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I don’t know about you, but I love 
long solo cross-country flights. I let my 
mind wander while the mountains and 
the cities slowly pass under my wings. Of 
course, my mind occasionally wanders 
into strange places. I think about things 
like why am I carrying 25 pounds of lead 
around in the back of my airplane? I 
used a battery to start my engine before 
I took off and now it’s just sitting there 
reducing my useful load and consuming 
fuel for the entire flight.

I don’t want to downplay the safety 
factor that a battery provides. When a 
field coil wire broke off my alternator a 
couple of years ago, I was quite happy 
to have that dead weight in the back. 
But in all the hours I flew that air-
plane, that was the only time I really 
appreciated it. So, would I really fly 
without a battery? Probably not—and 
definitely not in the clouds. 

So, what can I do to reduce the pen-
alty I pay for hauling that capability 
around with me? The obvious solution 
is a lighter battery. The widely-used 
lead-acid (PbA) battery has been used to 
start engines for over a century because 
it has some useful characteristics. It can 
deliver a lot of current, which is needed 
to turn a starter motor for a short 
period, and it can survive repeated dis-
charge/charge cycles. Because the same 
technology is widely used in the auto-
motive world, it is relatively inexpensive 
and reliable. But it is heavy.

Battery technology has advanced a 
bit in the last century. One promising 
technology that you’ve heard about is 
lithium-ion chemistry and specifically 
lithium-iron-phosphate, also known as 
LiFePO4 or LFP. As a cathode mate-
rial, this was first described in 1996 by 
John Goodenough at the University 
of Texas. The technology was further 
improved by researchers at MIT. Today, 
LFP is becoming increasingly popu-
lar in applications from cordless tools 
and appliances to electric vehicles. So, 
what could an LFP battery do for my 
airplane? What are the benefits and are 
there any risks?

An airplane battery has two jobs: it 
has to put out a lot of current to start the 

engine, and then it hangs around wait-
ing to supply critical electrical compo-
nents when and if the alternator takes a 
powder. We measure a battery’s perfor-
mance in these tasks in terms of crank-
ing power and standby capacity. 

Cranking a cold engine requires a lot 
of torque. To generate a lot of torque, an 
electric motor needs a lot of current. So, 
we measure cranking power in terms of 
the amount of current (number of amps) 
the battery can deliver to the starter 
motor terminals when we turn the key. 
For lead-acid batteries, we measure this 
as cold cranking amps or CCA, which 
is the number of amps that can be deliv-
ered for 30 seconds before the battery 
voltage drops below 7.2 volts. The test is 

conducted at 0° F (-18° C). 
While the CCA test 

is useful for comparing 
lead-acid batteries on 
an even playing field, 
it isn’t the best mea-
sure for evaluating the 

As lithium-ion technology improves and 
gets cheaper, the answer is probably yes. 

By Gordon AllinG

Is LiFePO4 in Your Future?

A123 has dominated the market 
in LiFePO4 cells of various 
designs. Most are 3.6-volt cells 
wired in arrays to 
produce the 
desired fin-
ished voltage.
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Supplier/Type Amp Hours Cranking Amps (CCA) Weight Price

gIll lead/acId
g-35 23 225 27 $219
g-25 18 225 21 $167

g-35M 23 250 26.3 $263
g-35S 23 421 29 $232

concord lead acId

cB-25 20 235 22 $218

cB-35 29 325 28.5 $257

rg-25 22 225 22.75 $199

lead acId  
averageS 22.6 272.3 25.2 $222

Stored energy productS liFepo4

2.6 150 1.05 $250

7.8 450 2.86 $580

10 600 3.86 $750

20 1200 7.5 $1350

rce liFepo4

4.6 230 2.21 $314

6.9 345 3.09 $466

9.2 460 3.97 $599

11.5 575 4.85 $752

16.1 805 6.31 $1028

liFepo4 
averages 9.8 535 3.9 $676

cranking ability of different battery tech-
nologies. The endpoint of the test is based 
on the voltage vs. state-of-charge (percent 
of full capacity) curve of the lead-acid 
technology. The voltage falls somewhat 
uniformly as the state of charge decreases. 
The LiFePO4 battery voltage, however, 
remains at a much higher level until the 
battery capacity is nearly depleted. So, 
the CCA test endpoint (7.2 volts) doesn’t 
really apply to LFP batteries. 

