
Variable-frequency drives for electric 
irrigation pumping plants save energy 
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The constant rpm (revolutions per 
minute) of electric motors pre- 
vents adjusting pump perfor- 
mance to match variable operat- 
ing conditions, and therefore the 
pump output is usually reduced or 
throttled. Variable-frequency 
drives of electric motors have the 
potential to adjust pump perfor- 
mance to match operating condi- 
tions by reducing motor and 
pump rpm. Field tests at five sites 
showed that pump performance at 
the reduced rpm could reasonably 
match that under the throttled 
conditions, but at a much lower 
horsepower demand. However, for 
economic reasons, pumping 
plants using a variable-frequency 
drive should be operated at least 
1 , 000 hours per year. 

Pumps for irrigation should be se- 
lected to provide a design flow rate or 
capacity and total head at maximum 
pump efficiency. The actual operating 
conditions, however, can vary 
throughout the irrigation season, caus- 
ing the pump to operate under condi- 
tions other than the design condition. 
For example, a single pump may be 
used to irrigate fields of different 
sizes, thus requiring the pump capac- 
ity to be decreased or throttled when 
irrigating the smaller fields. Pump 
performance may also change when ir- 
rigating irregularly shaped fields, 
which requires reducing either lateral 
lengths or the number of laterals per 
irrigation set. 

Electric motors used for irrigation 
pumping plants normally operate at a 

constant number of revolutions per 
minute (rpm), preventing the irrigator 
from adjusting the pump performance 
to match the operating conditions. 
Variable- or adjustable-frequency 
drives for electric motors allow the 
pump rpm to be changed by varying 
the frequency of the power into the 
motor. A variable-frequency drive first 
converts the AC power to DC power 
and then changes the DC power into 
adjustable-frequency AC power. As 
the frequency decreases the rpm of the 
motor is reduced, along with the 
horsepower demand of the pump. 
Pump capacity and total head are also 
reduced. 

As shown in figure 1, a small 
change in rpm results in a large 
change in pump horsepower demand. 
This figure, developed using equations 
relating horsepower demand, total 
head and pump capacity to rpm, 
shows that reducing the rpm by 20% 
reduces the horsepower demand by 
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Fig. 1. Pump characteristics versus 
pump rpm. 

50%. Thus, reducing the rpm from 
1,770 to 1,400 decreases the horse- 
power demand of a 100-horsepower 
pump to 50 horsepower. 

The pump capacity and total head 
also depend on the rpm (fig. 1). A 20% 
reduction in pump rpm reduces the 
pump capacity by 20% and reduces 
the total head by about 38%. 

The relationships in figure 1 are 
general descriptions of the effect of 
rpm changes on pump output. The ac- 
tual total head and capacity at a par- 
ticular rpm depends on the impeller 
design. Adjusting the pump rpm may 
not produce exactly the total head and 
capacity obtained under the throttled- 
capacity conditions. 

Little information has been re- 
ported on using variable-frequency 
drives with irrigation pumping plants. 
Therefore the objective of this study 
was to evaluate the effect of reducing 
the rpm with a variable-frequency 
drive, on the pump output compared 
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Fig. 2. Capital costs of variable frequency 
drives. 
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to the desired output and on electricity 
costs. 

Pump tests at five sites 
We selected five field sites for this 

study. A variable-frequency drive 
mounted inside a van was transported 
from site to site. A pump test was first 
conducted under the operating condi- 
tion normally used by the irrigator 
and then retested under the reduced 
rpm. Discharge pressure, pumping lift 
(where applicable), input horsepower 
and frequency of the power were mea- 
sured for each test. 

Site 1. Different blocks of tree crops 
were irrigated with a single centrifugal 
pump. Water was supplied from a res- 
ervoir. The pump was first tested 
while irrigating an 80-acre block, then 
tested on a 50-acre block that required 
reducing or throttling the pump ca- 
pacity. A third test was conducted us- 
ing the variable-speed drive to repro- 
duce the output of the throttled pump 
by decreasing the rpm. 

Results showed that the variable 
speed operation (1,345 rpm) reason- 
ably reproduced the output of the 
throttled operation (1,770 rpm) (table 
1). Pressure differences between the 
two operating conditions were small; 
however, the variable rpm operation 
produced 100 gpm more. Input horse- 
power demand decreased 39%, from 
90 horsepower under the throttled 
condition to 55 horsepower at the re- 
duced rpm. The pumping plant effi- 
ciency of the reduced rpm operation 
was nearly the same as that of the 
unthrottled operation. 

