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TABLE 3B: SPRAY SPRINKLERS GPM DISCHARGE
TABLE 3A: IMPULSE SPRINKLERS GPM DISCHARGE

Wate. Niu. vets. W
A ng ® Mol

IMPORTANT — Maximum GPM flow rate may vary
significantly because of pressure losses resulting from
size and type of pipe used as well as the total length of
pipe in an installation. Another important factor is eleva-
tion. Therefore, before digging any trenches, hook up
each circuit and test for sufficient pressure.

TABLE 2: MAXIMUM GPM FLOW PER CIRCUIT*

MODEL TYPE DISCHARGE
25 Series Brass 4.6 gpm
20 ADJ Brass 4.6 gpm
15111A Brass Pop-A-Way 4.6 gpm
P5-PJ Plastic 4.4 gpm
P3-PJ* Plastic 1.7 gpm
15103* Plastic Pop-A-Way 1.7gpm

*Recommended for low pressure/low gallonage installations.

TABLE 3B: SPRAY SPRINKLERS GPM DISCHARGE

Pop-Up Surface Shrubbery Bubbler
Pattern 2800 1800 2600 1600 2400 2200 1300
Full Circle 3.2gpm 2.7gpm | 3.2gpm 2.4gpm 3.2gpm 1.3gpm 1.3gpm
.| Half Circle 1.9 2.1 1.9 1.6 19 3 —
¢| Quarter Circle | 1.2 1.3 1.2 12 12 0.6 —_
Square 3.2 2.8 32 25 32 — —
Center Strip 1.1 14 — 1.2 — 06 —
End Strip 0.5 0.8 — 0.8 — — =
Third Circle 1.6 1.6 — = —_ — —
3/4 Circle 2.6 29 — — — —

’senwc STATIC WATER PRESSURE
TYPE OF LINE (PSI)
SPRINKLER* | sizE | 30 40 50 60 70 80 90 100

Spray heads &{ 3" 6gpm 9gpm 12gpm 14gpm 15gpm 17gpm 18gpm 18gpm

%" plastic

impulse heads| 1" 10 14 18 25 28 28 28 28
%" brass ” ” 5 8 1 13 15 17 18
"“"“'S‘*'hea"*‘l T 6 12 16 24 26 28 28

**Insufficient pressure to operate a brass impulse head.
*Based on full flow through water meter, 75’ service line, circuit manifold, and
50" of 3" sprinkler pipe.

Next, group the sprinklers on your drawing into separate cir-
cuits, making sure that different types of sprinklers (impulse,
spray and bubbler) are not mixed on the same circuit.
From Tables 3A and 3B determine the GPM discharge rate of
each sprinkler head. Then add the rates to determine the total
GPM discharge of the circuit. To insure proper operation, it
must not exceed the maximum GPM rate determined from
Table 2.

Now, draw the piping for each circuit, starting at the control
valve location, and connect all sprinklers in the circuit. (Avoid
running pipe under sidewalks or driveways if possible.)

NOTE: DO NOT MIX DIFFERENT TYPES OF SPRIN-
KLERS (IMPULSE, SPRAY, AND BUBBLER) ON THE
SAME CIRCUIT.
Determine the size of control valves and pipe. Table 4
shows the maximum GPM flow that can flow through the
given size valve or pipe.

TABLE 4: MAXIMUM GPM FLOW

VALVE
OR MAXIMUM GPM
PIPE SIZE
3" 18
1 28

Circuits that require more than 18 GPM should use a 1"
control valve and 1" pipe. Should the circuit divide into
branches, pipe size can be reduced on the branch 3" for
any branch requiring less than 18 GPM. (See circuit 3 in
the example.)

Determine connecting pipe size from the service line to |
the control valves. Here is an easy rule to follow: the size
of the connecting pipe from the service line to the group of
control valves must be the same size as the largest valve
in the group. If the distance to the control valves is over
100', the pipe should be one size larger. Note that this
could result in the connecting pipe being larger than the
service line. Draw the connecting pipe on your plan.

