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When planning a DIY RV solar
installation there's a lot of
information to process. So use this
guide as a resource to better
understand what your options are
before shopping for solar panels.

Here are answers to the most
commonly asked questions
about solar panels many RV
owners often struggle with. I
hope the information here clears
those roadblocks for you.

Solar panels certainly add a cool-
factor to an off-grid RV setup, but
did you know that solar panels are
not the most important part of the
system? Your battery bank is really
where you should focus first.

In fact the solar panel installation is
actually the last step in the process
of taking your RV off-the-grid.
That’s one issue that I’ll address in
the first section.

One last thing before we dive in.
Technology and best practices are
always changing. So I'll be keeping
this guide updated each year to
reflect those changes.

Let’s get started.

Brian Pursel

brian@rvwithtito.com
RVWITHTITO.COM
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How many solar panels will
You need?#1

Before shopping for solar panels, you need to determine the size
of your battery bank. The primary role of your solar panels will
be to charge your deep cycle batteries. So size your solar
array to meet the charging requirements of your battery
bank.

The general rule of thumb for solar array sizing is one watt of
solar per amp hour of battery capacity. For example, you
should have at least 400 watts of solar for a 400 Ah battery bank.
But this is only the starting point.

You should add more solar to account for losses in efficiency. It's
common practice to increase solar capacity (in Watts) up to 1.5
times your battery capacity (in Ah).

The amount of space available on your roof is a limiting
factor for RV solar installations. Camper vans have even less
real estate available for solar. So you might start by figuring out
the maximum number of solar panels you can fit on your roof.

Take this into account when sizing your battery bank. If you don't
have enough space for your solar panels, you may need to add a
portable solar array or an auxiliary generator to assist in
recharging the batteries.
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What is solar efficiency?

Solar panels can only convert a small percentage of the sun's energy
into electricity. That percentage of sunlight converted to electricity is
the solar panel's efficiency ra�ng.

The efficiency of solar panels range from 15% to 25%. At best, a solar
panel with high-end solar cells may convert 25% of the sun's energy to
electricity under op�mal condi�ons. Most of the remaining energy from
the sun is released as heat energy. The vast majority of panels have an
efficiency of less than 20%.

Factors that affect a panel's efficiency

▪ Average number of hours of sun in a day
▪ Angle of the sun (affected by geographic location, time of

day and time of year)
▪ Shading (trees, buildings, antennas, roof mounted air

conditioner)
▪ Type and quality of the solar cell (monocrystalline cells are

the most efficient, but thin film is better at absorbing indirect
sunlight)

▪ Temperature (less energy is converted when it's hot)
▪ Atmospheric conditions and weather

#2
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Why is efficiency important for RVs?

Maintaining the maximum efficiency of a solar panel is difficult in
a mobile situation. Solar installations on buildings and houses are
designed to maximize solar efficiency. You can predict the sun's
location throughout the year in a fixed location and adjust
accordingly. That's not possible in an RV unless you're stationary.

In an RV, our location and environment is constantly
changing thus impacting our solar efficiency as we move
from place to place.

Does battery type (lithium vs
lead acid) impact solar
charging?

#3
Lithium battery banks are becoming more popular in RVs and
vans. So it's worth discussing how they accept a charge compared
to traditional lead acid batteries. The big advantage lithium
batteries have during charging is their low internal resistance.

Traditional lead acid batteries (flooded and AGM) have a
higher internal resistance which limits the amount of current
they can accept while charging. Solar energy is often wasted on
lead acid batteries once they reach the absorption charging phase
at 80% full. The current (Amps) the batteries accept gradually
tapers off for several hours until the battery reaches 100%. The
solar output goes down as a result to match the power demands
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of the battery bank and RV. This is true even when the sun is
brightly shining.

One common way of consuming that unused solar energy is to
fire up your electronic equipment (hot plates, Instapot, laptops,
etc.) during that time of day when solar power is still abundant
and your battery bank is taking less of a charge. A good battery
power monitor will help inform you when the time is right to do
so. Here are some tips for choosing a good battery monitor.

Lithium batteries charge faster than lead acid batteries and at
a steady rate. The low internal resistance of lithium batteries
enables them to take as much energy as the solar panels can
generate until the batteries are at 100%. That long absorption
charging phase is not required for a lithium battery.

It's similar to pumping gas. The gas pump will keep pumping at
the same rate until the tank is full. Many who've upgraded to
lithium from lead acid often say the faster charging of lithium
batteries is like having an extra solar panel.

