Improving the sustainability of metropolitan bus transport

Introduction

Bus transport plays a significant, and growing, role in the transport infrastructure of NSW, and in particular, of the Sydney metropolitan area. 

Sydney’s largest operator is Sydney Buses, owned by the NSW State Government. Sydney Buses operate a network of more than 300 routes and carries an average more than 600,000 people on day (or more than 200 million passengers every year). Operating in Sydney & Newcastle, they have the largest fleet of buses in Australia, comprising more than 1,900 buses (See Attachment 1).

Western Sydney Buses operates the Liverpool-Parramatta T-Way, a 31 kilometre bus rapid transit system that began operations on 16 February 2003 and has carried more than 10 million passengers since that time. Steady patronage growth has been recorded with patronage increasing from 10,000 passengers per week to more than 52,000.

Private bus operators contracted by the NSW Government provide most of the bus services in the outer western, outer northern and outer southern suburbs of Sydney. The combined private bus fleet is comparable in size to the public bus fleet
.
Sydney has the highest use of public transport of all Australian capital cities. In Sydney, over one in five people use public transport to get to work (22 per cent), compared to less than 13 per cent in Melbourne and Brisbane
. 

Urban growth and changing travel patterns is increasing reliance on buses to meet Sydney’s public transport needs. Recent population and economic growth have placed stress on Sydney’s existing transport systems, with both infrastructure and services under greater pressure. The expected growth and change over the next 25 years will continue to increase this pressure. Changes in the characteristics of Sydney’s population such as an older population, increasing single person households and healthier, more active retirees will also change the nature of demand for travel. 

Pressure also increases with changes in residential development, employment and other activities such as shops, education, and leisure and recreation facilities. Where people choose to live and their place of employment will continue to exert a significant influence on travel patterns.

These challenges are being significantly met by expanding and improving bus services. The NSW government is making significant investment in buses. Replacement and additional buses for both State Transit and private operators are funded through the Government’s new funding model for bus services.
The current challenge

Two key challenges face regulators and operators in the management of the Sydney’s bus fleet:

· Environmental sustainability with particular focus on emissions, and 

· Operating costs with particular focus on fuel costs against a backdrop of “peak oil”

Diesel fuel is the most common fuel for transit buses. Although almost 30% of Sydney’s buses are powered by CNG, the current Sydney metropolitan bus fleet is mostly powered by diesel engines from manufacturers including Mercedes Benz, MAN, Volvo and Scania (See Attachment 1) and comply mostly with Euro 2 and Euro 3 emissions standards. New buses ordered are required to comply with more recent Euro 4 and Euro 5 emissions standards.

Diesel fuel prices have increased steadily over the last few years. Sydney Buses reported
 fuel expenditure increased by $8.4 million in 2007/08 as a result of higher prices for diesel and Compressed Natural Gas. The average price of diesel per litre increased by 14.8%, resulting in an estimated increase of $6.1 million towards the overall fleet running costs during the reporting period.

This is during a period where the average price of oil was approximately US$70 per barrel. International oil price is projected to reach to reach US$180 /barrel by 2020
.

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.

Both these pollutants have been the target of abatement and reduction measures including:

· Mandated reduction in the sulphur content of diesel fuels by adoption of ultra low sulphur (ULS) fuels, and

· Mandated reduction in vehicle emissions including compliance with standards such as EURO4 and EURO5

Under the Commonwealth Government’s “Measures for a Better Environment” program, new diesel vehicles have been required to progressively meet tighter emissions standards, culminating in Euro 4 standards by 2006. The progressive introduction of cleaner fuels with lower sulphur content is intended to further reduce harmful emissions from new diesel vehicles. The long term policy is to fully harmonize Australian regulations with UN ECE standards.
The major area yet to be addressed at a national level is emissions produced by vehicles currently in service. It is estimated that emissions could be further reduced by up to 20 percent by addressing the performance of the 900,000 diesel vehicles in operation
.

The NSW Government is currently assisting bus operators to buy new low-emissions buses complying with EURO4 and EURO5 standards. State Transit’s capital expenditure in 2007/08 included $52.6 million for the acquisition of 73 new buses. There are currently no options to upgrade existing vehicles in the fleet. 

