solar produced electricity in the home, in the transfer back and forth from the utility grid, and, when applicable, to and from a battery storage system.



For the homeowner, there are variables and options within a solar electric system, starting with the types of modules used, to variations in system electrical components, to DC/AC conversion designs and mechanisms. These are all integral to one or more of the “three functions.” As these are presented and discussed, safety considerations and homeowner responsibilities and suggestions (including basic monitoring and maintenance) are included.



Roof mount solar electric system - Butte, MT
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Ground mount solar electric system - Havre, MT



Capturing the Available Sunlight Module Basics and Composition Between 90-95% of all residential and small scale commercial solar electric systems use a variation of silicon as the core of the solar cell. Crystalline silicon modules are available with either mono (single) or poly (multi) manufactured cells. The cells have been electrically connected within the module, and there are two electrical leads (one positive and one negative) that emerge from the back of the module. These leads are connected together to construct the array and serve as the origin points for the solar electrical circuit.



Module Structure The cells that are visible on the front surface of the solar module are covered (encapsulated) with tempered glass or composite that can withstand the elements, including heavy rain and large hail. The module (front, back, sides) is weatherproof and the edges are factory sealed. The two primary areas of concern are damage to the panel from catastrophic events and corrosion to electrical contacts from water or snow. The entire module is housed in an aluminum frame, which is designed to fit into the racking designed for the array.



Racking and Mounting Your solar array needs a stable structural foundation to be mounted onto. This can either be an existing surface such as a rooftop or a new base that could employ a pole or ground mount. Between the modules and the base, a racking system is used to ensure the mechanical and electrical safety and integrity of the solar electric system. If you have an older system where modules are mounted directly to a structure or support without proper racking, or worse, not mechanically attached at all, the system can be a safety hazard. A reputable solar contractor should be called to determine remedial action.



Roof Mounts



Flashing, racking, module clips



Roof mounts are popular and convenient because the “support” for the array is already in place, it can easily be tied into the existing electrical system, and the array can be mounted above most objects that cast shadows. Modules are not mounted directly to the roof. The array base components and racking are first installed, and the modules are then attached to the racking. In most cases, the solar contractor mounts the racking and modules with a minor offset, but at a comparable angle with the roof. However, there are engineered systems that change the angle and/or orientation of the modules compared to the roof. The attachment method and hardware varies based on the roof covering and/or substructure type. Fixed racks are permanently mounted to a structure’s roof or pole/ground framework and are intended to be stable and stationary. For most roof installations, contractors typically use what is called a “top-down” rail system. Top-down systems come in a variety of designs and are mounted at the same pitch as the roof, usually with a small gap between the racking/module and the roof’s surface. The mounting/racking system is comprised of three primary components: 1. The base feet, called the “roof attachments”, that are fastened directly to the roof’s substructure (i.e. rafter system). 2. Aluminum rails that are connected to the roof attachments and serve as the framework that hold the modules in place. 3. Mechanical clips or devices that secure the modules to the racking.



Roof mount systems incorporate flashing which is required by roofing standards and prevents moisture and possible structural damage.
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Pole and Ground Mounts Solar arrays can also be mounted on a single pole or a ground mount, which is a row or rows of single modules that utilize multiple footings and supports. As with the roof, the pole or ground mount forms the structural hub for the racking to be mounted to. The solar contractor utilizes engineered mechanical devices to securely attach racking to the ground or pole mount. In turn, the modules being utilized in the installation are designed and matched for the specific racking used on the array.



System Owner Safety Hazards and Precautions (Modules, Racking, Mounting Structure) • The modules and array circuits produce electricity. Although newer installations include secure, insulated connections from the module to the system circuit wiring, older or damaged modules could allow for electricity to energize the module casing or array components. Disconnected, loose or damaged wires should be considered hazardous. • Broken or punctured encapsulation on the front of modules can present both an electrical and a puncture/cut hazard. In most cases, vandalism and catastrophic occurrences such as falling tree limbs would be required to penetrate the front of the module. • Never attempt to walk or sit on module faces. If inspecting the array, make sure adequate fall protection is in place. Both modules and wiring/conduit can present slipping and/or tripping hazards. • In the event wiring or connections directly contact the racking, the racking frame could become energized, similar to accidentally energized module frames.



