
    

 

Military Vehicle Power Storage – One Size Does Not Fit All 

Abstract 

Advancements in battery system technology, most notably Lithium Ion, are enabling one of the weakest areas 
of military vehicles, the lead-acid battery, to be upgraded with major improvements in capacity, durability and 
through-life-cost.  Reductions in total cost of ownership are realized through reduced maintenance costs, 
reduced logistical resupply and fossil fuel consumption all of which equate to reduced operational risk and 
improved force protection.  However, new requirements for upgraded batteries present difficult challenges in 
the quest to make one-size-fit-all. We explore the different parameters that drive battery requirements and 
compare and contrast how these requirements will change from vehicle to vehicle. 

Background 

The three C’s. 

The first battery rating typically seen is Capacity, often stated in amp-hours, watt-hours or occasionally in 
“minutes of reserve” (which is the time a battery will power a 25 amp load). Although capacity is viewed as the 
obvious way to compare batteries, the useful capacity of a battery may vary significantly from published 
specifications, especially under the extreme conditions encountered during military operations in all types of 
environmental and combat conditions. High loads and cold temperatures are two of the biggest factors that 
will diminish the useable capacity of a battery. 

The Cost of a battery is never as simple as looking at the purchase price or the “sticker” price as it is more 
commonly known. A battery that wears out after a few months of use suffers from a much higher long-term 
cost of ownership than a battery that is rated and performs for 10 years. It can also be difficult to compare the 
total solution cost for the complete energy storage system when batteries also vary in capacity. There is likely 
a good reason why one battery will have a low price tag - it could be due to poor capacity, or there may be 
other hidden factors at play such as poor durability, rapid wear out and brief useful life, or even lack of safety 
standards testing. 

Cycle life of a battery is a quick way of evaluating the relative wear-out rate of a battery system. However, care 
should be taken to ensure that the stated cycle life is a true reflection of real-life use. Cycle life numbers can 
be artificially inflated by choosing gentle operating conditions and providing for high margins of capacity loss 
before declaring the battery to be end-of-life.  As a result, it’s important to keep battery cycle life in context and 
ensure it is evaluated with the requisite capacity and cost. 

For purely consumer products such as a cell phone battery, the three factors of: Capacity, Cost and Cycles are 
the dominating factors in choosing a battery vendor. We have all encountered devices that shut down when 
they are too cold or too hot and we have all dealt with phones that within a year of purchase cannot sustain a 
full day of use anymore. Although this is frustrating, it’s not that hard for a consumer to tuck a phone into their 



    

 

pocket to warm it up, or to wait for it to cool down after accidentally leaving it in the sun on the beach, or to 
simply replace the phone (or the battery inside it). 

Military applications are not so forgiving. When used in critical situations, a battery that spontaneously shuts 
down to protect itself from environmental extremes will be leaving a soldier or system vulnerable or a vehicle 
disabled. Additional factors need to be considered for military applications to ensure power is always available 
when it is needed, whatever the conditions, environment or nature of the demand. 

Beyond the Three C’s 

Today’s vehicles have more electronics and therefore require reliable power. Batteries are critical to the 
mission, therefore a longer list of parameters must be considered to ensure the battery will function well under 
the harsh conditions of military operations. Generic off-the-shelf solutions will seek a compromise across all 
parameters that will result in a battery that is poorly suited to the mission and may prematurely fail. A 
customized battery that focuses on the parameters that matter most for the application will result in a 
strategic advantage for the vehicle and also provide a longer lasting, more reliable solution. The table below 
shows only the FOUR highest priorities for each type of application (this is a generalization and even within 
each application there will be variations based on the location of the battery within the vehicle, the operating 
environment and the equipment installed on the vehicle). 



    

 

No single battery is perfect, and none exist today that have every performance box checked. However, looking 
at a few of the use cases separately helps to highlight the specific needs of each situation. Not every situation 
and not every performance parameter is covered as that would entail writing a complete text book on the 
subject, so the rest of this article will focus on key performance parameters. 

