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Nebraska Irrigation Pumping Plant Efficiency Criteria

Power Unit
Type Efficiency Overall Efficiency
Electric 88% 66%
Diesel 33% 24%
Natural Gas 24% 17%




Results from the Project:
IRRIGATION PUMPING PLANT EFFICIENCY TESTING
RESULTS IN SOUTH TEXAS

Report

* Fipps, Guy and Byron Neal. 1995. Texas Irrigation
Pumping Plant Efficiency Testing Program. Final Report
submitted to the State Energy Conservation Office.
April 7, 1995. Texas Agricultural Extension Service.

e This report is posted at http://itc.tamu.edu under
Irrigation Literature



http://itc.tamu.edu/
http://itc.tamu.edu
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Overall Efficiency (%)

80.0%

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

Average Overall Efficiency of Electric Irrigation Pumping Plants Tested

Industry Standard 67.5%

60.4%
50.7%
46.2% 46.3%
44.0%
39.3%
36.2%
27.8%

Central Edwards Far West Gulf Coast LRGV Presidio South Southeast Southern HP  Winter
Garden

Region



Overall Efficiency (%)

Average Overall Efficiency of Natural Gas Irrigation Pumping Plants Tested
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Average Overall Efficiency of Diesel Irrigation Pumping Plants Tested
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Fipps Test Results
Range in Efficiencies

| NawnlGas | Electricity Diesel ______

Engine/motor

H 27% 94% 42%
L 16% 80% 29%
Pump

H 79% 91% 88%
L 40% 26% 37%
Overall

H 21% 86% 30%

L 5% 18% 5%



Potential Yearly Energy Savings for 244
Irrigation Pumping Plants Tested

Diesel (1000 gal), Natural Gas (1000 Mcf)
o o o

N
o
!

M Diesel (gal) ® Natural Gas (Mcf)

$241,470

I $168,700 I

Based on 2000 hours per year operation
Diesel $.65/gal Natural Gas $ 3.25/Mcf Electricity $ .07/kW-h

Electricity (million kW-h)



Explanation:

Costs of fuel 1995 2013
diesel S0.65/gal S3.65
Natural Gas $3.24 Mcf S4.25Mcf

Electricity S0.07 kw-hr S0.12 kw-hr



Total Savings from bringing all 244
units test to industry efficiency

standards
Natural Gas $168,700 $179, 200 $2800/unit
Electricity S241, 500 $362,200 $3150/unit

Diesel $150,400 $548,900 $8444/unit
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Pumping Plant Efficiency
and Irrigation Costs

L Ledn Npw™

Inefllclant punips and power units BT majr con-
nutews to excesshvehy high Fmigation cogts. To initulee
fuel consurnption and pumping cosl, pumging equlp-
ment mus: be careful'y selecld, praperly mantained
and raplaced when necesmry ko malnlzm high etiicier-
2y Efflotent. pumping plants willy Lheir lower pumping
oozt cambines whh efficient appication of carelully
litred Iigatiens can make the difference belwsem pro-
fit and losz bn Ivigated crop peoduction.

Factorz which atfect the ammunt af foel reqguired b
piatnp a gheen quartty o water (nsallon . én ack-inch,
an acre-fant; ete.) ara: {11 the pumping it or verlcal
\idaner lroo the water surface to the paind of dischume,
2 fhe pre=ure required ar the pumnp discharoe oo
uporata the pdgaton ayetem and (3} the officiency of
wtieh campoment [poweT unlt, pump drive or gear hearl
and puran) of the pumplng plast. Fuel ceaquinenémrs
ame lodner when pumsping Ut is lower, dischame preswrs:
% Tewen and purnplig onlt efficlency is higher, Pump-
ny wnit sotApanents In good condiion and carefulhy
seloected 1o rnarch requirements of & specific pumping
sluatien can operate at efflclencias as high ax Hhose
shewh in Table 1. However. ' many pumping urdifs o
Fartns Operate at eificiencies far balow those shown,

