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Abstract

This paper presents the potential of energy saving in water pumping system. A sample of 32 pumping units has been chosen randomly
for the current work. Measurements of power quality energy loss were performed, using Fluke 437-ii power quality and energy analyzer.
It was found that energy losses due to reactive power is about 22% of the total power energy losses in water pumping units in Jordan.
L osses due to reactive power is 14.57 GWh in 2012 with an expected cost of 51.2 GWh during 2015-2017; unless reactive power is

cured.
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1. Introduction

Water supply in Jordan relies mainly on resources, which are
located at a considerable distance to agglomerations.
Consequently, the water sector involves an energy extensive
operation by deploying large water pumping, boosting and
treatment and distribution facilities [1]. Power requirements
only for water pumping in 2013 amounted to about 14% of the
total power production of Jordan with a total amount of 2076
GWh[2].

Reassessing and anatomizing electricity use for water pumping
highlights the study of energy efficiency and energy loss
sources. One source of energy loss is due to poor power quality.
Power quality determines the fitness of electric power to
consumer devices. Mitigation of poor power quality issues has
several outcomes beside energy savings, precisely, those related
to system reliability, performance, maintenance, operation, and
selection of water equipment.

Several researchers worked on energy efficiency and power
quality problems. The effect of motor vibration problems on the
dynamic performance and electrical power quality of water
pumping stations was studied in Egypt [3]. Power quality and
energy efficiency assessment and the need for labeling and
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minimum performance standard of uninterruptible power
systems in Brazil were studied [4]. It was found that an
improvement of 5% in efficiency for UPS units would result in
an annual reduction of losses with a corresponding reduction in
the power demand. A normalization/regression-based approach
to estimate the kWh energy and kW savings from an
experimental OEEP (operational energy-efficiency program) for
municipal water pumping in California was implemented [5]. It
was concluded that a program designed to improve municipal
water pumping’s operational energy efficiency requires targeted
implementation, aiming at pump sites with known poor
performance or pumps with variable operating regimes.

Energy audit for efficient water pumping system necessitates
studying, identifying, and quantifying energy loss caused by
power quality issues and the associated financial costs of such
wastes. One of these issues is the reactive power. Reactive
energy is the energy stored in inductors as amagnetic field or in
capacitors as an electric field. Reactive energy does not cause
losses itself. However, the reactive loss is the line power loss
due to reactive system current.

Energy savings will have good impacts at the technical,
economic, social, and environmental levels for Jordan. In this
paper, energy loss caused by reactive power and the associated
financial costs would be explored, examined, investigated, and
applied for the water pumping sector in Jordan.
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2. Problem Description

The specific energy consumption for Jordan's water sector for
the year 2013 was 7.2 kWh/m? (billed) for the Water Authority
of Jordan (WAJ), mainly for municipal water supply, 95%, and
wastewater, and 0.46 kWh/m® (billed) for the Jordan Valley
Authority (JVA), mainly for irrigation and industrial use in the
Jordan Valley. Theweighted average consumption for the public
sector water facilitiesis 4.2 kWh/m3 [6].

Given that the water sector is highly subsidized, the total energy
bill paid by Ministry of Water and Irrigation (MWI) (including
JVA and WAJ) in 2013 was JOD 100 million, which is
equivalent to an average specific power cost of 0.069 JOD/kWh.
However, this figure does not reflect the actual power costs paid
by the Government. The actual power expenses amount to 0.189
JOD/kWh approximately [6].

Thisresultinan actual energy bill of the year for the water sector
JOD 270 million paid by the Government with a subsidized
amount of JOD 170 million. Subsides pose a major additional
obstacle to more efficient power consumption as they do not
generate incentives for power saving. A more transparent
accounting system to avoid double counting is required as well
as creating a coherent one-subsidy point along the service chain
to eliminate hidden subsidies[1].

Since the consumption of JVA constitutes a small portion
compared to that of WAJ, the focus will mainly be onimproving
the energy consumption of WAJfacilities[1].