Engine Starting 

Engine Start is generally considered to be the least demanding application, but that assumption can be 
misleading. When retrofitting a vehicle with an existing lead-acid battery, it is most likely that the engine start 
batteries will be placed near the engine and in many cases inside the engine compartment itself. This means 
the battery will be subjected not only to high heat when the engine is running and especially in a desert 
environment, but also subjected to extreme cold with little extra protection when the vehicle is parked in arctic 
conditions. In both scenarios the battery will be called upon to deliver a lot of instantaneous power when 
starting the engine. These batteries may also see long periods of inactivity when the vehicle is parked, 
sometimes for weeks or even months, before suddenly being called into action. 

Engine start batteries are therefore likely to see the most abusive operating conditions. 

Vehicles that only need their batteries for engine starting (example: vehicles in which there is little additional 
electronics equipment, weaponry or defensive aids) will generally be lower cost vehicles such as standard 
logistics trucks. These vehicles will therefore be very sensitive to the cost of the replacement battery because 
today’s standard lead acid batteries actually do a fine job meeting these needs. 

Most Important Least Important 

 Delivery of instantaneous 
power for engine start 

 Works when very cold 
 Works when hot 
 Not damaged by hot 

conditions 
 Low Cost 

 High Capacity 
 Deep Cycle Life 
 Safety (when installed in an 

engine bay, not in a crew 
compartment) 

 

Silent Watch – Reconnaissance and Surveillance, Command, Control, and Communications 

Vehicles that contain electronic systems for reconnaissance or active protection seek the highest possible 
energy storage capacity.  Extended silent watch periods typically last 8 hours or longer and allow tactical 
military vehicles to remain in covered and concealed positions to reduce the likelihood of detection associated 
with thermal and acoustic signature emission from a running engine or auxiliary power unit.  This is especially 
critical for reconnaissance-type missions in which military vehicles are involved with collecting battlefield 



    

 

intelligence over an extended period and need to avoid detection for mission success.  A common 
misconception is that these missions last 4-hours or less for planning and performance considerations. In 
reality, missions can easily last upwards of 72-96 hours without resupply.  Therefore, the ability to shut off the 
engine for longer periods of time provides a number of benefits on the battlefield. 

It allows the vehicle to cool, reducing the thermal signature, increasing safety and improving survivability 

Improves recon sensitivity (no engine noise or vibration to deal with thereby reducing acoustic signature) 

Reduces the probability of detection by nearby enemy due to engine noise, improves stealth on the battlefield, 
and allows more battlefield intelligence to be collected in succession 

Reduces logistics burden of fuel (for idling the engine or running an APU) which also improves survivability 
given the reduced frequency for logistical support, and thereby improving stealth as well 

The previously mentioned “Three-Cs” are fairly easy to understand in this scenario. Higher Capacity provides 
longer silent watch, higher Cycle life ensures the batteries do not require frequent replacement and lower Cost 
allows the vehicle to be economically retro-fitted.  This is a win-win situation because the cost and labor 
associated with frequent replacement are reduced while overall performance is improved.   With a battery that 
is correctly optimized for the situation, it is possible to improve vehicle survivability while simultaneously 
lowering long term maintenance costs and reducing supply-chain logistics through reduced fuel consumption. 

But what are some of the other battery parameters that are critical to a successful silent watch upgrade, yet 
aren’t always considered when evaluating different solutions? 

Rapid Recharge is probably the next most important parameter, yet it is rarely specified. Lead acid batteries 
can take several hours to recharge, negating any possible advantage of operating silently. The same can be 
said for standard off-the-shelf lithium based battery systems which may take four hours or more to recharge, 
especially if trying to meet high cycle-life goals through a gentle charging regime. 

A good target for battery recharge rate is to provide for about 10-20% of the total vehicle operational time that 
is dedicated to recharging. This allows long enough periods of the engine being off to ensure the vehicle cools 
down.  It also provides for optimum fuel savings by minimizing the time the engine spends running. Trying to 
recharge faster may not work due to the limitations of the vehicle’s electrical system. Over-specifying a battery 
for a drastically faster recharge time will likely result in the need to run the vehicle at high idle (or possibly even 
higher RPM depending on the alternator performance metrics). 