LFP manufacturers use a C rating, 
which defines a maximum current as a 
proportion of the total capacity that can 
be drawn from the battery for a short 
period—typically 10 seconds—without 
damaging the cells. For instance, a 30C 
LFP battery can deliver amperage of 30 
times the amp-hour capacity for up to 
10 seconds and still be fully recharged. 
While peak current based on this C 
rating is not exactly comparable to the 
CCA of a lead-acid battery, it is a mea-
sure of the current available for the short 
period needed to start an engine.

So, how do these two technologies 
compare in terms of cranking power? 
We looked at a sample of conventional 
aircraft batteries which are summarized 
at right. Note that this is just a sampling, 
not all the batteries that are available.

Typical lead-acid aircraft batteries 
supply 200 to 250 CCA and weigh 20 
to 30 pounds. One battery surveyed 
boasts 421 CCA and weighs 29 pounds. 
This translates to 0.15 to 0.08 pounds/
CCA.  We looked at 19 currently avail-
able LFP batteries (rated at 50C) and  
summarized nine of these in the chart 
at right. Note that the data reveals more 
than a 90% weight saving for cranking 
power. That means I can pack 25 pounds 
of snacks in the cooler for my next long 
cross country.

Standby Capacity
OK, so I can save 90% of that dead 
weight if all I need to do is start the 
engine. What about the insurance of 
some stored energy to run the electrics 
in a pinch? Battery storage capacity is 
measured in amp-hours (A-Hr), which 
is the product of the current drawn 
(amps) and the time required to fully 
drain the battery (hours). For instance, 

How They Compare
Pounds per CCA

Pounds per Amp-Hour

Dollars per CCA

Dollars per Amp-Hour

Lead-Acid: 0.092 lb/CCA

LiFePO4: 0.007 lb/CCA

Lead-Acid: 1.1 lb/A-Hr

LiFePO4: 0.39 lb/A-Hr

Lead-Acid: $0.82/CCA

LiFePO4: $1.26/CCA

LiFePO4: $68.97/A-Hr

The proof of a battery chemistry’s 
pudding is in the overall performance as 
a function of weight and cost. The charts 
presented here include a limited but 
representative selection of both lead-acid 
and LiFePO4 technology. The summaries are 
revealing and demonstrate why lithium-ion 
batteries hold such promise for aviation 
applications. LiFePO4 batteries are a slam 
dunk when it comes to cranking power by 
weight and amp hours by weight. LiFePO4 
batteries generally deliver nearly the same 
or more cold cranking power at a fraction 
of the weight of lead-acid or, depending on 
the cell design, twice the cranking power in 
half the weight. But the piper demands his 
due when the check is written. On a dollars-
per-CCA basis, LiFePO4 batteries are about 
50% more than the cost of near-equivalent 
lead-acid but, depending on the model and 
brand, can be more than that. On an amp-
hour capacity basis, they lose to lead-acid by 
a factor of about seven to one, again variable 
with brand and model. For some builders, 

that won’t matter; they simply want the 
cranking amps and less weight. For those to 
whom cost is a concern, stay tuned. Higher 
volume should bring costs down.

Lead-Acid: $9.82/A-Hr
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if we draw 10 amps for an hour, we con-
sume 10 A-Hr.

Our sample 12-volt lead acid aviation 
batteries revealed a capacity range of 18 
to 32 A-Hr, weighing between 21 and 
45 pounds. (Not all of these are charted, 
by the way.) The cost (in weight) of this 
storage capacity ranges from 0.98 to 1.41 
(average 1.17) pound/A-Hr. The 19 LFP 
batteries we looked at had a wider capacity 
range (2.6 to 25 A-Hr) and averaged 0.42 
pound/A-Hr, a 64% weight reduction.

We didn’t find a lot of available prod-
ucts that provide both high cranking 
current and storage capacity equivalent 
to lead-acid starting batteries. A number 
of LFP batteries aimed at the automo-
tive market provide significantly more 

storage capacity, but limit the maximum 
(cranking) current to a 5C rate. But 
that isn’t necessarily bad. A 100 A-Hr 
LFP battery can supply 500 A crank-
ing power (twice the average lead-acid 
CCA) for starting and supply three to 
four times the stand-by capacity in an 
emergency for about the same weight as 
the lead-acid battery. That is a real alter-
native to carrying a back-up alternator.

Cost
Now for the bad news. LFP technology 
isn’t cheap—yet. For the batteries sur-
veyed, the average cost per cranking amp 
is $1.26. This compares to about $0.82/
CCA for PbA, based on current prices. 
In other words, you’re going to pay about 

50% more for the same cranking power if 
you choose the LFP battery.

