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1 Introduction (%)

« Water is the source of

life, is essential for IKRAE MR,

soclal and economic D
development. AL A2 GF

* With the development 77? % K K
of national economy, s ARETH]

the increase of AR EBRE B

population and the

raise of peoples living RBIR. W

standard, Water Sk B R A~ T

shortage has recently e
become a serious Fr-VE ] R

problem worldwide.




« Chinais one of the
countries short of water, #F EH 2157 _E21

especially in the north AN EAKEFRZ—.

and northwest region, TR IL T
slands in the north,  LEFAZ &
|  BEImERK, K

» To cater for increasing VR AV R Gy o
demand for fresh water jfml:ﬂ,%[. BRIK

by year, desalination Is
one of the means to IE'-IQ‘- e —EHRF

solve this problem X o




Thermal and
membrane
methods are
mostly used for
this purpose.
electrodialysis,
reverse
OSmosis and
distillation.

H B E B\ KR
WIHER REE
(SWRO) . %
FKINFE (MSF) .
Z A% K (MED)
FMERZRE (VC)




2 Desalination Processes
(B Eh T FE)

2.1 lon Exchange Membranes and
electrodialysis (ED)

(B FARBIEA BT )

2.2 Reverse Osmosis(RO) and
Nanofiltration (NF)

(REZE MANLE)
2.3 MSF and LT-ME

(Z R NAR-REZ R




2.1 lon Exchange Membranes
and electrodialysis (ED) (&

TP BT )

2.1.1 lon Exchange Membranes ()

2.1.2 applied theories of ED(%
2.1.3 ED/EDR units (G£E)

2.1.4 Application of ED
processes (ML)

H18)

2.1.5 Other development(F:4t)



2.1.1 lon Exchange Membranes

(B FRXBAR)

 The research on ion exchange
membranes and ED began in 1958 with

the first membrane based on PVA. (46T
1958)

* the most widely used are heterogeneous
membranes of polystyrene-
divinylbenzene. The annual production
of the membranes has reached nearly

400,000 square meters(FAHE, 4075 F 5 %K)




* New homogeneous ion exchange
membrane from cross-linked
PPO has been developed In
recent years.

(PIFHAR, SR K AR IE )




lon Exchange Membranes made in China

Type

3361

Hete roge (cation-exchange)

neous:

Homoge
neous*

3362

(anion-exchange)

DD-120-A

(anion-exchange)

DF-120-C

(cation-exchange)

DF120-A

(anion-exchange)

Thick Water

IEC

Nness content
(mm) (%) meq./qg
0.4- >

05 35-50 50
0.4- >

0.5 35-45 18
0.25 49 1.96
0.22 44 1.57
0.25 49 1.96

<12
<13
2.0

1.4

2.0

>92

>90
98
92

98

Blast
strength

(Mpa)

>0.3

>0.1

=>0.8

=>0.7

=>0.8



2.1.2 Applied theories of ED
(EDMN A EH )

 The applied theories studied on ED
including

concentration polarization, (R ZE#4k)

water splitting, (ZKZ4E)
Electrode behavior (EB#4TR)

hydrodynamics in compartments (&
ZEIK 1)

were mainly conducted in the early
1970s.




2.1.3 ED/EDR units
(ED/EDRIEE)

* There are many configurations of
with the largest size of the
membrane/spacer area of
1600mm X 800mm (&K ~H)

 More than 1000 ED units have
been produced each year from
nearly 40 factories (402 4L A4

Elooozﬁwﬁé)
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Fig.2-1 Structure of ED spacers
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Fig.2-2 Structure of ED unit




2.1.4 Application of ED processes

(EDEFERI M

W )

 There has been only one seawater
desalination plant of 200 m3/d at

Xisha Islands. (Pt

PRI )

 Brackish water desalination is the
major user for ED, such as Datong
Coal Mine Water Desalting Stations
were set up between 1975—1986 with
the capacity of thousands tons per

d ay. (ig;

HT 5

H

LK e 2

)



Fig.2-3
Desert
desalina
tion
vehicle
for oll-
drilling







 The other main use Is pure and
ultrapure water production for
boilers and other industries.
The ED units at Jinshan No.2
Petro-Chemical Plant have
produced pure water from tap
water with the capacity of
12000m3/d.




2.1.5 Other developments
(FARTFK)

» Bipolar membranes (M%&)

* EDI (CDI) processes ,EDI
prototypes and equipments
with unit capacity of 1-3m?3/h
were operated for pure water
production.

- (RERE T




2.2 Reverse Osmosis(RO) and
Nanofiltration (NF)

» 2.2.1 Exploring research (BFFfEFFR)

(REFERGRIE)

« 2.2.2 Aromatic polyamide membrane

(77 B RBAR)

- 2.2.3 application stage in 1980’s(~71)
» 2.2.4 popularization and application In

large scale in 1990’s. (X%

L)

Jq?ﬂ)



2.2.1 Exploring research
(Bt FFH &

* Exploring research on reverse
osmosis (RO) membranes in
China was set about in 1965 (#5
F1965)

* A national joint research program
on sea water desalination began
In 1967

(196 7K IR 2HR)




2.2.2 aromatic polyamide membrane

» Studies on aromatic polyamide
membrane materials, including PSA,
and related hollow fiber RO
membranes, and CTA hollow fiber RO
membranes were started at the
beginning of 1970’s.

