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Desaldata.com ® =

Seawater and brackish water desalination
$10,842 million

New water networks
$11,437 million

$89,186 million $31,040%Q

Municipal water
capex

(2010) I :

Water resources excluding desal
$19,046 million

L ¥

74.7 million m3/d
Global online

Water treatment plants
$16,821 million

Water network rehabllltauon

Pure water
3,068,751 m*/d

Brackish water
13,626,427 m¥/d

Brine
151,420 m%/d

ion Total market

~ 68,658,174 m¥/d

Wastewater I

3,471,136 m¥/d

Seawater

43,167,921 np%/d
River water

5,172,519 m¥/d

ination Source: GWI DesalData

Seawater: 59.2%

[l Brackish water 20.9%
River water: 9.5%

. Pure water: 4.3%

Wastewater: 5.7%

capacity
(2015) [l otrer 0.4%
QUL 43t 3 8%
5
GDRC ez
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18
16
14
o B owver
% 10 ED/EDI
é 8 . Nanofiltration
E 6 Reverse osmosis
4 . Multi-stage flash
2 L I - | - m Multi-effect distillation
O " Middie Easty  East Asia/ “North  Westem  Latin America/
North Africa Pacific America Europe Caribbean
o 243t 7| HE
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—_ $2.00
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; o] $1.50
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ke 6 * ~ $1.00 —
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o 5
£ . . .
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8 , QO  soso |
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© ©
> 1 $0.00
B . = i § %8 § 8 8 § ¢
— - - - - o~ ~ ~ o~
qc) 1980 1985 1950 1995 2000 2005 2010 2015 2020 ;: ?E: % 8’ ?; g’ 5‘ E
I s 5 3§ £ 2 & & =
H g = =
Year s & B8 i 5 2
3

« X A222 sixl 3.5 kWh/m3 7}X| Mz
« M ChERHE MAE T Q] 1 0.5-0.75 $/m3
« 0.48 $/m3 VIX| Mz

j
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M ERL0]| CHEH O&M (0f
L{X]) VS EPC

RO/CF  Other Costs s1o7 Parts
Replacement 9% .
6% . Chemicals
Project Eng. & 10
Permitting RO System .
7% Constr. Cost Labour
0% 087 . Membranes

Thermal energy

. Electrical energy

Amortised capital cost

$/m3/d
o
[=2]

Power Cost 0.4 —
26%

Intake &~ 027
Discharge
Consr; Cost 0.0

Source: GW| DesalData

EPC : Power = 52 : 26 EPC : Power = 38.2 : 31.6

Voutchkov, N., How Much Does Seawater Desalination cost?,
Texas Innovative Water 2010, &=

> MAb2: EEIHO| LS OfL{X| B8} EPC H|8 H|RA| EPCT} OfL{X|H| 8 2
SAFSIALE EPC B 80| X2 O H|E

=%
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RO System —
40 % to 60 % of

Pretreatment — Construction Costs

15% to 20 %
of Construction costs

Discharge — 5 to 15 %
of Construction Costs

=
S
ﬁ Intake — 5 to 20 %

I,‘of Construction Costs

dgule| 7148

Pretreatment —

> CAE HH ZHOIM HAST £l CHe|ZH S AMH| B} of X 1| &l
Mo b S
> AE E3Qlo| ZAMH|Q} O L{X| B2 EFQ M| HE Sa) BUIS

Source: Voutchkov (2011)

RO System —
72 %
(2.8 kWh/m?)

Product Water Delivery

8%

3 kWh/m?)
[

Total Energy Use
3.9 kWh/m®

Trtakeane For TDS = 35 ppt
&

(0.2 kWh/m?)

l,
ol 4 %] H| &2 8

Temp. = 23 °C

g 3z

7l=H

Design Parameter

olL1xI HIS HHE 9
o by

03 T2t

1. High flux Membrane
- Thin film
- Large diameter
- Nanocomposite

2. New Membrane
- CNT
- Graphene
- Aquaporin

3. ISD design
- Lowfouling & High-productivity

Direction

1. High flux Membrane
- 17000 GPD
- 16 inch & 18 inch (Koch)
- NanoH20 (more than 13700 GPD)

2. New Membrane
- Future oriented research

3. ISD design
- Multi-membrane type

4. RO train unit
- ERD
- Split partial design
- Pressure vessel with 8 elements

4. RO train unit
- Max efficiency (1 98%)
- reducing 2" pass scale
- increase of Recovery rate

Global Desalination
Research Center
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Xl L 7= =&
(R=E=SE8M)

U 721E3 (EPC £ &) - si+S3t FUE AT
> AH4FE 3He 7128 (UX]) - AM4EY, ALHE, AU x| 2+=TX], EY Y AX|LOEY
> S4tE0OH: 9,000 GPD (821X 7| &, MA %1 9,900 GPD)

