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Abstract

“One man’s magic is another man’s engineering.”

Practical engineering not only looks at the pure science, it looks at how it is applied, where it is applied, and why it is applicable in the specific situation in question.  This is important!  Magic can turn into Myth by myth-application (sorry, couldn’t resist).  The sad truth is that once a customer has been burned by an over zealous claim most other legitimate opportunities at that location are lost due to the mistrust that is generated.

My experience has been that this industry is plagued with two kinds of myths:  

· Mythical Energy Savings.  The first myth deals with energy conservation measures that are flawed but look like they must work.  

· Mythical Calculations.  The second of the myths deals with conservation measures that are absolutely true.  They are true engineering magic.  The myth is not whether the specific measure will produce energy savings.  The myth is that anyone can calculate what those savings will be.  As an engineer, I can easily guarantee that the sun will come up in the morning.  I cannot guarantee that you will be able to see it!

I would like to address individual energy saving strategies as they are presented in the marketplace and discuss their actual operation and performance in the real world.  Not only is it important to determine if the savings will be real, it is just as important to be able to calculate the predicted savings. If my income is predicated upon the customer seeing the sun in the morning, I will have a huge budget to ensure that my client can get above the clouds.

My goal is to turn myths into magic.  By getting it wrong and perpetuating myths, engineers lose opportunities and the confidence of our customers.  By getting it right, and being honest about what we cannot know, this profession can make magic.  This magic will serve a noble purpose of saving energy and reducing environmental impact.  And accomplish a much more serious goal: saving money.

Example #1

To start with a simple example; consider the energy savings claims from reducing the temperature of domestic hot water.  This is a standard recommendation suggested in almost every energy conservation manual.  Let’s explore how this will reduce the energy consumption and how to calculate the savings.

In the Energy Conservation Workbook for Multifamily Housing previously distributed by a “State Energy Office”, measure number 301: “Reduce water temperature: For every 10o F that water temperature is reduced, approximately 1.7 million Btu’s will be saved per apartment per year.”  Who knows where that number came from?  (By reverse engineering, 1.7 mmBtu at a 10o F T means that 56 gallons per day was the base number.)

From yet another state: The Energy Workbook for Office Buildings, conservation measure number F1:  “Hot water should be stored and distributed at the lowest useful temperature....Normally, 110o F water is adequate for domestic use.”  They go on to give the following formula to calculate the savings:
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This equation is certainly correct, but what about the real world application?

Suppose that 100o is the desired temperature at the faucet.  This will ultimately be determined by the hands of the user.  If the water temperature is 140o the user will be scalded and will add cold water to achieve the desired 100o.

Let’s assume that the faucet in question delivers two gallons per minute of water.  If the hot water is 140o and the cold water is 60o, then to achieve 100o on your skin the ratio of hot to cold must be 50%/50%.  If 50% of the two gpm is hot water, then the consumption of 140o water will be one gpm.  One gpm at an 80o F T (60o heated to 140o) will consume 40 MBh.

To lower the hot water temperature to 110o would change the hot to cold ratio to 80%/20%.  If 80% of the two gpm is hot water then the consumption of 110o water will be 1.6 gpm.  This increased consumption; 1.6 gpm at a 50o F T (60o heated to 110o) will consume the same 40 MBh.

There will be no energy savings from the temperature reduction.

The calculation method in one manual predicts annual savings of 5.1 mmBtu per apartment.  The other manual comes up with the same number if you allow 56 gallons per day for 365 days per year. 

Certainly, the heat loss in the distribution piping and storage tank will be lower if the water temperature is lower, but that is seldom calculated because it is usually considered insignificant.  (Or too difficult.)

Control and Thermodynamic Continuity

In order to properly evaluate the effect of any specific conservation measure you must determine and follow an unbroken thermodynamic and control connection from the energy source to the end‑use.  

What I mean is that the end‑use will absorb all the energy that it is given to achieve thermodynamic equilibrium.  If thermodynamic equilibrium is achieved at the desired conditions, there will not be any complaints, but there could be opportunities for considerable reductions in energy consumption.

The energy that is “needed” is the responsibility of generating and distribution equipment.  The energy that is “given” is the responsibility of the control system and equipment.

