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ABSTRACT

Pumping from groundwater is one of the important methods of supplying
irrigation water in lIran. Electrical and diesel-driven pumps are commonly used in
our agriculturai farms throughout the country. At present, the amount of energy
waste of the pumping stations is not known, therefore, the performances of 52
pumps in Shiraz region of Fars province were investigated. The results indicated
that the electrical and diesel-driven pumping systems wasted energy by as
much as 210 and 178%, based on calculated horsepower, respectively. However,
with the present level of the energy price in the region and excluding
depreciation and maintenance costs, diesel pumps seem to be more economical
than electrical pumping systems. Overall, about 75 million Rials (about $ 35700)
will be saved in energy by replacing 1000 electrical pumps by diesel pumping

systems during a S5-month running period.
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INTRODUCTION

Shortage of energy is one of the important problems in the world.
On the other hand, energy is a main factor in crop production. In a dry
country such as Iran, groundwater by pumping is one of the main

irrigation water resources. Electrical and fuel (diesel-engine drive)
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pumps are two common types of pumps used in irrigation throughout
the country. At present, the price of diesel fuel is very low compared
to electricity; but in the future the shortage of oil may result in a very
high rise in the price of diesel fuel. In this regard, selection of a pump
of proper specification with respect to the irrigation requirement will
help reduce energy waste in agriculture as electricity or diesel fuel.
Energy wasle of the pumping stations with different types of pumping
systems should be measured throughout the country. The resulis of such
studies might be useful for proper designing and selection of pumping

systems for the irrigation requirements.

At present, data on the running efficiencies of pumping stations in
the agricultural farms of Iran are scarce (2). Therefore, a sample area
with 52 pumps in Shiraz region of the Fars province was selected and
the performances of pumps and energy comsumptions were determined
during a five-month period of irrigation period (late April to late

August).

MATERIALS AND METHODS

Fifty two 4-stage pumps were surveyed for the amount of energy
wastage. The pumps were located in Shiraz region (Fars province, Iran)
with a distance of 21 to 84 km from Shiraz. Among these, only eight
pumping systems were electrical and the rest were diesel-driven pumps.
rig. 1 shows the sites of the survey area. The pump stations were in
Marvdasht, Kaftarak, Poleberengi and Khaneh-Zenian which are in

north-cast, east, south-east and west of Shiraz, respectively.
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Fig. 1. Location of the study sites in Shiraz region of Fars province,

Iran.



Specifications of these pumping systems are shown in Table 1. The
pumping systems of numbers 6 to 18 had a suction pipe of 76 mm L.D.
whereas the rest of the systems (39 pumps) had a suction pipec of
102 mm I.D. The corresponding impeller diameters were 190 mm and
210 mm for the above mentioned pumping Lypes, respectively. It was
assumed that the diesel pumps were running at their rated rpm.

Different parameters such as discharge from the pump, total static
head, and number of fittings for each pump were determined. The
discharge of the wells was mecasured by trajectory or volume basis methods
(11). The free water surface was determined in each wet well from the eye
of the pump at running stage. Then, the vertical distance from eye of the
pump to the discharge point was measured. The sum of these two
measurements was considered as total static head. The head loss in each
piping of the pump systems was calculated using Darcy-Weisbach equation,

to be used in the calculation of total dynamic head, H. (12) as follows:

ho=f L/D (V¥/2g) (1

h; = the head loss through the system pipes and fittings, m

f = friction coefficient using Moody diagram (9).

L = length of the pipe or equivalent pipe length of the fittings (9), m
D = suction and/or discharge pipe diameters, m

V = velocity of the flow, ms™!

g = acceleration due to gravity, 9.81 ms™
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Table 1. Nominal specification of the pumping systems in the study area.

Station Power v Station Power
No. rpm kw hp No. rpm kw hp
Electrical type Diesel type (cont.)
1 1460 22 30 26 9001000 1477 20-23
2 1480 8BS 245 27 950 158 218
3 1480 8BS 204 28 950 138 187
4 1460 B85 204 29 880 202 275
5 1460 185 204 30 880 v 23
6 1460 22 204 3 880 7 23
7 1460 B85 252 a2 880 %2 22
8 1460 15 204 33 880 16.2 22
34 850 ns ®
Diesel type 35 850 18 %6
9 1800 475" &5 36 850 18 %
10 950 B8 215 37 840 155 21
1 850 na % 38 840 155 21
2 800 ns 16 39 800 ns 16
13 800 18 16 40 800 18 6
14 760 147 20 41 800 18 %
15 700 -] 8 42 800 18 1
] 700 & 8 43 800 1na %
v 700 6 8 44 800 ne %
8 700 6 8 45 800 18 6
9 2100 ne ® 46 800 18 16
20 2100 14 155 47 700 191 28
21 1800 478 65 48 700 191 26
22 1800 478 65 49 650 88 12
23 1050 19 26 50 - 206 23
24 900-1000 4777 2023 51 - 7.7 24
25 9001000 4717 20-23 52 - 132 B

+ Calculated from nominal horsepower.



