ENERGY MYTHS AND MAGIC: 

AN EXAMINATION OF CONSERVATION MEASURES AND CALCULATIONS

Richard R. Vaillencourt, PE

“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.  The first myth deals with energy conservation measures that are flawed but look like they must work.  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 accurately what those savings will be.  As an engineer, I can state confidently that the sun will come up in the morning.  I cannot assure you 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. Because if success is measured by whether the customer can see the sun in the morning, I will need to have a huge budget to ensure that my client can get above the clouds.

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 in almost every energy conservation manual.  Let’s explore how this will reduce the energy consumption and how to calculate the savings.

In one state’s official Energy Conservation Workbook for Multifamily Housing, measure number 301 states:

“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.)

In another state’s Energy Workbook for Office Buildings, conservation measure number F1 states:  
“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 mathematically correct.  But the equation does not specifically or accurately address the domestic hot water system and use.
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 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.

Lowering the hot water temperature to 110o will cause a change in the hot to cold ratio from 50%/50% to 80%/20%.  If 80% of the two gpm is hot water then the consumption of 110o water will be 1.6 gpm.  This lowered (T combined with the increased flow rate of 1.6 gpm will consume the same 40 MBh.  (50o F T (60o heated to 110o) X 1.6 gpm = 40 MBh)
There will be no energy savings from the temperature reduction.

The calculation method in the first manual predicts annual savings of 5.1 mmBtu per apartment.  The other manual comes up with the same number if you allow 56 gpd 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 discover and follow an unbroken thermodynamic connection and a control connection from the energy source to the end‑use.  What I mean is that, like it or not, the end‑use will absorb all the energy that it’s given.  If the temperature is to remain constant, the rate of energy delivered must exactly equal the rate of energy that is lost.  This is called equilibrium and that is the stated goal of every control system.  The energy that is needed is the responsibility of thermodynamic system.  Every system is designed and installed with capacity to deliver a much higher rate of energy than is expected to be required at the highest calculated load.  It is the responsibility of the control system and equipment to limit the rate of energy to only what is needed at any given time.

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.  The problem is that as long as the rate that energy is being lost remains constant, the system will reach equilibrium and the temperature will remain constant.  Unfortunately, that temperature will be different from the desired setpoint.  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 it serves, 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 temperature difference (T) between the IAT and the outside air temperature (OAT) exactly equals the radiator capacity.

That is the thermodynamic connection.  The energy source, the distribution system, and the energy discharge equipment must have an unbroken line from the source to the discharge.  The rate of energy that can be delivered is controlled by the piece with the least capacity.
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 do what it can to increase the rate of 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.  Because it also doesn’t matter how hot the hot water is (as long as it is hot enough to meet the requirements for the radiator to work.)

Example #2

Water temperature reset for a hot water heating system.

The energy magic is that when the outside air temperature is warmer, the IAT-OAT T is lower than the equipment was designed to handle.  Therefore the quantity of Btu’s needed for equilibrium is lower, so the water temperature delivered by the boiler is lowered.  The theory is that this will prevent overheating of the space.

This is energy magic when the system is a simple, single‑zone, circulating loop for many rooms, with a single thermostat (like a residential application).  In this case all areas that are not near the thermostat and have a lower heat loss will be overheated.  This not only wastes energy by making spaces warmer than needed, it will increase the “local” IAT-OAT T, which will cause the heat loss to increase, and even more energy will be wasted.

However, this type of control is regularly installed on commercial systems with a single loop and multiple zone thermostats.  This turns the magic into a myth.

The zone thermostats are all that should be needed to avoid the overheating of the individual zones.  It doesn’t matter how hot the water is, when the total heat transfer is sufficient to satisfy the thermostat, the thermostat will stop the flow of heat.  
The only net affect of lowering the water temperature will be to slow down the response time of the discharge heating equipment which will cause the space to be calling for heat longer.

Finally, even in scenarios where hot water temperature setback is the correct thing to do, calculations can only provide a dismally poor approximation of how much energy this will save.  The energy savings must be calculated by determining the nature of the thermodynamic connection back to the energy source.  That is a moving target based on the heat loss characteristics of the room, the varying OAT, and the actions of the occupants.