If it's still sunny when your lithium batteries reach 100%, you can
use your electronics to consume the excess solar energy the
battery doesn't need. No need to waste free energy.

https://rvwithtito.com/articles/best-rv-battery-monitor
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What kind of solar charge
controller will you need?#4

Solar charge controllers are connected between your solar array
and your battery bank. They ensure that your deep cycle battery
bank is charged properly from solar and not over-charged. You
might consider it the brain of your solar charging system.

So if you’re wondering where to spend your money? Spend it
on a good charge controller.

Start by selecting a solar charge controller compatible with your
battery system voltage (12, 24, or 48 volts). Many good MPPT
controllers can automatically detect the battery system voltage.

Then calculate the maximum current and voltage output of
your solar array and choose a solar charge controller that
exceeds those ratings.

Recommendation: After making your calculations, consider
rounding up to the next higher model if you can afford it. This will
allow for expansion of your solar array and you won't have to worry
about overloading your controller.

Programmable MPPT solar charge controllers are designed to
extract the maximum amount of power from your solar array.
They will also adapt well to different solar or battery bank
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configurations as you modify or upgrade your system.

If you stay within the limits of your charge controller, you can
simply reprogram it when you upgrade your solar panel
configuration or battery bank.

Keep in mind that the electrical current rating of an MPPT
charge controller represents the maximum OUTPUT current in
Amps (NOT the maximum input current from solar).

For Example: A 100 volt / 30 amp MPPT controller can accept up to
100 volts from your solar panels and a maximum output of 30 amps
at your battery charging voltage (13.4 - 14.8 volts).

If you've sized your MPPT controller close to its limits, there may
be times when you overload it -- like on a really sunny cold day
when your solar panels are really cranking out power.

For this reason, I prefer an MPPT solar charge controller that
automatically limits the output current when exceeded. Many
charge controllers will simply shut down and throw an error code
when the output current exceeds the maximum.

Finally, make sure you account for the boosted MPPT current
output when sizing your controller (typically 20-30%).
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Should you use only
monocrystalline solar panels?#5

Yes. I would stick with monocrystalline panels. They are the best
option for RVs because they generate the most power per square
foot. This is an important factor given the limited roof space on
RVs and vans.

Of the three types of solar cell technologies (monocrystalline,
polycrystalline and thin film), monocrystalline cells have the
highest efficiency rating. Monocrystalline panels used to be very
expensive, but not anymore.

Polycrystalline panels are only available as
traditional glass panels. They are slightly larger and
less heat tolerant compared to mono panels, but
they also cost less. In some conditions they may
even perform as well as mono panels. So they are
still a viable alternative to mono panels if you’re on
a tight budget and space is not an issue.

Thin film solar modules are the least expensive of
the three types. They have been making a
comeback with their high heat tolerance and low-
light efficiency.

Despite those qualities, thin film panels are less
appealing for RVs because they take up so much
valuable real-estate on the roof.
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Should you connect solar
panels in series or parallel?#6

It depends on what you're trying to achieve. Each configuration
has its benefits and drawbacks. It is important to understand what
happens to voltage and current (Amps) when similar panels are
connected in series or parallel configurations.

▪ When panels are connected in series, the voltage is added
together and current remains the same

▪ When panels are connected in parallel, the voltage remains
the same and the current is added together

Series Connections

Solar panels connected in series produce higher voltages at a
lower current.
Pros: Less expensive thinner cable can
be used to connect your solar panels
to your solar charge controller. This
will save you money and effort since
thicker cable is more expensive and
difficult to work with.

Cons: Series connections are prone to
big drops in output when one panel in
your series fails to perform or
becomes shaded. In this situation, the
entire array is affected.
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Parallel Connections

Solar panels connected in parallel produce higher current at
lower voltage. The output current will increase as more panels
are connected in parallel.

Pros: Parallel connections are less impacted by shading or failure
of other panels in the parallel array.

Cons: Thicker expensive cable and connection hardware will be
needed to safely transfer the electricity between your solar array
and charge controller.
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Traditional vs Semi-Flexible
Solar Panels - which is better?

Neither style is better in my opinion. Each have different
characteristics to satisfy specific needs. I'm not advocating for
one over the other. I've used both types and both panel types
perform well for the applications they were designed for. Both
types of panels also have the potential for failure due to poor
construction, excessive heat, faulty components and general
misuse.

For many years, traditional glass solar panels were the only solar
option available. In the last few years flexible and semi-flexible
solar panels designed for buildings and sailboats have become a
viable solar option for RV applications.

Many critics of flexible solar panels question their longevity. It still
may be too early to tell as flex panel technology is relatively new.