PVC Schedule 40 plastic pipe (semi-rigid, straight lengths),
can be used as a connecting pipe but poly plastiq pipe
(flexible, coiled lengths) is not recommended for thig pur-
pose because of surge pressure. (Copper or galvghized
pipe can be used if desired but if you use galvanized the
pipe must be increased one size.

7
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Low energy electric drives

Sipping Juice

For every person in the United States, there are several electric
motors in service. Of all the electricity sent out from US
powerplants, two-thirds winds up in a motor winding. Even
small changes in electric motor use and efficiency can have a
major effect on electricity use. Yet most people, including many
engineers, believe this national armada is nearly 100 percent
efficient: no significant energy savings can be found in its

operation.

I N FACT, ELECTRIC MOTORS probably represent the single
largest source of electrical energy _savings yet to be
tapped in the whole economy. Significant technological
developments are underway in electric motor technology
that will shake the dust off equipment designed long ago
and since forgotten.

Electric motors provide useful energy in the form of
drive: to lift, stir, pump, compress, turn, or move
something at high, low, or varying speed. Motor applica-

tions can: . . . .
e providerelative motion between asolid workpiece and

a tool (lathes, metal-forming tools, mills, saws, grinders,

etc., or simply machine tool applications);

e move material or people by means of stationary or

mobile transport equipment (elevators, escalators,

cranes, conveyors, feeders, winches, electric cars,
trains); and,

e impart motion to a fluid (blowers, pumps, fans,

compressors, mixers, etc.).

In most applications, the required horsepower to do
these tasks varies because the load on the equipment or the
speed of the drive can vary: elevators, for example, run
empty much of the time. The speed of machine tools, saws,
and similar equipment, must be adjusted to the size of the
material being worked, In processes, a variable rate of
pumping or feeding is frequently necessary to accommo-
date temperature changes.

If only the most efficient electric motors were used, and
if these motors were adjusted to varying loads and speeds
without substantial losses, there would be little reason to
expect substantial opportunities for energy savings. But
cost considerations and technical limitations have left a
huge gap in this ideal state of affairs. In-depth studies
suggest that more than 50 percent of the electricity supplied
toindustrial rotating machinery is wastedin producing the
finalmechanicaldrive. Néw teﬂm(ﬂ()gles now entering the
electric power market promise substantial improvements
via high-efficiency motors, power factor controllers (PFC),
and, most importantly, solid-state power inverters for ac
variable speed drive (VSD). Before looking at these, it is
helpful to understand why electric drives are currently so
wasteful.

66

Wasted power

There are four leaks in current electric drive technology:
inefficient motors, part-load losses, low power factors, and
wasteful means of adjusting output speeds.

A fifth reason, not technical but institutional, concerns
the way electric motors are purchased. Typically, capital
purchases in industry need to be justified to a higher
management level, while operating expenses are not. Thus,
first-cost criteria predominate in motor drive purchases. In
about half the cases, the motor is an integral part of the
equipment, so that original equipment manufacturers
choose the motor. This choice, too, is based on first cost and
reliability, not on life-cycle cost.

Motor losses

The centerpiece of electric drives can be an alternating
current (ac) or direct current (dc) motor. Dc motors are
many times as expensive as ac motors, but they were, until
recently, the only reliable and affordable means of
providing a wide range (20:1 or more) of speed variation
(e.g., in paper, textile or steel rolling mills).

Collectively, dc motors account for about three percent of
all motors, ten percent of total installed motor capacity, and
five percent o Ttotal electricity consumptlon in motors.
They are somewhat less efficient than equivalent ac
induction motors, but represent only a minor opportunity
for efficiency gains.