Three examples are shown in the table below to give a quick example of how batteries can end up oversized or 
undersized based on the rest of the vehicle composition. 



    

 

Assume that a battery that can recharge no faster than 1 hour that is installed in a vehicle with a 200 amp 
alternator with a silent-watch load that requires 40 amps of current. 

Battery 
Capacity 

Silent Watch 
Time 

Recharge Time Recharge 
Limited By? 

Engine Run 
Percentage 

100 Ah 2.5 h 1 h Battery 30% 

200 Ah 5.0 h 1 h Both – Balanced 17% 

300 Ah 7.5 h 1.5 h Alternator 17% 

 

From the table above you can see that a battery with less capacity does not provide a significant amount of 
silent watch, cannot absorb all the energy put out by the alternator, and results in twice as much engine run 
time (and therefore using twice as much fuel). However, for vehicles requiring occasional silent watch, 
perhaps this may be an acceptable solution. 

If fuel savings is the ultimate goal, then a battery balanced to the size of the alternator is the best way to go. 
The second example in the table shows a battery that will absorb all of the energy the alternator produces 
which also results in the best possible fuel savings with the smallest battery. 

The final example in the table shows how silent watch time can be extended, you can scale up the battery as 
large as can be fit on the vehicle, but fuel economy will not improve as the battery recharge rate is limited by 
the energy generation rate of the vehicle itself.  

None of the solutions presented in the table are “wrong”; instead, they show how different operational goals 
that combined with the limitations of the vehicle itself can influence what the “right” solution looks like. 

Two other critical parameters for Silent Watch applications are Safety and Hot Performance. 

Safety is most critical if the battery will be installed in or near crew compartments. All batteries will produce 
noxious smoke and gas if penetrated by a bullet. But the amount of smoke, the rate at which it is produced, 
and the additional complication of fire or explosion make safety the number one priority if crew are present. 

Hot performance is critical for Silent Watch batteries mostly as it relates to permanent degradation of the 
battery system. Building a battery that will work at elevated temperatures such as 50°C (122°F) isn’t terribly 
difficult. However, designing a battery that can operate for days, weeks and months at that temperature and 
higher is extremely difficult. A rule of thumb used by many electro-chemists is that battery degradation will 
double for every 10°C above room temperature. Therefore, battery life will be cut by 50% at 35°C, by 75% at 
45°C, by 88% at 55°C and by 97% at 75°C. Thankfully, due to diurnal temperature fluctuations, it is highly 



    

 

unlikely that a battery will be subjected to these temperature extremes for 24 hours per day and 365 days per 
year! 

In order to compensate for the drop in cycle life at high temperatures, batteries can be modified to have a 
slightly lower degradation rate, but degradation cannot be completely avoided. Starting off with a high cycle 
life will provide higher operating margins.  This means that for missions in areas of extreme heat or cold, 
batteries that are expertly engineered for the use case (i.e. silent watch), start off with high cycle life, and are 
specifically designed for these conditions, a user can expect a battery to last for thousands of missions while 
an off-the-shelf solution might only achieve a few hundred 

The graph below shows how two battery solutions with similar “starting point” cycle life can have very different 
reactions to high temperature operation with the grey line representing a high quality military grade battery 
that has high cycle life and high temperature optimization, while the orange line shows a battery with high 
cycle life, but not high-temperature optimized. Finally the blue line shows a more consumer-grade battery (or 
how a battery that looks military but actually uses commercial grade cells) may start out with more modest 
cycle life and also suffer from poor high temperature performance resulting in a useful life that may only be a 
few months long under real-world conditions. 



    

 

Electric Propulsion 

At first glance, providing partial (hybrid) or full electrification of a vehicle drive system may suggest similar 
battery capability, performance and characteristics. But in reality, these two propulsion systems require very 
different battery solutions. 

