PRIVATE TRANSPORTATION VIA CLEAN, QUIET AUTOMOBILES
The first motorized vehicle emerged in 1886 and since then the automobile business has grown steadily into a global billion dollar industry.  The automobile itself has changed the lives, culture, and economy of the people and nations that manufacture and demand them.  Cars have been embraced all over the world due to their efficiency and the convenience they bring to people's lives; they are broadly accepted today as an indispensable transportation tool.  
Unfortunately, the same vehicle that improves quality of life is simulataneously undermining it.  As vehicle use has increased around the world and its effects have been studied, it has been discovered that such extensive use of gasoline powered automobiles triggers many environmental and social problems.  These include a dimishing fuel source, increased harmful and greenhouse gas emissions, and an increased noise level, as well as an increased demand for infrastructure and worsened traffic congestion.  The challenge to present and future engineers in countries around the world is to solve these problems within the next few decades, before fuel sources are depleted and more irreversible environmental damage is done.  
The global petroleum storage at the end of 2001 was approximately 10500 billion barrels.  It is estimated by researchers that given the existing petroleum storage and expansion rate of global industries, it will be merely 40 to 50 years until the depletion of the petroleum supply on the planet.  In addition, it is very likely that in the near future, the wanning supply of petroleum will cause a surge in crude oil price. 
The by-products of gasoline or diesel combustion contain a variety of potentially harmful gases and particles that are released into the atmosphere.  Among them, a few pollutants are of highest concern:  carbon monoxide (CO), hydrocarbons (HC), nitrogen oxides (NOx), ozone (which results from the emissions of hydrocarbons and nitrogen oxides), particles, and some toxic hydrocarbons such as benzene.  Of those, carbon monoxide is one that poses a serious threat to human health.  Exposure to high levels of CO can impair vision, working capability, manual dexterity, learning ability and performance of complex tasks.  Nitrogen oxides also have adverse effects on health as well as the environment.  NOx reacts to form nitrate particles, acid aerosols, and NO2, all of which can cause respiratory problems.  Moreover, components of particulate matter such as sulfuric or nitric acid also tend to lead to acid deposition.  Greenhouse gases such as carbon dioxide (CO2), nitrous oxide (N2O), and methane (CH4) can be also identified in the vehicle emissions.  These greenhouse gases accumulate in Earth’s atmosphere and cause surface air temperatures and sub-surface ocean temperatures to rise, causing overall climate change and global warming.
In response to public requests to tackle these problems, the automotive industry identified energy conservation and environmental protection as two major tasks for research and development.  In an attempt to lessen the dependence on fossil fuel and in turn, decrease harmful emissions, researchers worldwide have come up with new technologies and alternative fuels to be implemented in new vehicles.  Progress is promising, as described below, however, far from the ultimate goal of a single application with  zero emissions, no dependecence on fossil fuels, low cost, and high efficiency.  
In terms of gasoline engines, most technologies, working in combination with the catalytic after-treatment, focus on achieving the proper evenly blended air/fuel mixture to meet the full range of the combustion requirements while restricting harmful emissions.  In addition, although the ability to significantly improve thermal efficiency in gasoline engines is limited, researchers intend to obtain the potentially higher efficiency of part-load engines and wider high-efficiency area in the engine performance chart by reducing power loss due to friction and gas pumping.  This improvement can be realized by reducing throttling losses through a series of valve train control technologies such as variable valve timing, variable valve stroke as well as throttleless "valvetronic" engine technology.  Recently, some engine manufacturers have been developing gasoline direct-injection (GDI) and stratified lean combustion processes to improve engine thermal and part-load efficiencies.  However, the technology poses a challenge, as new catalyst processes are then required by the engine systems to effectively remove nitrogen oxides from the environment where free oxygen exists.

In terms of diesel engines, new designs incorporate a wide variety of technologies that enable better performance and fuel economy, at the same time as reducing emissions.  Most new designs adopt the technology of high-injection pressure in combination with the common-rail unit injection system, advanced injection timing management, turbocharger, after-cooler and an integrated exhaust gas recirculation (EGR) manifold system.  Additionally, a new propulsion theory called homogeneous charge compression ignition (HCCI) has been introduced for diesel engines.  It states that if the fuel/air ratio and starting temperatures and pressures are all appropriately controlled, there is no chance for the combustion to take place at a temperature higher than 1850K.  With that low temperature, no particulate matter or NO2 will be generated.  Unfortunately, up to now, the HCCI engines are unable to deliver sufficient output due to the difficulties in maintaining correct fuel/air ratios.