Sharp



Trip or Slip



Electricity



Solar Electric Modules/Array Primary Hazards



• The racking and mounting feet are meant to support the solar array and shouldn’t be used for climbing on or as an anchor for fall protection. Racking and mounting components can also present a slip/trip hazard and have sharp edges.



System Owner Inspection Focus Visually inspect the array on an annual basis or after events including extreme weather (high winds, hail), vandalism, or other potentially damaging events. When inspecting, check for the following: 1. Front module damage – broken encapsulation, possible damage from objects such as rocks or branches. 2. Obvious loose modules or racking (including roof damage at array attachments). 3. Disconnected, loose or damaged connections or wires. 4. Buildup of ice, leaves, sticks or standing water underneath modules. 5. Evidence of rodent nesting or damage. 6. Evidence of damage from livestock or pets (ground mounts).



* Note – If you have a roof system, it is also a good idea to examine attic spaces on an annual basis for any moisture leakage from roof penetrations.
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Photographs of Module/Racking Performance and Safety Concerns



Modules not attached to roof or pole but energized



Cracked and penetrated module front



Module electrical issue that caused internal short



Pigeon nesting behind modules



Shading from vine and adjacent shrubbery



Snow/ice dam built up on bottom of an array



Improper rail spacing and mounting



Electrical arc damage to connector and metal roof



Non-flashed roof attachment



Recommendations for Visual Inspection and Follow-up It is highly recommended that if the homeowner recognizes any possible damage to the modules, racking or roof components, a solar contractor is contacted as soon as possible. “Look but don’t touch” is an appropriate response. If in doubt about potential electrical or fire hazards, appropriate disconnects should be activated. The array disconnecting means should be communicated from the contractor to the homeowner upon completion of the system. If the system has already been installed or home ownership has been transferred, the homeowner should contact a reputable solar contractor and review disconnects and other critical aspects of the system.



Cleaning Modules Solar modules are self-cleaning in the majority of installations. Mounted at an angle, rain will usually provide enough of a natural washing to allow the array to continue producing at its rated output. The primary culprits that impact performance are snow build-up, excessive dirt or dust from high winds, or leaves or pine needles accumulating on the bottom of the front of the module. For systems wired in a series with a string inverter, sunlight blockage to a portion of the module can noticeably impact production.



Dirty modules needing professional cleaning



A practical approach is to schedule an annual cleaning and system inspection and maintenance check-up with your solar contractor. There are a variety of remedial actions for problems such as habitual ice build-up, and often a preventative solution can be implemented for recurring problems. 5



Re-roofing With a Solar Electric Array in Place A frequent concern among homeowners is roof durability and the specific question of how to re-roof a structure where there is a solar electric array installed. Although there is not a single, inclusive answer to this question, following are some basic facts regarding re-roofing: 1. If you have an asphalt shingle roof, the life expectancy of the shingles is typically 15-25 years. Because the 25 year shingle threshold is the minimum life expectancy of the array (many experts suggest 40+ years), the chance that a reroofing will be needed during the life of the system is likely. For other typical roof coverings, the life expectancy according to the National Association of Home Builders is: Wood or Cedar Shakes – 20-30 years Tar With Various Composites – 10-30 years Propylene Rubber – 15-25 years Clay Based Products (Tile) – 100 years Metal – 40-80 years



Using these guidelines, a homeowner could expect the array to outlast the roof, except when metal or tile was used and is relatively new. 2. In most cases, the solar contractor will suggest re-roofing before installing the array if the roof covering is nearing its life expectancy or is damaged.



