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      Installing a solar/battery system in a campervan, bus, or other DIY RV. By M. Axel Wikstrom This discussion is for informational purposes only, and if you attempt to do anything discussed herein it is your responsibility to ensure your own safety. Installing solar in a van is not inherently dangerous, but doing things like lifting heavy batteries and climbing ladders to put panels on the roof can be. Sizing and installing a solar/battery power system for a van or RV is pretty straightforward if one uses common sense, has the ability to make solid and safe DC electrical connections, is capable of thought, and can do basic arithmetic. But, if you don’t know that electricity can be dangerous, that soldering irons can burn you, batteries can explode or catch fire if shorted, falling off a ladder can injure or kill, or you can’t or won’t follow simple instructions, then please skip the Darwin award and do not attempt! I cannot, and will not, be responsible for ignorance or laziness! Now that we’ve gotten that out of the way, let’s get started! Pluses and minuses of solar: Pluses: • Solar is a quiet, simple, and solid-state source of energy that’s always on as long as there’s enough light striking the panels. • Requires very little maintenance. • No generator noise, fossil fuels, exhaust fumes, or moving parts to consume, wear out, or break. • No need to carry extra fuel. • Panels can help shade the top of a van as long as there’s an air gap, thereby helping cool the van when parked in the sun. • Solar can meet most, if not all of one’s electrical needs – if expectations are kept realistic. Minuses: • Panels take space on the roof that may be needed for other things such as kayaks or cargo carriers, but both can usually be accommodated. • Solar will not supply enough power for refrigerated air conditioning, electric heat, and many other power-hungry habits that people tend to bring from brick & mortar living, therefore it may take a paradigm shift (that’s van life in general, right?). There’s just not enough room on a van roof for the number of panels needed. • Solar panels age with time. When new they usually give a little more than specified, but after 25 years or so they may go down to 80-90% of the specified output. • Obviously solar won’t charge batteries in the dark, won’t produce as much when cloudy or in the shade, and can be less effective at higher latitudes in winter. You may have to devise a way to tilt panels toward the sun in the extreme northern or southern latitudes. The positives far outweigh the negatives if expectations are kept reasonable, AND – there’s nothing carved in stone that says you can’t combine solar with other means for charging, and achieving other goals, such as heating. In fact, trying to go “all electric” is pretty ridiculous, and is fraught with frustration. Some things are better done by means other than electricity, for example: • For heating, solar/battery can be combined with propane or diesel using the power from solar/battery to run the controls and fans necessary to run the heater, and burn fossil fuels to produce the actual heat – similar to a home gas or oil furnace. If you want a home-type thermostat that’s set & forget this is the way to go, but it does require some electricity and can be prone to © M. Axel Wikstrom 1 maintenance/breakdowns due to complexity. If the battery goes dead this kind of heat won’t work, therefore less redundant. And when do batteries usually go dead? In winter when heat is needed! These are the “parking heaters” initially developed for truckers, or built-in RV propane heaters with blowers. • Heating can be accomplished without any electricity using a catalytic propane heater (cheapest option, but has some drawbacks), or a solid fuel heater burning wood, compressed sawdust logs, charcoal, or coal (mid-range in cost, and takes some work and attention to do safely – if you’re a moron don’t use this method). These examples are redundant/independent sources of heat using no battery power – even if the batteries die you’ll still have heat. • In hot weather a gasoline or diesel generator or “shore power” (grid power) could be used to run a compressor type air conditioner. Or here’s an idea – because you’re in a van you can move to a cooler climate! • The house battery can be charged from the van alternator using a battery isolator. This charges the battery while driving, but disconnects from the alternator/starting battery when the engine is not running, thereby preserving the starter battery to start the van (important, right?). Depending on how much you drive, this can be combined with a smaller solar charging system to meet your needs, or eliminate the need for solar altogether if you always drive a lot. • Remember this: humans have been living without electricity far longer than with. There are plenty of elegant solutions from the past. Definitions: • House battery: Battery designed for deep-discharge without damage (to a point). Charged with solar, alternator (through an isolator), or a battery charger plugged into shore power. The house battery is used to run household items such as fans, lights, device charging, etc. without the use of the starting battery. Starting batteries should be preserved at full capacity to start the van. House batteries are rated in amp- hours. They should be protected to