The current challenge therefore includes:

· The high cost of replacing the existing fleet with new low-emissions buses,

· The time required to replace the existing fleet without entirely with new vehicles,

· The  continued level of emissions from the current fleet as long as it remains in operation on the current basis,

· Technical and operational challenges of operating EURO4 compliant diesels in the harsh Australian climate,

· The difficulty in maintaining vehicle performance at certification status during their operational life

In addition, operators, Government and the traveling public are sharing the financial burden of dramatically increased fuel costs in the current, and projected, energy market.

Health impacts of Diesel emissions

Emissions from diesel vehicles have a significant impact on air quality particularly in relation to fine particle emissions. For example, it is estimated that diesel vehicles contribute 60% of Sydney’s particle pollution from the transport sector even though diesel vehicles comprise a relatively small proportion of the vehicle fleet.

Combustion of diesel fuel produces a cocktail of toxic emissions including particles (particles known as PM10, and fine particles known as PM2.5), lead, ozone, carbon monoxide, nitrogen oxides and sulfur dioxide.

In the Australian context, the problem is described as
:

Diesel vehicles contribute disproportionately to urban air pollution. Although diesel vehicles comprise less than 10% of the total Australian fleet and approximately 13% of vehicle kilometres travelled, they contribute about 40% of the oxides of nitrogen (NOx) emissions and about 60-80% of particle emissions by the road transport sector. NOx is a precursor to the formation of smog. Particles have been identified as a major health risk. National standards for ambient air quality, including standards for NOx and particles were set by the NEPC in 1998.

Ambient particle and NOx levels have an adverse effect on community health. Health effects include respiratory problems ranging in severity from coughs, chest congestion, and asthma 40 to chronic illness and possible premature death in susceptible people.
While each of these compounds have well known and significant health impacts (for example, lead exposure, is known to result in decreased intelligence in children), particles are considered to be the most dangerous of air pollutants as they are responsible for a range of serious health effects, especially lung and cardio-vascular problems.

A large, and growing, body of epidemiologic literature from Australia, Europe, Asia and the US have identified the health impacts of particulates.

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 2030
.

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 Sydney impact we can draw from work done for the Commonwealth Department of Environment and Heritage
 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 Sydney 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 Sydney with an approximate aggregated 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.

the case for LPG

While there is significant research and development investment 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) remains the most widely used alternative vehicle fuel in Australia, but almost exclusively in light duty vehicles. 98% of Sydney’s taxi fleet operates on LPG, an option increasingly taken up by private users.

LPG is a fully developed fuel. Infrastructure for production, storage and distribution is present and well distributed with Australia boasting arguably the most extensive LPG infrastructure worldwide.

LPG and Diesel engines tend to have very different emissions characteristics. Diesel engines tend to have high NOx, particulate and air toxic emissions, whilst LPG has very low air toxics and particulate levels with low NOx.

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

Take up of LPG as an alternative fuel for heavy duty engines has been relatively low primarily due to the lack of suitable commercially manufactured engines. While propane technology was available, it has not generally been transferred to larger engines while diesel prices were low and emissions were not a priority.

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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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 

Bio-alcohols: methanol and ethanol

Liquid fuels have a better volumetric energy density than gaseous fuels. They also are the most compatible fuels with existing distribution systems and engines. i.e.. they require the least departure from the technologies in place today for both the vehicle and the refueling infrastructure. The racing community has known for years that the alcohol fuels have performance and safety advantages compared to gasoline with methanol having a slight edge in power.
These two alcohols actually complement each other
. The performance and emissions of the two are quite similar and their differential take up in the market reflects more political and economic considerations (sugar glut; lobbying; oil independence in the case of Brazil, etc.) than technical reasons. 
Second generation or thermo-chemical processing provides many fuel choices with many arguments for one or another yet to be settled by the market. However a growing body of scientific opinion advocates the case for methanol as a fuel of the future.