Before August 15, 2013, electricity tariff for water pumping in
Jordan was 66 Fils per kWh. After that, Electricity Regularity
Commission (ERC) has modified the tariff for all sectors and
users through a plan for five years by increasing the tariff in
steps, Table 1 summarizes water sector electricity tariff [7].

Table 1: Electricity Tariff for Water Sector in Jordan till Year 2017

Period From 15/08/2013 2014 2015 2016 2017
Till 31/12/2013

Tariff  FilgkWh 76 87 100 115 133

The tariff for water pumping is aflat-rated penalty-free. For this
reason, the electricity bill for water pumping sector is simple,
i.e. complexity in calculating the peak demand and power factor
penalties will not appear.

For every kWh consumption thereis an additional tax equals one
Fils, and it is dedicated to rural electrification projects. In this
work the rural Fils will be added to the electricity tariff
automatically to account for power quality fiscal costs, i.e. for
the year 2015 the actual tariff will be 101 Fils.

The power system in Jordan's water sector is 4-wire three phase
wye (y)-connected system. The active power for al frequency
components, is directly calculated from the voltage (u) and
current (i) inputs:

Py = 5 TR uy (n). ix (n) ®

where Px is the active phase power. System power is the sum of
the phase powers.

The active system power is:
Py = Pa+ P+ Pc (2)

The fundamental powers are concerning the first harmonics.
These are Root Mean Square (RMS) values denoted as Uix for

voltage and I x for current. The phase angle between voltage and
current is (@uix - @iix). The fundamenta’ active phase power is:

Py = Upy Jyx - COS( QU1 — Pliy) (3
However, the fundamental active system power is:
P =3.Uf. I cos(puf — i) 4

In thi's case the system power is not the sum of the phase powers.
The system power is calculated from the positive sequence
components of voltage and current, eliminating all unbalance
components. This component is also called Effective power as it
is the most effective way to transfer power (electrical into
mechanical) if it would only consist of the positive sequence
power component.

The apparent power (all frequency components) is calculated
from the RM S values of voltage Ux and current Ix. The apparent
phase power is:

Sx:Ux'lx (5)

The apparent system power is not the sum of the phase powers.
The apparent system power is:

Sy =\ WF+UE+UD.UZ+15+19) ®)
Fundamental apparent phase power is:

Six = Uiy Iix (7
Fundamental apparent system power is:

Sk =301 8

For reactive power cnly the fundamental power is of interest.
Fundamental reactive phase power is:

Q1x = Uiy iy . sin( @uy, — @iqy) ©

System reactive power is not the sum of the phase powers.
Fundamental reactive system power is:

T =3.Uf.1f sin(puf — gi}) (19

For Jordan's water sector, pumping units are operating
progressively over thetime.

Comparing motor rated power and the measured power, reveals
the improper selection of motor units to drive the pumps.
However, the measured power is related directly to the head (H)
[m] and quantity (Q) [m3/s] of the pump according to the
following equation:
T il ol A (11)
Pump Ef ficiency

Where; p= Density (kg/m?)

However, practicaly, to select the appropriate motor power
[kW]; quantity [m3/h] and head [m] are multiplied by a factor
equals 0.0045, e.g. for H=200 m and Q=70 m?/h; P=63 kW. The
following equation is used to select pipe size, usually 2.5 [m.g]
specific speed is used, e.g. for 70 m¥h flow rate the 4" pipeis
sufficient.
Q
V=1 (12)
Where; V= Velocity in the pipe (m/sec)
Q= Flow rate through the pipe (m®/sec)
A= Pipe cross sectional area (m?)
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3. Methodology

In this paper, Fluke 437-ii is used to measure and analyze
reactive power and energy consumption. Initial setup to the
power quality and energy analyzer device, Fluke 437-ii, hasbeen
held to identify some parameters; including details of the
electrical system, electricity tariff, and other measurement
details.