prevent short-circuit by metal items being stored in the same area, and should be mounted in a way that they don’t become a projectile during a severe accident or rollover. • Solar panel: solid-state photovoltaic device that transforms light energy from the sun into direct current electricity. Rated in watt-hours. Power from a solar panel can vary quite a bit, depending on how much sun is striking the panel and the angle, therefore requiring a charge controller to regulate. Good quality panels are typically of polycrystalline or monocrystalline design. Monocrystalline panels are slightly more efficient, taking slightly less room on the roof for the same power. Most good panels are sealed into a rigid metal frame and covered with tempered glass, but some designs are flexible which allows them to conform to a rounded shape (along one axis). Rigid panels tend to be more durable over time, and are mostly self-supporting – they can double as a shade structure over the roof of a van, helping keep the van interior cooler in summer. Flexible panels are made mostly of plastic and likely won’t last as long as rigid panels. • Direct current: Abbreviated DC, direct current has positive and negative polarities that do not change. Batteries and solar panels produce direct current. DC loses energy over long wire runs, but that’s not an issue in something as small as a vehicle, and DC is relatively easy to generate by a vehicle’s alternator combined with a rectifier/regulator and solar panels. Because DC voltage in a vehicle is lower than AC in a house, DC requires larger diameter wire than alternating current to handle the same amount of power (wire gage size is determined by current – a 200 watt device requires much more current at 12 volts than it does at 120 volts). © M. Axel Wikstrom 2 • Alternating current: Abbreviated AC, alternating current switches polarity between positive and negative several times a second. The standard frequency of AC in North America is 60 Hz (60 cycles per second), and most of the rest of the world it’s 50 Hz. Graphically, with amplitude (voltage) on the y-axis and time on the x-axis it forms a sine wave, alternating between positive and negative over time. AC is used for long- distance power transmission and distribution because it has lower losses over long distances – something that’s not needed in a vehicle. It’s produced by generators, but can be approximated using an inverter – turning DC into AC. Using an inverter to produce AC from DC is not an efficient use of battery power, but it can be handy. • Charge controller: Being at the heart of a solar/battery system, one should not skimp on the charge controller. The charge controller a device that transforms the varying output from a solar panel to what a battery needs for proper charging. Charge controllers are programmed to deliver ideal charging conditions by sensing and controlling the state of charge based on battery type and temperature. Because differing battery types require different charging regimes, controllers must be matched to the battery type. Some are programmable for this purpose, some have a jumper that can be removed or installed, and some must be purchased to exactly match the type of battery that’s being charged (type, not brand). The two basic kinds of charge controllers currently recommended are pulse width modulation (PWM) and maximum power point tracking (MPPT) controllers. PWM controllers are best used when solar panel voltage is not too much higher than battery voltage, and are less expensive than MPPT. MPPT controllers can be more efficient than PWM, especially when used with panels that have much higher voltages than the battery. An example is using a higher voltage household type solar panel, or connecting panels in series instead of parallel. Connecting panels in series or using a high voltage panel with an MPPT controller may result in enough voltage to charge a battery even if conditions are marginal. Good controllers are temperature compensated to match charging conditions for the battery temperature. In warm/hot conditions both PWM and MPPT controllers have about the same performance while MPPT controllers are more efficient in cold conditions. Good charge controllers can also be used as a safety valve to prevent battery-damaging over-discharge if they’re equipped with load terminals for connecting the bus/fuse panel. In this configuration the bus/fuse panel is not connected directly to the battery, it’s connected to the controller. Read the specs before you buy. © M. Axel Wikstrom 3 • Fuse Panel: A distribution panel/box equipped with fuses should be mounted close to the power source. It’s used to connect and distribute DC power to the household electrical devices. Each circuit is protected with a fuse that opens (disables) the circuit in case of an overcurrent condition such as a short circuit. Fuses should be properly sized for the device they’re protecting and matched to the wire gage supplying the device. Fuses should blow (open) well before wires get hot or the device catches fire. Not all fuses can be incorporated into a fuse panel. In-line fuses should always be installed at both of the battery terminals, solar panel, and near every other source of power. • Wire: Conducts electricity to where it’s needed. Usually made of copper with a durable insulation coat surrounding it. The insulation does not conduct electricity, thereby