I have tried to write that many different ways and I fear that I do not have the skill to say it clearly and concisely.  Therefore; let me give an example that I hope is better at getting the point across.

Take a simple room.  The heat is lost through the envelope.  A hot water radiator is in the room, backed up by an oil burner.  There is no thermostat or control valve on the radiator.  The radiator is sufficiently sized for the area, with a safety factor, but it is not an infinite source of Btu’s.  At some point the Btu’s discharged into the room will raise the Indoor Air Temperature (IAT) until the heat loss driven by the Outside Air Temperature (OAT) and T exactly equals the radiator capacity.

That is the thermodynamic connection.

If you add a thermostat and a control valve, the energy from the oil burner is still connected thermodynamically.  The heat is still being lost at a rate determined by the T between the IAT and OAT.  But the thermodynamic connection has an added component: the thermostat.

If the heat loss is sufficiently greater than the heat input, the IAT will drop.  This will cause the thermostat to increase the heat input until it is sufficiently greater than the heat loss, causing the IAT to rise.  This is the thermodynamic connection between the room and the thermostat.  The thermostat responds and affects the thermodynamic connection between the room and the oil burner.  This is the control connection from the end‑use to the energy source.

It doesn’t matter how large the oil burner is.  The control connection will only cause it to send out energy at a rate that satisfies the thermodynamic connection between the room and the thermostat.

If this makes sense, then you will understand the next energy myth.  

Example #2

Infrared heaters heat objects, not the air.  Therefore, in many situations where the rate of air changes per hour is high, it has the potential for reducing the total energy required to maintain comfort.

Like most myths, there’s an element of truth to the story.  Also, like most myths, it doesn’t tell the whole story.  The whole story includes both thermodynamic continuity and control continuity.

It is true that infrared heaters transfer Btus directly from the infrared heater to objects in a straight line from the heater without heating the air between the heater and the object.  Since, in most cases, the objects are the floor or people, the people feel the warmth even though the air temperature may be colder than expected.  This is the thermodynamic continuity.

The control continuity is where this myth lives.  The infrared heater is controlled by a thermostat hanging on a wall that is measuring the temperature of the air.  The concrete floor could be 90o F.  If the air temperature is below the thermostat’s setpoint, the heater will keep on heating the objects below it until the objects below it heat the air enough to off the thermostat.  Then the infrared heater will stop putting Btus into the space.

Example #3

Lighting reflectors give you the same amount of light with half the lamps and watts. 

The way reflectors are generally sold they are the embodiment of the phrase, "it's all done with mirrors".  I mean that literally and in the sense that it's mostly hype.  A new, baked white enamel fixture will have a reflectance factor between 82% and 85%.  The best mirror reflector will have a reflectance factor of 96%.  With only 14% improvement in reflectance, how can you get 50% more light out of the fixture?  Admittedly, that 14% improvement represents a 17% increase over the original.  And, it is true that the shape of the reflector is designed to get the light out of the fixture in one bounce.  But both those conditions combine to produce an increase in the CU of the fixture of approximately 20%.

In addition, most vendors seem to forget that there is a bottom to the fluorescent tube.  The bottom of the tube does not “see” the reflector.  The light from the bottom of the tube is not reflected by anything, so there can be no improvement in reflection efficiency.

Figure 1: Fluorescent lamp/reflector interaction
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Don't get me wrong.  I think that 20% is a significant achievement. But it is continuously oversold because it is also relatively costly and can be difficult to in​stall.

Reflectors can be a useful tool in your kit when used properly. However; claims made by reflector salesmen ask you to believe that 50% of the light output from a fluorescent lamp is absorbed by the fixture.  This is not so.

This kind of wild claim is easy to de​bunk when you know the simple dynamics of light reflections and the formulas for calculating fixture output.  Common assumptions are that at the end of a fluorescent lamp's useful life the Lumen Depreciation (LD) is 70%.  The amount of Dirt Depreciation (DD) is dependent upon the environment. In an office you might expect a range of 85% to 95%.

The vendor selling "the same light as before" is counting on large percentages of LD and DD.  Percentages closer to 70% LD and 70% DD. Well, so what?  The retrofit is complete and lo and behold the light level in the space is even a little better!  The man is a hero.  Better light for half the cost!  But remember, you didn't change the location that caused the dirt and you didn't change the policy of relamping on burn out, so the same factors exist that made the 70% LD and 70% DD assumptions cor​rect.  Therefore; in about a year, the LD and DD will return and you will be back to 50% light output.  But there's one big problem.  You started with 50% light output!  Fifty percent of 50% is only 25%.  The only way out for a plant engineer is to maintain your system at its peak performance until you can get your resume back out on the street.

