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Summary: The paper presents a comparative analysis of CNG and DE (diesel-electric) hybrid buses vs conventional diesel buses on the basis of the collected and analyzed data from different literature sources which are then presented as a survey. The analysis includes capital and operation costs during life cycles of different bus samples. 
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1 
INTRODUCTION 
Buses are responsible for 8% of carbon monoxide (CO), 6% of hydrocarbons (HC), 9% of nitrogen oxide emissions (NOx), 7.7% of particulates (PM) and 5% of carbon dioxide (CO2) emissions. The release of CO2 into the atmosphere occurs whenever fossil fuel is burned and contributes to the greenhouse effect and global warming. Thus thermal engine vehicles are responsible for 22% of all CO2 emissions in the EU, with only 5% generated by buses and coaches [1]. 

The bus is a very efficient mode of public transport, which is cheap, flexible and, in many cases, tailored to the needs of end-customers both in terms of capacity and speed. Buses do not require any infrastructure except a depot and workshop, and are easy to put in service. From an economic, environmental, and social point of view, the bus still remains the most universal solution for a balanced and sustainable urban development. Some 80% of all public transport passengers worldwide are carried by buses. 

Clean and energy efficient vehicles have an important role to play in achieving the EU policy objectives of reducing energy consumption, CO2 emissions, and pollutant emissions. 
2 
NEW TECHNOLOGY FOR PUBLIC TRANSPORT 
The fundamental problem in limiting emissions of heavy-duty diesel engines is to simultaneously decrease both NOx and particulates. Early injection timing reduces the amount of particulates and fuel consumption, but increases NOx-emissions. The NOx-PM dependency can be broken only by using exhaust after-treatment technology. 

The key question is which technology to use for reducing NOx-emissions. The formation of NOx can be limited either already in the combustion chamber (recirculation of exhaust gas, EGR -technology) or by using exhaust after-treatment technology (urea catalyst, SCR -technology). After-treatment will most likely be needed for controlling particulate emissions when using EGR -technology (catalyst, particulate catalyst or particulate filter). 

A wide range of non oil-based options for road and air transport has been developed in the last decade, and some technologies are already commercialized. However, it is currently impossible to predict which technologies will emerge as the front-runners for Europe. Five technological mainstreams are discussed today [1]: 

· Biofuels, 

· Natural Gas and LPG, 

· Hybrids, 

· Hydrogen and fuel cells, and 

· Battery Electric Vehicles. 

The cleanest bus technologies available on the market today are CNG, diesel Euro V, DE hybrid and electric vehicles. While CNG and diesel Euro V appear to be the most ripe, and DE hybrid seem to be the most promising both for the emission levels and the energy efficiency performance, electric vehicles have a more limited range. 

Finally, the very few hydrogen fuel cell powered vehicles circulate mainly, when not exclusively, as prototypes. Under these premises, and also according to their experience and expectations for the future implementations of urban sustainable transport policies, CNG and DE hybrid are the two technologies to be addressed to for a joined procurement of clean buses [2]. 

2.1 
CNG bus technology 
Up to the early 2000 years, compared to diesel buses the CNG technology already offered better performance in relationship to particulate emissions. In the year 2003 natural gas buses managed to reach the EEV emission standard level, before diesel V did so. On the contrary, in the near future diesel Euro V and CNG buses performances will not differ much from each other. 

In the recent past, at present and in the near future, the cost trend of the fossil fuels - compared to the diesel cost - has favoured, is favouring and will favour the CNG technology. In addition, public transport companies, whose natural gas filling station dimensions have been optimally planned, will further benefit from the possibility of saturating the filling capacity still at disposal. 

As far as the vehicle cost is concerned, compared to diesel Euro V buses CNG vehicles cost around 35,000 to 50,000 euros more, while maintenance costs are getting year after year comparable. The above mentioned considerations match the local public transport companies which have already invested in CNG bus fleets.
Another item to highlight refers to biogas as an alternative fuel to CNG produced in landfill or water cleaning plants. Biogas represents the solution to energy dependency, which is also economically convenient. 

Natural gas is considered one of the most potential alternative fuels. Worldwide there about 12,5 million NGVs supported by a network of 18 400 fuelling stations. In Europe there are 1.305.579 NGVs (143.908 are buses or about 11%) [3]. 