For calculation of the friction factor, f, the Hazen—William and

Darcy-Weisbach equations have been combined (3) which resulted as:

f = 139.8 C185 poI3 (015 (2]

where:
C = Hazen-William coefficicnt of relative roughness (3, 9).
D = pipe diameter, mm
Q = pump discharge flow rate, Ls™
Using a C value of 55 (8) for the old trunk (corrugated) connection
pipes between strainer and pump will result a general equation for 79 mm
to 102 mm LD. suction pipes to calculate the friction factor in equation [2]

as follows:

f =016 Q" (3]

where:

Q = discharge from the pump, Ls™

Minor losses in each system were determined by using the loss
coefficient, K, in K(V%¥2g) equation (12).

Sum of the total static head, calculated head loss of the pipe and the
minor head losses due to fittings, plus 10% of all of them was considered
as total dynamic head (H). Addition of 10% was used to overcome the head
loss in the system due to aging (5).

The lifc of a pumping system depends on the internal wear of the



pump and this wear will change the pump performance (4, 5, 6, 7).
Therefore, the aging of the pump systems reduces the pump efficiencies. In
this regard, the values of the pump efficiencies (n,) of the used or old
multistage-centrifugal pumps are based on their discharges. The pump
efficiencies were proposed by Briscoe (1) as 50%, 55% and 60% for
discharge rates of less than 5.6 Ls!, 5.6 Ls! to 28 Ls™!, and greater than
28 Ls ', respectively. These values were used to convert the water
horsepower {Whp) to installed motor horsepower (Mhp) using the following

cquations for differcnt types of pumping system:

QH
Electrical systems, motor horsepower = ——————— [4]
0.55 n,
QH
Diesel systems, motor horsepower = ———————— [5]
0.35 n,

where:
Q = the pump discharge, Ls™
H = total dynamic head of the system, m

N, = pumping efficiency, related to discharge rate, %

Then, the percentage of the cnergy wastage was calculated by the

following equation:

(nominal Mhp x Cos @ - calculated Mhp)

Energy Wastage % = *x 100 [61
calculated Mhp




Motor horsepower of each eclectrical system was converted to kW
by a conversion factor of 0.?36. In the diesel type systems, the
performance standard is 2.98 hp-h/liter of diesel fuel for representative
power units (5). This amount is also reported to be about 200 g of
diesel fuel for every hp-h, (150-230 g/hp-h); (10). For this study
200 g/hp-h was considered to determine the ecnergy wastage in the

diescl-engine driven pumps.
RESULTS AND DISCUSSION

The results of the calculations are shown in Table 2 including the
average energy wastage (%) for all electrical and diesel pumps in the
study area. On the average, 210% energy is wasted in the electrical and
178% in the diesel systems. Furthermore, the results of empirical
equations (1) did not show significant differences between the energy
waste for two systems of pumpage. Generally, the results showed high
energy wastage in pumpage of irrigation water in the study area.

In 6 cases out of 44 diesel systems (about 14%) the calculated
horscpower was almost equal to the nominal horsepower which indicated
a proper design and selection of diesel pumping systems.

For further analysis, 18 hours per day running time for irrigation
needs during a 5-month period (growing season) has been considered.
This will result in about 2790 hours of total running time of pumpage
for each system. The energy wastcage as kW-h/pump as electricity and
hp-h/pump in the diesel type system are calculated from the average of

the data in Table 2. The differences between the average nominal
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Table 2. Calculated horsepower by Briscoe (1) proposition and energy
wastage for the clectrical and diesel type pumps corresponding
to their station specifications.

Station Piping Flow Trunk Static Head Total Nominal Calculated Energy

No. length rate lenth head loss dyn. head horepower horsepower wastage
(m) s (m) (m) (m) (m) (hp) (he) %)

Electrical systems
1 28 151 (] 198 14 231 300 14 160
2 25 15 ] 15.0 07 172 245 65 280
3 24 79 3 191 03 218 204 53 280
4 33 10 0 200 09 229 204 a2 150
5 29 6.8 0 7.7 18 214 204 18 70
6 39 121 2 242 52 339 300 134 120
7 35 89 0 230 26 282 252 82 210
8 26 58 3 190 08 223 204 42 390
Mean + SE 239+ 15 86+ 1.16 210 + 34
Diesel systems