#7
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I'll explain each here and leave it to you to decide which is the
better option for you.

Traditional Solar Panels

Traditional glass solar panels come in various sizes and have been
around for more than 70 years. They undoubtedly offer the best
protection for the solar cells from impact and weathering. The
solar cells and electrical connections are encapsulated in an epoxy
resin behind the glass.

You can purchase traditional solar panels in many sizes and solar
cell configurations. While individual panels are rated for either a
12 volt or 24 volt DC battery system, they can be combined to
achieve a specific output level.

Here are the key characteristics of traditional solar
panels to consider

▪ High Efficiency - Include monocrystalline solar cells for
maximum solar efficiency

▪ Heavier - Each 100 watt panel weighs around 16 pounds not
including mounting hardware. You should ensure your RV
roof can withstand the added weight of the panels and
mounting hardware.

▪ High Impact Resistance - The glass offers more protection
for the solar cells.

▪ Release heat from bottom - Less heat is released through
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the glass top, cooling is primarily through the underside of
the panel. Solar panels generate more power when cooler. So
it's recommended to leave a gap under the panel for heat to
escape.

▪ Junction box and cable location - Cable connections and
junction box are mounted to the back of the panel

▪ Mounting bracket or rack-mount required - At a
minimum, these panels require "L" shaped brackets to secure
the metal frame to your RV roof. A custom rail system is also
a good option for securing panels to. This will also add more
weight and bulk to your installation, but could provide more
flexibility in the future. Whichever method you go with, your
solar panels should be able to withstand high winds over 60
mph while driving.

▪ Makes roof less accessible - Mounting brackets and solar
panels can limit access to some areas of your RV roof.

Semi-Flexible Solar Panels

Semi-flexible panels provide the same power output as traditional
panels in a light-weight thin design. A typical 100 watt semi-
flexible solar panel weighs between 3-5 pounds and has a
thickness of roughly 3/16ths of an inch.

Like traditional panels, semi-flexible solar panels also come in
various shapes and configurations. Each panel's output is
compatible with either a 12 volt or 24 volt DC battery system but
can be combined with other panels to achieve a specific output
level.
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Semi-flexible panels are much more fragile than traditional
panels making them more prone to damage during shipping or
when handled poorly.

Designed originally for cruising sailboats, semi-flexible panels can
be mounted on slightly curved surfaces with an adhesive or even
sewn into canvas awnings. They have become a popular solar
option for RV owners in recent years due to their reduced weight,
flexibility, low profile and portability.

It's been shown that semi flexible solar panels perform at the
same level as traditional solar panels. According to a study
published by Solbian Solar in 2018 which compared flexible solar
panels side-by-side with three leading glass solar panels over 5
years:

"The overall behavior of the panels over a 5 year �me span is
quite similar, the total energy produc�on is consistent with the
ini�al difference in nominal power..." ~ 2018 Solbian Study

Here are the key characteristics of semi-flexible solar
panels to consider

▪ High efficiency - Include monocrystalline solar cells for
maximum solar efficiency

▪ Light weight - each 100 watt panel weighs around 5 pounds
▪ Less impact resistant - Cells are covered with a thin layer of

material. Flex panels are more likely to be damaged when
walking on them or dropping items on them. Use of high-

https://www.solbian.eu/en/blog/polymers-vs-glass-a-five-years-comparison-n255
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quality back-contact cells with a solid copper backing can
improve durability of the panel and cells.

▪ Must be handled carefully to avoid damage - Semi-flexible
solar panels have very thin flexible layers of material to
protect the cells and electrical connections. It's very
important before and during installation that the panels are
handled carefully. Excess bending or direct pressure can
damage the cells. Micro cracks in the cells may not be visible,
but can cause failures or reduced power output. Some high
end back contact cells have a solid copper backing which
helps minimize damage, but many don't. Walking on the
panels after installation is also not recommended.

▪ Can flex up to 30 degrees - This allows for mounting on
curved surfaces. Excessive bending, can result in micro cracks
in the cells which may result in reduced efficiency. Don't try
to flex one to see how far it will bend, you'll probably
damage the panel in the process.

▪ Releases heat from top and bottom - Flex panels have a
thin layer on the top. As a result they release heat through
the top and bottom layers. Most semi-flexible solar panel are
mounted directly to a roof or curved surface. This method
provides the most security from coming off, but it can limit
cooling of the panel in very hot climates. When feasible, it's
recommended to leave a small gap under the panel for heat
to escape.