helping prevent short circuits. The size (diameter) of the wire is determined by the amount of current (amp-hours) carried by the wire. For vehicle installations only stranded copper wire should be used. Solid conductors should never be used in a vehicle because they will crack and break when subjected to movement and vibration. Larger amounts of current require larger diameter wire, and longer runs also require larger diameter wire. You can always go bigger, but never go smaller. The smaller the gage number, the larger the diameter of the wire until one surpasses 0-gage, then the numbers change and get bigger again. Despite being stranded and insulated, wire runs should always be protected from damage caused by chafing, vibration, flexing, movement, and pinching. Fuses should be located as close to the power source as possible, not at the far end where they don’t protect the wire run from short circuits. Any length of wire not protected by a fuse (such as the short length of wire between the positive terminal of the battery and the large system fuse) should be doubly protected from chafing or short-circuiting, and routed in a way that prevents danger from short-circuiting. A fuse can be installed on the negative side of batteries for even better protection. Below is a wire gage chart. • Fuse: A fuse is a sacrificial, but replaceable protection device that’s usually placed in series with the positive side of a circuit. Fuses “blow” when the circuit is subjected to excess current, such as a wire with damaged/missing insulation chafing on the van body creating a short circuit. If selected properly for the device and wire gage, the fuse will open (interrupt) the circuit thereby preventing the wire or device from getting hot and causing a fire. Fuses should always be installed as close to the source of power as possible because any unprotected wire between the source of power and a fuse is still a fire/shorting hazard. Placing another fuse inline with the negative side of a power © M. Axel Wikstrom 4 source such as a battery can help minimize the chance of a short circuit at the battery unless a metal object connects both battery terminals directly. Circuit breakers perform the same function as fuses, but are reusable (can be re-set), but are more expensive and may be harder/more complicated to install. Every auto parts store has fuses and holders suitable for a van/RV DC power system. They’re inexpensive and spares should be carried. • Inverter: Uses DC power to make AC power. Not all are created equally. The cheaper ones produce a square waveform that may damage the device you’re trying to power. Pure sine wave inverters produce a waveform that more approximates a generator waveform. Do your research to find the limitations in regards to what you’re powering. When transforming DC to AC there will be losses involved, and on top of that most AC devices are not designed as much toward efficiency since most users see AC household power as unlimited (except when looking at the power bill at the end of the month). Most DC devices are designed to be more frugal with power usage because designers know that nobody wants a dead battery! Inverters use battery power even when nothing is plugged in, so having one on all the time will draw down your system. Some of the more expensive ones go into hibernation when not powering something, so that may be something to consider. Most inverters will shut themselves down if battery voltage goes too low, thereby protecting the battery. The bigger the inverter the more power it will waste, so don’t go jumbo if you don’t need it. Don’t plug an inverter into charge controller load outputs as it may damage the charge controller. Since a van/RV may be subjected to wet and damp conditions, always use a ground fault circuit interrupter (GFCI) between what you’re using and the inverter to prevent shocks/electrocution. If the instructions call for it, or there’s a ground terminal on the inverter, ground it to the van chassis/body. • Voltage: Electromotive force or potential. Abbreviated as V. • Current: Rate of electrons moving in a conductor. Abbreviated as I, measured in amp-hours. • Watt-hours, or Watts: Unit of power related to current and voltage. • Ohms Law: Mathematical formula (for our purposes) to relate voltage, current, and watts. How to do it: Step 1. Evaluate your electrical needs. • Remember that one of the attributes of van life is to simplify one’s life, so you should be asking, “How is this gizmo going to make my life better while living in a van?” If you can’t live without it, then ask yourself if there’s an alternative that doesn’t use as much electricity, or zero electricity (such as a stovetop pressure cooker instead of your beloved Insta-Pot)? • Inverters can be inefficient in their use of battery (DC) power. Ask yourself if there’s a way to power the gadget directly from 12 volts DC instead of AC? For example, instead of using an inverter that uses precious DC battery power to make AC power, and then use a laptop charger to convert that AC power back into to DC to run the laptop, why not use a laptop car charger (DC to DC)? Your goal should be to eliminate the need for an inverter, or at least minimize it. • Now that you’ve narrowed things down and sold all those power-hungry gadgets on Craigslist, it’s time to establish a realistic electrical budget: 1. Look at the information