Standard ac motors, on the other hand, are brushless
induction devices. They are fixed in their running speed by
the number of pole pairs physically built into them and by
the frequency of the power supply. To keep the motor
compact and cheap, manufacturers commonly offer only
motors with one, two, or three pole pairs. Driven with the
60-hz ac power of the utility grid, these motors will deliver
shaft speeds of 3,600, 1,800, or 1,200 rpm. Standard
ac-induction motors show full load efficiencies from the 50
percent range for smaller motors to the 80 percent range for
large models, a far cry from “close to 100 percent.”

e ———
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In most applications

e full rated power of the motor is
‘ used only intermitt

tly or never at all. Furthermore,
motors are routinely’sized 20 to 40 percent over maximum
\ load requirements! This is done as a precaution against
overload. For example, a saw used to cut boards may
encounter logs of various diameters, or an elevator may
experience an occasional overcapacity load. In other
instances, oversizing of motors occurs because plant
managers simply guess rather than measure the require-

ments of their equipment.

Whatever the cause, the effect of operating induction
motors at partial capacity is reduced efficiency. The current
flowing through an induction motor consists of two
components: real and reactive. Real current produces
output power and does the work, whereas reactive current
establishes the necessary magnetic field in the motor.
Under part-load operation, the fraction of the total current
that does the work (i.e., the pmw;‘(see
Figure 1). At the same time, friction, windage, and losses
from the 60-hz core magnetization remain the same.

| /' Therefore, at less tha ercent rated motor power,
efficiency begins to drop off steeply (Figure 1).

Utility headaches

The wattage used by the motor and paid for by the
customer is essentially proportional to the real current
| component. However, the utility must size its generating,

transmission line, and transformation equipment to
: supply the reactive component as well. The reactive current

flows through the entire grid, creating heating losses and

| voltage drops. Utility losses in electricity distribution are

| typically seven to nine percent. Of these losses, an
estimated ten to 20 percent are caused by reactive current.

Under part-load or idling conditions, things get worse tor
the utility: as the real current becomes smaller, the reactive
component’s share of the total supplied current becomes
larger. Some plants with oversized motors or mostly idling
machinery have such a low power factor that they pay

&MW@ [.

This isnotall of it. Everybody has seen the lights go dim
when the refrigerator kicks in. During motor starting, an
inrush of current to the motor windings occurs. This

~“tocked rotor” current can be five to six times as large as the

“Tiormal operating current and it causes sudden voltage
drops in the power lines. To avoid these, utilities are billing
their customers with peak demand charges or are
encouraging the use of solid-state starters that limit inrush
current to a 200-300 percent surge. These “soft-start”
features play an important role in new power-saving
technology.

. P &4,( Wiy JV/(/‘%
/
| d
’ Part-load losses // enalty charges to the power company.

Drive losses

Ac_induction motors are the universal electric work-
horses of industry, due to their ruggednéss, reliability and
“Tow cost. However, most applications require drive speeds
of a factor of ten or 100 lower than that of the motor output
shaft. Thiscalls for speed reduction equipment such as gear
boxes, worm gears,”and pulleys. These devices can
dissipate as much as 20 percent of the motor output at full
load—and more under part-load conditions. In fact, the
load/efficiency curve in Figure 1 is deceiving. Frictional
losses in the driveline add to motor friction and core losses,
which are all independent of the load. Figure 2 shows
load/efficiency curves for the whole machine (i.e., for the
motor and the drive combined). Three types of speed
reduction efficiencies can be distinguished: gear boxes and
pulleys, worm gears, and throttles.

Unfortunately, some of the largest consumers of electric
drive are also the machines with the worst part-load
curve: pumps, fans, and blowers. These consume more
than 30percent of all the electricity used for drives. Because
the Tequired horsepower in centrifugal equipment varies
with the cube of th (i.e., flow speed of the fluid),
throttling the flow rather than slowing the pump drive
incurs a particularly heavy efficiency penalty. Conversely,
these machines constitute the statistically largest and most
promising target for efficiency investments today.

Figure 1: Typical performance curve for
a standard 10-hp ac induction motor
(Design B, 1,800 rpm, 220V 3-phase)

100—+—

Efficiency

Power factor

Efficiency (%)

—
o

75
Load (%)

25

Figure 2: Typical performance curves for
electric drives (motor plus
speed reduction device).
100 ——
90 —1—
% 80T~ Mechanical drive
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40 ——
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Remedial technologies

The three principal technologies which promise
substantial electric power savings in motor drives are
better motors, power-factor controllers (PFC), and ac
variable speed drives (VSD). These have been described in
an earlier issue of Soft Energy Notes (see Notes 3:2:27, 1980).