9 23 56 0 W o7 195 65 57 1040
10 30 87 2 112 21 153 215 7.0 210
1l 15 58 5 214 05 247 16 75 10
12 20 07 2 14 05 219 16 23 30
13 14 168 2 156 08 188 16 %5 .
14 25 120 ] 12 33 211 20 133 50
15 10 105 5 99 1 133 8 7.3 B
16 10 24 3 103 01 19 8 16 380
17 22 10 ] 15 25 19.2 8 11 -
18 15 106 0 93 15 24 8 69 20
19 23 ns 3 18 07 209 ] 26 30
20 71 58 3 125 05 144 155 47 230
21 26 73 2 17 17 21 65 19 240
22 23 81 0 185 03 85 65 7.8 730
23 7 126 2 1l 06 131 26 86 200
24 23 105 0 149 06 175 215 96 20
25 24 187 0 72 12 202 215 155 40
26 25 05 0 75 06 199 215 109 00
27 15 126 0 89 05 15 215 76 180
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(Table 2., Continued):

Station Piping Flow Trunk Static Head Total Nominal ~ Caleulated  Energy
Mo, length rate lenth head loss dyn head horepower horsepower  wastage
(m) Ls™! (m) (m) {m) m) hp) (hp) (%)
28 41 136 0 195 16 232 87 165 10
29 62 85 2 425 1 479 275 213 ao
i 30 38 7.3 25 1l 25 61 23 16 60
i 3t 32 7 3 268 15 22 23 248 .
i 32 52 63 0 446 05 495 22 63 30
I a3 49 150 25 38 24 449 22, 353 -
34 4 11 3 n3 3 6.4 % 94 70
! 35 23 84 3 131 04 5 % 66 140
36 1 53 3 * 01 B2 1 53 200
| 37 29 57 3 2 03 245 21 73 190
38 23 189 3 73 34 228 21 226 -
39 26 168 1 15 27 156 21 37 50
40 23 13 0 45 07 %7 6 99 60
M 18 137 3 9 13 13 % 81 100
42 8 1 0 1 05 ©°7 % 73 120
43 30 58 0 218 27 24 ® 5 220
44 22 108 0 3 03 149 % 84 90
45 24 37 ) %9 04 197 ] 141 10
45 3l 80 0 07 45 %2 % 68 140
47 55 63 0 396 05 44 26 145 80
48 55 105 2 483 13 547 26 301 .
49 9 61 4 107 04 21 2 39 210
50 7 63 0 1l 01 156 28 51 450
51 7 10 o 10 04 ©27 24 67 260
52 ® 36 a5 4 04 156 18 29 520
Mean + SE 217+192 114 £1.05 178133
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horsepower of both Lypes of the pumping system and the calculated
horsepower are used in calculation of the net energy wastage during the
5-month period of irrigation (2790 hours running time). The total amount
of encrgy wastage as electricilty and diesel fuel are 31000 kW-h/pump and
29000 hp-h/pump for electrical and diesel systems, respectively. The results
indicated that for 1000 electrical pumping systems 31000 MW-h electrical
energy will be wasted for the pumpage of irrigation water. Saving this
amount of electricity by proper design ol pumping systems may comfort the
life of the residents during summer when eclectricity shortage is an
important problem especially in this part of the country with hot summers.

In the case of diesel-engine driven pumps surveyed in this study, on
the average, 2790 running time will consume 2.9 x 10% hp-h energy per
pump. Calculations showed that for the diesel type pumps with 2790
running hours per scason 5.8 tons of diesel fuel will be wasted. The total
amount of diescl fuel wastage for 1000 pumping systems will be about
5.8 x 10°, 1ons. Considering 0.68 for specific gravity of diesel fuel (12}, the
total loss of diesel fuel will be about 5.8 x 10° liters. This amount of fuel
could be used for other industrics or, in case of proper design will not
pollute the atmosphere.

Considering 5 Rials'/(KW-h) for electricity and 10 Rials/L of diesel
fuel the total amount of monecy losses could be calculated. On the average,
160 million Rials ($ 76200) and 85 million Rials (§ 40500) as energy cost

will be lost for 1000 clectrical and diesel pumps, respectively.

1. 1 US § = 2100 Rials
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CONCLUSION

The results of this study indicated that the pumping systems in the
Shiraz arca wasted cnergy by 178-210% of their rated power. Howecver,
with the present level of the energy price, not considering depreciation
and maintenance costs, diesel pumps might be more economical than
electrical pumping systems. On an overall view, about 75 million Rials
(about $ 35700) will be saved in energy by replacing 1000 electrical
pumps by diescl systems during a S-month running period. In spite of
this, due to ease of operation of electrical pumping systems proper
design and selection of such systems must be considered. Furthermore,
the air pollution will also be diminished when the electrical pumps are

used instead of diesel type pumps.
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