13,700 GPD (891x| 7|Z, M|#|%| 11 17,000 GPD)
> DYHIT : 8.4 MIGD, 65 bar, & 85% 0|4} (MA| £ $5)
> O|YX| 3|5$Hk| : B8 95% Z2E EY

0
RC Research CEHIEI‘
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Final Product Water

| capacity : 45,460 m¥/day|
TDS < 250 ppm
Boron <1 ppm

DAGBE : Dissolved Air floatation with Ball Filter ~ SSP  : Seawater Supply Pump
DMF : Dual Media Filter UF  : Ultra Filtration
FSP  : Filtered water Supply Pump HP  : High Pressure Pump

DWEER CIP Tank

%

GDRC &

EgQl 8 MIGD=E
VFDE St o Eut 71 ol 7| 2%t

3= et

DweerAl ERDE X &30 0fL{%|

MIA Z|Ch

| s 83} 94A (8MIGD)
Ho 58 ss%olﬁ* (M A 290)

169_|x|, 36,000 GPDE X £35l0] 0

X 283}

RO #iM g AZEl iz X880

oluiX| B8 3t

4.0 kWh/m3 0|8} SHAd

ek

|
Operating Value Design Value

Recovery (%) 47.5~485 48.3
Feed Pressure (bar) 51 ~ 54.5 551 (B gi’:r (71](%25“(:'
RO Feed Flow (m3/hr) 825~ 836 834
Permeate Flow to 2nd Pass (m3/hr) 210 ~ 220 214
Permeate Flow to Permeate Tank (m3/hr) 180 ~ 190 188
Concentrate Flow (m3/hr) 430 ~ 436 432

RO Feed Temp (°C) 17.18 ~ 23.67 10-25

HYORAULIC 188 m¥hr
2400 40 e i
214 m3hr
752 m3/hr

m3/hr
&>

3 337 m3/hr
" oo sweo TN a0 T
mm (|) U

,
1,07Qm3/r
STrr<®

& 1,914 m¥hr

jm ns I
GDR Global Desalination

Research Center

- 1X} RO 7}=23 : 59 Bar 0|5}
- 2X} RO 7}523 : 25 bar 0|35}
- X|Z M4k RO : 135 ppm 0|35}
- AEZ&l n4F H|E : 46.8 : 53.2

¥

16Q1X], 36,000 GPD M &

- 9FE 48% (=2 3

- SpI|t Partial 20 [[|-§
Second pass 2% X Zt

- Z|E 4Lt =% 100 ppm
LHel Z|cH (ReminX|2])

B
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o8 o8 08 o84 o8 08 09 0
og

- 85% 2 A| 2.085 kWh/m3

- DWEER &8 95%, 8|+2 48% : 4 bar 7| E 2
Booster Pump &8 83% 71’4 : 0.146 kWh/m?3

- XS54 elgo|a
-y Hx 2802 g8 3043} (VFD HE)
- AHE] A|¥ (DMF-DWEER-8 MIGD 11t = (VFD)- Egj|Ql) : o4 X| X|A 3}
- FHE A ¥ (UF-Turbocharger-4MIGDZ EHI=-Eg|Ql) : ISOBARIC 22 H&
i x| 2&/d 74 oX| AS
GDRC e U
8 MIGD Egj¢el
o =
auxIa=2E =3
3
25 551 28 1% FII HEAMN &
e S oo o o o . . N 0.025 kWh/lT\3 ?:.I'i
t
£ 15 74 1. HES 80| HE|SHNK| BE ZEHE
1 DE SO
715 2. 92k 8MIGD, ¢+3 65baro| TQUH=
0.5 (Si+SH3EHWE APAThH

- O|£X 8 MIGD RO EgjQlo| x| &8 : 2F 2.231 kWh/m?3

=8
GDRC Global Desalination
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- dixol WIE ZAMES M50 AH4t:4 MIGD 2 83% =8 71
- E|{HXIXQ| R 8 75%2 7}H
- O|2H 2 MIGD Egj|Qle] of| %]

[

2 : 2 3.5 kWh/m3

- = 2C47F €Y: 17.29, 4.2 MIGD 83% &2, %X 30 m7H
(XISt 15 m O|5loj| A 24, UF} MMF= 112{Qtat)

- 17.29 MIGD: 322.24 kW
- 4.2 MIGD: 78.28 kW

-0l 2gHEHOT M3 A& 2F 0.21 kWh/m3
GDRC g sesglneton | Dt
- §X VIHBUES] FQ WHE SYNMK| EHE BE WS
EZSH5ld 3.7 kWh/m3 Lje| <l
- [ 7|2 HQl 8455 33,000 mg/L HIOIA 3.5 kWh/m30]|
oixfjo] MA sHo= Hh

- 1,000 £/m3 L}2] (0.83 $/m3, 1,200¢!/$ 7|=)

j A
G RC Global Desalination I |:MB,L N
Research Center Hotechnelogy Laboratory
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(33.5 ppt)

(33.5 ppt)

=) 200 MGD = (33.5 pp wp 254 MGD
(40 ppt)

Agua Hedionda Lagoon
(33.5 pp1)

Intake

Pawer Plant

Concentrate Dischorge
54 MGD (65 pp!)