And how much will you pay for 
that standby power? The LFP batter-
ies average about $69/A-Hr compared 
to roughly $9 to $10/A-Hr for con-
ventional batteries. That translates to 
a premium of $1,450 for a typical 25 
A-Hr storage capacity, and that doesn’t 
include the gold-plate option.

So, does it make economic sense to 
take the plunge and switch to LFP? 
Maybe. For the typical single-engine 
GA aircraft, for which the battery is 
sized for standby power, probably not 
yet. Assume you want 25 A-Hr of stand-
by energy. A 2500-pound aircraft with 
a lift to drag ratio (L/D) of 9.0 (typical 
Cessna 172) and cruise fuel burn of 12 
gallons per hour will save about 60 cents 
per flight hour from the weight saving. 
This will save less than $120 for a year in 
which you fly 200 hours. That’s a payback 
of about 10 years, probably exceeding 
the life of the battery. These economics 
could change radically, however, if you 
put a premium on useful load. If you 
were flying a cargo of drugs or gold, for 
instance, that extra 20 pounds might be 
very profitable.

But, when standby capacity is not the 
design criteria and the battery is sized 
for cranking current, the economics 
change dramatically. A 50C-rated LFP 
battery sized to supply 250 A to the 

When Mitch Hargin dropped an Aerovoltz 16-cell EV02 into his E-Racer, the weight he saved 
allowed an extra 30 minutes of fuel and added 75 nautical miles to his range.

Li-Ion Chemistries
As the chart below shows, all of the lithium-ion chemistries represent 
tradeoffs. LiCoO2 is the chemistry of choice for many of the all-electric 
airplanes in development, primarily because of their energy density.  
Its significant downside is sensitivity to 
overcharging and a tendency toward 
thermal runaway.

Lithium iron phosphate seems to be 
the coming chemistry for vehicle batteries 
and is considered less volatile than LiCoO2.  
LiFePO4’s tradeoff is lower energy density 
than LiCoO2, but this may improve over 
time.  The big comer in lithium is lithium 
air (Li-Air) technology whose theoretical 
estimated energy density is as high as 1700 
Wh/kg, which rivals gasoline. Even at half 
that, Li-Air would fundamentally reshape  

vehicle battery economics. However, Li-Air is on the research bench and 
sources tell us its years from practical production, if it ever gets there.

 —Paul Bertorelli

chemistry energy  
density cycle life self discharge 

rate/month
safety and  

environment

LITHIum COBALT OXIDE 
LiCoO2

140-145
Wh/kg

700 1% Poor

LITHIum mANGANESE OXIDE
LimnO4

105-115 500 5% Good

LITHIum NICkEL mANGANESE COBALT
LiNimnCoO2 140-155 700 1% Good

LITHIum IrON PHOSPHATE
LiFePO4

90-110 1800 .05% Excellent
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aircraft described above would pay for 
itself in about one year. This criterion 
might apply to a multi-engine aircraft 
that has redundant alternators or an 
aircraft that doesn’t have much of an 
electrical system. So, there are condi-
tions that favor LFP technology.

Another thing to remember is that 
LFP is an emerging technology that is 
finding use in a wide range of products, 
from appliances to computers and elec-
tric vehicles. That means that the price of 
these products should fall as production 
volumes increase. So, if the economics 
don’t work for you today, wait around. 
They may be better next year.

Safety and Other Considerations
Many of us cringe a bit when we hear 
lithium and battery in the same sen-
tence. We’ve heard horror stories about 
lithium-ion batteries catching fire and 
scorching the lap of their laptop user. 
But lithium-iron-phosphate is a different 
animal than other lithium-ion chemis-
tries. The iron-phosphate chemical bond 
is stronger than the cobalt-oxygen bond, 
making the LFP cathode structure more 
tolerant to damage from short circuit 
and overheating. 

Once fully charged, however, any bat-
tery can only dissipate overcharge energy 
as heat, which can damage the battery, 
For this reason, many manufacturers 
recommend some charge-limiting sys-
tem or build one into their battery pack 
to prevent this occurrence.

Because lead-acid batteries are every-
where, we tend to forget that they have 
their own issues. The obvious risk is the 
release of hydrogen gas when charging. 
This characteristic requires that the 
battery is located in a well-ventilated 
space. The presence of liquid acid in 
flooded batteries always presents a 
burn or eye damage hazard to main-
tenance personnel. Finally, the acid 
and vapors from the battery can cor-
rode nearby metal components and, 
in extreme cases, damage structure or 
degrade electrical connections. 