Asphalt shingles needing replacement



In circumstances where re-roofing is required with the array already in place, detaching then reattaching mounting hardware to the substructure (i.e. trusses) is not usually required. Normal parameters include only removing modules and minimal racking for the roofing contractor. The principal concern is potential moisture leakage around the penetrations through the roof covering. A quality installer will ensure the integrity of these penetrations, whether the covering is new or further along in its lifespan.



Converting and Directing Solar Electric Produced Power After the sunlight is captured and performs its function of creating electrical energy within the cell/module/array, it needs to be included in and directed through an electrical circuit. From the module leads, depending on the system design and components, wiring and components are utilized to channel the direct current (DC) electricity to the system inverter(s). At this point, the direct current is converted to alternating current (AC). This section will provide an overview of inverters, charge controllers, wiring, and auxiliary components. Inverters are the primary electrical component and the “brains” of the solar electric system. They will be discussed first.



Inverter Function America’s electrical power infrastructure is based on AC power. This includes not only the utility grid, but also the majority of appliances, lights and other loads used by consumers. Due to the fact that solar cells produce DC power, conversion from DC to AC, which is called “inversion” in electrical terms, is required. The DC to AC conversion can take place at the module through the use of micro-inverters, or through a “string” inverter to which a group of modules are electrically connected.



Grid-interactive string inverter



Micro-inverters are what are termed “parallel wired,” which means that the voltage of the array remains constant, but the amperage (current) is increased with the connection of each module in the array. AC current is carried from the array to the solar electrical components and household/utility point of connection. When employing a string inverter, the solar modules are wired together in a series configuration, and the DC power produced by the modules is directed into the inverter at a single point. With a series wired circuit, voltages are additive but the current is constant. In residential installations, this can result in up to 600 Vdc input voltage to the inverter. Inverter types and features are specific to the configuration of the array and components, both in size and capabilities. It is important to know your inverter type and functions. 6



Single micro-inverter



Grid-interactive Inverter As previously mentioned, the primary function of an inverter is to convert direct current (DC) into alternating current (AC) that is compatible with the electrical devices used in the home. Micro-inverters are small components that are attached to a single (or sometimes two) modules. DC to AC conversion occurs at the connection point with the module. The AC electricity is “grid-interactive” and is connected to back-feed into the structure’s AC system. If a string inverter is used, the inverter size is determined based on the size of the array. For example, a 3,000 watt grid-tie inverter would be required for an array with a capacity of producing 3,000 watts of DC to the inverter. DC power from all modules is combined and connects to the inverter at a common point. Grid-interactive inverters have an additional function, which is to monitor, control and transfer solar produced power into the home from the solar array and back and forth from the array to the utility grid, depending on the electrical demands of the home and the production of the array.



Critical Information listed on inverters and in manuals



If you have a net metered solar electric system connected to the utility, your solar configuration will incorporate a grid-interactive inverter. The inverter also has safety features that prevent the solar electric system from feeding electricity back to the utility grid in the case of a grid shutdown. This feature helps protect utility workers who are addressing utility distribution line or maintenance issues.



Stand Alone Inverters If your home or structure is not connected to the utility grid, your solar electric system will include a stand alone inverter. The purpose of the inverter is to convert DC electricity from the array’s battery bank into usable AC power. Stand alone inverters are sized based on the requirements of the AC loads, and the inverter capacity is matched to the AC load levels rather than the array output. The scope of options ranges from minimal features to integrated controls that work synchronously with a fossil fuel generator, as well as system metering and display features.



Multi-mode Inverters If your solar electric system is connected to the utility grid, and includes a battery bank or possibly a fossil fuel generator, a multi-mode inverter is required. With this configuration, the inverter is connected to the array’s battery bank, the utility grid, the structure’s electrical panel, and a standby generator (in some systems). The primary purpose of having a grid-interactive and battery bank and generator combination is to be able to power critical household loads in the event of a utility grid failure. The inverter and system are designed for and have safety features to prevent power being fed back onto the utility grid when it is down, while at the same times servicing critical loads in the home.



