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Research Question

Our goal is to produce a Zero Emission Motor utilising proven gas turbine technology, powered by a heat cell of rechargeable molten salt capable of operating in an oxygen free atmosphere.  

On Sunday 7th August 1994, the Moura No 2 underground coal mine exploded and extinguished the lives of 11 men working underground at the time. Rescue efforts were severely hindered by oxygen deficient atmospheres, lethal concentrations of carbon monoxide and the on-going risk of further explosions. Two days later, the mine exploded again and all attempts at recovery were abandoned, the surface entries were sealed and the bodies of the missing men were entombed in the mine.

Following an exhaustive and comprehensive inquiry, the Mining Warden recommended (amongst other things) that a specialist group be established by the Chief Inspector of Coal Mines to examine a range of issues relating to emergency escape facilities and “…the potential role for motorized transport in emergency escape arrangements” (Windridge, 1996:58). This specialist group was subsequently formed and known as the Moura No 2 Inquiry Task Group 4.

This recommendation provided the challenge (and the initial market) – design a long range, long duration emergency rescue vehicle that can safely operate in post-explosion atmospheres over rough and broken ground. Two organisations, the CSIRO and a private company, KIRKTRAC, have combined their experience, reputation and capabilities to answer this challenge.

Researchers at the CSIRO have modified a standard gas turbine engine to utilise the latent heat of molten salt instead of the combustion of fuel to drive a standard aeronautical gas turbine. The energy output from the turbine is then coupled to a hydrostatic drive, developed by KIRKTRAC that utilises hydraulics to power the drive motors of the vehicle.

The realisation of these combined technologies has generated extraordinary externalities to the extent where the application of these concepts has the potential to replace the diesel engine in the same way that the diesel replaced the steam engine.

The burgeoning issues of emission control
, noise pollution and the growing health concerns with vibration and diesel exhaust particulates
 all indicate that the technology has a sustainable presence well into the future.    
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1. The Californian Air Resources Board recently released its revised regulatory mandate for Zero Emission Vehicles in California to from 10,000 vehicles in 2006 to 50,000 in 2018.

2 In a press release dated 15th May 2000, the National Institute of Environmental Health Sciences in its “Report on Human Carcinogens – 9th Edition” reclassified diesel particulates as "reasonably anticipated to be a human carcinogen."

 Zero Emission Closed Circuit Turbine  Engine                                                     





Method

The research question will be answered by developing a new engine utilising proven gas turbine technology in an entirely innovative way. Using the latent heat of molten salt as its rechargeable “fuel cell”, the engine generates roughly the same power output as a typical council bus - yet produces no exhaust emissions. It has no significant heat signature and at full power makes about the same noise as the average domestic refrigerator. The cell is “charged”, outside the mine,  by using an external electric power supply to melt the salt. Each re-charge can be done in as little as 40 minutes at a cost of approximately  $50. Each charge will provide approximately 6 hours of normal operation with no decrease in performance over time. The salt suffers no deterioration during the phase change and as such can be re-charged any number of times.

Resources 

The principal resource required by this project is funding.  

The facilities and staff offered by the CSIRO will ensure the project success.   Scientists from the CSIRO have been researching this zero emission turbine for two years and have arrived at a point in this research and development where theory can now be put into construction of test equipment and the prototype Salt Cell.

To finalise the testing of the gas turbine and the development of the Latent heat Cell we anticipate the cost will be A$1.3 million

This money will be raised from contributions from CSIRO, KIRKTRAC  and other sources for extra funding. 

Expected Results

To produce a motor - 

· no emissions (not even water vapour)

· powered by one of the most common substances in the planet’s crust – salt

· generating no significant heat signature (max. external surface temp. of approx. 50(C)

· is a completely sealed unit requiring no oxygen (no corrosion, no combustion)

· generates approx. 290kW (slightly more than the typical council bus) for about 6 hours

· can be “recharged” in as little as 40 minutes at a cost of approximately $50

· makes no more noise than the average domestic refrigerator

· has a service interval period of around 100,000 hours 

Discussion

Researchers at the CSIRO have developed an engine that, when coupled with the proven technology of hydrostatic drives, can meet the demanding requirements of operating in an oxygen deficient and potentially explosive atmosphere. Known as the Mine Emergency Response Vehicle (MERV), it will be the first such vehicle in the world capable of acting as a reconnaissance and rescue platform in a post-explosion underground environment. This vehicle can also be utilised by mine staff to self-escape.  A proof-of-concept working model is expected to be completed by November 2003, with the leverage provided by the Moura Inquiry recommendations used to market the first vehicles in 2004
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The realisation of these combined technologies has resulted in the design of the Mine Emergency Response Vehicle (MERV).

