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Summary of our evidence

Our evidence is specifically concerned with the use of natural gas and ethanol in road 
transportation. In summary, our views are

• Carbon pricing is not expected to drive the uptake of low GHG fuels in road transportation. 
Thus, some form of mandate is required in order to reduce GHG emissions from road 
vehicles.

• Australian jurisdictions are very likely to, and should, follow others in mandating strict GHG 
emissions per kilometre for road vehicles. This should trigger increased uptake of 
alternative fuels.

• Vehicles fuelled by natural gas and ethanol blends can have superior GHG and other 
emissions compared to gasoline, and there is substantial opportunity for further GHG 
reduction if the engine is fully optimised.
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Summary of our evidence, cont.
• A scenario for expanding alternative fuel use:
1. Tighter CO2 emission regulations should force CNG/LNG/LPG engine technologies to become 

equal to those in contemporary conventional engines, rather than lagging as most after-market 
conversions presently do (because of the ‘cost of conversion’). This is desirable, and should mean 
that these fuels will complete on a GHG basis with diesel and lower concentration ethanol blends.

2. Mandate that all new single fuel, gasoline cars sold be E85 compatible, flex fuel vehicles.
3. Mandate change over to higher ethanol blends in much the same way as the transition from 

leaded to unleaded petrol; e.g. different pump nozzles.
4. Gradually increase the ethanol content in the new blend in keeping with increased domestic 

production and imports up to some optimal level.

• In order to consider such a route, substantial further analysis of the likely GHG benefits is 
required. For example,

1. Care must be taken to avoid increasing GHG emissions by creating incentives (e.g. differential 
fuel pricing) that may encourage vehicle changeover that is too rapid. The appropriate rate of 
transition for minimum GHG emissions requires detailed study, which to our knowledge has not 
been performed.

2. If mandated ethanol blending is taken into account when calculating CO2 emissions / km, more 
precise energy ratios for all ethanol and gasoline/diesel production routes are essential e.g. [11]

3. Cellolosic ethanol production offers large GHG benefits over other forms of ethanol, as well as 
more widespread economic benefits across Australia. R&D into this technology is currently being 
strongly supported around the world, and needs substantially more support locally.
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What is on the road?
• Vehicles on the road [2]:

• and their GHG emissions [5]:
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World trends in CO2 emissions regulation [1]

• Note current proposals for mandated CO2 emissions in EU and California.
• Australia, like the rest of the world, traditionally follows.
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World trends in ethanol production [10]

US ethanol production
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McKinsey study of potential uptake [6]

• At current crude oil prices? Several other studies suggest real economic benefits for 
Australia e.g. [7,10].
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CNG/LNG vehicles

• Compressed natural gas (CNG) 
passenger vehicles and trucks have been 
shown to give significant GHG emissions 
reductions relative to gasoline vehicles, of 
order 20-30%, which is similar to diesel 
vehicles [8,13,14]. This is due to 2 effects:

• NG is has mainly methane, which has an 
inherently lower CO2 emissions per joule 
of energy produced.

• NG has a significantly higher octane 
number, allowing higher compression ratio 
and therefore higher efficiency.

• Also, emissions of other pollutants, in 
particular particulates, are significantly 
better than for gasoline and diesel fuels

From [4]
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• However,

1. the composition of natural gas varies across the nation, making engine optimisation and 
reliability a challenge.

2. Current engine technologies, like that of LPG vehicles, are usually not optimised to obtain 
minimum fuel consumption and thus minimum CO2 emissions. Rather, these engines are 
usually built by converting existing gasoline or diesel engines, where the cost of conversion 
is a significant consideration.

3. CNG vehicles are usually range limited because gaseous fuels are not dense enough, and 
they do not have a developed supply infrastructure. As a result, uptake has strongly 
featured vehicles with fixed routes or bases e.g. buses, taxis, etc and not passenger 
vehicles in particular.

4. Liquefied natural gas (LNG) vehicles overcomes these problems in range, but at the 
expense of greater cost of implementation and higher embodied CO2 emissions in the 
liquefaction process.

CNG/LNG vehicles, cont.
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Ethanol fuelled vehicles

• As with natural gas, ethanol has a higher 
octane number than gasoline and so high 
engine efficiencies can be obtained in an 
optimised engine e.g. [3,12]

• Ethanol’s higher heat of vaporisation also 
enables further increases in compression 
ratio and so engine efficiency

• This higher efficiency can be used to 
partially offset the ~30% lower energy 
content per litre of ethanol relative to 
gasoline. 

• Thus, with a liquid fuel, the loss of range 
is not normally a problem, unlike CNG.
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• “The greenhouse gas benefits obtained from a renewable fuel such as ethanol or 
biodiesel are greater than the greenhouse gas benefits obtained from the use of a 
fossil fuel such as … CNG … or … LPG …. However, the emissions are very 
sensitive to the feedstock production system and must take into account the 
complete lifecycle of the agricultural production system.”

Ethanol versus CNG/LNG/LPG [8]
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A route for expanding alternative fuel use?

• Orbital [9] has recently reported that:

“Using the most recent motor vehicle census (March 2006) and information from 
the FCAI, the Orbital study estimates that about 7.6 million (60 per cent) of petrol 
vehicles are suitable for use with E10. 

The FCAI confirms that all new Australian cars are suitable for E10 ethanol 
blended fuel and that the vast majority of new imported car models sold in 
Australia today are also compatible with E5 or E10 ethanol blended fuels.”

• So a rapid changeover to E10+ is not possible, regardless of GHG emissions.
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Further complexity …
• In order to consider the previously scenario for alternative fuel uptake:
1. In terms of CO2 emissions, it is rational to purchase a new vehicle when the embedded energy in making 

that vehicle, plus its improved GHG emissions, achieves lower GHG emissions than the total embedded 
GHG emissions from keeping your previous, less fuel efficient new vehicle over some estimated future 
period, i.e. the ‘avoided GHG emissions’.

2. Thus, incentives that encourage rapid changeover to lower GHG emitting vehicles could even increase 
life cycle GHG emissions. It is likely that there will be an optimal rate of vehicle replacement, dependent 
on many factors including the rate of improvement of fuel economy, the embedded GHG content of the 
fuel, second hand purchasing patterns and vehicle recycling. 

• Such a study has not been performed to our knowledge, and is a complex optimisation problem.

From [2]From [1]
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Michael Brear is a Senior Lecturer in the Department of Mechanical and Manufacturing Engineering  at 
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integrated screw compressor control systems patented in USA, Europe, Japan and licensed to Ingersoll
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Mr. Kitchener and Dr. Brear collaborate on several research and development projects in the automotive 
and manufacturing industries. These projects include natural gas driven engines for stationary and 
transport applications as well as the production and use of ethanol as a transport fuel.


