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When you need to add batteries to your system (and when it makes  
more sense to skip them)

The main battery types for solar applicationsĸ flooded lead-acid  
(	��), sealed lead-acid (S��) and �ithium Iron Phosphate (�	P)

�ow to si7e your battery bank so that you don't under- or  
overcharge your batteries (potentially shortening their life cycle)

�ur picks for the best batteries for a variety of solar applicationsĸ 
off-grid, battery backup, mobile and industrial use
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Introduction
Thanks for downloading our Solar Battery 
uideś Whether you're si7ing a battery bank for 
your off-grid home or adding storage to a grid-tied system, this guide will teach you how to 
find the best batteries for your solar pro'ect.

What this guide coversĸ

�
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Batteries store the solar energy generated by your panels for later use.

�ot all solar energy systems re.uire batteries. If your property has access to power lines, a 
$r&!-t&"!�s6st"* is your smartest option. 


rid-tied systems store energy in the utility grid, which feeds it back to the property when 
you need it. Batteries are not re.uired for grid-tied systems.

ő�ot all solar energy systems re.uire batteries.œ

But if connecting to the grid isnŒt a viable option, youŒll need to invest in an o##-$r&!�
s6st"*. Since you canŒt bank energy in the grid, you need another place to store the 
energy you generate.

ThatŒs where batteries come in.

Batteries are the heart of off-grid systems. They store the energy created by your panels so it 
is available whenever you need to use it.

In addition to grid-tied and off-grid, thereŒs a third system typeĸ $r&!-t&"!�4&t%��att"r6�
�a (u-Ķ

This system uses the grid as its primary storage method, but leans on a battery bank to 
supply backup power in emergency situations.

While batteries are not mandatory for grid-tied systems, adding one provides a fail safe 
during power outages. Battery backup is smart in regions with an unreliable power grid or 
severe weather.

In certain areas, grid-tied systems also use batteries to store power and use it later or sell it at 
the most valuable times. This is used in areas where the utility wonŒt buy back your power, 
or they have have different utility rates such as Time-of-use rates or high demand charges.
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We wonŒt cover every battery type here - 'ust the standard types used in the solar industry 
today.

When selecting a battery for your solar system, you have three common optionsĸ flooded 
lead-acid (	��), sealed lead-acid (S��), and lithium-ion batteries.

�ithium is the premium option by a wide margin. 	�� and S�� batteries are closer together in 
performance and price, with 	�� being the budget option due to fre.uent maintenance 
re.uirements.

While �ithium is a newer technology, lead-acid batteries have been used for the past 1č0 
years. There are two types of lead-acid batteriesĸ flooded and sealed.

	looded �ead-�cid (	��)

	looded lead-acid (	��) batteries are designed to handle daily charge cycling. They do emit 
hydrogen gas as a byproduct, so they must be ventilated properly.
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They also re.uire regular maintenance. The plates of every cell in the battery must be 
submerged in water to function properly (which is why they are called őfloodedœ batteries). 

�ouŒll need to add water every 1 to 3 months to keep the plates submerged. The e5act 
interval between adding water depends on temperature, discharge depth and other 
factors, but itŒs a good idea to check on them at least once a month.

�nother re.uired maintenance step is an e.uali7e charge, which is a controlled overcharge 
that helps restore 	�� batteries. ItŒs a good idea to periodically e.uali7e charge every 3 
months, or as needed. �n e.uali7e charge helps prevent sulfation of the battery plates and 
can also be used to correct an imbalance between cells or batteries.

	�� batteries are ideal for people who prefer to be hands-on with their system. TheyŒre the 
most affordable option, but re.uire regular upkeep to work properly.

Sealed �ead-�cid (S��)

If you wonŒt be around to perform regular check-ups on your battery, sealed lead-
acid batteries are a better option. These batteries are spill-proof and non-ha7ardous. 
There are two types of sealed lead-acid batteries with fairly similar characteristicsĸ �
M 
(absorbent glass mat) and gel.

Sealed batteries are a self-contained system. �nlike flooded batteries, they donŒt need to 
be refilled with water.

	or that reason, they work well at properties that arenŒt occupied full-time, like an off-
grid vacation cabin you visit once or twice a year. Sealed batteries wonŒt self-discharge 
as fast if they sit idle for e5tended periods of time while youŒre away.

S�� can also be stored in any orientationřyou can lay them on their side, for e5ample. 
ThatŒs not true of 	�� batteries, which must remain upright so they donŒt spill water.
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�ithium Iron Phosphate (�	P)
�ithium batteries are a newer technology that hit the market in the 19ď0s. They are common 
in laptops and cellphones, but have become more popular in the renewable energy space 
lately.

