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Introduction
If we had a time-machine and were able to send ourselves 50 years into the future – what would we see and what would we encounter? We know for a fact that it will be a vastly different world than we live in now. What would the transportation system be like and how will it influence or be influenced by factors such as – infrastructure, modes, communication, land use, and energy. When we use our visionary skills to imagine this new transportation system we realize that there are several possibilities on how the future might play out – some more positive than others. This emphasizes the role that engineers need to play to ensure a more “sustainable transportation system.” What do we mean by a “sustainable transportation system” and what can engineers do to ensure such as system develops? This paper will explore a few scenarios for the future transportation system, what a sustainable transportation system is, and what current and future engineers can do to ensure a more sustainable transportation system.

A First Glimpse at Sustainable Transportation

We know that the future is going to be very different to what we are used to now. The world can come to a grinding halt under a gridlock of traffic and information overload and we could run out of resources essential to fuel our economies. Alternatively, some visionary planners and engineers can step up and lead the world in a direction that is sustainable, not only for us, but also for future generations. Think about the famous Iroquois philosophy - “In our every deliberation we must consider the impact of our decisions on the next seven generations.” The idea of considering the impact of our actions on future generations is the basic principle of sustainability and in our case – sustainable transportation. We will come back to this concept of sustainable transportation because it holds the key to ensuring economic, social, and environmental viability for current and future generations.
But first, let us take a journey in time. We will go back to the beginning of civilization and move rapidly forward in time examining some major breakthroughs in transportation, particularly the automobile, until we find ourselves back in 2005. Then we will pause for a moment, move into the unexplored future and use our imaginary and visionary skills to see what we can expect the transportation system to be like 50 years from now.
Where Have We Been?
How we as humans have traveled over the course of history has changed considerably. Beginning with the creation of carts with wheels in 3500 B.C. when it was realized how important it was to move goods to markets. Since the vast majority of travel now occurs by automobile, let us focus on the history of this mode of transportation.
[image: image1.wmf]A single inventor did not invent the automobile as we know it in a single day. Instead, the history of the automobile reflects an evolution that occurred worldwide and over and extended period of time. In 1769, the very first self-propelled road vehicle was a military tractor invented by French engineer and mechanic, Nicolas Joseph Cugnot (1725 - 1804) (1). Cugnot used a steam engine to power his vehicle. It was used by the French Army to haul artillery at a whopping speed of 2 1/2 mph on only three wheels. In 1771, Cugnot drove one of his road vehicles into a stone wall, making Cugnot the first person to get into a motor vehicle accident.
Figure 1. 1771 Test drive of Cugnot's steam powered vehicle.
Steam engines were not the only engines used in early automobiles. Vehicles with electrical engines were also invented (2). Between 1832 and 1839, Robert Anderson of Scotland invented the first electric carriage. Electric cars used rechargeable batteries that powered a small electric motor. The vehicles were heavy, slow, expensive, and needed to stop for recharging frequently. However, around 1900, electric land vehicles in America outsold all other types of cars. Then in the early 1900s, sales of electric vehicles took a nosedive as a new type of vehicle engine (the internal combustion engine) came to dominate the consumer market.
An internal combustion engine uses the explosive combustion of fuel to push a piston within a cylinder - the piston's movement turns a crankshaft that then turns the car wheels via a chain or a drive shaft. In 1885, German mechanical engineer, Karl Benz designed and built the world's first practical automobile to be powered by an internal-combustion engine. By the early 1900s, gasoline-powered cars started to outsell all other types of motor vehicles. The market was growing for economical automobiles and the need for industrial production was pressing.
American car manufacturer, Henry Ford (1863-1947) invented an improved assembly line and installed the first conveyor belt-based assembly line in his car factory in Highland Park, Michigan around 1913-14. Ford’s famous Model T was assembled in 93 minutes. By 1927, 15 million Model Ts had been manufactured. In the course of less than 10 years, automobile ownership was attainable by the general public. Along with the growing automobile ownership came problems such as car accidents, congestion, constant need for fuel, and even air quality and noise problems. The picture below (Figure 2) of downtown Houston shows that even in the 1930’s cities suffered from traffic congestion.
[image: image2.wmf]
Figure 2. Downtown Houston - Main Street.
Over the next 50 years, automobiles powered by internal combustion engines were improved by making the engines more efficient and powerful. Technology for the automobile continued to advance and over the years the improvements include improved fuel consumption, reduced emissions, improved aerodynamics, and increased conveniences for the user. These included items such as air conditioning, car radios, power steering, electric windows, and central locking.
Where Are We Now?
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We all know the capabilities and comforts of the modern automobile so we are not going to spend too much time investigating the current situation. The average automobile is still mostly powered by an internal combustion engine using gasoline. The photo below (Figure 3) shows an example of modern luxury car.
Figure 3. Modern Luxury Automobile.
Currently there are approximately 70 million vehicles operating tin the U.S. traveling approximately 700 billion miles annually, using 70 billion gallons of fuel, and dumping more than 600,000 tons of dangerous oxides of nitrogen (NOx) into the atmosphere.
There have been some innovations with regard to cleaner burning fuels and engines but the traditional gasoline-powered internal combustion engine automobile is still by far the most dominant mode of travel. The following alternative fuel types and engine types are being used to a small extent to help conserve energy and reduce harmful emissions:
· liquefied and compressed natural gas;

