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Abstract 
Current auxiliary power unit (APU) technologies suffer 

from problems such as noise, maintenance 

requirements and diesel particulate emissions. 

Increasingly stringent emissions legislation and the 

impending ban of HFC refrigerants mean that the 

future of conventional technology is unsustainable. A 

novel system is proposed below that eliminates the 

above problems with the added benefits of significant 

efficiency improvements and lifetime payback.  

 

1. Introduction 
Heavy trucks accounted for 3.2% of global energy 

consumption in 2010.[1] Trucks idle their main engine 

on average for 1860 hours per year.[2] Idling is 

necessary to provide for “hotel loads” during mandated 

driver rest periods. The hotel load is comprised of a cab 

air conditioning load and electrical power load for 

appliances (cookers, microwaves, TV’s…etc.).  

Idling is highly fuel inefficient, polluting and adds 

unnecessary wear to the main engine and so the practice 

has been made illegal in many US states. APUs are 

instead used to provide for this “hotel load”.  

 

2. Problems with current technology 
Current APU systems near-universally consist of a 

small diesel engine and vapor-compression refrigeration 

system using HFC R-134a as its refrigerant.  While 

these systems offer significant fuel savings versus 

idling, they have fundamental problems related to noise, 

maintenance requirements and diesel particulate 

emissions. The latter requires expensive after-treatment 

systems that typically exceed the engine’s cost.  

Additionally, HFC refrigerants are scheduled to be 

banned in the 2020’s making the long-term viability of 

this technology unsustainable.  

 

3. Proposed system 
The hybrid system consists of a free-piston Stirling 

engine coupled to a zeolite-water adsorption cooling 

system which is driven via waste heat from the Stirling 

engine cooling jacket and uses water as its refrigerant. 

This system architecture which is shown in simplified 

form in Fig. 1 would result in an APU that is fuel 

flexible, virtually silent and extremely reliable.  

Using a free-piston Stirling engine would result in 

clean emissions requiring no expensive after treatment. 

The adsorption system would use water as its refrigerant 

eliminating the need for traditional HFC technology.  

The cooling system would also have the unique ability 

to utilize waste heat from the main truck engine 

independently of the free-piston Stirling engine. This 

would result in effectively “free” air conditioning while 

the truck is driving and the APU system is off.  

 
Fig. 1 Simplified system diagram 

 

4. The benefits of utilizing waste heat 
All heat engines have a maximum thermal efficiency 

imposed on them by the Carnot limit. For this reason, all 

heat engines produce waste heat as part of their 

operation. Few technologies come close to reaching 

their respective Carnot limit and so the quantity of waste 

heat is often sizeable and on the order of 3:1 fuel in to 

work out. 

By using this waste heat to drive an adsorption 

cooling cycle with a COP of ~0.45 it is possible to 

obtain overall system cooling and also electrical 

efficiencies that are twice that of conventional diesel 

engine vapor-compression technology with all of the 

added benefits described previously.  

 

5. Conclusion  
The combined benefits of higher efficiency system with 

no maintenance costs would result in an APU system 

with a significant lifetime saving for the end-user. This 

saving over a typical 7 year lifetime is on the order of 

the capital cost of conventional systems i.e. $8,000. 
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