A high-efficiency line of electric motors is now offered by
most manufacturers. The improvements are confined to
conventional means of reducing losses with better
materials and tighter construction. In effect, the trend is to
return to those manufacturing practices that were simply a

necessity three decades ago when good heat-resistant

insulating materials were not available and internal motor

Tosses had to be kept'to a minimum. At the present time,
igh-efficiency models do not yet constitute a major

market. They used to cost 50 to 100 percent more than
standard designs; for this reason equipment manufactur-
ers have not yet made them a standard feature of their
products. Now some manufacturers are offering models
that achieve two to four percentage points higher efficiency
at no extra cost. If large numbers of such motors are sold,
the price might come down somewhat.

Clearly, such motors are an irresistible bargain. But
whether high-efficiency motors are generally perceived as
cost effective depends on the investor and on the usage of
the drive. Against the national average electricity cost of

__7i/l_<_\/_\’h_g_ng~with average industrial motor usage (3,500h),

simple pay-back times range from two to five years, based
on premiums for efficiency. But electricity is paid for with
before-tax dollars and motors are bought with after-tax
dollars, so the pay-back time seen by the industrial or
commercial user is longer. The manager who looks for that
less-than-one-year pay-back time doesn’t always find it
here. Nevertheless, even efficient motors bought at a
premium can save electricity at a cost of 2¢/kWh or less
when evaluated over a ten-year lifetime. Compared to the
marginal costs of new coal or nuclear power plants, these
premiums are a bargain: $1,500 to $3,000 per year-round
kW capacity versus $4,000 or more for plant, reserve
capacity, and distribution lines.

Wanlass motors are an alternate version of high-efficiency
motors. These were first introduced in 1975 and have since
entered the rewinding market throughout the western

. —— . . . .

United States. A second winding and a capacitor improve
both the power factor and the efficiency of the motor by
moderating reactive current. The rewound motors outper-
form conventional high-efficiency motors in terms of
power factors and are superior in some cases even in terms
of efficiency. Above all, they are much cheaper than any
new motors, which explains their apparent steady success
in a highly competitive market.

The current population of US motors has an estimated
average efficiency of 84 percent or less. If high-efficiency
models were to become t)ﬁe standard, this figure could be
raised to 90 percent. This would save 84 billion kWh, or the
output of some sixteen 1,000 MW powerplants.

Power factor controllers

Power factor controllers (PFC) were invented in 1975 by
Frank Nola, a NASA engineer. They are solid state power
converters, hooked up between the motor and the line
voltage. The unit senses the load on the motor and reduces
the line voltage to the lowest value that will still operate the
equipment. By dropping the voltage, the unit decreases
both the reactive and the real current in the motor, keeping

the power factor constant and saving energy. At idle, PFCs
et AN

68

Figure 3: Power factor controller
percent savings vs. torque
for various motors
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can save as much as 80 percent of power consumption; in
applications with frequent idling or part-load conditions,
average savings may reach 35 percent (Figure 3).

In a massive retrofit effort in a New York City public
housing project, 15,000 apartments received PFCs last year
for their refrigerators and for the ventilation fans of thefr
room heaters/chillers. The energy savings were 20 and 22

ercent, rspectively, not a negligible matter at_I0.
gmommercial refrigeration equipment and new
energy-efficient refrigerators are often more carefully
designed. Here savings may be only ten to twelve percent or
less. In case of doubt, a quick measurement with a power
meter can indicate whether installation is worthwhile.

By now, three-phase PFCs are manufactured by some 30
firms and small single-phase household units can be
bought in the local hardware store. Nevertheless, sales so
far have hardly scratched the surface of the PFC potential.
Again, initial cost has been an inhibiting factor. Unit
prices are still comparable to the cost of motors ($30 to

$80/hp) and vary by a factor of two among manufacturers.

