Chapter 2.  SUSTAINABILITY

We do not inherit the earth from our ancestors, we borrow it from our children.
                                                                                         Native American proverb 

That’s a fascinating thought, that we have borrowed the earth from our children, and of course we must return it to them in twenty or so years.  Implied is the idea that when we return the earth to our children it will be in as good shape as when we borrowed it.  This is the thought behind the term “sustainable”.  Here is a definition developed by the United Nations.

        Sustainable development is that which meets all the needs of the present

        without compromising the ability of future generations to meet their own needs.

We use the word “sustainable” in two senses in this chapter.  The first is in reference to “sustainable communities”, which might be anything from a tiny village to the whole world.  A sustainable community is then one that uses the resources available to it to meet the needs of the members of the community in such a way that future generations will be able to meet their needs as well.

Second, we will be discussing “sustainable engineering”, which refers to the process of developing engineering devices, products, systems that will be used in sustainable communities.  And that is where you come in.  You will be using the resources of the world to develop products to meet the needs of your generation.  The purpose of this chapter is to try to convince you not to forget your children when you do this.

2.1  Why Sustainability?

We live in a world of finite resources.  Some are renewable (sunshine, wind, wood, corn, chickens).  Some ore nonrenewable (oil, coal, natural gas, metals, industrial minerals).  We will eventually exhaust our reserves of nonrenewables, or they will become so expensive to extract that it will no longer be feasible to do so.  We don’t know how long it will take to do this, but it will happen eventually.  People have two different responses to this fact.  The first is to ignore the problem or to assume that if we muddle along something will work out to save us.  The second is to accept the obligation of stewardship that we bear, and use our resources in a responsible and sustainable way, if not for the sake of our conscience then for the sake of our children.

The underlying problem is that of growth.  The number of users in a community and the amount of resources they use tend to grow according to a rule called an “exponential growth” model.  A “model” is a way of describing how life tends to act.  Models are almost never perfect pictures of what happens, but if they are close enough they are of immense value to engineers.  To get a numerical idea of the nature of the exponential model let’s look at what it means, and how it acts.  Exponential models describe populations or quantities that grow such that the amount of growth is directly proportional to the size of the quantity.  For example, suppose that you put $100 in the bank and it grows at the rate of 5% per year, then in one year it will grow by $5.  But if you have $1000 it will grow by $50.   Many things tend to follow this rule, such as bank accounts, human populations, rabbits, and lots of things that you will see in engineering.  Over time such quantities tend to follow the exponential model, which can be expressed as:

                  Q = Qoert
where Q is the quantity at any time t, Qo is the value of the quantity at time t = 0, and r is the rate of growth, expressed as a fraction.  Hence a growth rate of 10% corresponds to an r of 0.1.  Below is an example of an exponential model that has an initial (t = 0) value of Qo = 1, and a growth rate r of 0.35 (or 35%) per year, and t is in years.
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    Figure 2.1  Exponential Growth

Note that the quantity grows very slowly at first, but then begins to grow very rapidly as time goes on.  Exponentially growing quantities have a very interesting property.  If the quantity increases by a factor K over any given time interval at one part of the curve, then it will increase by the same factor K over the same interval, at any other part of the curve.  For example, this curve has the property that it doubles (K = 2) every 2 years.  Thus in going from t = 0 to t = 2 the quantity goes from 1 to 2.  In going from say t = 10 to t = 12, the quantity goes from approximately 33 to about 66 (this is not exact, but it is very close.)  It turns out that it is very easy to find out how long it takes for a quantity to double.  It is easy to show that the time for a quantity to double, call it td, is approximately equal to:

            td = 70/r

Let’s do an example.  Suppose that the world use of oil grows at a rate of 2% per year.  Then the doubling time is td = 70/2 = 35 years.  Then every 35 years the use of oil would double.  In 35 years it doubles.  In 70 years it is up by 2x2 or 4.  In 105 years it is 2x2x2 or 23.  In 350 years the world would be using 210 or about 1000 times as much as today.  It is inconceivable that the world would have the resources to sustain such a level of usage.  Something will have to change.