· methanol;

· propane;
· ethanol and other biofuels;

· fuel cell vehicles;

· electric vehicles;

· hybrid electric vehicles; and
· catalytic converters.
Now let us move to the future and imagine what it could hold for us.

Where Are We Going?
As we said previously, we do not know what the future holds but nothing stops us from imagining what it could be like. To help us to figure out what the future might hold we can use a technique called trending or forecasting (base estimates of the future on what has happened in the past and what is currently happening). By using this technique, we can develop several scenarios of which the following is just a few (based on several sources including National Geographic for Kids).
Cocooning

Due to the extremely high levels of congestion people are refraining from traveling and spending more and more time at home. To compensate for the lack of interaction and ability to visit places of interest people will make their homes as comfortable as possible. Amex style movie rooms, indoor pools, video-based communication systems, mechanical exercise systems, ability to change the climate in rooms, etc., will be common in many homes.

Self-Driving Cars

This car will make smart and safe driving decisions while you take a nap or chat with your friends on your video phone. The car communicates with other vehicles, joins car caravans, and navigates along selected routes, and avoids all possible hazards. All you have to do is tell your smart car where you want to go. See the photo below (Figure 4) of the Hallucigenia Project that includes robotic technologies in the automobile.
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Figure 4. Possible Robot-Driven Automobile.
Wireless Technology

Everything seems to be wireless. People will rely on wireless technology for almost everything but will not even notice that it exists. Communication will be wireless and very easy. E-mail will be generated by voice recognition and will customize the messages according to your style.
Robots
Robots will make our lives easier, taking over boring and repetitive tasks such as mowing the lawn, washing the windows, vacuuming the carpets, and possibly helping students with their homework.
Responsive Home

Your home will respond to your needs by understanding your personality and habits. The house uses imbedded electronics that are activated when you walk in. It automatically turns on lights, tints windows, plays your favorite music, turns on the TV to your favorite channel, and change the color of the walls to match your mood.
Holographic Technology

You can have face to face discussions with a virtual Elvis Presley, swim with great white sharks without risking your life, go on an African safari, or whatever you feel like doing. You may have your own personal “Star Trek” holodeck in your home.
Rocket Plane

Imagine a plane that flies at 15,000 mph just beyond the earth’s atmosphere to avoid friction. You can live in New York and have a 60-minute commute to your office in Tokyo or take your wife on a shopping spree in London on a Saturday afternoon and be back in time to watch the 7 p.m. football game.
Floating City

As the world’s population continuous to grow and we run out of good space on land to build the modern cities, we move to the oceangoing metropolis. A major advantage of the floating city is that your environment changes regularly and it can avoid bad weather, such as approaching hurricanes.
Live Longer

It is easy and fairly painless to stay healthy and live much longer. The medical profession will have found so many new treatments to keep us comfortable and alive much longer. What is an appropriate birthday gift for somebody turning 150?
To summarize, we will probably see a large increase in the world’s population. Persisting congestion will force people to drive less and do more from home. Technology will be available to make our lives more comfortable but we will have to sift through an overload of information to ensure that we remain sane. Whether we will have enough resources left to fuel the transportation system and whether we will have cleaned up transportation vehicles sufficiently to avoid us from choking in its fumes is anybody’s guess.
Now that we have made the journey from the far past into the future we realize that the future might not be what we want and we might have to do something about it. The next section explains the concept of sustainable transportation, describes how it should be quantified, and how it should be applied to ensure that we have a more sustainable transportation system for current and future generations.
Sustainable Transportation
Negative Externalities