Tabi 1. imig pumpling souiperen ofkanty,
Exulmmunt AU B BATRAGNEY
o percaml
PUMp (camrifupel, fushime) bi=a:rd
Right angle purmp debos {pear head) 95
ARLomava-ypa argines. H-25
Iividiakrbal @rires -
Blasal 2537
HNatwal gas 2427
Baciric mofnm
Emell 7585
_Lerge . B5E2

Riaasons for kew efficiency Lwelude waar, improper ad
mstrnent or ilers ty select equipment 1 match the
gpeclfic pumping sonditioas. fSn englne operating at &
percent etfickmny will lse thiee times as much heel to
dothe same amount of witk [pump the same ameount

~Extargion agnoutural snginger=imgalion. The Texas Ak
Whvaralty Syalem.

of water at thee sarne taral head) 38 one operating ot 24,
percent efficieney. & pump that |5 25 parcent efficient
yequines thres Hmes Bs rowch posrss fuell to do the
zame amonnh of watk a5 & pump that 15 75 percent
efficient, Feom the standpoint of pumplng cost. o wery
serivus enndidon axisds wheen both the engine and the
pummp ppetate at ow eficienes. Far example, ¥ the
Enging cpeavates at § persen: afflclency arod the pump
at 25 perean: sfficiency, the purmplng plant wruld usa
mine dinses & mouch fuel b pUmE the same Amaun: of
wrder a4 ane with an englie eficleror of 24 parcant
and a pumnp efficlency f 7 percent,

Pumping Plant Components

A itrigation pumping plant has three mejor coimn-
pocierils: B we uilt, & pump deive ot gear head and
a pump. The pump BEnashaft and the motor shaft of
eleemic poaved pumpng plants are weaially dired-
comnected whick makaes a pump drive ot gear head
TMNe GRRsATy

Pump. A pemnp properhy selected to match speilic
condithoms el purping rate, puiplng B and discharce
pressute can operate a1 AN percent etfickency, or mare,
Hewever, many pumpe onetate st sk lower afficien
oy bacause o7 failure to sebeet the pump to match pump
ing rondisions, changes Ir pumplng bt or discherge
peessuRe, improae Adjusiment and wear, Pump wear
s rapidly and el decknes whan tha watar
contalng sand ot ather abeesves. The cffect of pump
efflclency on annuat fuet cost 13 Ulusated in Table 2

Ireigation pumps shatld be arlectad to match specifi
wrell characleristica of well wald and pumping it Add
any required discharge pressure {pounds per square
mch converted 1o Feel of Tead) fo pum pieg Bt o ob-
taln toial pumping heed. [ the water sousee s a lake.
prownd oF stream, substit et dosired puenping vata fer wel
weld. Use pump manufactutey's pestormance ratings
and the well pumping hest meaults to obelo e best
match for high pump eflclency. Fump perormance
retngs or curves are auvailsble fiom the dealer ar
inatutactucae, Fiqure 1. The pomp descabed wonld
aperate ot 77 percent efficlency, o higher for any
Py sliuation banyeen 600 sallons per minate with

Taaas &picutural Exletision Sevdss » Tevle L Carpanes, Diracis + The Texas A8M Unbersty Sysimm = College Sialion, Tasas



Leon News Testing Program

Costs are given in S/ac-in/100 ft head for 1990’a energy
costs

e 617 units tested

S/ac-in Costs with
improvements

Natural Gas 11.6% $1.08 $0.78

Electricity 52% $1.45 $0.80

Diesel 19% $1.10 $0.95

In 2013 Prices % Reduction in costs
Natural Gas §1.15 27%

Electricity $2.18 31%

Diesel S3.84 14%



Attainable Irrigation Pumping Equipmenet Efficiencies. (New, 1986)

Equipment Attainable efficiency percent
Pumps (Centrifugal, turbine) 75-82
Right angle pump drive (gear head) 95
Automotive-type engines 20-26

Industrial engines:

Diesel 25-37

Natural Gas 24-27
Electric Motors:

Small 75-85

Large 85-92




How’s Your Pumping Plant Efficiency?

e Easy way is to look at your fuel consumption

e Will need to know:
— Amount of fuel used

— Per acre-inch of water pumped
— Per 100 feet of head

e Whatis head??