Methanol or wood alcohol (CH3OH) is supported
 for seven reasons:

· The first is that it is a simple molecule, relatively easy to synthesise and with superior combustion properties, although with half the energy content of petrol on a volumetric basis,

· The second is that its dehydrated derivative, dimethyl ether or DME (C2H6O) is a direct substitute for diesel fuel, also giving low tailpipe emissions

· The third is that methanol with four carbon atoms to one carbon atom, is an efficient hydrogen carrier for a future ‘hydrogen economy’ that can power fuel cells should they replace internal combustion engines in the vehicle fleet. Hydrogen is difficult to transport and store whereas liquid methanol uses the same refuelling infrastructure as today, with some added safety requirements

· The fourth is that methanol made from natural gas is a common industrial feedstock and thus bio-methanol provides a fluent transitional route between the fossil and biomass-based economies. Coal feedstock could also be used as an interim arrangement in the transition to full carbon neutrality 

· The fifth is that the thermochemical synthesis methods have over a century of successful development and can form the core of the ‘energyplex’ concept producing fuels, electricity, green chemicals and soil ameliorants all derived from a common wood feedstock

· The sixth and related concept is the wide array of varied quality feedstocks from municipal and industrial wastes to traditional forages that can be used in addition to the core wood feedstock used here

· The seventh reason is that methanol-specific engines have many performance advantages with options for tradeoffs between performance and fuel efficiency. Additionally its cool combustion characteristics allow engines with minimal cooling systems.

A great deal of support for ethanol is derived from the fact that it is a biomass fuel, which addresses the climate change/greenhouse gas issue. However, for biomass-derived ethanol to make a major contribution to our future energy needs, the feedstock will need to be a non-food, dedicated crop or forest residues, as well as other waste materials.

Methanol is more easily produced from cellulosic or woody material than ethanol. However despite significant research and development investment focused on options for Australia (e.g. CSIRO FuraFuel Project) the technology has yet some way to go and methanol cannot at this point in time be considered to be weel developed or a commercially  proven concept.

A proven concept

Following extensive research and development, including major involvement with the Brazilian ethanol development program in the 1980’s, an Australian engineer, John Bennett, developed technology to convert diesel engines to 100% LPG operation, and determined to use this as a transition to bio-alcohol and multi-fuel technology.

In part, the development was driven by the need to periodically rebuild diesel engines under normal operating conditions, and the opportunity this offered to achieve fuel efficiency and environmentally responsible outcomes.

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 due to low emissions

· Nissan Navara 4x4 utility converted

· September 2007, converted London taxi passed EURO4 emissions testing in England

· In 2007, a Mercedes Benz Actros prime mover was  been converted and is currently operating with a Victorian freight company in commercial road trials

· In 2008, John Deere 6068 engines converted to LPG commenced manufactured in country NSW for use in stationary water pumping applications for irrigation
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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 bus and for the Mercedes-Benz Actros prime mover are:
· Greenhouse gas reductions of 5 – 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
· LPG converted buses are essentially multi-fuel ready and can easily, quickly and cheaply transition to a bio-alcohol fuel (methanol or ethanol) as these fuel come on line in economically viable basis

The availability of this technology offers an opportunity to address some of the current challenges for the Sydney 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 Sydney metropolitan bus fleet

Although almost 30% of Sydney’s buses are powered by CNG, the current Sydney metropolitan bus fleet is mostly powered by diesel engines from manufacturers including Mercedes Benz, MAN, Volvo and Scania (See Attachment 1) and comply mostly with Euro 2 and Euro 3 emissions standards. 

All these engines will periodically undergo engine rebuild as part of normal maintenance. The MAN Bus conversion for National Bus Co. was based on an older type engine similar to those common in Mercedes Benz and MAN buses operated by Sydney Buses. These results, and subsequent development on a range of powerplants, demonstrate the potential for conversion of the fleet.

Conversion of existing buses to LPG would be a transition to bio-alcohols (Methanol and Ethanol) whilst delivering immediate capital, fuel and operational savings; and significantly reduce emissions.

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 $85,000 to $100,000 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 Mercedes Benz and MAN engines would cost approximately $700,000 for each engine type and would require approximately 20 to 24 weeks.

This compares favorably with the current cost of replacement of one new bus in the order of $750,000.

Benefits

Based on 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%


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)
	$1.50
	$0.65
	

	Annual fuel cost
	$101,250,000
	$48,750,000
	$52,500,000


This solution is effectively “the only game in town” in that it is the only 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:

· Commonwealth and State Governments make  significant progress towards achieving their greenhouse gas reduction targets and to creating Green Jobs

· Commonwealth and State Governments make substantial downstream savings in health costs

· 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 Transport Strategy for Sydney 

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

· 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 fleet operators:

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

· Reduced fuel costs:

· Diesel at $1.70 litre, 

· LPG is 60cents litre 

· By energy content 1 litre of diesel equals 1.7 litres of LPG, so an LPG motor will use about 70% more fuel than the same diesel, which equates to 102cents litre.

