Improving the sustainability of metropolitan bus transport

Introduction

Bus transport plays a significant, and growing, role in the overall transport infrastructure of Victoria, and in particular, of the Melbourne metropolitan area.

Victoria’s bus fleet includes approximately 115 operators and more than 3,500 buses. In 2004-05, the Melbourne metropolitan bus network accounted for 24% of total passengers carried by the public transport network. Metro buses carried approximately 90 million passengers by offering about 77,400 services involving approximately       1.5 million vehicle /kilometers of service per week

Urban growth and changing travel patterns is increasing reliance on buses to meet the public transport needs of Victorians. More than half of Melbourne’s population growth over the next 25 years will occur in outer areas including the municipalities of Cardinia, Casey, Hume, Melton, Whittlesea and Wyndham. The 5 designated “growth areas” within theses municipalities will account for 30% to 40% of total metropolitan population growth over the next 25 years
. 

These challenges are principally being met by expanding and improving bus services. The Victoria Government has announced up to $1.4 billion will be spent to create a cross-town transport network principally through SmartBus routes supported by improved local bus services.

The current challenge

Two key challenges face regulators and operators in the management of the Melbourne bus fleet:

· Emissions, and 

· Fuel costs

Diesel fuel is the most common fuel for transit buses. Diesel exhaust fumes have been proven to have an adverse effect on health, and trucks and buses are a major source of pollution
, particularly in urban environments. Emissions from diesel exhausts include particulates, which have been linked to cancers, and nitrogen oxides (NOx) that have been linked to asthma and respiratory illnesses.

Overwhelmingly, the current Melbourne metropolitan bus fleet is powered by diesel engines of two main types: an older MAN 6cyl. horizontal engine and a more recent Mercedes I6 engine. In most cases the latter engines were EURO2 and/or EURO3 compliant when new but may no longer meet the requirements of these certifications depending on maintenance and current condition.

Diesel fuel prices have increased by approximately 30% from the average price in 2007 of $1.31/litre to an average price of $1.87 in August 2008. 

the case for LPG

While there is significant research and development  into alternative fuels undertaken worldwide, there are currently few market-ready clean fuel alternatives for transport. Fewer still are alternative fuels that do not compete with food production, or, that can be deployed without major infrastructure development.

Propane (LPG) is the most widely used alternative vehicle fuel in Australia serviced by a well developed and distributed infrastructure. Melbourne’s taxi fleet operates on LPG, an option increasingly taken up by private users.

Compared to ultra-low sulphur diesel, LPG:

· Produces 90% to 99% less oxides of nitrogen (NOx),

· 80% to 95% less particles,

· 99% to 99.8% less ultra-fine particles

The European Test Programme 2003 compared emissions of 26 vehicle types using petrol, diesel and LPG variants. Tests were conducted to EURO3 certification test cycles and measured pollutants regulated under EURO3 including PM, NOx, HC and CO. 
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The US Department of Energy
 analysed “total life-cycle” greenhouse emissions relative to petrol:
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While the emissions argument for the adoption of LPG has been self-evident for some time, the economic arguments have not in a climate where diesel prices were relatively low.

The economic argument for LPG become increasingly compelling in the current energy climate as the price differential between diesel and LPG increases favoring LPG. The economic argument is further strengthened by the following considerations:

· Maintenance costs and engine life are likely to be better under LPG, and

· While diesel is generally imported into Australia, LPG is a locally produced and exported

· Diesel rebates have a significant impact on Government bottom line and forward estimates, and

· Reduced downstream health and remediation costs

· LPG buses have been used in Vienna, Austria for 30 years. The experience is that conversion costs are offset by much lower fuel prices and significant reductions in emissions 

A proven concept

Following extensive research and development, a local Melbourne engineer, John Bennett, developed technology to convert diesel engines to 100% LPG operation.