The advantages of using MERV

· Teams can accomplish more work in less time

· More equipment can be carried

· Less tiring for team members

· Heavier more sophisticated equipment can be carried

· Easier to transport casualties

· More light and efficient heat sensing equipment

· Seating suitable for personnel in apparatus

The use of MERV together with the EAGLE (Environmental Alternate Gas Latent heat  Engine) turbine allows the vehicle to progress directly to the affected area in atmospheres containing heavy smoke and explosive gases and to provide full support required by a rescue team in searching for and rescuing survivors.  

MERV will be fitted with a communications module able to record full video, voice and data collected by the vehicle and fed to the operations room on the surface.  This data and information can be continually monitored by rescue co-ordination staff for timely decisions to be made.  All information from MERV will be recorded in the operations room to be used at a later time for de-briefing and or a coronal inquest.

Entry Strategy

There is no vehicle anywhere in the world that can safely and efficiently operate in a potentially explosive, oxygen deficient atmosphere (Task Group 4, 1997:44). Internal combustion engines cannot operate without oxygen, battery powered vehicles do not possess the power to weight ratios required for extended performance and externally powered (umbilical) electric vehicles introduce an unacceptable risk of sparking and ignition. Using the leverage provided by the recommendations from the Moura No 2 Inquiry, the MERV will be first introduced to the underground coal mining industry in Australia and New Zealand. Following this release, two 2nd generation machines - the Mine Personnel Carrier (MPC) and the Mine Load Carrier (MLC) will be introduced. As the market becomes more aware of the technology and experience economies are adopted, other market segments in the transport, agricultural & forestry, marine, construction, industrial, military and civic industries will be explored.

Customer Characteristics

As the world’s largest exporter of coal, the Australian mining industry is at the leading edge of technology and best practice. It has a long history of innovation and an improving safety record. The industry is populated with companies that pride their reputations for good corporate citizenship and who regard safety and community responsibilities as priority issues. These characteristics indicate that the take-up rate of the technology by the industry should be acceptable. Once the advantages of the technology are demonstrated, the safety and health issues will provide significant incentive to engage the flow-on second-generation machines. Many of the major mining companies also have extensive holdings in other heavy industry areas providing the opportunity to cross-fertilise those markets. 
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Competitor Analysis

While there are a number of diesel engine manufacturers commanding economies of scale, to date there is no engine developed that can operate in a similar manner to the new salt engine. ALM TURBINE in America is using similar engine technologies and their tests have confirmed the CSIRO findings. ALM TURBINE is not, however, using an oxygen free energy source and as such it still generates emissions.  The ALM Turbine will not operate in an oxygen deficient atmosphere. 

Manufacturing and Production

As part of an agreement with CSIRO, KIRKTRAC has been assigned the full use of a new state of the art workshop facility at the CSIRO complex at Pinjarra Hills, Brisbane. This facility is adjacent to the complex where the engine is being developed. 

KIRKTRAC and CSIRO are totally committed to ethical corporate behaviour and manufacture will exceed all international standards for worker protection and workplace health and safety. Assembly of the final product will be done at the CSIRO Pinjarra Hills facility. This structure will ensure maximum protection of the technology and intellectual property, act to maintain quality principles and allow for rapid action on re-design issues.

Technology Transfer

Provisional Patent P37582 protects this technology.  On the successful completion of the prototype an application for a full patent will be submitted and the technology will be commercialized and brought to industry by a joint venture between CSIRO and KIRKTRAC.    

James Slade

Director

Edgemann International Technologies Pty Ltd

ABN: 12 069 389 760
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