CHAPTER 5.  ENVIRONMENTAL IMPACT

One of the unintended consequences of much of what we do in engineering is a negative impact on the environment.  Our intention is to generate electric power.  But in the process we pollute the air, and warm our rivers or oceans.   Our goal is to extract oil from the ground.  But in doing so we spill some of it, polluting a fragile landscape or seashore.  Our plan is to build a highway to allow people to move easily from one place to another.  But the highway leads to traffic noise that makes living near the freeway less pleasant.  In these and many other ways our work, and sometimes the work of nature, serves to degrade our environment.  (For a paper on unintended consequences see: http://www.scu.edu/ethics/publications/submitted/healy/consequences.html)

Engineers have two ways to affect this situation.  The first is to clean up existing environmental degradation.  People who do this are commonly called “environmental engineers”.  The second approach is for all of us to do all of our engineering work is such a way as to minimize the amount of environmental degradation that we cause.  Since virtually all of what we do can have some negative effects, in a larger sense we are all environmental engineers.  All of us can do our engineering work in ways that recognize environmental impact, and minimize environmental degradation.  In this Chapter we look at some ways that engineers can reduce the effects of existing problems and mitigate future environmental problems.

5.1  Environmental Engineering

The goal of the environmental engineer is to reduce or eliminate existing pollution. Environmental Engineering is often seen as a subset of, or linked with, Civil Engineering.  This is a historical result of the fact that much early pollution involved contaminated water and earth, two natural venues of the civil engineer.  Today, however, the field is broadening significantly with important contributions from other sectors, including mechanical, electrical and computer engineering.

The past 100 or so years have been a time of tremendous industrial growth.  Sometimes over these years we recognized environmental degradation and did something about it at the time.  But often the material wastes of our engineering projects were swept under the rug, or into the river, or down a convenient mine shaft.  The result was contaminated sites where people could not live, or new industry could not develop. In recent years we have begun to recognize the necessity of cleaning up the garbage left behind by our forbears.  In 1980 Congress established the Superfund Program under the Environmental Protection Agency (EPA) to identify the worst of our contaminated sites, and to proceed to clean them up.

Over 1000 sites throughout the United States are on the EPA’s superfund list, and are undergoing cleanup.  (http://www.epa.gov/superfund/sites/npl/npl.htm)   Here is a small sample that will give you an idea of the nature of the problem.

1. At an Applied Materials site in Santa Clara, California, monitoring wells indicate the presence of volatile organic compounds, which are a threat to health if they reach ground water.  So far this has not happened.  The site is being cleaned up through the use of wells that extract contaminated materials from the ground.  This work is in progress.

2. The Dover Airforce Base in Delaware was contaminated by the dumping of various waste between 1951 and 1970.  The result is a number of chemicals in the ground that are potentially harmful to human health.  Cleanup of the dump sites is in progress, and the Airforce has provided alternate sources of potable water to the inhabitants.

3. In Davie, Florida a landfill was found to be contaminated with cyanide and sulfide.  Nearby groundwater was found to contain vinyl chloride and antimony.  The landfill was closed and cleanup is in progress.

4. Hanford, Washington was one of the first sites that produced plutonium, beginning in the 1940’s.  Cleanup efforts today are a result of contamination from nine nuclear reactors, the last of which was closed down in 1988.  Cooling water used in the reactor containing radioactive and chemical contamination was discharged into the adjacent Columbia River and to other bodies of water.

And the list goes on into the thousands.  During most of the Twentieth Century we dumped our military and industrial wastes with little thought to the future.  Today our generation is paying the price for an earlier generation’s carelessness.  If we truly believe that we have borrowed the world from our children then we must vow to do better.  We must all become environmental engineers as we create new products and systems for the decades ahead.

5.2  Engineering for a Better Environment

All engineers have the ability to help shape our children’s environment for the better, and the obligation to do so.  In this section we consider ways in which each of our engineering sectors can help the environment.  But keep in mind that many of our systems are far too complex to involve only one discipline.  It is increasingly important that we work in teams that represent many of our disciplines.  Let’s look at some examples from each area.

Civil Engineering

Civil engineers are the primary developers of the environment in which we live, providing us with shelter, transportation, fresh water and waste water facilities, fuel handling, power generation, and much more.  They have opportunities to protect our environment in all of these functions.

Housing, schools, office buildings and other shelters can be constructed to minimize material use, and energy use over the life of the facility.  Structures can take advantage of renewable energy resources such as direct solar radiation, and solar power panels to provide electric energy.  A major challenge is to develop structures that are as immune as possible to damage or destruction by natural causes, such as earthquakes, floods, tornadoes, and the like.