~There have also been some product failures where
insufficient heat sinks were provided or internal resis-
tances caused efficiency losses at near full-load operation.
But the future looks very bright for PFCs.

Primarily, PFCs offer the sought-after soft-start feature
and energy savings at the same time for little more in cost
than a conventional solid-state starter. In fact, PFCs got the
solid-state starter market going. Furthermore, a substan-
tial cost-reduction is in the offing: the power switching
control circuitry of the PFCs will soon be put onto
microprocessor chips, eliminating most of the assembly
labor costs. With typical reported energy savings of twenty

_percent in industrial and commercial firms, payback times
%fmoyears are common. Avoided power factor charges are
another benefit. An unsuspected synergism occurs when
building energy management practices cause frequent
starts of the blower equipment that previously ran
continuously. Without a soft-start device, belts and
machinery would wearmon,
moftors, themselves, which often fail due to overvoltage,
are protected from line power variations when operated
with PFCs.

SOFT ENERGY NOTES




Variable speed drives

The most volatile and important area of electric drive
technology today is ac solid State inverters for variable
speed drives (ac VSD). These power inverters also reduce
part-load electricity waste. Before the 1960s, speed control
was mostly achieved with dissipative systems: a throttling
valve, a magnetic or hydraulic slip device, or a dc motor
regulated with an armature resistor. The concept of
regulating dc power with a low power control circuit was

Figure 4: Efficiency of various speed
reduction technologies
& :] Control
100-hp, power losses
constant torque load OIS
100%
A Converter
speed
75%
speed
output constant variable  slip solid state solid state
power potential  voltage drives D-C A-C
D-C  D-C MG set drive drive

introduced in the 1930s but did not displace the other
systems. Dc solid-state VSDs appeared in the early 1960s,
when solid state switching circuitry (thyristors) became
available, but again did not find widespread use. Ac VSD
systems had the advantage of substantially cheaper
motors, but the high cost of varying both voltage and power
frequency with thyristors made them uncompetitive
against dc systems unless explosion-proof drives were
required. Both dc and ac versions were only about 85
percent efficient (see Figure 4) and cost several times more
per hp than ac induction motors alone.

In the late 1970s, advances in power transistor
technology—and in utility rates—triggered renewed

interest in ac VSDs. Exxon engineers developed a prototype
unit that was to be fully transistorized and use micro-
processor chips for the control circuitry. This design
promised to reduce the cost of ac inverters (at that time $150
to $1,000/hp depending on motor size) by a factor of two to
five. The Exxon inverter, however, proved unreliable and
more expensive to produce than anticipated. Nevertheless,
some thirty manufacturers, including several electric
motor firms, are currently manufacturing ac VSDs: several
of them are just now in the process of introducing fully
transistorized units for up to 60-hp motors. The cost
reduction compared to the conventional thyristor-based
models, has been as much as 75 percent since 1978;
between 1980 and 1982, alone, prices for a 15-hp unit were
typically cut from $10,000 to $5,000; chip control cir-
cuits could further reduce costs 25-40 percent. With these
developments, ac VSDs are rapidly becoming cost ef-

fective against dc versions and attractive in mostap=—

plications where part-load conditions are frequent and
no speed variation had previously been used. VSD power

losses have also been substantially reduced: efficiencies of
93 to 96 percent are now realized. At the same time, the
units offer the same features as power factor controllers,
including soft-start capability.

The most promising area of application is the nation’s
integral hp centrifugal pumps, fans, and blowers. These
applications alone account for more tham 20 percent of all
electricity consumption in the US. Table 1 compares a

solid-state VSD with throttling valves and slip devices for a
pump: a 30 percent flow reduction decreases required
horsepower to 43 percent of full flow operation. But,
whereas VSDs show a near-proportional decrease in energy
input, savings with the other systems are much smaller. In
field tests, VSDs have saved as much as 50 percent in pump
applications. Against electricity costs of 7¢/kWh, simple
pay-back times of one year can be achieved with the pump
running only 4,000 hours per year; indeed, many industrial
users report benefits of that order of magnitude.

