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Abstract— The technological development of buses with new 

alternative fuels is considered in this paper. Several types of 

fuels are considered as alternative-fuel modes, i.e., electricity, 

fuel cell (hydrogen), and methanol. Electric vehicles may be 

considered the alternative-fuel vehicles with the lowest air 

pollution. Hybrid electric vehicles provide an alternate mode, 

at least for the period of improving the technology of electric 

vehicles. A hybrid electric vehicle is defined as a vehicle with 

the conventional internal combustion engine and an electric 

motor as its major sources of power. Experts from different 

decision-making groups performed the multiple attribute 

evaluation of alternative vehicles. AHP is applied to 

determine the relative weights of evaluation criteria. TOPSIS 

and VIKOR are compared and applied to determine the best 

compromise alternative fuel mode. The result shows that the 

hybrid electric bus is the most suitable substitute bus for 

Taiwan urban areas in the short and median term. But, if the 

cruising distance of the electric bus extends to an acceptable 

range, the pure electric bus could be the best alternative.  
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I. INTRODUCTION 

This paper establishes the importance of emissions standards 

and technological development during the decision making 

process of procurement of new public transport buses. The 

primary environmental objective of any city is to reduce 

human exposure to harmful pollutants while at the same time 

not hindering the movement of people. This objective can be 

achieved in two ways—reduce the number of vehicles and 

reduce the pollution from each vehicle. The number of 

vehicles can be reduced by improving public transport and 

simultaneously encouraging residents to use public transport 

instead of driving their personal automobiles. Pollution from 

each vehicle can be reduced by promoting the use of 

alternative fuel vehicles that have lower emissions. A bus has 

a life expectancy of about 20 years. If the emissions standards 

change during the lifespan of a bus and if it can no longer 

satisfy the requirements, the bus has to be phased out or 

upgraded to comply with the emissions standards 

requirements—which cost time and money, thus leading to 

financial and service losses Given the potential of alternative 

fuels as a clean and safe energy resource, they can be 

expected to play a larger role powering the transport sector in 

the future. Cleaner and less polluting public transport buses 

based on alternative fuels are of paramount importance if 

cities are to attain their ambitious emissions reduction targets, 

as public transport buses are high usage vehicles that operate 

in heavily congested areas where air quality improvements 

and reductions in public exposure to harmful air contaminants 

are critical. 

II. ALTERNATIVE TECHNOLOGIES 

Among the niche markets for alternatives that have 

developed, compressed natural gas (CNG) vehicles account 

for approximately 0.5% of vehicles worldwide, hybrid 

electric vehicles (HEVs) account for about 0.5%, and 

vehicles running on bio fuels account for less than 1% of 

transport fuel consumption. Smaller commercial markets 

exist for wholly electric vehicles and those fuelled by 

liquefied petroleum gas (LPG) and FischerTropsch diesel 

made from coal and gas. Still other possible combinations 

include plug-in hybrids and hydrogen fuelled hybrid vehicles, 

not yet commercialized. Toyota was first in the market with 

hybrid vehicles that have both gasoline engines and 

rechargeable electric batteries. This combination provides 

energy for urban ‗stop & start‘ driving and is thus more 

energy efficient and less polluting. Other automobile 

manufacturers have now entered this market and hybrid 

technology is being diffused across a wide range of models. 

Some governments in the North offer tax credits for the 

purchase of these higher priced hybrid vehicles and it is 

expected that their share of domestic markets in Alternative 

Fuel Public Transport Buses 30 these countries will rise. 

Toyota has announced that a hybrid car plant will be built in 

China to meet expected demand there. 

III. OVERVIEW OF ALTERNATIVE FUEL TECHNOLOGIES FOR 

BUSES 

There are numerous alternative fuel technologies for public 

transport buses available in the market; most notable are clean 

diesel buses, compressed natural gas (CNG) buses, hythane 

buses, hybrid buses and fuel cell buses powered by pure 

hydrogen (AATA 2002; WSU 2004). In this section, we 

discuss, compare and contrast these technologies. CNG Buses 

Consisting primarily of methane and other light 

hydrocarbons, natural gas does not contain hydrocarbons that 

form harmful emissions. Natural gas (NG) has been proposed 

as a much cleaner alternative to conventional diesel. In fact, 

the principal source of particulate emissions from natural gas 

vehicles is the combustion of lubricant. Replacing heavy-duty 

diesel vehicles with CNG equivalents is one option for 

reducing vehicular particulate emissions dramatically. Many 

cities have started investing in CNG buses. For example, 

cities such as Mumbai and Delhi have completely shifted 

their fleet from diesel buses to CNG buses (Yedla and 

Shrestha 2003); for cities in developing countries such as 

India, CNG buses offers low emissions and cost-effective 

public transport. Alternative transport fuel markets are 

typically built on the foundation of existing industries and 

other fuel applications. LPG and natural gas, for example, are 

typically used as domestic or industrial power sources before 

they are adopted for transport. Pakistan‘s CNG vehicle 

system grew out of longstanding efforts to develop the 

county‘s gas resources, which have been used since the 
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1950s. Pakistan has a well-integrated gas infrastructure 

(approximately 50,000 km of distribution and service lines) 

and while the vehicle programmeis one of the largest, 

transport is still a small player in the country‘s gas markets. 