Another approach to achieving better fuel economy lies in reducing vehicle weight.  Lighter vehicles have more efficient power train and lower fuel consumption.  High-strength steels are now broadly applied in body structures to create lighter vehicles without compromise to strength or any additional cost. In theory, the replacement of traditional steels by high-strength steels should reduce fuel consumption by 15 percent.  Along with high-strength steels, aluminum or fiber-reinforced plastic composites can also be applied for weight reduction.  However, the application of these materials possibly means a trade off with safety.  Also important to consider with new lighter materials are their cost, the recycability of the raw materials, and the disposal cost of scrapped vehicles.  The recycability of metal materials, especially aluminum, tends to significantly contribute to the energy and cost savings.  In the light of this, research is underway to develop a multi-purpose alloy that would meet engineering, recycling, and safety requirements.

In addition to cleaner combustion and a lighter vehicle, diminishing air drag and tire resistance would contribute to reduced energy use.  The decade following 1990s witnessed the fall of vehicle drag coefficient from a level of 0.3 to 0.25, which excludes the even lower figures from some concept cars and the elimination of exterior mirrors and other items.  Highway driving is shown to benefit most from overall drag reduction.  Innovations on tire design provide improvements on traction optimization, noise reduction and ride comfort.

However, whatever we do with fossil fuel vehicles, it is only to a certain extent that fuel consumption can be constrained and automotive threats to the environment can be alleviated.  Thus, the automotive industry needs focus on goals such as comprehensive utilization of energy, zero emissions and lower noise levels.  In pursuit of these goals, researchers turn to the electric vehicles, where the high efficiency of energy utilization allows energy source reliability and balance without threatening the environment.  However, the pitfalls of electric vehicles are the high cost associated with the energy sources and the low operation mileage due to the insufficient energy density of the batteries.

Fuel cells are one promising option for an alternative fuel source.  A fuel cell is an electrochemical device that produces electricity by debonding the hydrogen molecule into electrons and protons (hydrogen ions) via a catalyst.  Since the fuel is transformed directly into electricity, a fuel cell can operate at higher efficiencies than internal combustion engines by extracting more electricity from a certain volume of fuel without heat losses.  Moreover, the fuel cell itself has no moving parts, making it a quiet and reliable source of energy.  Currently, fuel cell technologies are being developed in a number of forms such as phosphoric acid fuel cell, molten carbonate fuel cell, solid oxide fuel cell, alkaline fuel cell, direct methanol fuel cell and regenerative fuel cell. 
In terms of transportation uses, the proton exchange membrane (PEM) fuel cell has demonstrated a few advantages.  It has a low operating temperature (about 200℉ or 95℃), high power density, and ability to rapidly adjust the output in response to the variation of the power demand.  However, of all fuel cell types, only the direct hydrogen fuel cell can be characterized as having truly zero emissions.  Hydrogen infrastructure and onboard storage pose a huge challenge though.  Overall, there are some fundamental problems with fuel cell technology, including fuel selection, fabrication, distribution and storage.
Hybrid vehicles, another alternative to gasoline engines, have been a significant development in terms of improving energy economy and reducing harmful emissions.  The key technology of hybrid vehicles is the incorporation of an electronic motor with the combustion engine power system.  The cars operate by both a heat power system and an electric power system alternatively.  The combustion engine operates mostly just in full throttle and at optimum speeds.  The hybrid system allows the gas engine to be shut off during vehicle stops, braking, deceleration and even low power operation, at which time a rechargeable battery system is used to supplement power.  At low speeds or during stops, unless shut off, the combustion engine is also designed to charge the battery system from surplus energy.  Some hybrid vehicles are designed to utilize the regenerative energy from braking to recharge the battery.  This type of hybrid offers major improvements on efficiency in urban operations.  In addition, with hybrid systems, smaller combustion engines can be used in order to lower the emissions even further.  
Optimally designed and matched, the hybrid systems can expect to save approximately 50 percent of fuel and to reduce emissions by 80 percent.  The disadvantages of hybrid rest in the extra materials and weight arising from housing dual power systems.  Generally, the higher the battery capacity of the car, the greater the weight and higher the cost.  Consequently, there is a trade off between energy efficiency and reduced emissions and vehicle weight and cost.
International society also has been committed to researching alternative fuels, including man-made fuels, since the first petroleum crisis in 1973.  Compressed natural gas (CNG) and liquid petrol gas (LPG) are both acknowledged today as "clean fuel".  Next to CNG and LPG, methanol from coal or bed gas could be used either as an additive to gasoline forming M15(85 percent gasoline-15 percent methanol) mixture or simply as a pure fuel.  However, methanol from coal or bed gas does not save energy nor reduce greenhouse gas emissions.  Likewise, dimethyl ether from coal or coal bed gas provides a good alternative to gasoline and diesel.  However, the application of methanol and dimethyl ether are to some extent restricted due to the high costs of refinement process and the difficulties in storage.  Finally, researchers are also exploring the possibility of using hydrogen for fuel.  If hydrogen is found to be a realistic alternative in near future (in 20 years), natural gas is likely to be one of the most cost effective sources for hydrogen production.  It is also highly likely that the hydrogen production will be carried out by service shops within the pipe network of the gas supply. 