(1970’s B 5175 IR KB PSARK, CTA
o 2% 21 22 )




« Studies on RO composite
membranes formed by interfacial
polycondensation and in-site
polymerization, and dynamically
formed membranes as well as
SPS membrane began in the
middle of 1970’s.

(1970°’sH 8, FR A4 EROE &
FERISPS& i)




Performance of composite RO
membranes and modules,

(R Hirtre)

Membrane Performance Test
S& condition

modules  Flyx/output Rejection(%6)

membrane >40 >99 1.6MPa
Ulag)), <2000mg/I
NacCl
Modules >6.8m3/d >08 1.6MPa
®100mm <2000mg/I

NaCl



Typical performance of NF

membranes (ZNUEREMERE)

Membranes Performance Test

& condition
modules  Flux/output Rejection(%6)

membrane ~50 (I/m?.h)) >95 0.7MPa
<2000mg/I

MgSO,

Modules ~10.0m3/d  >95 0.7MPa
®100mm <2000mg/I

MgSO,



Fig.2-5 RO membrane production line with a
capacity of 1.2X10°m?4/a

REEREFZ, 5712073 F KRR H

3




2.2.3 Application stage in 1980’s
(19804 HI B H)

It stepped Into application stage In
1980s, Brackish water desalination,
pure and ultrapure water production,
separation, purification and
concentration of various liquids by RO
technology were put into application.
A number of demonstrate RO plants
using the modules above were built In

this period (& KR AN R 2E 7K 7= T
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2.2.4 Popularization and application
in larger scale in 1990’s

A few sea water reverse osmosis
desalination plants with the
capacities of 500-1000m?3/d have
been operated In different region.

199054 A



application in recent vears

 The largest sea water desalination plant
with the capacities of 34000m?3/d, and
the largest brackish water desalination
plant with the capacity of 18000 m3/d
have been In operation Iin recent years.

 The sea water desalination plant with
the capacity of 100000 m3/d will be
built In coming one or two years.

B 3L )L S B M H



Fig. 2-7 500m3/d RO seawater desalting
plant in Chengshan Islands (1997)
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Fig.2-8 5000m*3/d RO seawater
desaltmg plant In Rongcheng (2003)

22 L5000/ F K ik B 4






2.3 MSF and LT-ME

2 RINZENRIE S K

« 2.3.1 MSF in 1960°s—1970’s

» 2.3.2 2x3000 tons/d MSF plant
» 2.3.3VC/THE process

» 2.3.4 LT-ME desalting system



2.3.1 MSF in 1960°s—1970’s

 The research and application of

MSF in China can be traced back
to the 1960’°s

* In the 1970’s, an experimental
MSF system with a capacity of
hundreds of tons per day was
employed in Tianjin.

kitg6 0 —7 0 FARFIMS F



* In 1975, a four-stage experimental
MSF unit was used successfully for
recovering the mercerization waters
In the fabric dyeing industry In
Zhenjlang, Jiangsu Province. Then a
MEMS(multi-effect and multi-
stage)unit, consisting of two effects
and fifteen stages was also used
successfully for recovering the
mercerization waters.

1975MSF/ MEMS B i 4L 4R Bk



2.3.2 2x3000 tons/d MSF plant

* two MSF units were imported from the
USA in 1988(1990).

 The two units with the capacity of
2x3000 tons/d were constructed and

put into operation in the Dagang Power
Plant of Tianjin.

* Until now It is the first and the only one
of the land-based MSF plant for
seawater desalination in China.

K¥EH] 5|3#E2x3000 tons/d %6 2% [N 2%



2.3.3 VC/THE process

* A low temperature VC/THE pilot unit
with a capacity of 30 m3/d was built at
Da Changshan Island in 1990 and run
for one year. The power consumption
was about 28 kWh/m?3 fresh water.

* Other VC pilot unit with a capacity of
60 m3/d for seawater desalination was
built at huangdao power plant of

Qingdao city in 2000
30 m3/d 160 m3/dK IV CEE




2.3.4 LT-ME desalting system

 From a thermodynamic and heat transfer
point of view the LT-ME desalting system is
more efficient than MSF desalting system,

* In 1990s, a plan was made to import LT-ME
desalting system from IDE or SIDEM, and
finally failed owing to some reasons.

A LT-ME plant with a capacity of 3000 m3/d
IS Now In construction in Huangdao power
plant of Qingdao city.

LT-MERIL R A1 5 3% R & B 2 HliE



Fig.2-10 3000 m3/d LT-MED plant in
Huangdao power plant of Qingdao

Y
e 5.
i » i .ame "&"‘x“ |
| i & EE
i i ~
-

B19 H1 3000/ I 5L 25 A AR TR K A8
(2004)




P ) 5] 3E2 X 10000m3/d MEDHE/K 3% 4k 36

Fig.2-11 2X 10000 m3/d MED Equipments
Imported by Huanghua power plant in 2002



Fig.2-12 1.25X10% m3/d MED Equipments build
by Huanghua power plant in 2008

% "EEF H I [ 1. 25X 10'm3/d 1 MED
KRS E.




