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ABSTRACT

In seawater reverse osmosis desalination plant, pumps consume nearly 90% of the electrical energy. The purpose of this study

is to compare the energy consumptions of the high pressure pump before the installation of inverter and after the installation

of the inverter and to evaluate the performance of variable speed driven high pressure pump. Calculated energy saving of the

variable speed driven high pressure pump was around 14% at relatively clean condition of the membrane. However, the certain

extent of the saving should be continuously monitored year by year depending on the fouling and aging of the membranes.
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Fig. 1 Monthly seawater temperature and salinity of the site in
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Table 1 Specification of High Pressure Pump/Motor and Inverter

Pump Model 300x250 RN
Type Centrifugal pump
Differential Head 400 m
Capacity 835 m’/hr
Efficiency 83 %
Minimum Continuous flow 200 m’/hr
Motor Type HRQ3 451-26E
Power 1,350 kW
RPM 3570
Volts/Phase/Cycles 6,600/3/60
Full load AMPs 137.3A
Efficiency 94.5% @100% load
Efficiency 94.2% @75% load
Efficiency 93.3% @50% load
Power factor 0.91
Inverter Model N5000-1700H6 IGBT
Rated Capacity 2,000KVA
Phases 3
Rated Frequency 0~60 Hz
Rated Voltage 6.6 kV
Rated Current 175 A
Efficiency 97%
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Fig. 3 Inverter system for variable-speed control of high pressure

pump
120 1400 r 50
@ rewlution speed *
100 4 4@ Power consumption r 1200
Y Discharge pressure L 4o
1000 =
=
80 1 g 3
800 r 30
60 ‘ 500

RPM (%)

r 20

g

Power consumption (kW )

40

Duma disabnena arannn

8

20 4

o

20 40 60
Frequency (Hz)

275 387 517 631 745 835
Capacity (m3/h)

Fig. 4 Variation of Power consumption and revolution speed and
pressure as per frequency

ﬁﬂ
oft
ol
)
1o
o
O
O,
=l
k=l
u it
°
oX
ok
I
H
2
>
o
rN
oft
ol
H
fit
i
)

of Mo i px
o
R

ok 2 32
o my T

ofl ol

&
at
BOJ
g
o
o
o (e
jakad
ok
K
o
(o
lo g
[ 2
g
o
)
2
i=)
gl
o
)

oft
S

E.—ﬂ
o
o & 1o
o,
o

ox

)

"o,

ol

M

o

A

oA

Lo
_O‘L

H R

kI E 2

o ‘E
:

=

R TR

R
o =2

=
0

2 oox 2
ol ~
o -
i o o offt
rO
A e 1)
o =
2 =
£ -
8N
R

h
£
o,
¥y
2
&

i
o
=
=
4
N

o
H
e
S
=
o
oI
rir
Ho
o
=
S
o
[
=
o
fon
N
=4
~



gl__l
S
OH
02
lo

42

40 +——5O——0>-0—-n—O0—0-0———O0—-—- O-O0—O0—0—0—

38

36

Pump discharge pressure (bar)

®  After inverter installation
O Before inverter installation

T T T T T T T T
10 12 14 16 18 20 22 24 26 28

32 4

30

Seawater Temperature (°C)

(@

® Pressure after inverter installation
OPressure before inverter installation

APermeate flow after inverter installation 450

A Permeate flow before inverter installation

400

350

Membrane feed pressure (bar)

300

T 250
10 12 14 16 18 20 22 24 26 28

Seawater Temperature (C)
(b)
Fig. 5 (@) Pump discharge pressure vs. seawater temperature and
(b) Membrane feed pressure and permeate flow rate vs. seawater

temperature
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Table 2 Comparison of energy cost savings of variable speed pump against fixed speed pump

Fixed speed pump Variable speed pump
Temperature| Period Power Specific power Used power Power Specific power Used power
consumption consumption consumption consumption consumption consumption
C days (kW) (kWh/m) (kWh) (kW) (kWh/m) (kWh)
1 14 1,276 3.37 428925 1,132 2.98 380,519
12 % 1,276 3.37 1,715,698 1,132 2.99 1,521,519
13 ] 1,276 3.37 857,849 1,132 2.99 760,797
14 39 1,276 3.37 1,194,861 1,130 2.98 1,058,332
15 ] 1,276 3.37 857,849 1,127 2.98 757,352
16 5 1,276 3.37 765,937 1,123 2.96 673,990
17 B5) 1,276 3.37 1,072,312 1,117 2.95 938,599
18 21 1,276 3.37 643,387 1,109 2.93 559412
19 13 1,276 3.37 398,287 1,101 291 343516
20 12 1,276 3.37 367,650 1,090 2.88 314,087
21 8 1,276 3.37 245,100 1,078 2.85 207,101
22 20 1,276 3.37 612,749 1,065 2.81 511,306
23 20 1,276 3.37 612,749 1,050 217 504,141
24 7 1,276 3.37 214,462 1,033 2.73 173,690
25 13 1,276 3.37 398,287 1,016 2.68 316975
26 8 1,276 3.37 245,100 996 2.63 191,333
27 3 1,276 3.37 91,912 975 2.57 70,244
28 6 1,276 3.37 183,8%5 953 2.52 137,259
29 9 1,276 3.37 275,737 929 2.45 200,723
Sum 365 11,182,678 9,621,396
Ele“("‘g}‘gv)cos” 1,230,004539 1058353553
* Electricity unit cost=110 KRW / 1 kWh
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Fig. 7 Comparison of H.P pump efficiencies vs. seawater
temperature
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