· Reduce fuel cost by  at least 22% if diesel is operating optimally!
· The MAN when tested by CSIRO proved to use about 10% more fuel proving better efficiency.

· Significantly reduces operating costs whilst enhancing operational capability

· 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 including methanol and ethanol, quickly and 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.

	Sydney Metropolitan Bus Fleet 
	(sorted by engine type - subtotals in red)
	
	

	
	
	
	
	
	
	
	

	Make
	Model
	In Service
	Fuel
	Engine
	Cyl
	Position
	Comments

	Volvo
	B10B
	4
	Diesel
	Volvo DH10A 9,600cc.
	 
	Horizontal
	 

	Volvo
	B10BLE
	124
	Diesel
	Volvo DH10A 9,600cc.
	
	
	 

	 
	 
	128
	 
	 
	 
	 
	 

	Mercedes Benz
	0405 NH
	300
	CNG
	OM 447hG 175 kW (238 hp) Euro II
	Rear horizontal
	 

	Mercedes Benz
	0405 Mk V
	245
	Diesel
	OM 447
	
	Rear horizontal
	 

	Mercedes Benz
	0405 PMC160
	11
	Diesel
	OM 447
	
	Rear horizontal
	 

	Mercedes Benz
	0405 CC "516"
	4
	Diesel
	OM 447
	
	Rear horizontal
	 

	Mercedes Benz
	0405 Mk V
	2
	CNG
	OM 447
	
	Rear horizontal
	 

	Mercedes Benz
	0405N
	2
	Diesel
	OM 447
	
	Rear horizontal
	 

	Mercedes Benz
	OC500LE
	156
	CNG
	M 447 hLAG  11.967-litre 
	inline 6-cy
	
	(Euro 4/Euro 5/EEV) turbocharged intercooled, lean burn, spark ignition single point injection CNG

	 
	 
	720
	 
	 
	 
	 
	 

	Mercedes Benz
	0305 MkIV
	351
	Diesel
	OM 407 h
	6 inline
	Rear underfloor
	Also used in Perth, Canberra and Adelaide

	Mercedes Benz
	0305 MkIII
	15
	Diesel
	OM 407 h
	6 inline
	Rear underfloor
	 

	Mercedes Benz
	0305G
	9
	Diesel
	OM 407 h
	6 inline
	Rear underfloor
	 

	 
	 
	375
	 
	 
	 
	 
	 

	Scania
	L113TRBL
	49
	Diesel
	230HP(169kW), diesel, intercooler
	
	

	MAN 
	SL202
	50
	Diesel
	155kW D2566UH
	
	
	

	
	
	
	
	
	
	
	

	Volvo
	B12BLE CC
	170
	Diesel
	12-litre Volvo DH12
	 
	Rear horizontal
	 

	Volvo
	B12BLE Euro 5
	167
	Diesel
	12-litre Volvo DH12
	
	Rear horizontal
	 

	Volvo 
	B12BLE Volgren
	50
	Diesel
	12-litre Volvo DH12
	
	Rear horizontal
	 

	Volvo
	B12BLE Art.
	80
	Diesel
	12-litre Volvo DH12
	
	Rear horizontal
	 

	 
	 
	467
	 
	 
	 
	 
	 

	Scania
	L113CRL
	156
	Diesel
	11 litre Series 3
	 
	Vertical tilted left
	 

	Scania
	L113CRB
	100
	CNG
	11 litre Series 3
	
	
	 

	Scania
	L113CRB
	2
	CNG
	
	
	
	 

	 
	 
	258
	 
	 
	 
	 
	 

	MAN 
	11.220 HOCL
	16
	Diesel
	
	
	
	

	
	
	
	
	
	
	
	

	Note: 
	
	
	
	
	
	
	

	Mercedes OM447 Diesel engine comes in 4 versions OM447h (157 kW), OM447h (177 kW), OM447hII (184 kW), OM447hLA (184 kW)
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