One more trick to expose.  That first 100 hours (three weeks at one shift) that the new lamps were in place, and the evalua​tion was made, is only the lamp burn in period.  New lamps experience a 10% lumen depreciation in the first 100 hours of use, then they level off.  This is so well known that the lumen rating of a lamp that is published in the catalog and used in all footcandle calculations is really the rated output after 100 hours.  The new lamps gave the vendor a nice 10% edge against complaints of low light level.

So how do you expose this?  Ask him to work out the following equation for RLO:
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The typical numbers should be like this:
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The typical "real world" situation may have numbers that calculate out a little differently:

Before retrofit:
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The existing condition is 49% of the initial footcand​les.

After retrofit:
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With the reflector you will have 66% of the initial footcandles.

Which is a 35% increase over the existing conditions just prior to the retrofit.  That sounds great!  Half the watts with 35% more light.  But look ahead ten or twelve months:

One year later:
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When your system returns to the previously “maintained” levels, you are stuck with 29% of the initial foot​candl​es.

Which is a 41% decrease in the amount of light present just prior to the retrofit.

Let me stress that I have seen many applications that can suffer a 41% light loss without any loss in produc​tivity or safety.  In hallways, for instance, this enables the retrofit to proceed without complaints.  As time passes the light loss is gradual and unneeded, therefore unno​ticed.  But if the vendor is claiming "the same light as before" because you feel that you need the same light as before, be aware of how he will prove it.

Another "proof" will be the light meter test.  The vendor will measure the light under a fixture before and after a reflector retrofit and, once again, it's at least the same if not better! Above I showed you how that can happen if there is poor maintenance and low LD and DD.  But this will be the case, or very close, on even a well maintained system.

The reason is simple.  With diffuse reflectors the light is distributed in a broader pattern and the total lumens are spread out over the area under and in between the fixtures.

Figure 1: Diffuse reflector with four lamps
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Figure 2: Distribution pattern for diffuse reflector with four lamps
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With a reflector, the rays of light radiating from the tube, hit the reflector and are directed down in one bounce.  The reflector is designed to get the light out of the fixture in one bounce and it does it by directing the light downward.  Therefore, although the total lumens are less, they are concentrated into a smaller square foot area so the lumens per square foot (foo​tcandles) remains very much the same as before – but only directly under the fixture.

Figure 3: Specular reflector with two lamps
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Figure 4: Distribution pattern for Specular reflector with two lamps
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The best light meter test should include before and after readings taken carefully under the fixture and in between fixtures.

Again, I have recommended reflectors where this is a desirable effect, i.e., hallways, etc.  But do it on purpose, not because you were tricked.

Conclusion

“What are the facts?  Again and again and again – what are the facts?  Shun wishful thinking, ignore divine revelation, forget what ‘the stars foretell’, avoid opinion, care not what the neighbors think, never mind the unguessable ‘ verdict of history’ – what are the facts, and to how many decimal places?  You pilot always into an unknown future; facts are your single clue.  Get the facts!”

It is my sincere wish that energy engineers will continue to look at what they are doing to make sure that it makes sense.  It is my hope that these few examples will be adequate to show the need of finding the thermodynamic and control continuity from the energy source to the end‑use.  Other examples could have been chosen; such as:

· DDC controls:  Certain DDC will reduce overheating and overcooling.  However, if the energy source is staying ON longer to cause the overshoot, doesn’t it stay OFF longer while the overshoot becomes undershoot?  If you shorten the ON time don’t you also shorten the OFF time?  

· Hot water temperature outside air reset when there are zone thermostats:  The savings from outside air reset are calculated based on avoiding overheating the space.  Isn’t the zone thermostat supposed to prevent that from happening?

That is not to say that the measures cannot be saving energy.  However, we must examine the myths and carefully turn them into magic with sound practice, or discard them for the fantasies that they are.

� “The Notebooks of Lazarus Long” by Robert A. Heinlein


� Ibid
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