placards, labels, or specs for everything you want to power and put it into a table. Headings should be: 1) description, 2) amp-hours, 3) hours per day of expected use, 4) daily total amp-hours. Not everything will be listed in current (amp- hours). Some will be listed in watts. To convert watts to amp-hours, divide watts by 12 volts. © M. Axel Wikstrom 5 2. Once you fill out the table, multiply amp-hours by the number of hours of expected use per day for each item and put the answer in column 4, daily total amp-hours. Add up all the column 4 numbers and that will be your estimated usage per day. Description Amp-Hours Hours Per Day Daily Total Amp-hours Vent fan 1.5 10 15 LED lights 0.5 8 4 Device Charging 3.5 6 21 Totals 5.5 40 Step 2. Size the system to meet your electrical needs. • You’ll need a system that has enough charging capacity and storage to meet your daily needs: o The solar panel needs to be big enough to supply your daily needs, and then some. Solar panels are rated in watts when they’re exactly perpendicular to the sun on a clear sunny day. Since panels are usually flat on a van’s roof, get dirty, and clouds, weather, shade, and snow occur, and the sun is low on the horizon in winter, add 50% or more to your needs and then divide by 6. So for example, you’ve determined that 40 amp-hours meets your daily needs. So, 40 amp-hours times 1.5 equals 60 amp-hours. Divide 60 by 6 and you get 10 amp-hours (panels get an average of 6 hours of sun a day). Now convert 10 amp-hours to watts (10 amp-hours times 12 volts = 120 watts). Get a 150-watt solar panel. Doing the math the other way: 150 watts times 6 hours = 900 watts, 900 watts divided by 12 volts = 75 amp-hours. The theoretical 75 amp-hours of solar charging capacity should be sufficient to meet your real-world 40 amp-hour demand even when solar charging conditions are not perfect, which they never are – you’ll almost always get a little less. Don’t worry about the excess, the controller will take care of it – it won’t let the solar panel overcharge the battery. o The battery should be big enough to supply your electrical needs for at least two days without charging. In the example above you should get a battery that can supply 80 amp- hours. Since lead-acid batteries only supply about 50% of their rated power before damage occurs, get at least a 160-amp battery. § Whatever battery you get, make sure it’s a pure deep-cell, or deep discharge type battery. Any kind of starting or hybrid starting/deep cell won’t last. Starting batteries are unsuitable for this application. § If you don’t want to worry about keeping wet cells topped off and having to vent them to the outside, get a maintenance-free AGM or gel type battery. § If you’re on a budget get a wet cell, but remember it has to be placed in a battery box that’s vented to the outside, and you have to top the cells off with distilled water every month or so because water in the electrolyte gases off while charging (as hydrogen and oxygen). § If you’re made of money and want a lighter load with more power density, get a lithium LiFePO4 battery equipped with a battery management system (BMS), and make sure the charge controller you choose is made for them. Lithium batteries can be discharged deeper than lead-acid without damage (maybe up to an 80% discharge rate) and may last longer. • The heart of any solar/battery system is the charge controller. The charge controller takes power from the solar panel and regulates the voltage to what the battery needs for charging, depending © M. Axel Wikstrom 6 on the state of charge and type of battery. It serves as a “smart charger” that maintains the battery in good condition. o Most good charge controllers are equipped with “load” terminals to supply power to your fuse box/power distribution panel. Using the “load” terminals instead of directly connecting to the battery has the advantage of protecting the battery from over-discharge. If one were to connect loads directly to the battery there’s the chance of battery-damaging discharge if you use more than the battery is designed to give. This feature can save hundreds or even thousands of dollars in battery replacement costs. o The only loads that should be connected directly to the battery are: § An inverter as long as it has a low-voltage disconnect, which most do. Inverters can damage charge controllers. § A propane detector since it draws very little power and can still work when the battery is almost completely gone. In my opinion, not blowing up is more important than saving the battery. • Controller size is based on your anticipated largest instantaneous amp-hour draw and the size of your solar array. For example, with everything running at the same time let’s say it draws 15 amp- hours. (This is not your daily use, it’s your instantaneous 1-hour usage.) Then get a 20 amp-hour controller. This number is also the capacity for the solar panels themselves. Since solar panels are rated in watts instead of amp-hours you have to convert watts to amp-hours. Watts divided by 12 volts equals amp-hours. So let’s say you decided on a 150 watt panel: 150 watts/12 volts = 12.5 amp-hours. You’d need a 15 or 20 amp-hour controller. Step 3. Putting it all together • Use quality components. o For example, don’t ever skimp on charge controllers; solid construction and sound design will equal reliability, leading to longer battery life