The technology was granted a worldwide patent in 2002 and has been implemented in a number of applications:

· In 1998, converted a MAN SL200 bus for National Bus Co. This bus operated for a period of 2 years proving the concept and providing development, production, performance and operational data. The bus is currently operating in private hands

· 2006, a 1999 Mercedes Benz Actros 410hp 12L truck was converted and commissioned for regular road freight operations with a small bulk LPG fleet. Power/torque performance exceeded diesel by 20%

· Hino diesel truck converted and passed for indoor use

· Nissan Navara 4x4 utility converted

· September 2007, converted London taxi passed EURO4 emissions testing
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2007, a 2006 Mercedes Benz Actros truck 460HP 12L V6 has been converted incorporating electronic engine management controls. B-double line trial commencing in 2008

In every application, the technology has proven to be reliable, effective and an extremely cost efficient means to improving environmental sustainability of the converted powerplant whilst offering significant additional operational benefits.

Some of the key performance improvements that have already been measured for the MAN SL200 and for the Mercedes-Benz Actros prime mover are:
· Greenhouse gas reductions of 10% 
· Major reduction in NOx and CO levels, better than Euro 4  
· Virtual elimination of particulate matter and black smoke
· Drastically reduced oil consumption
· Increase in torque and power by up to 20% and smoother application of power to the drivetrain

· Extended engine life due to much reduced peak combustion pressures and engine stress
· Major reduction in cabin noise and vibrations resulting in reduced driver fatigue
The availability of this technology offers an opportunity to address some of the current challenges for the Melbourne metropolitan bus fleet. 

It provides the only currently available means of achieving EURO4 compliance for the current fleet. It does so in a very cost effective manner whilst also delivering significant additional operational, performance and economy improvements.

Converting the Melbourne metropolitan bus fleet

As indicated earlier, the current Melbourne metropolitan bus fleet is powered by diesel engines of two main types: an older MAN 6cyl. horizontal engine and a more recent Mercedes I6 engine. 

All these engines will periodically undergo engine rebuild as part of normal maintenance. The MAN Bus conversion for National Bus Co. was based on one of these older type engines. These results, and subsequent development on a range of powerplants, demonstrate the potential for conversion of the fleet.

EURO4 compliance for much of the existing fleet could be achieved in a short span (2 to 3 years) of time by introducing an accelerated engine rebuild program that incorporates a conversion to LPG.

The cost of each bus conversion would be in the order of $75,000 to $90,000 depending on the age and condition of each bus, the type of automatic transmission, and the existence of an older (horizontal) or newer (I6) engine type. Scaling up production processes could reduce these costs.

Engineering and customization work required to develop a production-ready product tailored for the MAN engines would cost approximately $850,000 and would require approximately 20 to 24 weeks.

Benefits

Based on Victorian State Government estimates of metropolitan bus usage of 1.5 million vehicle kilometers per week, the following benefits would be delivered for the fleet on an annual basis:

Emission reductions:

	Emissions per year
	Diesel Fleet
	LPG Fleet
	Emission Reduction

	Greenhouse (tonnes)
	53,925
	48,675
	9.7%

	HC (tonnes)
	67.5
	0.6
	99%

	NOx (tonnes)
	763.3
	39.5
	94%

	CO (tonnes)
	186
	14
	92%

	PM10 black smoke (tonnes)
	28.5
	2.9
	90%


Health Cost reductions
In 2000 the World Bank summarised the airborne particle problem as follows:

“High concentrations of suspended particulates adversely affect human health, provoking a wide range of respiratory diseases and exacerbating heart disease and other conditions. Worldwide, in 1995 the ill health caused by such pollution resulted in at least 500,000 premature deaths and 4-5 million new cases of chronic bronchitis.”

In the USA in 2005, the Clean Air Task Force (CATF) estimated that a feasible and practical program to retrofit existing diesels would cumulatively avoid approximately 100,000 premature deaths between 2005 and 203010.

An assessment of fine particle pollution in Sydney has estimated that 397 premature deaths per year are caused by particles. The NEPC concludes that around 1,200 people die in Australia every year due to particle pollution.

Using the NEPC’s estimates the annual economic cost of exposure to particles in Australia is estimated to be $8.4 billion per year. Of the vehicle emissions, up to 80% are generated by diesel vehicles so that at least half of the $8.4 billion calculated above − $4.2 billion − could reasonably be attributed to road vehicles.