Charge Controllers If your system is either stand-alone or has a battery back up, a charge controller (similar to a voltage regulator in a vehicle) is employed to protect batteries from either over charging or over discharging. The system charge controller senses the battery voltage through different designs and mechanisms, and the controller can have a variety of features ranging from low temperature compensation to automatic equalization of batteries.



Multi-mode system and components



It is important for system owners is to consider that a non-functioning or malfunctioning controller can lead to battery damage, the ability of the array/ battery combination to provide needed power to the home, and possible safety issues.



OutBack “FlexMax®” charge controller 7



Wiring and Balance of System (BOS) Components Depending on whether your system is a string inverter or micro-inverter system, the wiring from the roof to the back feed breaker and utility meter will be different. In a string inverter system, the electricity originating from the array will be DC until it reaches the inverter, where it will be converted to usable AC. The DC voltages on the roof can reach up to 600 Vdc on a residential structure, as allowed in the National Electrical Code (NEC). In a micro-inverter system, the transformation from DC to AC takes places at the module, so the electricity to the home’s electrical supply and meter will be alternating current (AC) from the module micro-inverter. From a safety perspective, solar electric source and output circuits (wiring) are required by the NEC to be guarded or in a raceway if they are over 30 volts and readily accessible. (There should not be unprotected or zip-tied bundles of circuit wire on a roof). Also consider that circuit wiring can be contained within the building (attics, rafters, even basements). The NEC requires these circuits to be contained in metal enclosures and metal raceways. There are also several disconnects required by the NEC, as well as an external disconnect (EDS) required by utilities. These disconnects should be labeled. A number of string inverters incorporate integral disconnects rather than incorporating separate disconnecting switches.



System Owner Safety Hazards and Precautions (Inverters, BOS Components, Wiring) • Underneath the face plate or cover of inverters and other BOS components are energized conductors and components. Inverters also utilize capacitors (which store energy similar to a battery). The capacitor can cause an electrical shock even if there is no power to the inverter and requires up to 10 minutes to passively release its electrical charge after inverter shutdown. • If the inverter LED control screen indicates a problem or simply “goes out,” system owners should immediately contact a solar contractor. The contractor will utilize a specific troubleshooting process to diagnose the problem. Proper tools and techniques are required to service the inverter safely. • Especially with older systems, wiring and conductors can become damaged or disconnected by accidents, vandalism and environmental factors. The repair is usually simple and inexpensive, but the consequences of not repairing wires or conductors can be costly.



Electricity



Stored Electricity



Inverter/Controller and Wiring Primary Hazards



• As with the inverter, charge controller problems require a solar contractor for safe and effective repair and replacement. • Prior to a possible emergency or malfunction occurring, the system owner should understand and recognize the “touch safe” means for de-energizing and/or isolating all energy in the system. This usually involves simple disconnects.



System Owner Inspection Focus 1. Damage to or disconnection of wires. 2. Obvious corrosion on connections, conductors, or component housings. 3. Discoloration, burns, or black marks on wiring or components. 4. Sparking, crackling, or excessive humming with system’s circuit and or any components. 5. Components with LED screens or indicators that are not functioning properly.
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Photographs of Electrical Wiring Methods and Safety Concerns



