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The Ethic
In most nations of the world, engineers are required by law to demonstrate their proficiency in their specialty field of engineering through a proof of education and experience and passing a test.  When this has been done in an acceptable manner then they become licensed to practice engineering.  In the United States, a person licensed to practice engineering is called a Professional Engineer or P.E.  The enabling legislation for this registration justifies this legal requirement with phrases such as "…for the protection of the safety, health and welfare of the public."

If one takes the definition of the word "Professional" from an American/English dictionary and simply paraphrases it for a "Professional Engineer" the definition would be:

"Engineering Professionalism is characterized by conformance to the technical and ethnical standards related to the practice of engineering."

What is meant by the "technical standards" is evident to most engineers.  But let's dwell for a moment on what is meant by the "ethical standards".  Again, turning to the dictionary we find that ethics is:


"A set of moral principles or values".

"Moral", on the other hand is rather illusive in its definition mostly relating to "right vs. wrong" and "right behavior".  For the purpose of this talk, I would like to propose a concept of both moral and ethics.

Moral principles are those guiding principles that are necessary for mankind to exist in a harmonious society.

So we can conclude from this that it is the ethical responsibility of engineering professionals to practice their profession in a manner so as to protect the safety, health and welfare of the public.

Now let's hold that thought (to re-visit later) and change the subject.

Let’s now take two snapshots from relatively recent history.  The first, two hundred years ago, in March of 1801 – when Thomas Jefferson was sworn in as the third president of the United States. Historian Stephen Ambrose, in writing of that event stated the following:  

“A critical fact in the world of 1801 was that nothing moved faster than the speed of a horse.  No human being, no manufactured item, no bushel of wheat, no side of beef, no letter, no information, no idea, order or instruction of any kind moved faster.  Nothing ever had moved any faster, and, as far as Jefferson’s contemporaries were able to tell nothing ever would.”

Then the engineers and scientists got busy in the nineteenth century unlocking the secrets of matter, heat and work.  And in the relatively short time span of that century – through scientific observation and engineering curiosity facilitated by a political climate of relative freedom, they developed the laws of forces, motion, thermodynamics, electricity and magnetism and gave birth to the industrial revolution.

The second snapshot is taken about a hundred years later near the end of the nineteenth century in the year 1894 – the same year in which 16 engineers gathered in Lower Manhattan and founded the American Society of Heating and Ventilating Engineers (ASHVE) one of our predecessor societies.  In that year, an author and playwright in London named Oscar Wilde, writing on an entirely different subject made the statement: 

"The fact is that civilization requires slaves.  The Greeks were quite right there.  Unless there are slaves to do the ugly horrible uninteresting work, culture and contemplation become almost impossible.  Human slavery is wrong, insecure and demoralizing.  On mechanical slavery, on the slavery of the machine, the future of the world depends."

And about that time the engineers were shifting into high gear.  During the twentieth century the engineering community created the mechanical slave indeed.  The mechanical slave or robot has served up our quality of life.  The robot washes our clothes; cooks our food; cleans our dishes; moves us about over short distances or long at varying speeds, exceeding the speed of sound; provides us with untold entertainment and pleasure; stokes our fire; provides us a healthy and comfortable environment; preserves our food; performs our calculations; re-enforces our knowledge; keeps our records; delivers our messages anywhere in the universe at the speed of light; and provides our recreation.

That’s the time we lived in as we finished the twentieth century – all made possible by the engineering community.

But wait – the robot must be fed, and its food is the nonreplenishable energy resources of planet earth which are rapidly depleting; and its effluents are contaminating the fragile environment on which our very lives depend.  And therein lies the challenge.

Now, consider the situation of mankind as we stand on the launching pad of the 21st century. The engineers, urged on by a societal desire for a better life, have moved mankind from the cave to a world in which "culture and contemplation" abound.  But they have done so at a very high cost.  They have put mankind on a course of depleting the resources that feed our slave and of simultaneously destroying the fragile environment in which we exist.

Make no mistake about it.  It is the engineers who have achieved this!  And, as professionals, they have a moral obligation to address this problem.  There is no one else who has the skills or the ability.  And, if the problem goes unaddressed or unsolved, it will mean the end of civilization as we know it or as we would like to envision it.