In planning and engineering we often talk about “externalities” related to the transportation system. Externalities are typically negative and are essentially an imbalance in how costs and benefits are allocated. For example, when a user drives a car, that user does not pay for the impact all of the pollutants that are emitted into the environment. People who do not drive must suffer the “cost” of having poor air quality.
As part of daily life, the economic system or market for products generates a demand to take renewable and non-renewable resources from the environment. These resources are then processed to derive some benefits and then what is left is discarded as different forms of waste into the environment. Many of our resources that are used have a finite supply or are non-renewable. The only continuous external input, or resource, into the global system is solar energy and with the only output leaving the system is low level heat. Despite how precious many of our resources are, we still have waste that has to be managed. The dumping of waste streams may lead to substantial and sometimes irreversible damage to the environment. The interests of future generations are also compromised if we are using non-renewable resources without enabling the production of complete substitutes, if we are using renewable resources faster than they can reproduce, or if we are dumping more waste into the environment than the ecological systems can safely absorb (3).

Figure 5 shows how the world economy interacts with the global ecological subsystem. In this figure, the economic subsystem is represented as the inner circle in the diagram and the global ecological system as the outer circle. In an unsustainable situation, the size of the economic subsystem continues to increase up to a point that the ecological system is not able to accommodate it anymore (3). Transportation plays a key role in the economic system and, therefore, has a major impact on the ecological system. It was, for example, found that transportation is responsible for 22 percent of the global energy consumption and 25 percent of fossil fuel burning across the world (4). Typical negative externalities associated with transportation are:
· air pollution;
· noise pollution;
· accidents;
· global climate change;
· energy use, congestion;
· social disruption;
· resource use;
· water pollution;
· consumption of land;
· urban sprawl;
· loss of habitat;
· hazardous materials;
· vibration;
· visual intrusion; and
· waste disposal problems.
If we allow the transportation system to consume resources that exceed the overall ecosystems ability to regenerate, there will be serious negative impacts on our lives.
Sustainable transportation has evolved as a strategy to address the compromise between the benefits associated with transportation and all its negative externalities over the short to long term (5). The goal is to balance what we use today and what we plan for the future. There are numerous ways we hope to be successful in creating a sustainable transportation system through technology advances, changes in behavior and the built environment, and planning for multiple ways of providing access to the daily needs of individuals.
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Figure 5. Interaction of the World Economy with the Global Ecological System.
Evolution of sustainable development
To obtain a thorough understanding of the concept of sustainable transportation it is instructive to explore its evolution. While the term sustainable development is fairly recent, some principles associated with it date back to the 18th century economist and philosopher Thomas Malthus. He theorized that temporary improvements in human living standards would trigger population surges, which would outpace technological growth and resource availability (6). These theories were rekindled during the early 1960’s when there was a growing concern over the human impact on the environment. In the 1970’s some specific concerns were identified such as global warming, acid rain, depletion of the ozone layer, excessive population growth, loss of tropical forests, and biological diversity. The term sustainable development was first used by the World Conservation Strategy (WCS) in 1980. They stressed the interdependence of conservation and development and emphasized that humanity is part of nature and has no future unless nature and natural resources are conserved (4).

In 1987, the report by the World Commission on Environment and Development (the so-called Brundtland Commission) re-emphasized the importance of sustainable development and provided a widely used definition, namely that “sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs” (7). The United Nations Conference on Environment and Development (UNCED) that was held in Rio de Janeiro in 1992 elevated the concept of sustainable development to the status of a global mission through the adoption of the so-called Agenda 21 (8).
The momentum for achieving sustainable development accelerated during the 1990’s and there are currently numerous initiatives of sustainable development across the world, particularly in Europe, Canada and the U.S. Important initiatives in the U.S. include the President’s Council on Sustainable Development, various smart growth initiatives and the so-called Livability Agenda (9).

Defining Sustainable Transportation
Numerous authors have provided definitions for sustainable development and sustainable transportation. These definitions are mainly based on the one mentioned above by the Brundlandt Commission - “Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs.” Sustainable transportation can be seen as an expression of sustainable development in the transportation sector. A more comprehensive definition for sustainable development is (10): It is development that ensures intergenerational equity by simultaneously addressing the multi-dimensional components of economic development, environmental stewardship, and social equity. It is a dynamic process, which considers the changing needs of society over space and time. Sustainable development can be viewed as a continuum, representing various degrees of sustainability. It must, however, be achieved within resource, environmental, and ecological constraints.”

The dimensions, principles, and constraints associated with sustainable transportation can be described as follows (10).
Dimensions

The key to these three dimensions of sustainable transportation is balance. All three components are equally necessary and important for a successful approach to a sustainable transportation system.