Corroded connection and improper grounding



Separated connection with potential for moisture penetration



Dangling wires - improper connections and racking



Hornets nest and improperly joined wires in electrical box



Rodent damage to module wiring



Pinched wire on roof with insulation breaks



Energized junction box on roof with cover missing



Damaged energized wiring on roof



Loose and dangling connectors and wires



Recommendations for Visual Inspection and Follow-up The system owner should visually check the inverter and charge controller on a monthly basis to ensure they are operational. Wiring and BOS components should be visually checked on an annual basis or after events including extreme weather (high winds, hail), vandalism or other potentially damaging events. The most frequent source of failures in solar electric systems are inverters and other components with electronics. This is often due to environmental conditions such as excessive heat or dust and dirt accumulation leading to a lack of ventilation. If a component malfunctions, the solar contractor should be contacted as soon as possible. In the rare instance where there is an emergency condition such as acutely damaged wiring/conduit or sparking wires or components, the system owner should gauge the individual situation. If disconnects can be employed to de-energize the wiring or component that is damaged or malfunctioning, the disconnect should be activated.



9



Utilizing the Solar Electric Produced Power in the Home Solar Electric Produced AC Current The solar produced electricity is connected into your home’s existing AC circuit through the back feed breaker within the electrical service panel. Depending on your system type and components (i.e. grid-interactive, stand alone, grid-interactive with battery backup, generator supported), there are various circuits for the electricity to and from the panel. For purposes of this document, battery storage and safe interaction with the utility will be highlighted. Customers with additional “add-ons” such as generators or other supplemental energy sources need to consider the specific maintenance and safety features inherent to those auxiliary systems separately.



Electrical Service Panel A practical way to view your home’s electrical service panel is to consider it the structure’s electrical distribution center. If connected to the utility grid, the panel is the location where the electricity from the utility first passes through the electrical service meter and then enters the main service panel and is connected to the main circuit breaker. If you are off-grid, the main service electricity comes not from the utility, but rather from the solar array, battery bank, or perhaps generator (all via the inverter) for distribution to the household loads.



Back fed breaker and labels



With a grid-interactive system, both the utility feed and the solar electric feed enter the electrical service panel. The solar electricity from the inverter connects at the back feed breaker (a dedicated circuit within the panel that is “reverse connected” by the electrician connecting the array). The main service panel also has circuit breakers (in newer homes) or fuses which protect the home’s electrical circuits from damage. The entire panel is grounded to the earth to provide a path for transient loads such as lightning strikes. Activating the array circuit breaker switch within the electrical service panel to the off position will prevent solar produced electricity from entering the electrical service panel, but the circuit will be energized from the array to the breaker.



Utility Disconnect (NorthWestern Energy) Per NorthWestern Energy’s interconnect requirements, an external disconnect switch, located within 10 feet of the utility meter, must be provided and be accessible to utility personnel. The purpose of this precaution is to add an additional level of safety to prevent the array back feeding to the utility distribution circuit when utility workers need to provide emergency service or maintenance. The external, utility disconnect is in addition to the preventative controls designed within the inverter and disconnects required by the NEC.



Batteries For the system owner, battery back-up systems present the most extensive monitoring Utility disconnect and maintenance requirements, due to their finite life span, their charge/discharge cycles, and variables inherent to specific designs and purposes. They also present more involved safety hazards for system owners due to the combination of stored electricity and chemicals. Fortunately, both the NEC and the solar industry have specific installation standards and safeguards for the scope of solar electric/battery back-up combinations. When installed by a professional contractor, problems are usually minimal. There are two basic types of batteries used in either grid-interactive backup and off-grid systems: deep cycle flooded lead acid (FLA) batteries and deep cycle valve-regulated lead acid (VRLA) batteries, which include absorbed glass mat (AGM) batteries, and gelled, electrolyte sealed acid batteries. The majority of systems use deep cycle, flooded lead-acid batteries. They have open “removable” caps and are wired together in 12, 24, or 48 volt configurations. The individual batteries are either 2 or 6 volt, depending on their profile. When combined in a residential bank, the entire system can weigh close to 2,000 pounds. FLA batteries work well with the requirements of solar electric charge cycles, are quite easy to monitor and maintain, and are the least expensive of the battery types. 10



Your system can also be fitted with VRLA batteries that are designed to eliminate the need for maintenance and the addition of water. The batteries have a corrosive, acid based, gel substance that surrounds the individual lead plates within the batteries. Usually with grid-interactive, battery backup systems, the intent of the batteries is to power critical loads in the home in the event of grid failure or not enough production from the array. As mentioned earlier in the document, battery backup systems require the installation of a multi-mode inverter. The NEC requires appropriate disconnects on both sides of the charge controller (from the array and from the battery bank).