There are several different types of �ithium batteries. The chemistry we use for off-grid solar, 
�ithium Iron Phosphate (�i	eP�4 or �	P), has been formulated to be especially safe and 
durable for household use.

�ithium batteries are more e5pensive, but there are several benefits to 'ustify the higher price 
tagĸ

�onger lifespan
�o maintenance
More efficient power usage
More usable storage capacity (deeper discharges)
�o off-gassing ű ventilation

The key differenceĸ if you buy a �ithium battery, most are warrantied for 10 years, and many 
last even longer than that. With a lead-acid battery, you could replace the battery bank 2-3 
times over that same time frame.

Image courtesy of West Coast Sustainables
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�ere are some key terms youŒll need to understand when picking your batteriesĸ

�a-a &t6ĸ The amount of energy a battery can store and supply to your appliances. This is a 
function of voltage, amp hours and rate of discharge (which will all be e5plained in this 
section).

�att"r6��a+(ĸ � group of batteries, wired together to work with an inverter or charge 
controller at a certain voltage (for e5ample 12, 24 or 48 volts) and capacity (e.g. 400 amp 
hours.)

�o)ta$"ĸ Batteries are rated by voltage. �ead acid batteries are typically either 12 volts, 6 
volts or 2 volts, and multiple batteries are wired together in series to achieve the right 
voltage. 
enerally speaking, smaller systems can use 12 volt batteries, while larger systems 
will use 6 volt or 2 volt batteries with higher amp hour capacity.

Most �ithium batteries for off-grid solar come in either 12 volt, 24 volt or 48 volt 
configurations.

�*-�%oursĸ Batteries are rated in amp 
hours (�h), which is a measurement of 
how much current they output over time. 
This is used to compare the capacity of 
lead-acid batteries, which have more or 
less capacity depending on how fast you 
discharge. (�ithium batteries aren't 
affected the same way. They generally 
only have one amp hour rating.)

	or e5ample, this chart from the �olls S-čč0 battery manual shows that a battery that 
discharges for 20 hours (a day's worth of usage) has a capacity of 428 �h.
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�att�%ours�or�(&)o4att�%ours�ń(�%Ņĸ �ilowatt hours measures power used over time.  
�our utility company charges you based on how many kWh of electricity you use each  
month.

This can be used to .uantify total storage capacity for a given bank, based on voltage and  
amp hours, using the formulaĸ �o)ta$"�5��%�ĩ� a-a &t6�ń&+��att-%oursŅ.

	or e5ample, ĉĊ��5�ĉĈĈ��%�ĩ�ĉķĊĈĈ��%Ķ�� 12-volt battery that runs for 100 amp-hours  
produces 1,200 watt-hours (1.2 kilowatt-hours) of energy.

�6 )"ĸ �very time a battery is discharged and then recharged, that's one cycle. The best  
way to estimate the true life of a battery isnŒt based on time (for e5ample, a 3-year warranty),  
but by estimated  6 )"�)&#"řthe number of times a battery can charge and discharge over  
the course of its lifespan.

Most lead-acid batteries have a chart in the spec sheet that shows how many cycles they 
can handle. �ere is an e5ample from the �olls S-čč0 manual.
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�"-t%�o#��&s %ar$"� ń���Ņĸ�The amount of energy pulled out of a battery during each 
chargeűdischarge cycle.

	or e5ample, running a battery at ďčĢ depth of discharge means you will use ďčĢ of its 
capacity before recharging. 

Depth of discharge plays a crucial part in determining the life of your batteries. �ead-acid 
batteries will last longer with a shallow discharge depth, and wear out more .uickly the 
deeper they are discharged.

�##& &"+ 6ĸ�Batteries are not 100Ģ efficient. Some power is lost in the charge and discharge 
process. 

�ead-acid batteries are 80-8čĢ efficient, while �ithium batteries are about 9č-98Ģ efficient.

	or e5ample, if your solar panels produce 1,000 watt hours of power, lead-acid batteries 
would be able to store about 800 watt hours due to inefficiencies in the charge and 
discharge process. With a �ithium battery, youŒd have 9č0 watt hours available in the same 
circumstances.
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The hardest part about shopping for batteries is understanding how to si7e the battery bank 
properly for your system.

The si7e of a battery bank is based on how much power youŒll use on a daily basis, 
measured in kilowatt hours per day. If youŒre not sure how much power youŒll be using, our 
off-grid si7ing calculator will help get you on the right trackĸ

If youŒre using 10kWh per day, you need a battery bank capable of storing that much power 
after accounting for battery efficiency, discharge depth and a few other things.