The recent grounding of the Boeing 
787 fleet following two lithium-ion 
battery fires has shed unfavorable light 
on the technology. However, the 787s 



Wayne Blacker replaced his lead-acid  
Odyssey PC680 (16 A-Hr, 15.4 pounds) with 

an RCE 12 V (16.1 A-Hr, 6.3 pound) LFP battery 
and saved nearly 10 pounds in his LongEZ.
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gordon alling 

Gordon Alling secured his 
wife’s permission to fly air-
planes 14 years ago and 
hasn’t touched down since. 
He’s based at Fredericks-
burg, Virginia where he has 
stabled a Cessna Cardinal 
and a Beech Sundowner. He 
has degrees in aerospace and 
mechanical engineering and 
operates a small engineering 
consulting company. Alling 
is building a Rutan Defi-
ant push-pull twin. He chose 
the Defiant as a test bed 
for experi-
m e n t a l 
engines, of 
which he 
is particu-
larly fond. 

use lithium cobalt oxide chemistry, 
which is considered to be less stable than 
LiFePO4. Still, even the iron-phosphate 
has some issues. In a well-suppressed 
event, Cessna lost a Citation jet to a bat-
tery fire on the ground. The aircraft was 
equipped with LiFePO4 cells from the 
well-known manufacturer A123. Nei-
ther Cessna nor A123 has revealed any 
technical data on the cause for the fire, 
but an AD was issued ordering removal 
of the LiFePO4 pending a solution.

While these fires are attention get-
ting, they don’t necessarily mean the 
technology is hopelessly flawed. There 
are lead-acid battery fires, too. Bottom 
line: We don’t have enough reliable data 
to judge whatever risks may exist for 
either battery technology. 

But we do know about the benefits 
of LFP batteries compared to lead-acid 
products: They charge much more 
quickly and they discharge much more 
slowly when not in use. The lower internal 
resistance enables them to be recharged in 
minutes, rather than hours for lead-acid 
batteries. Also, when sitting in the hanger 
unused for a month, an LFP battery will 
lose about 5% of its stored capacity, com-
pared to 20% for a lead-acid product. 
That could save you an extra trip to the 
airport to charge the battery. 

Testimonials
LFP batteries are marketed for motor-
cycle and auto racing and are now find-
ing their way into homebuilts. Wayne 

Blacker flies a Long-EZ powered by a 
Lycoming IO-360. He replaced his 
lead-acid Odyssey PC680 (16 A-Hr, 
15.4 pounds) with an RCE 12 V (16.1 
A-Hr, 6.3 pounds) LFP battery and 
saved nearly 10 pounds. He is set up 
with a backup alternator and didn’t 
change the charging system in any way 
except to modify the battery mount 
for the smaller LFP unit. He likes the 
quality of construction and customer 
support provided by RCE in Taiwan, 
and he is so impressed with the new 
battery that he is considering replac-
ing the second alternator with a back-
up battery. 

About six months ago, Mitch Har-
gin dropped an Aerovoltz 16-cell EV02 
(www. aerovoltz.com) into his E-Racer, 
replacing a heavy Walmart battery. He’s 
driving an IO-320 and says the weight 
saving allows him to add four gallons of 
extra fuel. The extra fuel adds 30 min-
utes to his endurance and 75 nautical 
miles to his range. Although he hasn’t 
gone through an Iowa winter yet, he has 
started up with the air temperature as 
low as 37° F with no problems. 

Conclusion
LiFePO4 batteries are finding their way 
into a lot of consumer and commercial 
products because of their low weight, 
large storage capacity, their ability to 
charge and discharge quickly, and their 
relative safety compared to other high 
energy-density technologies. Although 

the technology is still in its infancy, 
it is widely favored for use in electric 
vehicles and that application will likely 
drive down the cost of the technology in 
the near future. At the moment, these 
batteries are a bit pricey for a typical 
recreational Cessna driver. But under 
the right conditions, existing products 
already make economic sense. I’m look-
ing real hard at them for my twin. As the 
technology gains more widespread use 
in other (especially automotive) markets, 
the price will continue to fall, making 
them more appealing to a larger circle of 
airplane owners. So, don’t be surprised 
to find LiFePO4 in your future. J
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