A sample of 32 pumping units has been chosen randomly for the
current work. Measurements of power quality energy loss were
performed, using Fluke 437-ii power quality and energy
analyzer. For each pumping unit; measurements have been
stored and recorded. Power measurements included; the Energy
loss calculator; the Scope, and the Logger. The Energy loss
calculator summarizes the losses caused by power quality issues.
The Scope is an oscilloscope option. The Logger is used to
record predetermined parameters.

This paper concentrates on energy loss due to reactive loading.
Data collected from these screens are sufficient to conduct the
reguired analysis; however the Logger, the Scope, and other data
areavailablefor more elaboration on asituation. Thetariff inthe
Energy loss calculator screen appears in two decimal points;
however, it is actually in four decimal points as set previously.
The scenario of increasing the power of the electrical motor was
tested for the last two samples, 31 & 32. The procedure was as
follows: First, a 60 kW motor was coupled to the 70/200 pump
and measurements were conducted. Then, the 60 kW motor was
replaced with 110 kW, rising in the drawn current and more
energy loss with the increased reactive power were noticed on
the Energy loss screen.

4, Discussion of Results

The obtained results and the calculation for the reactive power
losses from 32 different pumps are presented in Table 2.

Table 2: Reactive Power L oss Calculations

SPECIFICATIONS
REACTIVE ENERGY LOSS
Pump Motor
Ener Totdl | Modified . .
2 | Type Quantity | Head | Power (T:;riﬁded égssgy Eﬂ‘g’r‘;ry Eg:“"e Reactive ﬁg:“ ve Eg:“"e
& reen LSS Loss
& Centrifugd | mah | m | KW | JOD/KWh | Tink JODIY | JOD/h | JoDih | JODIY | %
1 | Horizontal | 250 350 | 400 | 0.101 1 117527 | 047 026 227893 | 19.39%
2 | Horizonta | 150 350 | 250 | 0.101 2 72735 | 0.08 012 107244 | 14.74%
3 | Horizonta | 250 350 | 400 | 0.101 3 112554 | 0.16 024 214487 | 19.06%
4 | Horizonta | 250 350 | 400 | 0.101 4 102637 | 0.15 023 201082 | 19.59%
5 | Horizonta | 150 250 | 200 | 0.101 13 51342 | 0.06 0.09 80433 | 1567%
6 | Horizonta | 250 350 | 400 | 0.101 14 101857 | 0.3 020 174271 | 17.11%
7 | Horizonta | 150 300 | 206 | 0101 20 63783 | 0.07 011 93838 | 14.71%
8 | Horizonta | 250 300 | 320 | o101 29 119272 | 022 034 204920 | 24.73%
9 | Horizonta | 350 300 | 40 | 0101 8 92550 | 0.29 029 254040 | 27.45%
10 | Horizontal | 250 200 | 330 | 0101 9 68820 | 0.18 018 157680 | 22.91%
11 | Horizontal | 250 200 | 330 | 0101 19 7350 | 018 018 157680 | 21.53%
12 | Horizontal | 500 250 | 560 | 0.101 6 181000 | 0.35 035 306600 | 16.94%
13 | Horizontal | 500 250 | 560 | 0.101 16 164500 | 0.30 030 262800 | 15.98%
14 | Horizontal | 300 250 | 320 | 0.101 52 91910 | 024 024 210240 | 22.87%
15 | Horizontal | 300 250 | 320 | 0.101 59 97860 | 0.26 026 227760 | 23.27%
16 | Horizonta | 250 250 | 315 | 0.101 67 80620 | 0.20 020 175200 | 21.73%
17 | Horizontal | 200 250 | 225 | 0101 69 62610 | 0.12 012 105120 | 16.79%
18 | Horizontal | 200 300 | 320 | o101 78 83340 | 017 017 148920 | 17.87%
19 | Submersible | 50 30 | 75 0.101 9 26270 | 0.06 0.06 52560 | 20.01%
20 | Submersible | 50 30 |75 0.101 29 27180 | 0.06 0.06 52560 | 19.34%
21 | Submersible | 50 30 |75 0.101 43 23880 | 0.06 0.06 52560 | 22.01%
22 | Submersible | 50 30 |75 0.101 74 26250 | 0.08 0.08 70080 | 26.70%
23 | Submersible | 50 30 | 75 0101 94 24960 | 0.07 0.07 61320 | 2457%
24 | Submersible | 50 30 | 75 0101 100 24120 | 0.05 0.05 43800 | 18.16%
25 | Submersible | 50 250 | 60 0101 6 21700 | 0.05 0.05 43800 | 20.18%
26 | Submersible | 50 100 | 22 0101 16 639.4 0.03 0.03 26280 | 41.10%
27 | Submersible | 50 125 | 30 0101 23 8735 0.04 0.04 35040 | 40.11%
28 | Submersible | 100 50 |37 0101 30 12060 | 0.03 0.03 26280 | 21.79%
29 | Submersible | 20 130 | 11 0101 39 3489 001 001 87.60 25.11%
30 | Submersible | 150 100 | 67 0101 45 20930 | 0.05 0.05 43800 | 20.93%
31 | Submersible | 70 200 | 60 0101 7 21360 | 0.06 0.06 52560 | 24.61%
32 | Submersible | 70 200 | 110 | 0101 13 25100 | 0.10 0.10 87600 | 34.90%
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The actual power expensesfor electrical power needed for water
pumping is 95% of the value recorded for the MWI; i.e. 95% of
0.185 JOD/kWh, which equals 0.18 JOD/kWh. This percent also
equals 1972.2 GWh. The average percent for energy loss caused
by reactive power based on the sample equal's 22.25% of power
losses. Thus, the reactive loss for the year 2013 equals 16.83
GWh. CO2 emissions associated with this loss for the same year
is equivalent to about 12.25 Million kgCO2. Considering a
growth equals 4.22% in water sector consumption enables
imagining the ongoing situation.