3 Energy consumption and cost of
seawater desalination

(REFEA BLAS)

WAEASNIEE

« 45 seawater desalination
plants are under normal
operation. The plants are
mainly used for
supplement of fresh
water in industrial
enterprises, and a few of
them supply the resident
In some area for drinking
water.

A
FZ:EFE»_%

/327&&%

H

i
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7K
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Table 3-1 Investment and operation costs of part of
seawater desalination projects in China (5t # i 24%)

Huangdao Caofeidian Yuhuan Power o .
: Huaneng Power : . municipal use in
Categories Power plantin olant in Weihai Capital Steel plantin Shengsi
Shandong Corporation Zhejiang
Scale(m3/d) £10[00) 2500 25000 34560 4000
Technology | LT-MED | SWRO | LT-MED | SWRO SWRO
Completion time 2004 2001 August, 2008 Match, 2006 2005
boiler water _boilerwater boiler water and boiler water o
Applicati (single stage RO, municipal feed
pplication (salt o recycle system (double stage
content<20ppm) Al IS supplement NO)! Water
standard)
Total investment
of projects (10* 2400 1980 25000 20000 2880
RMB)
Operation cost
e 4.73 5.17 6.7 6.18 3.79
Investment of
per ton of water S10[0]0) 7920 10000 5787 7200
(RMB/m?3-d)
. . Development
Shanghai Semi-
Corporation Qingdao Huaou island Water I;_rench SIDI.EM’ Simons (China) SN ELEET
Treatment imons (China) Treatment

Technology




The investment of water

per ton for SWRO is «SWROMi 7K #3%
approximately 6000- #36000-8000
8000 RMB/t, RMB/t

The investment cost of LT-ME DM 7K 3¢
per ton water for LT- % £18000-10000
MED is 8000-10000 RMBIL.
RMB/t under certain
conditions. AR, PR

215 RBM/t.

At present, the
produced water cost by
seawater desalination
reaches about 5 RBM/t.



4 Prospect for the desalination

processes
A development program outline on China
marine economy issued by the State
Council, iIn which the seawater desalination
was listed as one of a key and new
developing industries. The related plan was
also drawn up.

« RO and LT-ME (MSF for large plants)
were selected as main methods for
seawater desalination. The home-made RO
membranes and key equipments could be
used as more as possible.

(FRMFHLTT, WKRURBIBUN R EE)
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Fig.4-1 The growth of desalination
capacity from 2001-2008.



Plans in 2010 and 2020

2010,20204EF M

* It predicts that fresh water production by
desalination will reach 7.0-10x10°m3/d,

and have 1.0x10*m3/d demonstration plants
of RO and LT-ME processes in 2010.
2010E1A70—100 /Fm3/d
 The fresh water production by desalination

will reach 2.5-3.0x10°m3/d, and have
1.0x10°m3/d desalination plants in 2020.

20204E1%5250—300 /3m3/d




- Engineering towards  « T8I K R4,

|

ngescale o mma—ad el
naving 3-4 industrial %gﬂﬁ
bases, 3-5

’ NP
demonstration cities @}3}23—_5} L
or regions IR A7 YE X
2-4 engineering B 2—AN TR

research centers & ﬁ%*‘ﬁ‘ﬂﬁ%
research testing AR

sites



Integrated processes
LRI R

 The Integrated processes combined

electricity, RO,MSF and LT-ME will be
carried out in some power plants.

 The Integrated processes combined
desalination and salt production may
be realized near some cities in the
north of China.

 The desalination with nuclear power
may also be considered in near future.




PAEZ AN} AL

Impacts on environment

fE*E(energy) —

CO,,NOy 2570, o M, R

(chemicals,land,
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(ecology)....




Fig. 4-3 WInd, solar and nuclear energy
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Planning and policy
Support
« Strengthen the

strategic position of
seawater utilization

 Make planning,

Strengthen supervision,

coordination and
application

« Establish supporting
system of seawater
utilization technology

AR FBUR SCRF

* TNEREEIS LS ,

i S 7K ]
1723510 DA

* IR,
g% VA

* WKIERL I

¥ MK | R

1HY

5RAY,
5z

i
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Establish law ,
regulation and
standard system

Support and
promote
Industrialization of
seawater
desalination

Optimize the
structure of water
supply in coast
region

- FEBRIEEHE,

yiIkyS
LI KIRWIERE

HEAR AR 2R

’ ﬁﬁﬁlﬁﬁﬁﬁ/\, jijil
RIF AR REHE K IRAL
bk R
BUCFF BRI R,

BIE

ReVR FZK IV RS S

* IMREHRE, fiit
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With the progress of
seawater desalination
technology, the
desalination have
been become an
Important strategic
option in solving the
water shortage
problem in coastal
areas of China.