System Owner Safety Hazards and Precautions (Electrical Service Panels, Batteries) • Electrical service panels should be equipped with an appropriate cover, which should remain closed. Missing or open covers expose the circuits to dust and physical damage, which could lead to malfunction or arc. • Breakers must never be taped or physically secured in the “ON” position. If the breaker is not allowed to trip, or cannot be manually tripped, the wiring could overheat, increasing the chances of a fire.



Battery bank and components



• The solar back feed circuit (and all other circuits within the electrical panel) should be indexed, identifying each individual circuit breaker. • Approximately 25% of battery weight is sulfuric acid. It is extremely caustic. This includes the “solids” sometimes found on the outside of casings. Solids are often the cause of battery related eye injuries.



Electricity



Stored Electricity



Combustion



• Always wear eye protection and leather or insulated rubber gloves when visually inspecting batteries. Avoid touching terminals.



System Owner Inspection Focus 1. Electrical panel - ensure the cover is closed and check that the solar Chemical Weight Explosive electric breaker is not in the off position. Battery System Primary Hazards 2. Note corrosion on the terminals or the tops or sides of battery casings. 3. Look for leaking of electrolyte on batteries, racks, or floor. 4. Check for burnt or melted insulation of battery cables and wires. 5. Make sure the battery storage area is dry and ventilation is in place. 6. Especially when battery storage is in outbuildings, look for rodent nesting and damage to wiring.



Photographs of Electrical System and Battery Performance and Safety Concerns



Rust inside electrical panel due to door left open



Improper battery storage enclosure



Rodent nesting inside electrical panel



Corroded leaking batteries



Non-secured, non-ventilated, non-compliant battery bank



Rusted and corroded terminals. Damaged cables 11



Recommendations for Visual Inspection and Follow-up Unless there are acute problems with breakers tripping or obvious circuit issues, the electrical panel cover should be left closed and no scheduled inspections are required. System owners should visually inspect batteries on a monthly basis for any signs of leakage, corrosion, or damage. The solar contractor should be contacted immediately in the event of a malfunction or problem (even with a single battery in a group). System owners should never attempt to troubleshoot or repair battery systems. This is a job for the solar contractor. The shock/fire potential of battery banks is substantial. The amperage in most battery banks is capable of producing a severe shock and/or fire. In the event of a suspected malfunction in the battery system, contact the solar contractor immediately. Problems with the electrical service panel can be best addressed by a licensed electrician.



System Labeling, Warranties, Contracts Labeling of Systems The NEC requires labeling of solar electric systems for maintenance and safety. The standards in the NEC have gone through numerous changes and modifications and will continue to do so. For the system owner, there are three distinct “areas” of labeling that are important in case of an electrical emergency or when a “non-solar” technician (electrician or other services) has interaction with the solar electric components and wiring. 1. The system power characteristics label should be on affixed on the inverter and list the operating voltage and current. 2. A back feed breaker (electrical service panel) label noting that there is a dual power source (utility and solar electric array) feeding the structure. Also, the solar electric breaker inside the panel must be clearly marked. 3. System disconnect labeling for AC and DC circuits and auxiliary components, such as battery backup or generators. The system owner should have an understanding of what part of the solar electric system the disconnect services.



For system owners with grid-interactive systems, the utility external disconnect switch must also be clearly labeled. Labeling should be of a material/construction to withstand the elements and capable of being easily detected in darkness or extreme weather conditions. As noted earlier in the publication, system owners should recognize the location and mechanisms for disconnecting specific parts of the solar electric system and grid-interface.