One cause of power factor reduction or increased losses through
the reactive power is by increasing the power of the electrical
motor. This scenario was tested for the last two samples, 31 &
32. The procedure was as follows: First, a 60 kW motor was
coupled to the 70/200 pump and measures were conducted.
Then, the 60 kW motor was replaced with 110 kW, rising in the
drawn current and more energy loss with the increased reactive
power were noticed. Thisis dueto the high windage of the motor
coils of the 110 kW unit.

Figure (1) shows the state of phase voltages for the first case,
sample 31.
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Fig. 1. Sample 31 Phase Voltage

The state of phase currentsfor thefirst case, sample 31 is shown
in Figure (2). The distortion is obvious from this chart. The
average phase current magnitude is 104.5 A.
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Fig. 2. Sample 31 Phase Current

The state of the neutral for the first case, sample 31 is shown in
Figure (3). The negligible values point to the balance in phases.
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Fig. 3. The State of the Neutral for Sample 31

The phasor diagram of phase voltages for the first case, sample
31, isshownin Figure (4).
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Fig. 4. Phase Voltage in Phasor Diagram for Sample 31

Figure (5) shows the state of phase currents in phasor diagram
for the first case, sample 31. Notice the deviation of phase
current angles from the angles of phase voltages. However, the
measured PF equals 0.85.
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Fig. 5. Phase Current in Phasor Diagram for Sample 31

Figure (6) shows the power energy lossfor thefirst case, sample
31. The percentage of reactive loss is 24.61%. The same
measurements were conducted for sample 32. Clearly, the
distortion appearsfor al the studied electric motors. The average
phase current is 135.87 A. This causes a 30% increase in the
drawn current. The reactive power loss average for all studied
pumps is about 22%. The obtained results showed that the
increased deviation of phase current angles from the angles of
phase voltages leads to more reactive load. However, the
measured PF is decreased to 0.70.

5. Conclusions

Jordan's water pumping sector has more than 1000 working
pumping units. In this research a sample of 32 pumping units
was considered to study energy loss due to reactive power. It
wasfound that about 22% of the losses due to poor power quality
is associated with reactive power. The effect of improving
energy consumption is directly related to environment. So
improvising energy efficiency will reduce emitted gasses like
COa.
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