Site 2. A deep-well turbine pump 
supplied water to both border-irrigated 
and sprinkler-irrigated fields. The 
pump discharged into a low-head pipe 
distribution system. A centrifugal 
pump was used to pressurize the 
sprinkler system. The deep-well tur- 
bine pump capacity was adequate for 
the border irrigation systems, but was 
excessive for the sprinkler system. The 
excessive capacity was discharged 
onto the border-irrigated fields during 
the sprinkler irrigation. 

The variable-speed drive reduced 
the output of the deep-well turbine to 
match that needed by the sprinkler ir- 
rigation system by decreasing the 

pump rpm from 1,770 to 1,400. The 
horsepower of the turbine pump was 
reduced from 132 to 68, a 48% reduc- 
tion. The pump capacity was de- 
creased from 2,048 gpm to 1,085 gpm. 
The overall pumping plant efficiency 
(68%) was not changed by using the 
variable-frequency drive. 

Site 3. An unthrottled centrifugal 
pump boosted the pressure for 
sprinkler-irrigated fields when canal 
water was available. When only well 
water was used, the discharge of the 
centrifugal pump was reduced to 
match the capacity of the deep-well 
turbine. The variable-frequency drive 
was used to reduce the capacity of the 
centrifugal pump to match that of the 
deep-well turbine. 

The output of the centrifugal pump 
with the variable-frequency drive 
matched that of the throttled pump 
when the rpm was reduced from 1,770 
to 1,400. This resulted in a horsepower 
reduction of about 44%, from 66 horse- 
power to 37. Discharge pressure and 
pump capacity under the reduced rpm 
operation were 38 psi and 670 gpm, 
and were 37 psi and 720 gpm under 
the throttled condition. 

Site 4. A deep-well turbine and a 
centrifugal pump supplied water and 
pressure to a wheel-line sprinkler sys- 
tem. The sprinkler system was oper- 
ated at times using three laterals, 
which required a pump discharge 
pressure of about 60 psi. At other 
times only two laterals were used, re- 
sulting in a discharge pressure of 
about 90 psi. The discharge of the 
pumping plant was not reduced under 
this condition. The excessive pressure 
caused overirrigation because irriga- 
tion set times were not adjusted for the 
higher sprinkler pressure. 

The rpm of the centrifugal pump 
was decreased to reduce the discharge 
pressure to about 60 psi when only 
two laterals were operating. Results 
showed a horsepower reduction of the 
centrifugal pump from 45 to 20, a 56% 
reduction. The rpm was reduced from 
1,770 to 1,240. The combined pumping 
plant efficiency of both pumps de- 
creased from 51 to 44%. 

Site 5. A deep-well turbine pump 
supplied water to several center-pivot 
sprinkler systems. Sometimes the 

Prototype variable-frequency drive used 
for project. 

pump was used to irrigate only one 
center-pivot machine, which resulted 
in a lateral inlet pressure of about 60 
psi, compared to about 35 psi under 
normal operating conditions. Flow 
regulators on each sprinkler drop tube 
reduced the pressure to 24 to 26 psi. 

The pressure at the center pivot was 
reduced down to about 35 psi using 
the variable-frequency drive. The rpm 
was decreased from 1,770 to 1,500, 
which reduced the input horsepower 
from 90 to 61, a 32% reduction. The 
pump capacity decreased from 815 
gpm under the normal condition to 
791 gpm under the reduced rpm con- 
dition. The pumping plant efficiency 
changed from 54% to 57% under the 
reduced rpm. 

Economic considerations 

pump output at the reduced rpm can 
reasonably match the desired output. 
The desired output occurred when the 
rpm was reduced from 1,770 to be- 
tween 1,240 and 1,500, with three sites 
at about 1,400 rpm. Most horsepower 
reductions were between 25 and 35 ex- 

These results indicate that the 
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cept for Site 2, which was reduced by 
64 horsepower. With one exception, 
little change was found in the overall 
pumping plant efficiency. 

Are variable-frequency drives eco- 
nomical? They can save energy by re- 
ducing the horsepower demand of irri- 
gation pumps. The annual energy 
saving is the difference in energy cost 
between the constant rpm operation 
and the reduced rpm operation. This 
difference depends on the amount of 
decrease in horsepower, the operating 
time at the reduced rpm and the elec- 
tricity costs. 

Payback period 
Figure 2 shows capital costs of 

variable-frequency drives using data 
from three sources. Costs ranged from 
about $2,500 for a 10-horsepower 
drive to more than $16,000 for a 150- 
horsepower drive. Costs increased 
linearly with increasing horsepower. 