Another “hot” application is cogﬂgr_ci_gl_a_i_r_c%ﬁming
systems. Traditionally, the blower in the air circulation

system—or the pump in the water chiller—is running

continuously though not really needed at full output much
—of the time. Regulation is achieved with dampers and

throttles. “Tying” the blower or pump to a temperature
sensing device and using a VSD promises energy savings of
20 percent or more. Currently, air conditioning firms are
planning to introduce VSDs as an OEM (original equip-
ment manufacturer) feature. Machine tool firms are also
continued on page 86

Table 1: How variable speed drives save energy

Example: Centrifugal pump driven by 100-hp motor

100% Flow 70% Flow
Valve control Slip control Solid state VSD

Required pump output power (hp) 65.7 28.3 28.3 28.3
System losses (hp)

Valve — 24.7 — =S

Pump 16.9 21.6 8.9 8.9

Motor 7:9 7.0 5.1 5.1

Starter/controller 0.2 0.2 19.9 1.8
Required motor input power (hp) 90.7 81.8 62.2 4.1
Efficiency (%) 72 35 45 64

Source: Reliance Electric Co.
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Combines at work in Washington wheat fields, c. 1900. Washington State Historical Society, Tacoma.

Horses or Horsepower?

It might seem that American farmers, at least in
the early stages of a declining energy future,
wouldn’t have to worry about ample supplies of
energy. Farms consume only three percent of all
US energy today and since food is top priority,
one would think that government policy will
guarantee every farmer a necessary allotment.
This assumes such virtues as wisdom, common
sense, goodness, and efficiency will be exercised
by bureaucrats to treat all farmers equitably.

AMORE PESSIMISTIC point of view, however, might be
more realistic. There are many uncertainties in our
energy economy now; the future will probably be even less
predictable.

The problem the future farmer will have is age-old:
passing on the costs of production. As the price of energy
increases, the farmer will be even more pressed than he has
been; if he is a small producer, he may be squeezed right
off the farm before the palsied hand of bureaucracy can act.
It seems prudent to meet future agricultural energy
requirements by growing all farm traction energy. We can
grow crops that can be converted into alcohol to be burned
in today’s tractors (with a few modifications). Or, we can
grow crops which can be fed directly to draft animals as we
did on a broad scale less than fifty years ago.

When we begin to “grow” this traction energy, two limits
will quickly emphasize the importance of overall energy
efficiency. The most obvious, perhaps, is that traction

70

equipment will be in competition with people and
livestock for food. An equally serious limit is how little
energy an acre produces, given the context of our present
fossil fuel economy. Once these earthly limits become
conventional wisdom, many agronomic practices that seem
impractical or humorous today will suddenly become
serious considerations for the farmer.

A pair of farms

There are numerous comparisons one can make, but in
the end the questions we regard as pertinent stem from the
values we hold.! Our underlying supposition is that
agriculture should be a part and parcel of culture, as author
Wendell Berry emphasizes.

What if we were to take a pair of identical Iowa
farms—each 150 acres of tilled land with the standard crop
mix characteristic in Jowa in 1940—and farm one with draft
animals and the other with tractors, keeping everything
else constant, how would the energy requirements
compare? The old Iowa standard farm was a diversified
grain and hay farm, usually consisting of 60 acres of corn,
30 acres of oats, 30 acres of soybeans, and 30 acres of alfalfa

hay. Six acres were allotted to pasture, four for buildings
and roads.

!This is a critical matter needing emphasis, for our culture is rooted in agriculture, a fact
that an increasing number of our citizens has either forgotten or never knew. The
consequence is devastating, for culture becomes something to be consumed like an item
off the shelf in a supermarket. For example, we could estimate the output per acre for a
one person horse-powered farm compared with a one person tractor-powered farm
where both farms are operated to be self-sufficient in motive power energy. Here the
emphasis is upon reducing the number of human hours in the field—not an economic
good if a teenager is denied the opportunity to learn farming skills and takes, as an
alternative, a job at a drive-in theater or a fast-food place in a nearby town.