· Social equity: People must be able to interact with one another and with nature. A safe and secure environment must be provided. There must be a balance between providing resources to all sectors of society, groups, and generations. It includes issues such as equity, safety, security, human health, education, and quality of life for all people within the community. Social equity also includes not placing more burdens on one segment of the population, such as locating all of the pollution-producing industry in a low-income neighborhood.
· Economic development: Resources need to be adequately maintained. Financial and economic needs of current and future generations must be met. It includes issues such as business activity, employment, productivity, tax issues, and trade. A community should not “live beyond its means” and should work to make transportation solutions that improve economic activity in a region, rather than creating unreasonable debts.
· Environmental stewardship: Use renewable resources below their rates of regeneration and non-renewable resources at below the rates of development of renewable substitutes. Providing a clean environment for current and future generations is another critical piece for a balanced, sustainable transportation system.

Principles

Sustainability often addresses common sense issues of balancing our resources for the future. It becomes complex when we think about the layers of impacts sustainability addresses that include the following principles.
· Intergenerational equity: There should be an equitable distribution of resources between communities and generations. Both current and future generations should, therefore, be able to enjoy an acceptable quality of life.
· Multi-dimensional: The three dimensions of sustainable development are economic development, environmental stewardship, and social equity. These dimensions are interrelated and must be simultaneously addressed to meet the needs of current and future generations.

· Dynamic: In considering intergenerational equity, it is necessary to remember that the needs of societies change over space and time.

· Continuum: Sustainability is not represented by discrete indications of sustainability or un-sustainability, but rather as a continuum, which represents various degrees of sustainability.

Constraints

Managing our resources is not always easy. Balancing needs with what is available can include sacrifices and/or a need for bold changes in the way we live. The following are constraints that affect the decisions we make for a sustainable system.
· Resource: Non-renewable resources should not be used without enabling the production of substitutes, and renewable resources should not be used at a faster rate than they can be reproduced.

· Ecological: The ecological boundaries are exceeded if more waste is dumped into the ecological system than the system can safely absorb, or if the system is damaged by taking excessive amounts of good farmland to provide transportation infrastructure.

· Environmental: The environment is damaged by excessive pollution that can result in ill health for humans and animals and damage to plant species. Pollution can also result in climate changes, which can cause floods, droughts, and increased diseases.
· Technological: Technology can have a positive effect on sustainable development. With regard to transportation, for example, technology can change travel behavior, the efficiency of travel modes, and introduce more equitable systems that help pay for transportation.
The above-mentioned principles are illustrated in a conceptual way in Figure 6. In this figure the curves show how the needs of people tend to increase over time. The three constraints, namely the available resources, the environment, and the ecological system tend to decrease over time, whereas technology shows an increasing trend over time. The net effect of this is that sustainability will tend to decrease over time if no corrective measures are taken. The fact that sustainability is a continuum, representing various degrees of sustainability is also illustrated in this figure.
[image: image7.wmf]Figure 6. Illustration of the Definition of Sustainability.
Sustainable transportation can be viewed as an expression of sustainable development in the transportation sector. The fact that each community is unique with its own set of needs and values must be considered when planning and implementing aspects related to sustainable transportation. The elements of sustainable transportation, therefore, are not isolated, but form part of a system and are interconnected to ensure that true sustainability is achieved. Transportation is the central component of this interconnectedness. Figure 7 shows how transportation is linked to the dimensions of sustainable development to achieve the goals of sustainable transportation.

Figure 7. The Dimensions of Sustainable Transportation.
Applying Sustainable Transportation
As we mentioned earlier, to ensure that we can implement sustainable transportation we first need to quantify the performance measures of sustainable transportation and then base our decisions on the quantified measures.
Performance Measures for Sustainable Transportation

The first challenge, therefore, is to identify appropriate performance measures for sustainable transportation. Broadly speaking, performance measures are used to simplify, quantify, and communicate. They help to explain how things are changing over time.
Decision-Making for Sustainable Transportation

The quantified performance measures should then be used to make decisions in the context of sustainable transportation. Because the transportation system is comprised of a complex system with conflicting economic and environmental objectives, it is necessary to use a decision-making technique that can consider the multiple and conflicting objectives. Various multi-criteria, decision-making techniques have been developed to deal with this complex problem.

Concluding Remarks
We have taken a long journey from the time of the invention of the wheel into the future to cars that are driven by themselves. We saw that how we live and travel impacts the environment, the economy, and our social interactions. It is our responsibility to take action by not only considering current generations but also future generations. How can we take action? By applying the concept of sustainable transportation – understand sustainable transportation, quantify sustainable transportation, and apply sustainable transportation in the decision-making process. As future engineers and leaders, always be aware how your actions can influence others now and in the future. You can make the difference by applying the concept of sustainable transportation - the future is bright!
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