2.2 
Hybrid bus technology 
Hybrid vehicles appear in the immediate future to represent a possible alternative technology. The technology is indeed regarded by manufacturers as a way to dramatically improve bus environmental performances. 

Hybrid electric vehicles (HEV) have two sources; the addition being an electric motor powered by an energy storage device, maintained at an optimal energy level by the primary source, the engine. This configuration lowers the demand placed on the primary power source, enabling both sources to operate at optimum efficiency. 

While DE hybrid systems are gaining in popularity, vehicles using this technology are still relatively expensive compared to most other alternatives, with a total unit cost of over $500,000 for a full-size heavy-duty hybrid city bus, approximately $200,000 more than a conventional diesel bus of similar design [4]. 

Operating costs of hybrid-electric buses also tend to be higher than other alternatives currently, due to the added expense of battery maintenance and replacement. Battery technology is advancing rapidly, however, which will likely drive down both the capital and operating costs of hybrid-electric buses while increasing their performance and durability. 

3 
COMPARATIVE ANALYSIS OF CNG AND DE HYBRID BUS VS DIESEL BUS 
A general comparison of buses designed by applying different contemporary technologies is based on several parameters, technological, financial, environmental and planning-based, such as reliability, employment flexibility, fuel price, range, exhaust gas emissions, noise, extra infrastructural needs. The considerations can be summarized in table 1 [2]. Advantages of each compared technology are featured in green, disadvantages in red. 

Another comparison is based on a study of city bus life cycle cost (LCC), analysis for 2007 model year buses [5]. It covers the folowing bus types: diesel buses using ultra low sulfur diesel (ULSD), compressed natural gases (CNG) buses, and DE hybrid buses. LCC factors included capital costs (bus procurement, infrastructure, and emissions equipment) and operation costs (fuel, propulsion-related system maintenance, facility maintenance, and battery replacement) available from the literature. 

A bus 12-year life cycle cost (LCC) analysis for a fleet of size of 100 buses was performed based on information available in the literature, manufacturers’ specifications, and fuel economy data gathered by WVU (West Virginia University). 

Only technology-dependent factors relevant to bus propulsion were considered; driver and management cost were excluded. Bus price, equipment and infrastructure cost (to support novel technology), fuel cost, propulsion-related systems maintenance, facility maintenance, and hybrid bus battery replacement were considered. Buses were assumed to operate at a national average speed of 20.5 km/h, to travel for 60.000 km per year, and to seat 40 passengers for the purposes of calculation. 

Table 1 The comparison between the selected technologies
	Diesel 
	CNG 
	DE Hybrid 

	• Experienced 

• High range 

• Pollution (PM + NOx) 

• Noise 

• Increasing fuel costs 

• Dependence on mineral oil 
	• Fuel filling station infrastructure: new one to be built 

saturation of the existing filling station capacity 

• Reduced range 

• Low emission / no PM 

• Low fuel costs (74 ct/kg) 

• Higher vehicle costs (+30.000 €) 

• Dependence on imported gas 
	• High range + 

• Low emission 

• Reduced consumption 

• Reduced CO2 

• Reduced noise 

• Higher vehicle costs (+150.000 €) 

• Not yet experienced in Europe 
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Fig. 1 Capital cost per bus
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Fig. 2 Operational cost per bus

[image: image4.emf]
Fig. 3 Life cycle cost per bus per kilometer
In the case where only 20% of the bus procurement cost was considered, as a result of 80% subsidies, all bus types had a sufficiently similar life cycle cost that changes in fuel cost and battery technology could affect their relative positions in the scale of cost, and all technologies were competitive on a cost basis. 

4 
CONCLUSION 
Current developments in alternative bus technology are very promising. On the basis of data taken from different literature sources it can be concluded that development of alternative drive systems for buses is directed towards CNG and hybrid technologies. At present, they satisfy current standards as regards harmful gasses emissions and are commercially available. 

While prototypes and small demonstration fleets may operate successfully, further development toward technological maturity and operational efficiency requires production of larger series of innovative buses with improved reliability and lower cost. 

The overall impression was that diesel-electric and hybrid systems are a useful and necessary stage in the development of electric bus and it is expected that these technological developments will provide a platform for, and naturally integrate, other future innovations such as fuel cell technology. 

When considering or selecting bus technologies, it is important to recognize that fuel economy and emissions depend strongly on bus route and bus operation conditions. 
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