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The DOE provides a system-level prescreening methodology whose goal is to highlight the most likely targets for energy-cost reduction in motor-driven pumping systems. Much of this process has been previously covered in Energy Matters [1, 2].  Although the methodology is specific to pumping systems, the same basic concepts apply in many other types of systems. 

The first two steps in the process narrow the focus to larger loads that run most of the time. Specific symptoms are then explored. The overall goal is to set the table with energy-reduction dishes that are likely to provide a feast of energy savings.

Does this mean that no energy-cost reduction opportunities exist in the “leftover” systems; namely, those that use smaller components, or those that run infrequently?  The answer, of course, is no. This article explores a couple of areas that are explicitly excluded from more detailed system-level review.

Component-Level Opportunities

Two important efficiency-size relationships are common in most energy-related components:

• Efficiency increases as the component size increases

• The gap between top-of-the-line and average-grade component efficiencies generally shrinks as size increases.  

Such is the case for motors and pumps. Figure 1 shows typical top-of-line pump and motor efficiencies as a function of size. Figure 2 illustrates representative gaps between high- and medium-pump [3] and motor efficiencies as a function of size.  

While the efficiency gap between average and top-of-line performance equipment is larger for the smaller sizes, the gap is very small relative to the types of overall system efficiency improvements that would be pursued by the prescreening process.  I usually expect to find 20% or greater systems-level savings opportunities in systems that have been flagged by the prescreening process.  This is roughly an order of magnitude greater than the gap in component efficiencies shown in Figure 2.

But the fact that a gap exists points to the merits of implementing good standard policies and practices, such as purchasing policies that take energy considerations into account (including those for smaller components).
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Figure 1. Approximate top-of-line pump and motor efficiencies

Figure 2. Approximate gaps between top-of-line and average pump and motor efficiencies

The basis for not including systems that seldom run is obvious: they use less energy than comparably sized systems that run most of the time.

But energy and energy cost aren’t necessarily related on a straight-line basis. Many industrial, municipal, and large commercial rates include demand and power factor charges. These non-energy-charge components can be significant parts of the overall bill. (For a brief discussion of these elements see the current issue of Energy Matters Extra at www.oit.doe.gov/bestpractices/energymatters/emextra/). 

There are almost as many ways of assessing demand and power factor charges as there are utilities. But to illustrate what the charges can mean, we’ll use a pair of example rate structures, shown in Table 1. The energy charge rate for customers in the Schedule A territory is half the rate for those in Schedule B.  Note that the demand charge for Schedule B is applied to the peak true power (kilowatts—kW) instead of the peak apparent power (kilovolt-amperes—kVA) used in Schedule A.
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Table 1. Rate structures for industrial customers in two different parts of the country

In addition to comparing the cost of operating under two rate schedules, let’s use a pump that is optionally driven by either a 150 horsepower (hp) energy-efficient motor, or a 200hp premium-efficiency open drip-proof motor. The fluid and electrical conditions specified in Table 2 are based on manufacturer-reported performance characteristics. Note that the larger premium-efficiency motor will operate at a higher speed; the pump fluid and power requirements are adjusted according to the centrifugal affinity laws.
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Table 2. Electrical and fluid data for the same pump when operated by two different motors

The annual costs of operating the selected pump under the two rate structures and the two different motor sets are shown in Table 3 for several assumed operating times. Several items are noteworthy.  First, the premium-efficiency motor costs more to run than the energy-efficient motor. This is true even though it is 1% more efficient. There are two reasons for this:

• The 200-hp motor operates at a higher speed than the 150-hp motor when connected to the same equipment.  Since this is a centrifugal pump, the shaft load is proportional to the cube of the speed. This speed difference essentially negates the greater efficiency, as indicated by the electrical power for the alternative motors in Table 2.  

• The slightly lower power factor with the 200-hp motor results in the apparent power (kVA) being greater than for the 150-hp motor. The demand charge for Schedule A, which is kVA-based, implicitly penalizes the lower power factor.

Another notable feature is that while Schedule A is clearly less costly for equipment that runs a lot, it is more expensive than under Schedule B for equipment that runs a relatively small amount of the time.

Perhaps the most interesting feature is the significant cost that can be incurred when operating times are low. The demand componet accounts for 60-80% of the pump’s total electrical cost if the pump is only operated 4 hours a day.
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Table 3. Annual operating costs for Table 1 rate schedules and Table 2 conditions

An inherent assumption in calculating these costs is that the demand associated with this particular load is coincident with the 30-minute monthly peak demand. Of course, that may or may not be true. But unless some sort of active control is exercised to specifically avoid running this pump during periods when the combined sum of the other plant loads are at or near the maximum, chances are excellent that the pump will, in fact, add to the load. 

But that points toward the potential savings associated with an active control scheme that monitors the overall plant demand and regulates those seldom-used loads that can be operated in a flexible manner, time-wise. If it is feasible to move the operation of seldom-used equipment to periods when they will not add to the monthly peak, significant annual savings can result (the “Demand Component” on the last line of Table 3). This is certainly not a trivial amount. Furthermore, it could prove more important, cost-savings-wise, than anything we’d be likely to find in terms of the overall system optimization of this size that runs all of the time.

Moving the times when seldom-used equipment is operated may not save a single watt-hour of energy, but it can be an excellent option to consider in terms of reducing energy costs. Seldom-run loads that can be operated flexibly may not yield the feast that a systems-based approach does, but leftovers can be pretty tasty, too.
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