These site observations were used 
to evaluate the economics of variable- 
frequency drives. First, the payback 
period was calculated for each site, an 
approach frequently used by irriga- 
tors. The payback period is the capital 
cost divided by the annual saving in 
energy costs. The payback method 
provides a rough estimate of the time 
required for an investment to pay for 
itself. Disadvantages of the payback 

method are that it fails to recognize 
savings that occur beyond the payback 
period and that it does not consider 
the time value of money. 

returns of using a variable-frequency 
drive by determining annual benefits 
and annual costs. The annual benefit 
is the annual saving in electricity 
costs. The annual cost is the annual- 
ized capital/installation cost of the 
variable-frequency drive, which de- 
pends on the initial capital / installa- 
tion costs, the interest rate of return, 
and the economic life of the drive. The 
annualized cost for this study was 
based on an interest rate of 5% and 
an economic life of 10 years for the 
variable-frequency drive, based on in- 
dustry recommendations. The annual 
net return is the annual benefit minus 
the annual cost. 

Table 2 shows the payback period 
in years calculated for several different 
annual hours of operation. Large 
payback periods, nearly equal to the 
economic life of the drive, occurred for 
500 hours of operation per year, except 
for Site 2, which had a large horse- 
power reduction. At 1,000 hours per 
year, the payback periods were con- 
siderably reduced, to between 4 and 6 
years. Payback periods between 2 and 
4 years generally occurred for 1,500 
hours of operation. 

Annual net returns, shown in table 
3, were either small or negative at 500 
hours per year. A negative return oc- 
curs when the annual cost of the drive 
exceeds the annual benefit. Annual re- 
turns were much higher for operating 
times exceeding 1,000 hours per year. 
The smaller returns for Site 5 com- 
pared to Sites 3 and 4, which had simi- 
lar horsepower reductions, reflect the 

A second approach calculated the net 

larger horsepower demand of Site 5. 
The larger net returns for Site 2 re- 
flect the relatively large horsepower 
reduction. 

Other concerns 
The adjustable AC power generated 

from DC power may contain distor- 
tions not found in AC power, which 
may increase motor temperature. An 
increase in heating may shorten the 
life of an electric motor. A report, “Ad- 
justable Speed Drives: Application 
Guide,” by the Electric Power Re- 
search Institute indicates that harmon- 
ics due to distorted current may in- 
crease motor heating by 3 to 15%. The 
report states, however, that recent de- 
signs of variable-speed drives have 
been found to produce less than 5% 
heating, and that medium-voltage 
variable-speed drives were found not 
to cause any additional heating. The 
report suggests that additional heat- 
ing by low-voltage drives should not 
be a problem if the motor service fac- 
tor is 1.15. 

The variable-frequency drive can 
affect the efficiency of the irrigation 
pumping plant, since both motor effi- 
ciency and efficiency of the drive de- 
crease with decreasing rpm. The EPRI 
study showed that the efficiency of the 
drive decreased slightly to about 50% 
of the maximum rpm, but at lower 
rpms the drive efficiency decreased 
substantially. 

Variable-frequency drives must be 
protected from adverse environmental 
conditions. Good temperature control 
is necessary for prolonged life of the 
variable-frequency controller. One 
manufacturer recommends maintain- 
ing the ambient air temperature be- 
tween 14” and 122”F, maintaining the 
humidity below 90% and operating 
the unit at an altitude below 3,300 feet. 
Field experience suggests that the tem- 
perature should be controlled during 
the summer using fans or air condi- 
tioners. Variable-frequency controllers 
should be operated in an atmosphere 
free of corrosive gas and dust. Wetting 
of the controller must also be pre- 
vented. A space heater is recom- 
mended to prevent condensation dur- 
ing winter fog. 
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Summary 
Variable-frequency drives offer the 

potential of adjusting the output of an 
irrigation pump to match variable op- 
erating conditions at a reduced energy 
cost. These field evaluations showed 
that the output of the pump could rea- 
sonably match the desired output by 
reducing the frequency and thus the 
pump rpm. These reductions were ob- 
tained by reducing the pump rpm 
from 1,770 to about 1,400 for most of 
these sites. 

Horsepower reductions ranged 
from 32 to 56% of the initial horse- 
power. Four of the case studies had 
reductions greater than 39%. These 
percentage reductions reflect the re- 
duction in energy costs that occur if 
the operating hours at the reduced 
rpm are the same as the operating 
hours under the mismatched but con- 
stant rpm condition. 

the pump should be operated at the 
reduced rpm for at least 1,000 hours 
per year to ensure a positive annual 
net return. The greatest potential for 
energy savings and positive annual 
net returns occurs for high electric en- 
ergy rates, large horsepower reduc- 
tions and long operating hours at the 
reduced horsepower demand. 

The economic analysis suggests that 
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