and a system that’s less likely to fail. Specs don’t tell the whole story – go with something that has a proven track record. o Quality wire that’s designed for vehicle use will usually have tougher/thicker insulation, finer strands, and is therefore made to survive more bending, chafing, and vibration. o A Harbor Freight solar panel might work for a while, but may not endure long-term out in the elements – again, specs don’t tell the whole story. • Keep it neat and organized. If it looks like a rat’s nest of wires you’re doing it wrong. It’s much easier to troubleshoot and keep the circuits protected when the components are logically arranged and wires are kept separated and protected from chafing, vibration, bending back and forth, and pinching. You should also protect components from excess heat, moisture, and physical damage. • When I install a component, the wires and connections are soldered as appropriate, and solder joints are protected by thick dual-wall shrink tubing. The shrink tubing helps stabilize and strengthen the connections, and provides another level of insulation. Dual wall shrink tubing has an inner layer that melts as the outer layer shrinks, helping seal the connection. You can do it without soldering, but be sure to properly use high quality crimping tools and components sized for the © M. Axel Wikstrom 7 wires. Whenever a connection is made, give it a good pull to make sure it’s solid. If you solder, make sure the solder soaks in and penetrates all the way into the joint. If you crimp, make sure the crimp connection is tight, clean, in direct/full contact with the wire, compresses the strands of wire, and passes the pull test. To protect connections, install shrink tubing. • Protect wire runs from chafing and other physical damage by covering with loom tubing designed to protect wire harnesses, such as split convoluted tubing. Wrap the tubing with zip ties or electrical tape every foot or two. Don’t run wires where there’s a high probability of damage. Better to do a longer run than a direct run that will likely get damaged. Use nylon clamps to hold wire runs in place with a physical fastener such as a sheet metal screw or nut/bolt. Loose runs of wire tend to get damaged from catching on things, and by constant movement while driving – the movement can eventually rub through the loom and insulation causing a short. Keep it tight and tidy. • Always use red wire for DC positive and black for DC negative. If you use other colors you’ll lose track of what’s what. • For battery connections use silver-plated ring terminals. Any deep cell battery will be compatible with ring terminals. If it has thick lead (Pb) posts it’s probably a starting battery and may not be suitable. • For connections between the electrical devices and the fuse box I like to use Anderson Power Pole connectors. They can be plugged and un-plugged without tools, use silver contacts, and are available at industrial and ham/commercial radio supply houses. • For the fuse box I use West Mountain Radio “Rig Runner” products. They’re quality, help keep things organized, they come equipped with Anderson Power Pole connectors, and use automotive type fuses. Ham and land-mobile commercial radios mostly run 12 volts – they’ve got it figured out, so why reinvent the wheel. • Ground the battery negative terminal to the van chassis with a thick grounding strap protected by a large inline fuse. Same goes for the solar panel frames. • Install an inline fuse between the panel and charge controller. • Fasten an insulating cover over the positive battery terminal to prevent shorts. • Mounting panels and components is different for every installation, so I won’t get into that. I hope this tutorial helps you with your installation, or at least gives you an idea of how it works. There are many variations on the theme, but regardless of the scale the basics are the same. Going bigger is a matter of adding more or larger batteries (in parallel if they’re 12 volt batteries), more or larger panels (also usually in parallel) and appropriately sized equipment and hardware. If everything here is still unclear to you, then spend the time learning what I’m talking about, or have someone you trust do the work. It’s not rocket science, and anyone with half a brain can probably do it if they put some effort into learning. Learning takes time and work, but the rewards are always worth it. Being self-sufficient is a beautiful thing, and can save a lot of money and frustration. My current system is fairly simple, consisting of a 150-watt panel, 20-amp PWM charge controller, 110- amp AGM battery, and a RigRunner fuse box. It’s not connected to an isolator because I’ve never run out of battery power, so no need to charge from the alternator. The system runs two LED dome-type lights, two small roof exhaust fans, device charging, an AM/FM/Bluetooth radio, a propane detector, and occasionally a ham radio. I have a 150-watt inverter, but have never used it. For cooling I stay in cooler climates. For refrigeration I use an ice chest. For heat I use a solid fuel heater in which I burn charcoal and anthracite coal (no electricity needed – keeps the van toasty even when it’s 10°F [minus-12°C] outside). The heater is a marine item designed for small live aboard boats. Cooking is done with propane or butane. © M. Axel Wikstrom 8 
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