▪ Junction box and cable location - The cable connections
and junction box are mounted to the top of the panel for flat
mounting

▪ Multiple mounting options - Flex panels usually come with
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grommets in the corners for fastening to a solid surface or
tie-down. Double sided tape or adhesives can also be used to
permanently secure the panels. You can also mount them to
a rack similar to traditional panels. Panels should be able to
withstand in excess of 60 mph winds while driving.

▪ Low profile appearance - When mounted to a roof, they are
less visible from ground level.

▪ Makes roof more accessible - It's easier to move around
flex panels when flat mounted on your roof.

What size and shaped solar
panel is best?#8

Solar panels come in various
shapes and sizes. 100 watt
solar panels are quite common
in RV installations with 12 volt
battery banks. They can be
combined in different
configurations to achieve a
specific voltage and current
output. Most panels are
rectangular, though some
manufacturers can provide
custom shapes and sizes.

Take a look at your roof and
equipment up there. Then ask
yourself these questions:
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▪ How many solar panels can I fit on my roof and safely
maneuver around?

▪ Is there equipment that might cast shadows on a solar
panel?

▪ Where can I run the cables through my roof into (or
under) the RV?

The answers to those questions will give you a pretty good idea
what your size and solar power limitations are.

The type and size of your solar charger controller will also
determine how much solar power you can take in. You'll have
more panel configuration options when paired with an MPPT
solar charge controller that can accept higher voltages. Having
the ability to accept higher voltages means you can also use solar
panels designed for 24 volt systems like 170 watt and 200 watt
panels.

Whatever sized panels you choose, I recommend sticking with
panels with the same output voltage and current
specifications. This will eliminate any complications or losses
you'll encounter when connecting dissimilar panels.

There are many options available these days. Keep in mind that
larger solar panels are heavier and require more support when
mounting.
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Are Portable Solar Panels a
good option?#9

Yes. A portable solar panel can be a great way to quickly add
solar to your RV. Most 100 and 200 watt portable solar panels
are self contained. They include everything you need (solar panel,
cables and a solar charge controller) to charge your RV battery
from the sun.
Simply position the panels facing the sun and connect the output
cable to your RV battery. When you're ready to move on, fold it
up and put it away.

Who can benefit from portable solar panels?

A portable solar panel is a great solar starter option if you don't
have solar of any kind but enjoy occasional boondocking. You
won't need to learn a bunch of technical stuff. Portable solar
panels are designed for easy setup and use. If you eventually
install a permanent solar system on your RV, the portable solar
panel will still come in handy.

Having the ability to add an additional 100 to 200 watts of
solar to an existing solar system on-demand is extremely
useful.

What if your RV is parked under a tree? No problem. Place your
portable solar panel in the sun and run the cable back to your
battery. In the morning and afternoon you can also adjust the
angle and move your portable panel to maximize your solar
power generation during those times when the sun is low.
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What comes with a portable solar panel kit?

Portable solar panel kits have all of the components needed to
charge your RV battery from the sun. All cabling and a basic solar
charge controller are prewired and ready to connect to your
battery. Suitcase models can be folded for easy storage.

Prices will vary based on the amount of solar the kit provides as
well as the type and quality of the solar components.

A typical 100 watt portable kit may include two 50 watt solar
panels that can be folded onto each other for storage. A 200 watt
portable solar kit will include two 100 watt solar panels.

Building your own Portable Solar Panel

With some basic solar know-how you can easily assemble your
own portable kit and customize it to your needs. You probably
won't save money by doing this, but it’s a great way to learn
about solar and create a setup that you can modify later.

For example: I built my own portable solar kit to use light weight
semi-flexible solar panels and a higher quality MPPT charge
controller. I also added a prewired plug on my RV to easily connect
the portable solar panel to my existing system.

With the right charge controller, you can even extend your
portable solar kit beyond the 100 to 200 watt limitation of most
off-the-shelf portable kits.
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Final Thoughts

I hope I was able to pass on a couple gems of knowledge to
help you choose solar panels that fit your needs.

Regardless of who installs your system, having a clear
understanding of what you have installed and how
everything works is a valuable thing.

Knowing the systems on my RV has certainly saved my bacon
on multiple occasions. When camping out in the boonies I’ve
had to rely on my own knowledge to diagnose and even
repair problems.

So I’ll leave you with this. Learn as much as you can about
your RV, especially if you enjoy remote camping. You
never know when you’ll need that knowledge.

I’d love to get your feedback on this FREE guide.

Please feel free to email me at brian@rvwithtito.com with any
suggestions, corrections or general comments so I can keep
improving it.

Cheers!

Brian

mailto:brian@rvwithtito.com