Energy and the environment, however, have not heretofore been considered any more than a design parameter.  The thesis of this talk is that these two issues must be elevated from "design parameters" to "moral standards."  (As a matter of fact, in most cases energy has not even been considered a design parameter - only the cost of the energy has been considered a design parameter.)

Very little consideration was given to energy in the United States in the 1950s and 1960s.  Then, as our oil production peaked in the early 1970s there was an enormous amount of attention given to the energy consumption of engineered systems in ASHRAE and in the engineering community as a whole for a few years. Then, as prices stabilized again, and the energy producers miraculously found reserves and told the world there was no problem, "energy" was returned to the back burner.

Many knowledgeable people have expressed the position that energy conservation is simply an economic issue, by which they mean one to be considered as any and all other economic commodity issues.  When considering the alternatives on a given building project, they would say, the value of energy should be considered in terms of the present cost, and energy-saving concepts should be considered in terms of the economic return on investment (ROI) as they relate to the energy costs.  The basic thesis of this presentation is that that concept is invalid.  It is that energy conservation is an ethic.  What could be more important to the "welfare of the public" than the very preservation of our way of life?

The Energy Situation

Most people have heard the arguments ad infinitum about the energy situation, but a brief summary of the situation is as follows: 

· The energy reserves of the earth are being depleted at an exponentially increasing rate.


· There will be a serious shortage of readily available reserves in the not too distant future.

· Many of these reserves are well beyond the control of the countries that represent the largest consumers.

· Loss of the energy needed to power the economy and lifestyles of mankind would be an economic and social disaster of unmeasurable proportions.

· The engineering community has the ability to design machinery to utilize differing amounts of energy to accomplish the same purpose; compared to most current practices, significantly less energy could be used to accomplish the same results.

· Properly applied design philosophy will result in lower investment costs for systems that use less energy.

· The only long term or permanent solution is to achieve a world society based upon sustainable technology.

The fifth and sixth demonstrate the total control that engineers have in the matter, and these are issues that are not well understood and accepted.  Perhaps the best way to demonstrate the issues stated in those two points is a case history example.

At a Midwest university in the mid-1990’s a new research building was planned. The building was to contain some laboratory facilities, and much of it was to house research animals.  The requirements for the environment for research animal housing are controlled rigorously by federal guidelines and regulations - not the least significant of which is that large quantities of ventilation air are required and the temperature/humidity control range is quite stringent.

There was a central steam plant on the campus, and early in the design process, the administration of the university asked the design engineers what the requirements for steam demand (power) for this building would be - to which the designers responded "110,000 pounds per hour."  The owner countered that that quantity of steam power would not be available and challenged the designers to figure out how to accomplish the same end result with only 40,000 pounds per hour.  (The administration people themselves were engineers who understood the energy ethic.)  Following some effort, they did it - from 110,000 pounds per hour to 40,000 pounds per hour by simply thinking it was important. In addition to that, the overall investment cost following the exercise was significantly reduced.  These startling results were achieved, not by the application of new high-technology breakthroughs, but by simple well-placed logic in design decisions, including:

· storage system for domestic hot water,


· minor changes in tolerable temperature and humidity,

· lowered room ceiling heights,


· refine accuracy of calculations and removal of excessive safety factors,

· rearranging the air handling systems to reduce fan pressure,

· adding return air systems where permissible, and incorporating occupied/unoccupied control cycles for all non animal-housing spaces, 

· matching air handling systems to spaces of similar usage,


· utilizing air-to-air heat recovery for all ventilation air,

The end result was that the steam load was reduced from 110,000 pounds per hour to 38,340 pounds per hour, and the chilled-water load was reduced from 3,600 tons to 2,975 tons.  Other benefits for the owner, of course, were that the construction cost was reduced, and the operating/owning cost was reduced!  (It might be added that the same design approach was taken for all of the other building energy systems with similar success.)

In summarizing the energy situation, engineers spent the 19th century exploring and developing technological concepts and principles and the 20th century changing the course of the human race through the development of a world society and economy that is totally dependent upon that technology and is becoming more so every day.  The problem is that technology, in turn, is dependent upon a continued source of energy and a delicate environmental sink, both of which are depleting rapidly.