SOFT ENERGY NOTES




Table 2: Motor efficiency in the US

Electricity consumption (%) Efficiency (%)

Motor type Current Best!
Polyphase integral hp ac induction motors 68.3 88.7 93.7
Fractional 1/6 hp ac induction motors 155 65 75
Synchronous ac motors 7.3 97 9%
Single phase integral ac induction and

other polyphase ac motors 3.1 70 80
DC motors (excluding generators) 5.8 85 90
All motors 100%?2 84.1 90.0

Source: A.D. Little (1976).

lestimates based on manufacturers’ date.
21081 billion kWh or 64% of US electricity consumption in 1972.

MOTORS —from page 69

showing interest. Conveyors, elevators, feeders, and many
other machines, which are now run at constant speeds, are
promising candidates as well. While the total business
volume in 1981 was only about $100 million, growth rates
reported by some firms are now 25 to 30 percent per year
and projections of sales by 1990 reach billion dollar
figures.

Table 3: Total US electrical consumption

(1972) (billions kWh)
Electricity
Billions of kW consump -
By Sector 10° %
Motor drive (excluding HVAC) 32.6
Industrial, integral HP 438
Industrial, fractional HP 20
Commercial, integral HP 74
Commercial, fractional HP 16
Motor drive (HVAC) 72
Industrial 12
Commercial 110
Motor drive (other sectors) 24.4
Municipal water works 116
Electric utilities 147
Mining and construction 28
Residential 120
All other electrical consumption 602 35.8
TOTAL U.S. 1,683 100
TOTAL motor drive 1,081 64.2

Motor application by equipment type

Centifugal pumps 216 20.0
Blowers and fans 156 14.4
Other pumps 111 10.2
Compressors and vacuum pumps (industry) 84 7.8
Refrigeration compressors (commercial) 70 6.5
Metal-cutting and metal forming tools 40 3.7
DC motors and drives 63 5.8
Identified equipment, subtotal 740 68.4
Other equipment 341 31.6
All equipment 1,081 100

Source: A.D. Little (1976).
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Small savings, big effects

What aggregate savings might be realized with more
efficient electric drives? Table 2 shows drive electricity
distributed over the various kinds of motors in 1972. The
average motor efficiency of the current stock is an
estimated 84 percent. If all motors were of the high-
efficiency kind, this value would climb to 90 percent, saving
some 7.9 percent of total motor drive electricity. At current
consumption of about 1,400 billion kWh, this might be 110
billion kWh—equivalent to the output of more than twenty
large powerplants.

Table 3 gives a breakdown of electricity for drives by
function and sector, based on 1972 data. Centrifugal
pumps, blowers, and fans can be considered available for
applying VSD technology. Conservative estimates place
energy savings at typically 30 percent in pumps and 20
percent in air handling equipment. Power factor controllers
or VSDs could be applied to most other equipment with
average savings of maybe 15 percent. When weighted with
the fractions in Table 3, an average improvement of 20
percent might be expected.

With more efficient motors, the total technical potential
could be as high as 25 percent (even though better motors
reduce part-load losses themselves and these savings are
not necessarily additive with savings from VSDs or PFCs).
This corresponds to about 370 billion kWh, or more than 70
large powerplants. If evaluated against newly constructed
1,000 GW central stations, the whole potential should be
easily cost effective, but whether this economic (and
environmental) benefit will ever be realized depends
strongly on informed and effective public control of energy
policy.

— Florentin Krause
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building contractor, Continental Hel-
ler, and eleven subcontractors on
behalf of all the workers in the build-
ing. Molina asserts that these contrac-
tors were negligent in allowing emis-
sions to harm workers.

In response to these various com-
plaints, Cal-OSHA (California Oc-
cupational Safety & Health Adminis-
tration) inspections have been carried
out, but have not found excessive
levels of air contaminants. Tests reveal-
ing slightly higher than normal levels
of formaldehyde, carbon dioxide, and
polynuclear aromatic hydrocarbons
suggest the building’s ventilation
system is inadequate. According to
the inspector, John Seabury, however,
these gases pose no serious threat to
human health. Small amounts of glass
fiber, inorganic soil, concrete dust,
and carbon particles were found in an
analysis of collected dust. No spores,
pollens, heavy metals or asbestos were
found. The study also correlated
partition placement with stale air
pockets where these contaminants
accumulated.

