Powering an Air Conditioner from 12v Batteries 

There are two ways to condition the air in a cabin from 12v battery power: Either with an all-12v DC system or with a 115v AC system running through an inverter, but either way it must be understood that air conditioning is a power-hungry commodity. We can refrigerate an ample sized insulated box on a boat with a 500 Btu/hr compressor, but a 35ft – 40ft boat will need 16,000 Btu/hr or more for adequate air conditioning of the whole vessel. To be able to practically run air conditioning from 12v DC battery power, we must look for the highest efficiency possible in all of the components of the system. 

“Efficiency, Efficiency, Efficiency” 
Efficiency factor  No. 1 – Start with a high efficiency air conditioning compressor
12v DC compressor  At the time of writing there appears to be only one air conditioning compressor available that is powered directly from 12v DC. At ASHRAE standard conditions this compressor is shown to have a capacity of 2,950 Btu, an EER of 8.4, and uses 346 watts of power. 

110v AC compressor  The Carrier compressor used in the Climma Compact 7, at the same conditions, has a capacity of 5,900 Btu, an EER of 10.4, and uses 560 watts. This results in the Climma compressor having 100% more capacity for only 62% more power usage, and has 24% higher efficiency than the 12v DC compressor.

Efficiency factor No. 2 – Use an efficient inverter and battery charger
 
The inverter has changed the way we do many things on a boat by enabling us to convert battery power into household power, allowing many domestic appliances and labor saving devices to be run away from the dock without the need for a generator. Early models were cumbersome, heavy, inefficient, and expensive. By contrast, many of today’s inverters give a pure sine wave output that matches the power coming into the boat from shore power, and are smaller, lighter, quieter and more affordable than their predecessors. Inverter/chargers also incorporate very powerful battery chargers and an automatic transfer switch. 

There are inevitable losses in the power conversion process, much of which is converted into heat, but still, efficiencies of 90% are common when running air conditioning through an inverter. So, even though we run our Climma Compact 7 through an inverter and suffer a 10% loss, the Climma compressor still ends up being 14% more efficient than the 12v compressor. (See above) This is a very significant advantage.

Efficiency factor No. 3 – Choose efficient batteries with fast re-charge capability
 
Modern sealed batteries are powerful, efficient, and boat-friendly. One big advantage of the Advanced AGM (Absorbed Glass Mat) batteries, like those offered by Energy 1, is their ability to absorb a high charging current. Wet cell batteries typically can only accept a charge current of approximately 25% of their capacity, whereas an Advanced AGM battery can take a charge close to equal its capacity, i.e. a 210 amp/hr battery can theoretically take a charging current of almost 210 amps, if it were available. This results in a serious reduction in charging time.

Assuming you draw a high quality AGM battery down to 80% of it’s capacity at each discharge, you can expect a life span of around 500 cycles. Even if you managed to put your battery to this sort of usage twice a weekend for, say 20 weekends a year, plus 14 days annual cruising, you should get over 9 years useful life from the battery. Not bad! Recharging the batteries while away from the dock can be accomplished using a high-output engine alternator or from a generator, either permanently installed or portable. A 115v AC powered battery charger charging a 12v battery at 100 amps DC will need about 10 amps from a generator.

Over
Practical Considerations
Most enquiries we receive are for air conditioning of a small to medium size cabin. This entails cooling and de-humidifying the cabin at the end of a day’s boating and then on through the night. This can be split into two distinct modes of air conditioning:

  (1) Cool-Down Period. This involves cooling the cabin from the starting temperature and bringing it down to a comfortable level, while lowering the humidity content at the same time. Removing moisture from the air requires a lot of power and initially much of the output from the air conditioner will go into removing moisture. Once the system has reached the set-point temperature, the system will cycle off. The Cool-Down Period is ideally accomplished with an engine or generator running to provide all or some of the power required for the air conditioner so that little or none is taken from the batteries. A small portable generator will easily be able to power the Climma Compact 7 while topping-up the batteries at the same time.

  (2) Maintainence Period. This mode is the cycling of the system after the thermostat set-point has been reached following the Cool-Down Period. As the air warms up in the cabin, the system is re-activated by the thermostat and the temperature is reduced until it once more reaches its set point, and so on through the night. If the cabin is closed up so that the majority of the air is re-cycled, the humidity level should not rise appreciably, and so practically all of the cooling power will now be used for temperature reduction. The frequency of this cycling is dependent on many, many factors, but 25% to 33% actual run time can be considered for overnight calculation purposes with a properly sized system, i.e. for a 10 hour Maintenance Period, say from 20:00 to 06:00, reckon on 2.5 to 3.5 hours actual system run time.

 Battery sizing

In practical tests we have never seen the Climma Compact 7 system draw more than 550 watts, even in the harshest of conditions, and power draw has been typically closer to 450 watts. But if we take that 550 watts and add 10% to account for the losses through the inverter, plus another 10 watts for the 12v water pump, we can assume a worst-case figure of 615 watts draw from the battery bank when the system is running. Remember that watts = volts x amps, so it is a simple process to divide the watts by the battery voltage to find the amp draw from the battery bank. The problem comes in choosing what voltage to use, as this changes constantly as the battery is being depleted. For the sake of this exercise we will use 12.5 volts, and so can expect to draw 49 amps from the battery. For a Cool-Down Period of, typically, 1.25 hours, this equates to 61 amp/hrs. Then if we consider an overnight Maintenance Period of 10 hours at 30% run time drawing 49 amps, we can expect to use something like 147 amp/hrs through the rest of the night, so that’s about 200 amp/hrs total. It must be stressed again that these are worst-case figures, and in our real-life tests we were seeing far lower numbers, typically 140-150 amp/hrs. Although we successfully used one 210 amp/hr battery for our tests, I feel it would be prudent to double this up to 420 amp/hrs in our particular test application to provide a safety margin and avoid low –voltage situations. 

It should be understood that every air conditioning application and situation, even when using the same equipment, will have different power demands, and battery sizing cannot be easily determined without some idea of the actual power usage. The above example should be used for guidance only.

Generators 

 Many generators are installed on boats purely to provide power for air conditioning. While this may be practical on a larger vessel, it is often not a viable option on an average size family yacht, both for monetary reasons and due to space and weight constraints. The modern “rotary” compressors used in today’s self-contained marine units have a fraction of the starting surge that their predecessors, the reciprocating compressors, had. This results in not only smaller generator requirements, but also a higher feasibility for running air conditioning from the batteries through an inverter. Highly efficient air conditioning systems, like Climma’s Compact 7, can be run from a small, quiet, portable generator that can also be used to charge the batteries at a much faster rate than can be obtained from all but the largest engine alternators. 
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