Transportation engineers can design systems that accommodate a number of forms of transportation, including automobiles, mass transit, bicycles, and foot traffic.  They can work with planners to develop communities that minimize the need for transportation

Civil engineers must develop water resources that are sustainable.  Growing populations will require more and more water, and ways must be found to provide this critical resource efficiently.  A part of this plan must no doubt be the effective handling and reuse where appropriate of waste water.
 

Computer Engineering

One of the most important elements of environmental protection today is information.  This is sometimes referred to as the field of enviroinformatics or environmental information systems (EIS).  Engineers in this field collect and organize data, in areas such as water, air and soil quality.  New ways must be found to collect such data in real-time, and present such it perhaps in graphical modes that facilitate understanding and reaction.

Improved analysis of weather data, and its relation to pollution-generating sources is a major concern.  

Development of highly sophisticated models of the environment, and the effect on the environment or various options that we might take in a given situation, will give us a powerful new planning tool.

Electrical Engineering

Many of the electronic products of the day provide us with major recycling problems.  Millions of obsolete computers and computer peripherals have the potential to contribute large amounts of contaminants to the environment.  Electrical engineers are challenged to develop electronic systems that make less use of materials that are difficult to recycle, or materials that are not renewable.

One of the most important challenges facing electrical engineers, and their colleagues in physics, is the development of more efficient solar panels that are crucial to the migration to renewable energy resources.

The environmental data that is essential to the work of the computer engineer comes largely from sensors that are developed by electrical and mechanical engineers.

Mechanical Engineering 

Mechanical engineers have close or necessary relationships with most of the examples cited above.  And in fact almost none of these problems can be dealt with by a single discipline.  Nonetheless, there are areas where mechanical engineers make major contributions.

Combustion engines contribute enormous pollution to the air.  Mechanical engineers are challenged to find ways to burn fuels with cleaner emissions, and at the same time to reduce the amount of nonrenewable resources burned to accomplish a given task.

Today’s new hybrid vehicles are providing major increases in automobile gas mileage.  Engineers can continue and expand this trend.

Noise reduction is an important goal for the mechanical engineer.  Engines need to be designed to reduce noise through the original design, or through noise cancellation techniques.

Cases

Case 5.1:  Electric cars are often said to be pollution free.  But are they really?  The electric energy required to charge the batteries must be generated somewhere.  Where?  And if there is pollution at the power plant, then is it fair to say that the car is pollution- free?  Is pollution in one location more acceptable than pollution somewhere else?  From an environmental standpoint are we better off with or without electric cars?  These may seem like simple questions, requiring a simple yes or no answer.  But in fact they are highly complex.  Your discussion should reflect that fact.

Case 5.2:  Not too long after you graduate you run for and are elected to the planning commission in your community.  One of the great eyesores in your village has been the property along Johnson Creek, which has been used for decades for an informal dumping ground.  There is garbage, chemicals, paint, old tires, all the usual products of civilization.  There has been a move on for years to clean up the property and develop a major village park in that area, but it always is found to be just too expensive for the village budget.  Recently, Henderson Development has proposed to build a strip mall where the park was to be.  To sweeten the deal they agree to clean up the creek bed, and build a small park with a pathway to connect up to the village trail system.  People are not too enthused about the strip mall, but the cleanup sounds great.  You have to vote on this one.  You ask yourself whether the environment will be better with or without this deal.  What are the considerations?  What do you decide?

Case 5.3:  The neighbors around the airport are willing to live with the noise from planes taking off and landing during the day.  But they insist that all flights end at 8 pm.  The Parts Distribution Corporation insists that it cannot survive unless planes can land and take off until midnight.  They have threatened to pull out of town, closing the business and laying off their 1000 employees.  Are 1000 jobs in your community worth an added four hours of airport noise?  What are the considerations?  How do you decide such a complex question?   Who decides it?  On what grounds?

Case 5.4:  Who pays for clean air?  Here’s the situation.  Mega Power is proposing to build a new electric power plant out near the old quarry.  Unfortunately, your town is downwind, and you have been successful in helping to force them to add more air-cleaning equipment to their plant than is required by the state.  That will help keep the air clean.  Now the question has come up of who should pay for this equipment.  Mega Power says that it must pass the costs on to its customers.  But in public hearings a number of citizens have argued that Mega Power should pay for it since they are the polluter, and they are a wealthy company.  