The Alternatives

Looking at the alternatives, if the engineering community does not take the lead in the conservation of energy resources and the protection of the environment, who will?  All of the economic forces of our society are directed at using energy, not conserving it.  Thus business and government leaders will always encourage the continuing consumption of energy (although this encouragement is usually well concealed) because they see it as good for business.  But remember, the continuance of our quality of life and a healthy economy is the primary long-range objective, and an economy only grows on productivity.  There are a lot of people getting rich practicing business techniques that are detrimental to the economy.  Remember this - what is good for business is not necessarily good for the economy, but what is good for the economy is always good for business. 

If mankind is to head off an economic and societal collapse of unbelievable proportions, we must move into the 21st century committed to the ethic of maintaining our socio-economic systems while reducing the rate of depletion of the world's energy reserves and preserving the environment so necessary for survival.

With this background, then, it is proposed that there is a new standard of professionalism in engineering, and that is to practice our profession with an emphasis upon our responsibility to protect the long-range interests of the society we serve and, specifically, to incorporate the ethics of energy conservation and environmental preservation in everything we do.  There is no infinite source or infinite sink.  
Albert Einstein said it beautifully when addressing an assembly of engineers and scientists some 73 years ago (in 1931):

“Concern for man himself and his fate must always form the chief interest of all technical endeavors,… in order that the creations of our mind shall be a blessing and not a curse to mankind.  Never forget this in the midst of your diagrams and equations."

The naysayers in the profession may counter that the engineers are to serve the dictates of those by whom they are "employed," the business managers, the politicians, the administrators, the developers, or, ultimately, the consumers.  But the engineers cannot use this haven of comfort or justification any more justifiably than the defendants at Nuremberg in 1945, whose defense was simply that they were just following orders.

Ralph Waldo Emerson entered into his journal in 1850, "Blessed are those who have  no talent." The engineers are not so blessed.  The engineers, and only the engineers, are skilled in the art of applied physics necessary to truly understand how to design the machinery and systems that can preserve the way of life and make it available to all of mankind, while making the most judicious use of the world's energy resources and creating no adverse impact upon the environment.  It can be done, but only the engineers understand that it can and how to do it.

Another key issue regarding new energy source and conversion technologies is that before these technologies can replace the current ones, the systems which consume the energy must do so much more effectively!

Putting the Ethic into Practice

Because the engineers were self-directed for the past century and a half in furthering the ability of mankind to enjoy "culture and contemplation," and because the energy ethic has not heretofore been embraced, with few exceptions engineers and scientists have not been historically considered the societal leaders who shaped the direction of mankind.  The dichotomy of this statement is that the engineers did more to shape the course of history in a positive vein than any other group, sometimes in spite of the so-called "leaders" - they just didn't have good press.

There are any number of ways in which this proposed ethic can be put into practice (some are more aggressive than others; some, unfortunately, will be too little too late.  One set of guidelines for engineers as they assume this new role follows.

1.
Engineers must make every reasonable effort to self-educate, to revisit earlier habits and experiences, to develop a true and thorough appreciation for and understanding of the energy/environmental ethic.

2.
Following self-education is the education of others.  The educators of engineers must teach the newcomers to the profession in such a way as to instill the ethic as a fundamental part of the science.  As stated earlier, the concepts of infinite source and infinite sink must be used with great reservation.  Such terms as thermal efficiency, Carnot efficiency, Carnot coefficient of performance, and the like should be framed in terms of their relevance to the energy/environmental ethic rather than simply as esoteric terms in thermodynamics.  The students of tomorrow must enter the business or scientific world with the full understanding that as engineers they have a responsibility to society.

Practicing engineers must, themselves, assume the role of educators.  First, those with the knowledge and skills must educate their peers.  Then, as an ongoing obligation, engineers must assume the role of educating their clients, employers, employees, legislators, and the public at large (this is a role unfamiliar to most engineering practitioners).

3.
Engineers must assume the leadership role in business and interprofessional relations to ensure that the energy ethic is inherent in all aspects of the business community.

4.
Engineers must become involved in governmental activities such as legislation, rulemaking, etc., to ensure that federal, state and local laws adhere to the energy/environmental ethic.

5.
ASHRAE and other engineering and related societies must become activists in the dissemination of the energy/environmental ethic.  The ethic should permeate all publications, papers, seminars, research projects and guidelines.

6.
Commercial interests must be restrained in their efforts to abort strict adherence to the ethic to gain competitive advantage.  At the same time, care must be taken to bring about any change in such a way as to not create undue burden or hardship on any cooperative sector of business, society, or agency.