Head

* Includes total vertical distance water is
pumped (in feet)

* Includes friction losses in pipes and fittings

* Includes the operating pressure of irrigation
system if water is pumped directly into the

system
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Calculating Horsepower Requirements
and Sizing Irrigation Supply Pipelines

CGuy Fipps*

Pumping costs are often one of the largest single
expenses In irrigated agriculture. Tahle | shows typical
fuel use and costs of pumping in Texas as measurad in
irrigation pumping plant tests conducted by the Texas
Agriculiural Extension Service. Properly sizing pipe-
lines for the particular situation will help minimize
these costs. This publication outlines how to calculate
the horsepower requirements of irrigation pumgs and
how to use this information in sizing supply pipelines.

Pumping Plant Efficiency

Amn irrigation pumpling plant has three major compo-
nenis:

1. a power wnit,
2. a pump drive or gear head, amd
3. A pump.

For alectric powered plants, the pump lineshaft and
the motor shaft are tsually directly connected. making
& pump drive or gear head unnecessary:

The pverall pumping plant efictency is a combination of
the afficiencies of each separate component. Individisal
pumping unit components in good condition and cane-
fully matched to the requirements of a specific pump-
ing situation can have afficiencies similar to those given
in Table 2. However. many pumping units operate at
efficiencios far balow acceptable levels (Table 3).
Additional details on pumping plant efficiency are
given in L-Z221E, “Pumping Pant Efictency and Irrigat ion
Costs,” (available from your county Extension agent).

Performance Standards

There are two commisn methods of determining the
efficiency of pumping plants. One is to measure the offi-
ciency of each component of the plant (motor, shaft and
pump). Once the efficiencies of the components are

"Bcemnn agricubural engine, The Toms ARM Unvosky Systom

knowen, the ovarall efficiency is easily calculated. This
requires specialized equipment and considerable exper-
tisa.

Another method is to caloulate the load on the motor
or engine and then measure how much fuel is usad by
the power unit. The fuel usage can then be compared o
& standard. The most widely used standards were
developed by the Agricultural Engineering Department
of the University of Mebeaska (Teble 4). The fuel con-
sumption rates in Table 4 indicate the fuel use which
can be masonally expectad from a properly enginesrad
irrigation pumping plant in good condition. The actial
fual usage of a new or reconditioned plant should not
be larger than that shown in Table 4.

Calculating Horsepower

Horsapower is 8 measurement of the amount of
energy necassary to do work. In determining the horse-
power isad o pump water, we mist know the:

1. pumping rate in gallons per minute (gpm), and
2. total dynamic hegd (TDH) in feat.

Thi theomatical power needed for pumping water is
called water horsepower (whp) and is calculated by:

gpm x TDH (f)

{eoquation 1) 3,560

whp =

Since no device or machine is 100 percant efficient,
the horsepower output of the power unit must be high-
er than that calculated with equation 1. This horsapow-
er, referred to as brake horsepower (bhgp), is calculated
by

whp

B = emping plnt eMicieacy]

(equation 2)

Total Dynamic Head (TDH)

TOH may be viewed as the total load on the pump-
ing plant. This load is usually expressed in feet of
“head” (1 psi, or pound per square inch = 2.31 feat of

Texas Agricufural Extension Zervice = Zere L Carpenter, Direclor » The Texas ASM UniversEy Sysiem » Colege Siation, Texas



Fuel Use from Leon’s
Extension Fact Sheet

Your fuel usage should be less than this

e Natural Gas MCF
272/acre-inch/100 ft head

e Electricity KWH
17.3/acre-inch/100 ft head

e Diesel Gallons
1.16/acre-inch/100 ft head



Copy of this presentation will be posted at:

http://gfipps.tamu.edu
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