Suppose that there are 100 rabbits on a small island with limited vegetation.  Let the growth rate be 10% per month.  That gives us a doubling rate of 7 months.  In 10 years the model predicts that the population will be about 14.5 million rabbits.  Well, this little island cannot sustain such growth.  Long before we get near such a number the vegetation will have run out, perhaps disease will have become rampant, and we will no doubt have a passel of neurotic rabbits from the crowding.  The goal of sustainability is to avoid such a scenario for human beings.

We have three fundamental approaches to avoiding the problems associated with growth.

· Limit growth

· Use nonrenewable resources more carefully

· Develop the use of renewable resources

Let’s consider material and energy resources in more detail.

2.2 Material Resources

Materials extracted from the earth are needed to produce our most fundamental needs, food, clothing and shelter, as well as our higher level needs or desires, transportation, communication, entertainment, education, etc.  Figure 2.1 describes a material flow cycle that traces materials from original extraction from the earth to use by the consumer to final disposal back to the earth.

Materials are extracted from the earth to become a supply of resources, which are used to produce and manufacture commodities for human consumption.  Both production and consumption lead to waste products such as smoke, smog, material deposits on roadways or in the water, material delivered to landfills, wells, etc.   Some of the products that we consume can be recycled.  The output of this process is returned to the cycle as a supply of resources.

As resources become more limited and expensive incentives to reduce waste and recycle increase.  Today’s responsible engineer needs to be aware of resource limitations and design products that reflect this problem.

2.3  Energy Resources

Our products and systems require energy for manufacture.  Sometimes they also require energy for operation (automobiles, toasters, television, housing, but not food, clothing, books, furniture, for example).  Table 2.1 shows how much energy was used in 2000 by sector.

                   Energy Sector                                             Percentage Use                        

                     Nonrenewable Resources

                         Petroleum                                                       38.9 %

                         Natural Gas                                                    23.4

                         Coal                                                                22.7  

                         Nuclear                                                             8.1  

                     Renewable Resources

                         Wood, Waste, Alcohol                                     2.9                          

                         Hydroelectric                                                    2.8               

                         Geothermal                                                       0.3

                         Solar and Wind                                                 0.1

Table 2.1  U.S. Energy Use in 2000

Clearly, nonrenewable resources, which much eventually be used up, account for most of our energy use today.  Only 6.1% comes from the renewable sector.  Let’s consider the prospects for development of the various renewable sectors.  Wood, waste, and alcohol could contribute a bit more, particularly if large amounts of fuel in the form of trees or corn or some other agricultural products were grown.  Hydroelectric probably cannot grow by very much.  This form of power requires large amounts of water that falls a significant amount.  There simply aren’t very many untapped rivers left that have these characteristics.   Geothermal power requires lots of hot clean steam to work effectively.  There are not very many reserves of such material.  Also, it is also not clear to what extent sources of steam are replaced over time by nature.  There are tremendous sources of solar and wind energy.  Today it is expensive to develop these resources, although prices are going down relative to the cost of competing fossil fuel systems.   Solar and wind require land and sky space, which some find objectionable, but nonetheless this is seen as an outstanding prospect for renewable energy development as time goes on.

How significant is energy from the sun?  The peak power incident on the upper atmosphere of the earth is about 1,350 watts per square meter.  The atmosphere reduces that to about 1,000 watts per square meter on the surface of the earth on a sunny day.  If we were able to convert all of that solar energy into electric power we would have enough to make a piece of toast, or run two or three computers, or a couple of televisions with a stereo thrown in, or do any of a number of other jobs around the house.  Unfortunately the conversion efficiency of solar cells today is only about 10% so that we would really need about 10 square meters of solar panels to do those jobs.  The average house probably requires around 6,000 watts peak, which means around 60 square meters of solar panels.  Many houses have enough roof space to accommodate this.  And in fact many houses have such systems.  They are expensive, but the price is going down relative to other competing energy sources.  