7.
Probably more than anyone else, the economists must be educated in the unique value of energy.  Energy cannot continue to be treated as any other commodity that follows the short-sighted laws of supply and demand (this matter in and of itself is the most dangerous misunderstanding the modern world has experienced).

8. Above all, the members of the engineering community must stand vigilant to ensure that they are not misled, duped, or misused by other groups or interests as pawns to support proprietary interests under the guise of misdirected or unsupported claims of energy conservation or environmental improvement.  The engineering profession must hold such interests to acceptable standards of scientific integrity and must assist in influencing legislators to do likewise.

The Reality

In engineering philosophy, there are a few very basic concepts that can be embraced to assist the engineer in the successful application of the energy ethic.

The First is the economic relationship between energy and power.  Consider the T Chart of Figure 1.  On the left side of the chart is listed various forms in which we express, use, or purchase energy.  Then, on the right side are the analogous terms for power.  And remember, that power is defined as the time rate of energy (consumption, conversion, etc.) and energy, in turn, is ADVANCE \l3pdt or, in simple terms, power multiplied by time.

Energy = (P x t)                     
Power  = (E/t)              
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Figure 1

Notice that all of the terms on the right side of the chart express the capacity or the size of something.  For example:  "Horsepower" is the size of a motor; kilowatt is the size of a generating station or transformer; Btu/hour is the size of a boiler; Ton is the size of chiller; and so on.  It also follows that the smaller something is, the less it costs and visa-versa.  Thus, when an engineer designs any engineered systems, subsystem or component, the less power one can use to do the task, the less it will cost.  Then, the left column, the energy, is seen to represent the operating cost, the kilowatt hours of electric consumption, the gallons of oil, and so on.  So the first and most fundamental observation in energy economic design is to minimize the power to the lowest practical value, and the result will be the lowest cost system which in turn will use the least energy.

Admittedly, there are considerations of diminishing returns in this practice (such as thickness of thermal insulation) which must be recognized and given proper consideration.

The Second concept is that of parasitic energy burdens.  All engineers will recognize readily that in the real world of friction and second law (or Carnot) limitations one never gets as much out of an energy machine as one puts into it.  Unfortunately, as one moves from a simple machine to a system of many interrelated and integrated machines these losses compound, and often as one tries to improve the "efficiency" of a particular machine or subsystem, the losses of the system as a whole may increase.

As an example, Figure 2 is an energy block diagram for a typical building system. This is not a physical representation, but rather an analog of the energy flows.
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Figure 2

The diagram contains seven subsystems and eight points of input energy.  The thermal load energy is indicated by the arrow, (ql)  Then each of the systems requires an external energy input identified by an E; all of which, when totaled, become the energy input into the system.  Also note, that in analyzing the building energy dynamics with this diagram, a first law balance can be performed separately on each subsystem.  Consider the impact that the systems designer can have on the total input energy,  Ex.

The Space Load Energy:

The space load energy is the algebraic sum of ql and E1.  q1 is the thermal load energy related to the temperature difference between the space and the surroundings, the solar/celestial radiation, and the occupants.  E1 is the external energy flow into the space to serve energy systems other than the HVAC system.  This would typically represent lighting, vertical transportation, office machines, data system power, etc.  The portion of this energy which enters the space is algebraically added to the load energy producing the total space load qsl. If the algebraic sum of these is positive into the building there is net heat gain, if negative it is a heat loss.

The first objective in energy effective design is to minimize the space load qsl (note, this is a power term, usually expressed in Btu/hr, tons of cooling or watts).

Terminal Delivery System:

The terminal delivery system moves energy from the space to the terminal control system or from the terminal control system to the space.  The external energy to 

power this system, E2, usually takes the form of the input energy to the fan system(s).  The expression for the power to this system is
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And for the energy consumed by the system over any given period of time is
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Performing a first law balance on this block; if the net load energy is positive (cooling load) the fan energy (E2) will add to the load energy that enters the terminal control system, if it is negative, the fan energy will add to the terminal control system energy and assist it in serving the load!  This energy flow is normally called fan heat and is expressed by the increase in temperature of the air stream as it passes through the fan, by the equation
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Terminal Control System:

Conceptually, the terminal control system is a metering system which provides energy from the high level distribution system in the exact quantity that the terminal delivery system requires it to offset the net heat load of the space, or provides heat energy into the low level distribution system in the exact quantity that is required to remove the cooling load heat plus the fan heat.  In actuality, it is the entire psychometric system, the cooling coils, the heating coils, the control devices (reheat coils, VAV boxes, double duct mixing boxes, etc.).  The external energy into this system is the energy to control the system which is usually but not necessarily quite small; however, the energy burden imposed by the design of this system can be extremely large.  Note the dashed arrow going through the terminal control system from the high level distribution system to the low level distribution system.  