According to the Ministry of Petroleum and Natural 

Resources 45% of natural gas consumption in 2003 went to 

power, 18% to fertilizer, 18% to general industry, and 2% to 

transport. Biofuel programmes also typically redirect existing 

agricultural and industrial production processes to the 

transport sector, building on established agricultural 

industries in sugarcane, palm oil and so forth. South Africa 

has recently used ethanol production capacity in the 

pharmaceutical industry to supply ethanol as a substitute for 

lead additives in gasoline. 

A. Clean Diesel Buses 

There have been tremendous innovations in diesel engine 

technology over the past few years—for example, advanced 

engine electronic combustion control, fuel injection systems 

and turbochargers to optimize performance and lower the 

emissions (Gifford 2003). Advanced low-sulphur fuels are 

available in the market. These cleaner diesel fuels produce 

lower emissions and enable advanced emissions treatment 

systems (catalysts and filters). Lower amount of sulphur in 

diesel fuel enables catalytic converters to be used, which, in 

turn, lower carbon monoxide (CO), nitrogen oxide (NOx) and 

hydrocarbon (HC) emissions. Emissions treatment such as 

particulate filters and oxidation catalysts reduce emissions of 

ozone-forming compounds (NOx and HC) and trap and 

eliminate particulate matter (PM) (Gifford 2003; Kassel and 

Bailey 2004). Currently, diesel emissions are reduced by 

turbo-charging, after-cooling, high pressure fuel injection, 

retarding injection timing and optimizing combustion 

chamber design. Turbochargers reduce both NOx and PM 

emissions by approximately 33 percent when compared to 

naturally-aspirated engines. Combustion chamber 

improvements and air-fuel injection advancements are 

ongoing in the industry and result in improved fuel economy 

and emission reductions (WSU 2004). As diesel engine 

improvements have already reached their limit, NOx and PM 

emission control requires after treatment devices to satisfy 

new, stringent emissions standards. 

B. Fuel Cell Buses 

Fuel cells reverse the long known process of electrolysis, 

which uses energy to split water into its components. Instead 

fuel cells use a fuel supply to combine hydrogen and oxygen 

thus generating an electric current. In the proton exchange 

membrane (PEM) fuel cells that are the current focus of 

research in applications of this technology in the transport 

sector, the process is electrochemical and involves an ion 

exchange polymer membrane as the electrolyte and 

electrodes of a fine metal mesh on which a platinum catalyst 

is deposited. The PEM fuel cell can thus convert hydrogen 

directly into electricity without combustion or moving parts. 

In hydrogen fuel cell vehicles (HFCVs) the process is 

virtually pollution free. But the overall utility of HFCVs in 

reducing greenhouse gases globally depends upon the way 

the hydrogen itself is produced. If this takes place through 

renewable processes that are carbon neutral such as coupling 

solar or wind power to electrolysers that split water molecules 

into hydrogen and oxygen, the overall impact will be 

significant. But technologies such as these are only now being 

developed and tested and they face challenges concerning 

cost and efficiency. Currently the most common and cost 

effective way to produce hydrogen is through natural gas 

steam reforming. 

IV. LEARNING ABOUT ALTERNATIVES 

The rapid rise of private automobiles in developing countries 

has contributed to economic growth and expanded mobility, 

it has also resulted in negative impacts on public health, the 

environment, and urban liveability and energy costs. The vast 

majority of vehicles in the world (more than 95% of the world 

market) are currently based on spark ignition or compression 

ignition propulsion technologies using gasoline or diesel fuel. 

But is this an inexorable outcome of the industrialization and 

urbanization process, or can new thinking and new 

technologies enable these countries to set different priorities 

and make technological choices that lead to movement down 

more sustainable paths? Hydrogen and fuel cell technology 

are one combination from among a range of established and 

emergent fuel and power train options to consider. The total 

number of fuel cell vehicles worldwide is about 600 and these 

are prototypes serving as test vehicles. There is thus a need to 

evaluate alternatives for the transport sector at least as partial 

solutions to the problems of energy efficiency, urban 

pollution, and greenhouse gas emissions in the short and 

medium term. Although hydrogen and fuel cells are often 

identified as the ultimate, technological combination for the 

long term, decision-makers, in reality, are now faced with a 

complex range of options, in which the costs and benefits of 

different approaches are dependent on local resources, policy 

goals and strategic approaches. 

V. CONCLUSION 

Looking at the trends in emissions, it is observed that the 

aggregate amount of PM, NOx, CO and HC (mandatorily 

controlled by emissions standards) in the air due to transport 

has reduced over the years and is forecasted to further reduce, 

in spite of increases in number of vehicles. The framework 

developed in this paper gives insight into the interactions 

between the actors, rules and technology components of the 

transport sector and highlights the way policies affect 

technology development and actor decision making. Due to 

the uncertainties about future policy rules, the decision 

makers should take incremental steps (build on the existing 

competencies) to safeguard investments. If the government 

aims at accelerating the diffusion of alternative fuel 

technologies, it should create a stable policy framework. Such 

a policy framework would give an idea to the decision makers 

about the future progression of rules and regulations. As seen 

from the case study, voluntary agreements to reduce CO2 

have so far been unsuccessful; future emissions standards 

should aim at mandating CO2 emissions. Although decision 

making for the procurement of new buses is an important 

issue for transit authorities to achieve future environmental 

targets, little research has been done to date to assist the fleet 

manager in making these procurement decisions. The 

decision making process outlined in this research, based on 

forecasting, trend analysis and technology assessment, is 
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adaptable to other types of infrastructure decisions to enable 

strategic procurement. Future research should be more 

comprehensive and could build on the analytical framework 

discussed in this paper to develop a decision making tool for 

the benefit of public transport authorities. 
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