As discussed earlier, energy supply and environmental issues are only part of the problems arising from the widespread use of the automobile.  Challenges lie in traffic management and noise control as well.  The continuous growth of private vehicle ownership increases urban traffic congestion, where low speed and idlings cause greater fuel consumption and higher levels of air pollution.  This increased traffic also leads to a higher intensity of noise and an increased number of traffic accidents.  According to statistics, traffic accounts for 80 percent of downtown noises, which are proven to be harmful to human hearing, nerves, heart and blood vessels, internal secretion and immune systems.  Secondly, the increased number of private cars is slowly filling up public parking places and roads, especially during rush hour.  Though more traffic infrastructure needs to be provided to satisfy the mounting demand for road transportation and vehicle storage, construction is usually constrained due to limited resources.  Much planning is required to optimize time and resource use on issues such as the process of construction, the structure of road network, and the framework of urban traffic.  

Intelligent transportation system (ITS), a new system linking people (including both drivers and administrators), roads and vehicles, is under development.  One of the key tasks with ITS is to precisely detect the location of a vehicle using a global positioning system (GPS).  Combined with an electronic map, a radio-communication network and a computer-aided vehicle management system, the GPS navigation system would be able to fulfill functions such as vehicle tracking and traffic management.  To accomplish these tasks, two methods have been developed.  Given the departure and arrival locations, the optimized route, say the shortest or the simplest, can be automatically worked out by specialized software. Or, with the fixed routes, the electronic map can be generated with the indications of the departure, arrival, by-pass locations as well as the positions of the vehicle during the course of the travel.  Through GPS, an operating center is allowed to oversee vehicle operation in any particular region and in turn, manage the vehicle flows accordingly.  The operating center can also conduct communication with the tracked targets in order to deliver instructions at any time.  Developing and establishing an ITS plays an essential role in substantially increasing transportation efficiency, transportation safety, and environmental quality and decreasing energy use. 
The problems and issues outlined above present the automotive industry with many challenges and will require expertise and knowledge from many fields of engineering.  The goal is to develop a personal transportation system that is clean, quiet, and energy effcient, which still provides individuals with freedom of movement at an affordable cost.  Though much research has been done with traditional combustion automobile engine and fuel alternatives for immediate solutions, the field is wide open for the future.  With new materials and new computers and machines being developed around the world every day, the opportunities are endless.  With these new developments, imagination, and support, the engineers of tomorrow may come up with a totally new and innovative transportation system that in no way resembles the cars on the road today.  This requires that international researchers as a whole persist on substantial research and development activities through collaborative efforts.  Also, more enthusiastic youths and prestigious scholars need to devote themselves to the research of effective solutions to transform automobiles into a harm-free transportation tool that better serves mankind.