In estimating the Melbourne impact we can draw from work done for the Commonwealth Department of Environment and Heritage11 estimating the health costs for various air pollutants for capital cities in Australia:

Emission Type

Air Quality Impact

Health Savings($/tonne of pollutant)

Oxides of Nitrogen

Nitrogen Dioxide



$60

Oxides of Nitrogen

Ozone





$8,500

Particles (PM10)

Particles (PM10)



$232,000

A very large proportion of diesel engines in service are not running efficiently and produce 2 to 5 times the amount of emissions regulated. In addition there are unregulated emissions, particularly PM 2.5 which are invisible, largely unmeasured, and are at levels which increase as PM10 decreases. The PM10 particles act as a sponge, absorbing or coagulating the nano-particles into the larger PM10 emissions

A study of 621 in service diesel vehicles, including buses, showed average emissions of about 1 gram/km. tonne of NOx, and 0.1 g/km.tonne of PM10. On a simple assumption that a Melbourne metropolitan transport bus (for example) travels 200km per day, 300 days of the year we can expect average emissions of 72kg/year of PM10 , and 720 kg/year of NOX leading to the following health costs per vehicle per year:

Health cost of 72 kg/year of PM10 = 232000*.072 = 

$16,074 

Health cost of 720 kg/year of NOx = 4230* .72 = 

$ 3,045 

Health cost per vehicle for regulated emissions per year
$19,119

Unregulated emissions, including PM2.5, can conservatively be estimated to cost the same again bringing the total estimated cost of the health impact of a diesel metropolitan transport bus at $40,000 per vehicle per year.

There are about 3,800 public transport buses in Melbourne with an approximate aggregated annual health cost of $152million per annum. 

There are also several thousand diesel trucks with high average age that contribute significant levels of particulates and other pollutants to the urban environment. This has not been costed.
Fuel Costs reductions:

	
	Diesel Fleet
	LPG Fleet
	Annual Savings

	Consumption
	90 l/100km
	100l/100km

	

	Fuel used (litres)
	67,500,000
	75,000,000
	

	Average price (litre)
	$1.30
	$0.50
	

	Annual fuel cost
	$87,750,000
	$37,500,000
	$50,250,000


This solution is the only currently available, proven, option for converting the current fleet into a EURO4 compliant operation. Significant benefits would be delivered to a range of stakeholders.

To Government:

· The Victorian State Government currently funds the acquisition of new EURO4 compliant diesel buses through a rebate to operators over a period of 10 to 15 years. Each new bus costs between $350,000 and $400,000.

· Conversion to LPG could achieve EURO4 compliance at a cost of approximately $75,000 per bus

· Bus operators currently bill the Victorian State Government for fuel costs on a periodic basis. Therefore the Government meets any cost increases and would accrue any savings:

· Conversion to LPG could save an estimated $50 million per annum on current Diesel/LPG costs

· Victorian State Government achieves significant savings in current and forward estimates as fleet replacement becomes less urgent, and through reduced capital subsidies to operators

· Commonwealth and State Governments make  significant progress towards achieving their greenhouse gas reduction targets

· Commonwealth Government makes significant savings from Diesel Fuel Rebate Scheme as buses are converted to LPG

· Commonwealth achieves Import Substitution targets as locally produced LPG replaces imported Diesel

· State Government achieves objectives of Meeting our Transport Challenges plan

· Improving the public’s perception of metropolitan transit and responding to the public’s desire for cleaner fuel

· Local Government meet significant environmental, noise pollution and transport availability targets

To bus fleet operators:

· Significantly extends the life and operational capability of the current bus fleet 

· Significantly reduces operating costs whilst enhancing operational capability

· Enhanced passenger and driver comfort through reduced vibration and reduced noise

· Provides a means to comply with new emissions regulations

To the Environment:

· Significant improvement in air quality

· Reduced greenhouse gas emissions

· Reuse of existing fleet rather than disposal and replacement with new manufactured fleet

· Engines converted to LPG are effectively “alternative fuel ready” and capable of adapting to a range of alternative fuels at little cost

These benefits can be achieved at relatively little cost and will require little or no additional investment in a production, storage and/or distribution infrastructure as this is already in place and widely used by taxis and a growing number of private operators.

Contact

For additional information contact Marcus Clayton on 0429 352 570
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