It will usually be impossible to determine accurately what the existing consumption levels are.  A zone by zone heat loss analysis is difficult, and time consuming, but that’s not the real reason.  The real reason is that in the real world, the rate of heat loss is probably not constant!  That is because the room’s occupants will do something to relieve their discomfort.  The only thing that they can do is increase the room’s heat loss such that it reaches equilibrium at a lower IAT.  That’s engineering language to say that they open the windows.  The actual rate of heat loss will be adjusted by increasing or decreasing the number of open windows to maintain the IAT.
My experience has been that standard calculation methods assume an IAT that is a fixed number of degrees above the design IAT.  The excess energy to meet that IAT is calculated for the various bin temperatures and the savings are totaled.  That will certainly give you an answer.  How close is it?  That’s the myth.  But it is better than nothing.
Example #3

Consider the energy savings claims from Optimal Start options in energy management systems.  The theory stems from the idea that a building that is being maintained at occupied temperatures when it is empty is certainly wasting energy.  Let’s explore how these control strategies reduce the energy consumption for the customer.

First, you start with the assumption that the HVAC system always comes on too early in the morning.  The optimal start option will look at the outside temperature and the inside temperature to determine the correct starting time such that the interior of the building will be at the correct temperature (warm or cool) by the time the first occupant arrives.  Therefore, the energy that is wasted because the building is operating at its occupied design temperatures with no occupants is saved.

So how are these savings calculated?  The first question is how long is the building at design temperature without any occupants?  That is impossible to answer.  If the required warm-up/cool-down time was the same every day, there wouldn’t be any need for the optimal start option.  So the assumption is that the building operators select on the side of caution and set the scheduled start time to cover the worst condition with a safety factor.  Some engineers assume that the building “averages” one hour per day of excess temperature control.

So what does this mean to the system’s energy consumption?  For both heating and cooling, the energy to bring the building back to setpoint temperature must be expended whether it’s on time, early, or late.  So the energy saved is the fan and pump energy and the energy to overcome heat gains or losses to maintain the design temperature.

For heating, the energy to maintain the design temperature at startup occurs at the coldest time of the day.  In addition, there are no internal gains from lights, people, or equipment.  It is, in fact, at or near the peak load conditions depending on the outside air temperature on any particular morning.  So savings have the potential to be significant.

However, there should be zero outside air brought in until the building is occupied.  In addition, on a very cold morning, the required warm-up time may be such that the previously fixed schedule start time would have left the facility uncomfortably cold by the time the first occupant arrived.  In that case, more energy is used with the optimal start than would have been used without it.

For cooling, the energy to maintain the design temperature also occurs at the coolest time of the day.  It also occurs when there are no internal gains.  It should, in fact, be minimal and possibly zero some of the time since the outside air will be below the design setpoint causing a conductive heat loss and the HVAC unit to operate on economizer.  Therefore, the only savings come from fan energy.

Fan energy savings calculations should be the easiest, assuming that there are no variable speed drives or VAV options.  With VSD and VAV the energy will be highest at start up and taper off to minimum as the design temperature is approached.  Even so, there is still the question of hours use during optimal start and unnecessary hours use without optimal start.

Whether the magnitude of the watts or Btuh is significant or insignificant, the total annual energy wasted is directly a function of how long the waste is going on.  This is virtually impossible to determine with any accuracy.  So “everybody” accepts a value of one hour per day since no one can prove or disprove it.

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:

· Infrared heaters:  If they save energy because they “only heat objects, not the air” (which is true), that defines the thermodynamic continuity.  But they are controlled by thermostats that respond to air temperature.  Therefore, until the air is heated to satisfy the thermostat, the energy source will stay ON.

· Variable speed drives:  If you apply the affinity laws to the flow and horsepower, you must apply the affinity laws to the pressure.  This is often forgotten.  When the pump must deliver a certain minimum pressure to the system before flow can even occur, i.e., if it must overcome the lift to the cooling tower on the roof, there will be some minimum speed that must be met before any flow can occur.  In other words, if you want 25% flow and the output pressure from the pump won’t be greater than the lift to the tower unless the pump is at 60% rpm, there will be no flow in the system until the pump speed is greater than 60%.  

There is not enough time to go into so many of these calculations.  (I have discussed this concept of minimum speed and how to calculate its value in previous papers.)  That is not to say that the measures cannot be saving energy.  The conclusion I want to convey is that we must examine the myths and carefully turn them into magic with sound practice.  Or discard them for the fantasies that they are.

I would be happy to hear from other engineers regarding methods of analysis and calculations for myths or magic.  I am always looking for better ways to get the right answers.  My address is:

Richard R. Vaillencourt

P.O. Box 459

Canterbury, CT  06331

Or call me at (860) 608-3409.
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