System Warranties Solar electric warranties are important, as they help to ensure that your investment is sound and the return on it is positive. They prevent lost energy production or the need to pay for replacement of key components early in the system life. Warranties can be broken down into three types, all of which are important. These are product (equipment) warranties, production warranties (specific to modules), and installation warranties. Product warranties ensure the mechanical and electrical integrity of the modules and other components. These warranties usually involve a major failure (i.e. the inverter completely stops working or a module does not produce any electricity). Inverters and charge controllers can have product warranties lasting from 2-15 years. Battery warranties are typically for 3-10 years. Make sure the solar contractor explains the product warranty in detail when purchasing the system.



Examples of compliant, appropriate labeling



The product warranty relative to solar modules is specific to the module completely failing due to a manufacturing defect. In this case, the manufacturer would most likely provide a replacement module.



12



Sometimes the module product warranty is confused with a production warranty provided by the manufacturer. Most modules are guaranteed to produce at 80% of capacity for a period of 25 years. If this threshold is not met (for example, a module is performing at only 75% of capacity at five years), there can be a variety of factors (i.e. shading) that do not warrant replacement. Installation warranties are specific to the workmanship of the solar contractor and include areas such as electrical wiring and roof penetration integrity. Installation warranties typically last from 2-10 years. Some solar contractors will also offer a maintenance plan contingent with an installation warranty. Usually, for a small fee, the contractor will perform annual inspections and tests to ensure the productivity of the system.



Questions to Ask the Contractor Relative to Warranties 1. Does the installation contract include a parts and labor warranty from the contractor that is separate from the manufacturer warranty? 2. In the event of a component failure, is the customer “on their own” after the contractor’s parts and labor warranty (but while still under manufacturer warranties)? 3. For manufacturer warranties, what is covered and to what degree? This includes troubleshooting, removing and replacing components, and shipping costs. 4. What guarantee is available if the manufacturer goes out of business while the warranty is in place (an issue that is plausible with the growth of and changes within the solar electric market)?



Warranties should be specific and in writing



System Inspection and Maintenance Contracts Solar electric maintenance and inspection contracts are a good idea, and with a quality installed system, the annual costs are minimal. When supplemented by periodic visual inspections by the system owner, the rated output of the array can be realized for many years. It is important for the system owner to know the “details” of the inspection and maintenance contract. It should always be in writing, include a checklist and summary for the system owner, and also include verbal communications with the solar contractor. It is recommended that inspection be completed on an annual or biennial (every two year) basis. Common maintenance contract provisions include that the contractor will: Perform a visual inspection



1. Inspect wiring and connections – identify corrosion, loose connections, damage, etc. 2. Inspect modules (in detail). 3. Inspect mounting structure and roof penetrations. 4. Inspect inverter and other electrical components.



Verify System Operation



1. Verify that all source circuits are connected and working properly. 2. Review system output compared to system rating. 3. Test and measure system electrical components and performance. 4. Review and test structural integrity of array, racking and mounts. 5. Test and verify equipment grounding and other safety measures.



Perform Corrective Actions



1. Repair wiring including cleaning and reconnecting conductors. 2. Replace faulty components such as fuses. 3. Repair or replace electronic devices (inverters, controllers). 4. Clean, repair or replace non or under performing modules. 5. Reseal weatherproofing safeguards.



Verify Corrective Actions



1. Retest electrical equipment, circuits and module performance. 2. Retest structural repairs/modifications and weatherproofing. 3. Re-educate homeowner on system, changes and responsibilities.