A hybrid system only needs a small capacity battery because the vehicle does not rely solely on the battery for 
range and especially over long operational distances. However, the demand for instantaneous power is very 
high in relation to the size of the battery, because the battery only needs to last for a few minutes to a few 
hours at most in the tactical “last mile”.  The ratio of power to the amount of energy stored is optimized for 
shorter movements and can immediately rely on the engine once the stored energy is depleted. 

A fully electric drive system needs a large capacity battery because it is completely dependent on the battery 
to achieve desired range. Even though the amount of power pulled from the battery may be much higher than 
its hybrid cousin either for rapid acceleration or to sustain longer periods of driving and maneuver, the ratio of 
power to the amount of energy stored is much lower because the battery needs to last for several hours of 
driving. 

A few other key differences include a hybrid battery that is charged and discharged constantly, so the ability to 
operate over tens of thousands of shallow cycles is critical, while a fully electric vehicle will experience a lower 
number of deep discharges. 

Directed Energy 

The most demanding battery application is likely to be in support of Directed Energy Weapons (DEW) that 
utilize an energy payload. These system may operate based on magnetic, light or other forms of intensely 
focused energy that is directed at a target. 

Early DEW tended to be very slow to operate -  they would “charge up” for minutes or even hours before being 
ready to fire, and once fired the would again have to recharge. Today, many DEWs are limited only by the 
power system’s ability to feed them and energy consumption can be traced back ultimately to fuel 
consumption with only a few teaspoons of fuel being converted into a devastatingly large amount of electrical 
energy. 

Providing a DEW with a small battery may limit the number of repeat shots that can be taken. Under 
conventional battlefield situations, taking more than a few shots in rapid succession would normally be 
considered an appropriate amount of contingency. However, with modern drones and swarming tactics, the 
enemy now has the ability to send potentially hundreds of small targets simultaneously towards a vehicle. 
Therefore, a battery with the ability to rapidly recharge is critical and will allow the overall size of the battery to 
be minimized without sacrificing the ability to take rapid and continuous shots at incoming swarms of targets. 



    

 

The biggest factor in DEW battery systems is the ability to deliver energy quickly. The more power that is 
delivered, the more powerful and more simultaneous DEW shots can be taken. Some systems employ 
capacitor banks as an extra means of storing and delivery energy rapidly. 

Developing batteries with the ability to deliver and accept energy at a very high rate is possible with cells 
available today that can accept energy at rates 100-400 times faster than conventional batteries that are 
focused on applications such as silent watch. The disadvantage of these special high rate batteries or 
capacitors is that they store energy very inefficiently with respect to both size and weight. Therefore, using a 
DEW optimized battery to run a vehicle’s silent watch (for example) would result in a battery that was many 
times larger and heavier than it would be if you had two smaller specialized batteries.  This conclusion further 
emphasizes the “one size does not fit all” approach to batteries.  Engine start batteries are not engineered for 
optimized and sustained silent watch where stealth and signature management are critical.  Silent watch 
batteries are not sufficient to support directed energy weapons where rapid successive shots at threats 
because of size and weight limitations on military vehicles that require heavy protection (armor) or must be air 
transportable and nimble on the battlefield. 

Tough Questions to Ask 

So what are the tough questions you should ask prospective battery vendors? Here are some examples of 
critical questions that go beyond the normal brochures and sales sheets. 

 Safety: Did they have to put special boxes around their batteries to keep them safe and prevent 
explosions? 

o Right Answer: Batteries are tested on their own.  
o Military End User Perspective: Adding protective boxes around each battery in order to “pass 

testing” will make it difficult, if not impossible, to install the batteries in a real vehicle, especially 
if these special boxes don’t consider wiring and mounting methods. 

 Are the gasses given off by the battery explosive or flammable and how was that tested? 
o Right Answer: Gasses are not flammable or explosive  
o Military End User Perspective: Although the battery itself may not catch fire on its own, in a 

severe trauma situation such as a vehicle roll-over or ballistic penetration event, sparks and 
other forms of ignition will be present and could still result in a fire or explosion if the battery 
gasses are flammable or explosive. Most industry tests do not include a spark-source to ignite 
gasses during testing. 