If you donŒt have enough battery capacity, youŒll run out of power and end up using a lot of 
generator fuel. �n the other hand, buying too much battery capacity can be a waste of 
money and you might need to add more solar or a bigger generator to be able to fully 
recharge your oversi7ed battery bank.

� �ote on �5panding �our Battery Bank

�nother reason itŒs crucial to dial on on your battery capacity is because it can be difficult to 
e5pand a battery bank. With lead-acid batteries, adding new batteries to an old bank causes 
the new batteries take on the capacity and other characteristics of the e5isting bank, 
meaning you are affectively aging your new lead-acid batteries when installing them with 
old ones.

If you are e5panding within the first year, this might not be an issue, but you really canŒt 
e5pand an old lead-acid battery bank.

Most lithium batteries can be e5panded because each battery will have a battery 
management system (BMS) which controls charge and helps regulate the different batteries 
in a bank. 	or a truly e5pandable battery bank, we recommend a �ithium battery like the 
Discover ��S line.
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�ow to Calculate Battery Capacity

�nce you know how much power youŒll be using, use this method for calculating battery 
capacityĸ

1. Start with your daily usage (for e5ample, 10kWh per day)
2. �dd in the battery inefficiency factor (80Ģ for lead-acid or 9čĢ for �ithium)

�"a!-a &!ĸ 10kWh 5 1.2 inefficiency 
�&t%&u*ĸ 10kWh 5 1.0č inefficiency

3. �ccount for the discharge depth (typically č0Ģ for lead-acid and 80Ģ for �ithium)
�"a!-a &!ĸ 10kWh 5 1.2 5 2 for č0Ģ D�D 
�&t%&u*ĸ 10kWh 5 1.0č 5 1.2č for 80Ģ D�D

4. �dd in another inefficiency factor for the inverter and charge controller (č-10Ģ will
work for most e.uipment)

�"a!-a &!ĸ 10kWh 5 1.2 5 2 5 1.0č inefficiency 
�&t%&u*ĸ 10kWh 5 1.0č 5 1.2č 5 1.0č inefficiency

č. �ccount for the impact of temperature, which can reduce battery capacity.
�"a!-a &!ĸ 10kWh 5 1.2 5 2 5 1.0č 5 1.11 temperature multiplier, based on 
60Ļ 	 ambient temp. See spec sheet for other temperature multipliers. 
�&t%&u*ĸ 10kWh 5 1.0č 5 1.2č 5 1.0č 5 1.0č temperature multiplier, based 
on 60Ļ 	 ambient temp. See spec sheet for other temperature multipliers.

This gives us an idea of how much battery capacity (in kilowatt hours) is re.uired based on 
our usage, the e.uipment, battery D�D and temperature. �etŒs look at both e5amplesĸ

�"a!-a &!ĸ 10kWh 5 1.2 5 2 5 1.0č 5 1.11 ĩ 28 kWh lead-acid capacity
�&t%&u*ĸ 10kWh 5 1.0č 5 1.2č 5 1.0č 5 1.0č ĩ 14.4ď kWh �ithium capacity

These numbers are the *&+&*u* capacity of your battery bank, because the formula is 
based on supplying one day's worth of power. �our solar array (and backup generator) 
will need to be designed to recharge the batteries every day.

The �ithium battery bank has less overall capacity because it can handle deeper 
discharges and has a higher efficiency.

1-800-472-1142 sales@wholesalesolar.com 10



Most batteries are rated in amp hours. To find a suitable battery bank, divide the overall 
capacity (from the previous step) by the voltageĸ

�"a!-a &!ĸ�ĊĐ(�%�to��%� o+3"rs&o+ĸ

28kWh ű 48 volts ĩ č83 amp hours
28kWh ű 24 volts ĩ 1,166 amp hours
28kWh ű 12 volts ĩ 2,333 amp hours

�&t%&u*�ĉČĶČď(�%�to��%� o+3"rs&o+ĸ

14.4ďkWh ű 48 volts ĩ 301.46 amp hours
14.4ďkWh ű 24 volts ĩ 602.92 amp hours
14.4ďkWh ű 12 volts ĩ 1,20č.83 amp hours


enerally speaking, a higher voltage (24 or 48 volts) is used for bigger systems where you 
have more battery capacity and larger inverters. This is because the higher voltage is more 
efficient, uses smaller wire, and allows you to install more solar power on each charge 
controller. Most bigger inverters are going to be either rated for 24 or 48 volts.