This represents control energy such as reheat, dual steam heat, etc.  Whenever this flow exists the net result is that additional energy must be put into both the high level source system and the low level source system.

Distribution Systems:

The high level distribution system and the low level distribution system can take many forms such as two phase fluid systems (steam or refrigerants) single phase fluid systems (hot or chilled water or air systems directly from a source such as a combustion heat exchanger).  Regardless of the physical configuration, the designer must always recognize the existence of the system and account for the energy input.  It is not unusual with chilled water systems, that the annual distribution system energy exceeds the refrigeration system energy.  This phenomenon was paramount in the almost universal move from constant flow to variable flow chilled water systems.

High Level Source:

The high level source system can utilize external energy from one or more external sources.  For a fossil fueled plant, E6 wold represent the fuel energy plus the energy for combustion air, plant ventilation, feedwater pumps, storage pumps, boiler controls, etc.  The "losses" represent all of the input energy that does not find its way out through the high level distribution system. 

Low Level Source:

This is the only inherent second law system on the diagram.  It is inherently second law when and if the surroundings are at a higher temperature than the space.  Under these conditions, it will always require external energy to pump the heat up. In many cases, when the analysis is properly done on the integrated system, the refrigeration system can be utilized to remove heat even if the surroundings are at a temperature lower than the space.  Failure to recognize this alternative has led to misdirected energy decisions in the design of many systems.

Like the high level source system, the energy input into the low level source system (E7) includes all the energy related to the system, not just the compression energy.  As an example, oftentimes, efforts to achieve less kW per ton for the chiller will result in more kWh per year for the system.

The Third concept is the value of budgeting.  Without par, the game of golf would never have survived to become one of the most popular participant sports in the world.  Par has given golfers something against which to measure their accomplishments.  In mechanical engineering, for first law systems, 100% efficiency has his historically been the standard of measurement of success: in second low systems, Carnot efficiency has been the standard.

But these standards are idealistic, and should be used in the design of component subsystems. But in other parasitic subsystems, wherein there is absolute energy consumption but in which there is no first law or Carnot efficiencies to compare against, such as fan systems or totally integrated building systems, the use of a budget has untold benefit.

In the earlier example, when the designer who 'requested' 100,000 pounds of steam per hour for a building was given a budget of 40,000, he was able to achieve it!  If the Owner had accepted the initial figure of 100,000 pounds per hour, it is quite likely that the system designed would have required that amount.

Thus, in the design of engineered systems, one should always approach basic first and second law conversion process considering 100% and Carnot as the objective or "Par" but in addressing the parasitic systems, the use of power and energy "budgets" is strongly recommended.  Such budgets for management purposes should be sub-divided into the controllable system parameters.  

As an example: considering the fan energy consumption (one of the largest energy consumers in most buildings), five budgets should be set, they are:

1.
Air Circulation Rate

2.
System Total Pressure

3.
Hours of Operation

4.
Fan Efficiency

5.
Motor Efficiency

If the designer sets maximum values for the first three terms and minimum values for the last two, at the outset he (she) has limited the amount of energy this subsystems will consume.  Without having established these budgets, the power requirement and energy consumption cannot ever have been considered a design parameter.

*  *  *  *  *  *

In summary, this talk has proposed that energy conservative system design with minimal negative impact upon the environment is an ethic which must be embraced and practiced religiously by design engineers. 

This ethic, furthermore, should be practiced in such a way as to cause no adverse effects upon the welfare of humanity.  This objective may appear most difficult, but, with the proper understanding, commitment, and well-directed dissemination, it is an achievable goal.

*  *  *  *  *  *

This paper is based upon some material previously published by the author in the ASHRAE Transactions, Vol. 102, Part 1, paper AT96-2-1 titled "Energy Conservation Is An Ethic."
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