 Hot Performance: What is their cycle life at high temperatures (not just at room temperature) under 
charge and discharge rates similar to the end application? How does hot temperature affect storage 
life? 

o Right Answer: The desired cycle life for the application is maintained under real-world 
conditions. 



    

 

o Military End User Perspective: Seeing battery specifications that are calibrated at light loads 
and under room temperature conditions provides a false sense of security that the battery will 
actually perform in the field. Real data under real operating conditions is required to ensure the 
mission can be completed with the chosen battery. 

 Cold Performance: How long must heaters operate at very cold temperature (-40°C) in order to start the 
engine? Are heaters required when charging? 

o Right Answer: Heaters should require only a minimal amount of time, less than 30 minutes. 
o Military End User Perspective: Operating the heaters drains the batteries. If the batteries are 

already low at the end of the mission, draining them further to operate the heaters prior to 
engine start may actually use up the last of your energy. 

 Recharge Time: Can the quoted recharge time (some vendors claiming minutes) be achieved at 
hot/cold temperatures? How does it affect cycle life? Is it a full charge, or just a partial charge? 

o Right Answer: Rapid charging is available at all operating temperatures 
o Military End User Perspective: Providing for rapid charging that only works on a lab bench, or 

which requires specialized control systems to be installed on the vehicle, produce an overly 
complicated system and will prevent adoption of the new battery technologies.  

 Does the vehicle charging system (alternator plus distribution cabling) have enough extra energy to 
recharge the new bigger battery? 

o Right Answer: Yes – but who can determine this? 
o Military End User Perspective: Alternator systems are rated at maximum output, but at vehicle 

idle the output may be much less. Vehicle loads must also be considered and may result in little 
or no extra power being available to recharge the batteries, particularly under low idle 
conditions. Evaluation of the entire vehicle power profile should be undertaken to understand if 
power is limited and what mitigation strategies can be undertaken – otherwise the new big 
battery system may never achieve its full potential. 

 Is the battery optimized for a specific use case? 
o Right Answer: Yes 
o Military End User Perspective: For mission critical scenario, having the right equipment is a 

major positive step towards successful mission completion. 
 Is the battery certified for transport (UN38.3)? 

o Right Answer: Yes with proof that the approval is for the exact battery you are buying, not a 
similar battery that the company had approved years ago for another customer 

o Military End User Perspective: Missions are rarely static. When vehicles are deployed, especially 
overseas, spare batteries will inevitably need to be shipped at some point. Ensuring the 
batteries have standard transport certification will ease the logistics burden of shipping the 
batteries. Without industry certification, the batteries will be limited only to military transport 
channels. 

 

 



    

 

Conclusion 

The perfect battery doesn’t exist. Using the same battery to power different vehicles with different equipment 
variants will inevitably lead to compromises in performance, durability and safety that could be unacceptable 
for the military user in a number of use case scenarios. . A tailored and holistic approach is needed to provide 
the highest level of vehicle electrical capability and performance with the right survivability, sustainability and 
reliability. 

Trying to force a battery that is optimized for one military application to power a different application will result 
in inefficiency, poor size/weight/power (SWAP) trade-offs and could ultimately lead to premature failure of the 
battery system and loss of vehicle function. 

The great news is that you don’t need a “perfect battery” to come up with a win for military power. Today’s 
battery technologies provide the opportunity for massive improvements over the lead acid batteries deployed 
in most vehicles today. Using properly optimized batteries can create a win-win-win situation of higher 
performance, improved survivability and lower through-life cost for a vehicle’s energy storage system. 

The best energy storage for a military vehicle system requires a battery system developer who understands 
the vehicle, the use case and the end-user. It is possible to find the right balance of performance parameters to 
ensure that all functional needs are met in a safe, reliable and economical fashion. The best solution, or even a 
minimally acceptable solution, is unlikely to be found using a one-size-fits-all approach that is applied in a 
cookie-cutter fashion from vehicle to vehicle. 

 

 