Note- Maintenance contracts for systems with batteries would also include battery cleaning, servicing and testing. 13



System Performance Indicators Based upon the solar assessment completed by the solar contractor, which should be comparable to that provided by one of the on-line calculators available on the internet, the system owner should have a fairly finite and accurate range of how much electricity the system will produce on both a seasonal and annual basis. There will be variations (usually within a range) based on weather patterns. This is normal and not something the system owner can change. Both excessive cloud cover and extreme summer heat can be factors in decreased production. The point at which the lack of production becomes concerning is if output drops suddenly (as recorded at the inverter) or if the Technician testing for solar irradiance customer’s utility bill shows a significant decrease in solar electric production. The problem can either be environmental or mechanical/ electrical. From an environmental perspective, if tree growth or adjacent structures or objects are shading the panels, performance will be hindered (especially with a string inverter system). Other environmental culprits include dust and other front surface soiling, and snow or ice build-up on the front of the modules. Mechanical/electrical factors can range from poor connections to faulty system components, to a disconnect that has been accidentally activated. The rule of thumb is that if production drops out quickly or deteriorates gradually over a period of time, a solar contractor should be called in for troubleshooting. Solar electric systems are meant to last and have minimal production losses due to aging. In Montana, most solar contractors suggest that for each 1,000 watts (kw) of installed capacity, the system will produce an annual 1,300 – 1,500 kilowatt hours (kWh) of electricity. This number depends on the area of the state and the specific installation, but provides a guideline for consumers.



Basic System Configurations Note - These diagrams represent common system designs and components. Additional components/features or minor variations in design can be included.



Grid- Interactive Solar Electric System With String Inverter



Solar Array



Design and Disconnects



String Inverter without Integral AC/DC Disconnects Notes: 1. System design can include inverter with integral AC and DC disconnects. 2. For larger systems, a string combiner box is utilized. It requires a separate disconnect (in addition to the solar electric system DC disconnect).



DC



DC



AC
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Utility Active Inverter



AC AC Utility Disconnect



AC Backfeed Breaker AC Disconnect



Utility Meter



Solar Array



Grid-Interactive Micro-inverter Solar Electric System



Design and Disconnects



DC Micro-inverter at Each Module



AC



Individual Module Plug Disconnects



AC AC Backfeed Breaker



Solar Array



Design and Disconnects



Critical Panel Emergency Loads



AC



DC Charge Controller



Battery DC Disconnect



Utility Meter



Grid- Interactive Solar Electric System With String Inverter and Battery “Back-up” System



DC DC Disconnect



AC Utility Disconnect



DC



DC



AC



Multi-mode Inverter



AC AC Utility Disconnect



AC



Utility Meter



Backfeed Breaker AC Disconnect



Battery Bank 15



System Owner Solar Electric Visual Checklist (Annual) Inspection should be visual - do not touch or attempt to repair wiring or components. Use caution and common sense. Conductors, wiring and components can be energized.



Date of Inspection ______________________ Solar Electric System Component or Function Modules and Array Modules - Front and casing Integrity (no cracks, holes, etc.) Module wiring leads connected (where visible) Modules secure to racking Wiring and conduit intact and not damaged No debris build-up, rodent nesting, snow build-up No leaking from roof penetrations Panels not excessively dirty or shaded



Inverters, Electrical Components Inverter functioning properly - lights, LED screen and other indicators working No corrosion of or on electrical components and connections No discoloration, black or burn marks, physical damage to electrical components Charge controller (where applicable) functioning properly - lights, LED screen and other indicators working No excessive humming, sparking or other indicators of component malfunction. Covers in place and not damaged. No excessive dust or grime on outside.



Disconnects, Electrical Panel - Breakers Cover on electrical panel in place and securely closed Solar backfeed breaker functional (on and off) Disconnects located, labeled and functional



Batteries (Where Applicable) No visible battery corrosion- terminals, tops, sides No leaking electrolyte (liquid) on batteries, racks or floor No burned or melted wires. No rodent damage to wires No cracked casings or battery shell damage Ventilation intact and working



Labeling in Place and Legible Notes:
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Functional - Non-Functional No Problems or Possible Problems



Details



Notes
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