The levels of formaldehyde, al-
though low (less than two percent of
the permissible exposure limit of 3
mg/M3), could have caused some
initial eye and throat discomfort while
not posing a serious threat to health.
Room dividers and cigaret smoke
could have contributed to the level of
formaldehyde. The report found no
problems with the levels of oxygen,
carbon monoxide, and hydrocarbons,
although the level of carbon dioxide
was slightly high. Because this level
increased as the day went on, it seems
probable that the carbon dioxide
build-up was from human respiration
and poor ventilation. Total dust
measurements were far below the
minimum detectable level of 0.2 mg/
M3, which is only two percent of the
allowable 10 mg/M3 level. The content
of the dust could have caused some eye
and throat irritation without posing
health hazards. Most of the com-
plaints came from the second and

fourth floors where, indeed, there
were high levels of polynuclear hydro-
carbons. The inspector correlated
these levels with the increased
number of cigaret smokers on these
floors.

Because there were no excessively
high levels of contaminants, Cal-
OSHA found the Bateson Building’s
ventilation system capable of sustain-
ing an acceptable air quality level.
Most of the problems encountered
stemmed from early occupancy in an
incomplete building. VAV boxes,
which control air proportions, were
defective, some of the main supply
fans had defective controller cables,
and many supply registers that feed
into the office area remained closed,
preventing air from flowing into the
room. The Cal-OSHA inspector also
found that a negative pressure condi-
tion in some areas of the building
were causing the fresh air supply to
fall far below the ASHRAE (American
Society of Heating, Refrigeration and
Air Conditioning Engineers) min-
imum.

Part of the air quality problem can
be attributed to a tenant switch.
Though the building was originally
designed for a single tenant, the
General Services Administration, the
state decided midway through the
project to move in several agencies
instead of one. A modification of the
building’s interior increased the con-
centration of private offices and closed
off the open spaces, reducing air flow.
Although a seemingly minor change,
the air system had been designed for a
large spacious building and now had
to handle more numerous, smaller
work spaces.

Except for rebalancing the fresh air
system, which is now being com-
pleted, all of the problems were solved
by April of this year. Cal-OSHA does,
however note an excessive number of
room partitions. It is feared that
comfortable levels of air circulation
cannot be reached while the air is
being pocketed by these dividers. A

new partition design, leaving a six-
inch space at floor level, has been
recommended to correct this problem.

Occupants have also complained
about lighting levels. Although the
original design included indirect,
ambient light combined with task
lighting, the architect did not specify
in the contract the type of task lighting
to be used. When it was time to choose
a particular lighting system, the
architect thought that indirect light-
ing could provide for all lighting
needs. However, when the offices
moved in, task requirements were not
met and task lighting was, indeed,
needed. Eventually, indirect lighting
will provide light for 30 percent of the
tasks and task lighting will serve the
rest.

Although the design of the building
is actually fairly simple, the im-
plementation is somewhat more com-
plicated. Glenn Hezmalhalch, of the
State Architect’s office, states that he
is “100 percent sure that the generic
design of the building is sound.”
Initial problems were caused by a
combination of normal bugs and
failures. At first, neither the designer
nor the occupants took responsibility
for running the building. Still, the
building is complicated to run.

Some of the poor air circulation in
the building can be attributed to a
janitor who was turning the ventila-
tion system off at night: this system
was designed to run around-the-clock.
Gigi Coe, of the Office of Appropriate
Technology, recommends that a train-
ing session be offered to those who
run the building to avoid these prob-
lems.

By the end of this summer, the
building is expected to be in working
order. Only then can the effectiveness
of the solar features be measured. The
Bateson Building has been likened to a
new car in which many good ideas are
not yet in working condition—until
they are all repaired, it is impossible
to comment on the gas mileage.

—Ruth Simon
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