System voltage is based on a few factors, but battery capacity (in kilowatt hours) is the best 
place to start designing an off-grid system. Start by understanding how much battery 
capacity you need on a daily basis, then si7e the other parts of the system (like your panels 
and inverter) to meet that demand.
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Different batteries shine in different environments. �ere are our battery picks for a broad 
range of solar applications.

�������������ĎĶĎ��

Ĵ �r& "�ńas�o#�ĉĈűĉĐűĉĐŅĸ
Ē6,900

Ĵ �a-a &t6ĸ 6.6 kWh
Ĵ �o)ta$"ĸ 48V
Ĵ �*-�%oursĸ 130 �h
Ĵ �arra+t6ĸ 10 years

The battery management system (BMS) monitors and protects the battery, keeping track of 
the state of charge, charging parameters, faults and data logging. Discover's BMS and 
battery design allows it to charge and discharge much faster than most competing options. 

�ead Moreĸ Discover vs. SimpliPhi �ithium Battery Comparison ō

Best Battery 	or �ff-
rid �omes 
(Premium �ption)

If you live in an off-grid home full time, you need a battery  
that can keep up with your power demands on a daily  
basis.

�ur recommendation for the best overall battery for off- 
grid homes is the Discover ��S �ithium battery. It has long  
lifespan, high efficiency, fast recharges and affords  
fle5ibility if you want to e5pand your system down the road.

We favor Discover's line of �ithium batteries for larger  
applications. They have the best price-per-capacity for  
larger scale systems (SimpliPhi can be a bit more cost-
effective in smaller battery banks). They also offer relatively 
large, high-capacity batteries, which speeds up the 
installation process because there are fewer batteries in the 
bank.
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Ĵ �r& "�ńas�o#�ĉĈűĉĐűĉĐŅĸ
Ē32č

Ĵ �6 )"s�ńat�čĈĢ����Ņĸ
1200

Ĵ �o)ta$"ĸ 6V
Ĵ �*-�%oursĸ 430 �h
Ĵ �arra+t6ĸ 3 years

Best Battery 	or �ff-
rid �omes 
(Value �ption)

�ooking for a more cost-effective optionŝ The best value 
battery for off-grid systems is the Crown C�430 flooded 
lead-acid battery.

People who live the off-grid lifestyle tend to be more 
comfortable with hands-on DI� pro'ects. If you donŒt mind 
doing the occasional maintenance on your battery bank, 
the C�430 is an e5cellent option. The 430 amp-hour 
capacity canŒt be beat for the price, and Crown is a reliable 
�merican manufacturer. C�430s are built in 	remont, 
�hio at CrownŒs advanced manufacturing plant.

	looded lead-acid batteries are tried-and-true technology, 
which means a lot of folks have e5perience and successful 
history with them. C�430 batteries have the lowest 
upfront cost compared to any other option, while still 
offering solid performance. This is the best battery option if 
you are looking for the lowest upfront cost and donŒt mind 
spending a little time on maintenance.

1-800-472-1142 sales@wholesalesolar.com 13



������Ď���ċđĈ

Ĵ �r& "�ńas�o#�ĉĈűĉĐűĉĐŅĸ
Ē4ďč

Ĵ �6 )"s�ńat�čĈĢ����Ņĸ
1000

Ĵ �o)ta$"ĸ�6V
Ĵ �*-�%oursĸ�390 �h
Ĵ �arra+t6ĸ�3 years

Best Battery 	or �ff-
rid Vacation 
�omes

What if you have an off-grid vacation home that you donŒt 
visit on a regular basisŝ �ou want a battery that doesnŒt 
re.uire regular maintenance, since youŒll only be on site a 
few times a year.

In these cases, a sealed �
M battery is the best option. 
�ur recommendation is the Crown 6C�V390. The lower 
capacity is fine because you donŒt need year-round 
storage. We also skipped out on the premium lithium 
option, because itŒs overkill for a system that will only be 
used a few times a year.

These batteries are relatively ine5pensive, so you donŒt 
have to make a huge investment into a property where you 
wonŒt be spending that much time.

WeŒd also recommend the 41č�h 	ull�iver DC400-6 for this application. We like the 
	ullriver DC 400-6 because it has slightly more capacity and a longer warranty at a slightly 
higher cost. 

ItŒs definitely an option we recommend on a regular basis, along with the Crown 6C�V390. 
�pt for the 	ullriver if you want the peace of mind of a longer warranty, or when you need a 
little more capacity.

