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Fig. 1 Small-scale reverse osmosis desalination system
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Table 1~ Specifications of key devices

A1 RSy FiAk
POKELAE  CHLF2-30 2.0 th, =4H220 V/370 W
FEFEZER APPO.6 0.6 t/h, =4[220 V/1500 W
RSO CHL2-30 2.0 t/h, =4[220 V/370 W
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Fig. 2 Prototype of duel-output inverter
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Fig. 3 Flow chart of PVRO control program
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Table2 Operating characteristics with a fixed opening degree of pressure regulating valve
FOKERE /%  EEFEHHE/Mz  TAEEI/MPa RETHE/AW K KE/A-h KBRS E/S-cm™  WKAEFE/KWh-t
50 5.0 1.78 0.226 123 7.90
45 4.4 1.49 0.166 142 8.97
40 3.8 125 0.131 172 9.53
4 35 3.4 1.03 0.095 238 10.84
30 2.9 0.85 0.065 315 13.09
25 23 0.70 0.028 558 24.70
50 5 1.70 0.147 307 11.52
45 42 1.43 0.118 353 12.12
3.4 40 3.8 1.20 0.084 466 1432
35 3.4 1.00 0.049 697 20.56
30 2.9 0.83 0.025 1307 33.55

# 3 EE TARER I N YRGS iz 1745,
B 3 ek 9 308 i ) O R A e T 2R LA AS [ e i
FTBF 0 TAE R4 R 5 MPa ANAE . 55 3R 0 . i
e R AL A BRI, RGEINAE IRK K S
IKREFELSAT P/, (AL AL I RE AL/
R3 ETEES(5 MPa) WETTHE
Table 3 Operating characteristics with constant

working pressure (5 MPa)

K EEE EX2S R 7K REFE/
% R Mz EAW KEAhT kWh-t"

50 1.76 0.217 8.09
45 1.64 0.200 8.19
40 1.47 0.190 7.74

24
35 1.31 0.183 7.16
30 1.16 0.168 6.92
25 1.07 0.157 6.79
50 1.75 0.149 11.70
45 1.60 0.145 10.97
40 1.47 0.148 9.94

3.4
35 1.31 0.139 9.46
30 1.16 0.127 9.15
25 1.06 0.122 8.71

TERARIIFE ST, 8 AR He 42 1 7 7K
G T A BT RE R K R (R SR RGE AT
9 B IR D) M o AN SR — R OE AR IR e 7 ik, >R

P B e B, 6 B N AR 55 5 MPa T AR R 7, 0
M 5 3 IR AR AR ), S IR 3 MPa, BER i)™
K, URIEYEIR S A M TR o [ 4 O 2 Bl e
Ik R R PIKE R

0.167

= onal Wmm/7

T / /

St .08 / -~

e / i P )

~ /

0.04] /

0.00 : - . L : ;
06 08 10 12 14 16 18

#PIkW

Fl4  RFETEEIE T RRK =K (R R 3.4%)

Fig. 4  Fresh water production with different working

pressure control (S=3.4% )
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Fig. 5 Maximum power curves of PV arrays
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Table 4  Estimation of daily fresh water production

JFIK etk Hr=Kam/t-d?
EE % 51 kW T I ] 52 Ak

22 1.05 1.27

2.4
3.3 1.58 1.69
22 0.75 0.93

3.4
3.3 1.04 1.14

4 SLIGZER

4.1 MPPT = H45HENEK

it - ELAT S AR BE 51 A 40 2 BE 19 ] G B LU F
I3 BOEARNY -V Ih 4, BiiA MPPT #E iR . i
IKERE R 3.4% , FShiH R & 2 . 3% 5 B B S
SEERM RSB AT R YR ) 3 MK
ot AP B G AR AR AL A YR e R ) R R (L A R T 1
K, MPPT K B e, A 40 I e K D) R e
B RGBT U FREE , MPPT K BEAT T B

F5 BRAMERDIREIEFIELIRER
Table 5 Experimental results of MPPT control

U IR Bty ek MPPT
WEIW JiRMz IRIW b K BE1%
1900 50.0 1709 0.155 89.8
1700 49.5 1675 0.145 98.4
1500 46.8 1497 0.126 99.6
1300 43.4 1288 0.107 98.9
1100 39.7 1100 0.086 99.8
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Fig. 6 Experimental results on a sunny day (S=2.4%)
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Fig. 7 Experimental results on a cloudy day (S=3.4%)
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RESEARCH AND DEVELOPMENT OF INTELLIGENT PHOTOVOLTAIC
REVERSE OSMOSIS DESALINATION SYSTEMS

Chen Ming', Xu Zheng', Chen Ruijian’
(1. National Key Laboratory of Power Systems in Shenzhen , Graduate School of Tsinghua University in Shenzhen , Shenzhen 518055, China;
2. Shenzhen Solartech Renewable Energy Co., Ltd., Shenzhen 518055, China)

Abstract: In order to extend the application of seawater desalination technology and provide a local solution of fresh
water supply applicable to remote islands, an intelligent control technology and a dual-output inverter for photovoltaic
reverse osmosis desalination system are researched and developed in this paper. According to solar irradiance intensity,
automatic start/stop of the system, operation mode shifting and maximum power point tracking through pump speed
control are implemented. The functions of operating state identification and fault protection via monitoring the
conductivities, the pressures of feed water and fresh water are integrated in the inverter. Besides, a backup diesel
generator can be used to keep fresh water being supplied during continuous overcast or rainy days. The experimental
results of a small prototype system demonstrate that a 3.6 kW PV array can ensure 1 m’ of daily freshwater production in
sunny days. With the advantages including fully automatic reliable operation and well equipment maintenance measures,
it is especially suitable for the wide applications pertinent to such areas without power grid and lack of technicians.

Keywords: solar power generation; reverse osmosis; desalination; automatic operation; intelligent control; duel-output

inverter; MPPT