There is, of course, a major problem.  The numbers above refer to peak power from the sun.  But our use of electric power is not constant, varying throughout the day.  At night or on cloudy days there is no available solar power.  What do we do about this problem?  One approach is to develop some form of energy storage system.  Another is to sell the peak power back to the utility, which can then cut or eliminate its use of fossil fuels during sunny periods, saving these resources for a rainy day.

So, here are some wonderful challenges in this sector for the young engineer.

· Develop more efficient and less expensive solar power panels.

· Develop new energy storage systems.

· Develop new strategies for sharing power with others, such as a local utility.

· Develop solar tracking systems that increase the solar energy over the day.

Significant development of solar power in the years ahead will require many bright and imaginative civil, mechanical, electrical and computer engineers.

Let’s end this discussion of solar power with one interesting statistic.  The peak solar power incident on the State of California exceeds the peak electric power demand in the state by a factor of 10,000 times.

2.4  Energy Utilization

Table 2.2 shows where we used energy in the year 2000.

                            Use Sector                                              Percentage Use
                            Residential                                                      20.0 %

                            Commercial                                                    16.5

                            Industrial                                                         36.1

                            Transportation                                                 27.3

Table 2.1  U.S. Energy Utilization in 2000

Interestingly, we use energy quite uniformly across the sectors of our lives.  One message we get from this fact is that energy conservation in any of the sectors has the potential to save a lot of energy.

2.5  Sustainable Engineering

The goal of developing sustainable communities will offer the engineer extraordinary opportunities and challenges for the indefinite future.  Here are just a few of these challenges.

· Ensure that basic human needs are met for all people.  It remains the primary task of the engineer to help develop products and systems for the betterment of the human condition.

· Work toward the development of sustainable communities.

· Establish metrics or measures of the state of our world and our activities that will allow us to determine how effective we are in our sustainability efforts.

· Develop renewable energy sources.

· Design systems and products that have less impact on the environment because they:

· use less energy

· use less material

· fail less often

· pollute less

· can be reused

· can be recycled

· Help educate the public about the need for, the measures of, and the progress toward sustainability.

Cases

Case 2.1:  You are responsible for initiating the design of a new car that will support the sustainability goals of your community in a significant way.  What general steps design approach might you propose to work toward the goal of sustainability?

Case 2.2:  You are in the Jesuit Volunteers, working in a remote village that has an ethos very consistent with the principles of sustainability.  They do not have electricity because they are far from the country’s power grid, and the cost of developing power lines would be prohibitive.  You recognize that life could be easier in many ways for the 150 villagers if they had electric power.  Your mind keeps coming back to the idea of a solar power system.  Many, many questions go through your mind as you think about the idea of working toward the “betterment of the human condition” that they talked about back at Santa Clara.  Just what are those questions going through your mind, and what answers are you getting?

Case 2.3:  At the time of the writing of this case the State of California had a program to support the development of electric power by giving a rebate on the cost of solar panels to homeowners who wished to install solar systems.  This of course made the systems more affordable, and more competitive with the power available from local utilities.  Why do you suppose the State did this, and do you think it is an appropriate use of taxpayer funds? 

Case 2.4:  Metrics or measures are an important part of sustainable engineering.  Consider a materials cycle for steel used in the building of a car.  The cycle begins with the extraction of iron ore from the earth, the transportation of the ore to a steel mill, the shipping of the steel to the car factory, the forming of the raw steel into automobile parts, the building of the automobile, the use of the automobile over its lifetime, and its eventual disposal.  What should we measure in this process?  What data should we gather to help us understand the questions of sustainability related to this cycle?
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