Sealed lead-acid batteries are ideal for off-grid vacation homes because they are 
maintenance-free and relatively ine5pensive. They also have a fairly high tolerance for cold 
temperatures when they are charged.
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Ĵ �r& "�ńas�o#�ĉĈűĉĐűĉĐŅĸ
Ē4ďč

Ĵ �6 )"s�ńat�čĈĢ����Ņĸ
1000

Ĵ �o)ta$"ĸ�6V
Ĵ �*-�%oursĸ�390 �h
Ĵ �arra+t6ĸ�3 years

Best Batteries 	or 
rid-Tied 
Systems With Battery Backup

If you have a grid-tied system with battery backup for 
emergencies, you wonŒt need a battery with a tremendous 
amount of storage power. It will only see use when your 
power goes out, and hopefully that doesnŒt happen more 
than once a year.

Similar to the previous section, you want a battery that 
doesnŒt re.uire maintenance Ř it should simply work in the 
rare cases you need it. 	or that reason, we recommend the 
same battery as aboveĸ the Crown 6C�V390 in a sealed 
�
M format.

Similarly, you can also opt in to the 41č�h 	ull�iver 
DC400-6 for a bit of e5tra capacity if it suits you better.
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Ĵ �r& "ĸ�Check with �
 
Ĵ �a-a &t6ĸ�9.8kWh
Ĵ �o)ta$"ĸ�400V
Ĵ �*-�%oursĸ�63 �h 
Ĵ �arra+t6ĸ�10 years

Best Battery 	or Storing and 
Selling �nergy

In certain areas, the utility company charges more during 
peak use times Ř around 4 to 9 pm, when people get 
home from school and work.

�nergy storage allows you to store energy and sell it back 
to the utility company for a profit.

The goal is to store energy generated during the day, and 
sell it back in the evening, when rates hit their peak.

	or this type of use, we recommend the Solar�dge 
Stor�dge inverter with the �
 Chem ��S�10� battery. It is 
designed to store energy and sell it back during peak use 
periods, and can also provide a limited amount of backup 
power during an emergency outage.

This helps protect you from future changes in your utility rates, and is a must if you live in an 
area with time of use rates (T��), high demand charges, or no net metering.

Solar�dge is a leading manufacturer of grid-tied inverters, and theyŒve put their e5pertise in 
making the Stor�dge system one of the most versatile and cost-effective options for grid-
tied energy storage.
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Ĵ �r& "�ńas�o#�ĉĈűĉĐűĉĐŅĸ
Ē260

Ĵ �6 )"s�ńat�čĈĢ����Ņĸ
1000

Ĵ �o)ta$"ĸ�6V
Ĵ �*-�%oursĸ�220 �h
Ĵ �arra+t6ĸ�3 years

Best Battery 	or Small �ff-
rid 
�se (�Vs, Boats ļ �emote 
Industrial �pplications)

This guide has mostly covered residential use cases. But 
what if you need to power a smaller application, like an 
�V, boat or small outbuilding on your propertyŝ

�etŒs say you have a wood shed on your property and 
want to power it independently. The shed has some lights 
but thereŒs not much else to power. In a situation like this, 
you 'ust need a compact battery with modest capacity.

	or a light use cases like these, we recommend the Crown 
6C�V220 sealed �
M battery. This battery was originally 
designed to power golf carts. �s a result, it has a small 
profile, but can still withstand deep cycling over a long 
lifespan.

WeŒd recommend this battery for tiny homes, boats, and �Vs Ř any application where 
space is at a premium and you 'ust need to power the essentials. �ou can also go with the 
Crown 12C�V110, which is the e5act same si7e and overall capacity in a 12 volt format.

This is also our pick for remote industrial applications. It can power small-scale industrial 
e.uipment in remote areas not accessible by power lines. Common applications include 
lighting, pumps, traffic signs and monitoring e.uipment.
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More �esources


"tt&+$��tart"!�4&t%��o)ar
We all start out in the dark. 
Download our 
etting Started 

uide to learn the basics of solar.

"t�t%"�
u&!"�ō

�o)ar��"r*&tt&+$�
u&!"
Permitting is the most time-
consuming part of the process. 

et a head start with our Solar 
Permitting 
uide.

"t�t%"�
u&!"�ō

�o)ar��ost��a) u)ator
�stimate how much it would cost 
to go solar based on your 
location, personal energy usage 
patterns, and other factors.

"t�a+��st&*at"�ō

Talk to a solar e5pert.
�eady to get to workŝ Connect 
with our design team for a free 
consultation.

C��TI��� ���� ��S���C�
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