104 MGD (33.5 ppt)

High-quolity Product Water
1o Locol and Regionl Water Supply Systems
50 MGD (.2 ppt)

- - -
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Unit Baseline Design - Power Use High Efficency Design - Power Use Additional Costs
for Premium Efficiency
{Hp) |Equipment Equipment Hp)  |Equi Equij Equipment
Key Treatment Process Pumps Etficiency Type Efficiency Type (US52008)
Power Plant Intake Pumy nd-Alon: ration| 3.750 J0%:|_High Efiiciancy Motors - Mo VFDs 3.750 70%|__High Efficiency Motors - No VFDs None
[Seawaler Intake Pumps 2100 70%)| _High Efficiancy Motors - No VFDs 1,838 80%)|__Premium Etficiency Motors - VFDs US30.7 MM
B Qsmaosic Pumpe 30100 £25 Efi Lo Blo WED 0100 s2el b = Mators o lo \EDG Mone
Energy Recovery System - Power Reduction (7.550) -25.1%| Pelton Whaels (10,200, -33.9%| Pressurs Exchangers US$E5.0 MM
Product Water Transfer Pumps 10,680 70%/| High Efiiciancy Mators - No VFDs 9,350 80%| Premium Efficiency Motors & VFDs USE3.4 MM
Pretreatment Filter Service Equipment
M L Pumn: 180 a5%] b ici . 150 A520] - None
l ltrafiltration V. im_Pumi 780 Z0%|_High Efficiancy Moiors - Mo VFDs 580 B0%] Premium Efficiency Molors - with VD US$0.3 MM
Filter Backwash Blowers 400 T0%| High Efficiency Motors - No VFDs 400 T0%)| High Efficiency Mators - Mo VFDs Mone
Backwash Pumps 160 T0%| High Efficiency Motors - No VFDs 160 T0%)| High Efficiency Mators - Mo VFDs Mone
Backwash Equalization Basin Blowers 80 T0%)| High Efficiency Motors - No VFDs B0 T0%)| High Efficiency Mators - Mo VFDs Mone
UF and RO Membrane Cleaning Systems
Membrane Cleaning Pumps 30 T0%| High Efficiency Maotors - Mo VFDs 30 70%| High Efficiency Mators - Mo VFDs Mone
Scavenger Tank Mixing System 50 70%| High Efiiciency Mators - Mo VFDs 50 T0%| High Efficiency Mators - Mo VFDs MNone
Flush Pumps 150 70%| High Efiiciency Mators - Mo VFDs 150 T0%| High Efficiency Mators - Mo VFDs MNone
Cleaning Chemicals System 15 70%| High Efiiciency Mators - No VFDs 15 T0%| High Efficiency Mators - No VFDs None
Sewer System Transfer Pumps 15 65%| High Efiiciency Mators - No VFDs 15 65%| High Efficiency Motars - No VFDs None
‘Chemical Feed Equipment
Polymer Feed System 15 65%| High Efficiency Motors - No VFDs 15 65%| High Efficiency Motors - Mo VFDs Mone
Ammonia Feed System 30 65%| High Efficiency Motors - No VFDs 30 65%| High Efficiency Motors - Mo VFDs Mone
Lime Feed System 200 65%:| High Efficiency Maotors - No VFDs 200 65%| High Efiiciency Mators - Mo VFDs Mone
(Carbon Dioxide Feed System 30 65| High Efficiency Maotors - No VFDs 30 65%| High Efiiciency Mators - Mo VFDs Mone
Sodium Hypochlorite Feed System 40 65%| High Efiiciency Mators - Mo VFDs 40 65%| High Efficiency Motars - Mo VFDs MNone
Other Chemical Feed Systems 10 65%| High Efiiciency Mators - Mo VFDs 10 65%| High Efficiency Motars - Mo VFDs MNone
Service Facilties
HVAC 260 BO%| High Efiiciency Equipmant 250 B0 High Efficiancy Equipment Mone
Lightning 120 BO%| High Efiiciency Equipmant 120 B0 High Efficiancy Equipment Mone
Controls and Automation 40 BO%| High Efficiency Equipmant 40 B0 High Efficiancy Equipment Mone
Air Compressors 100 BO%| High Efficiency Equipmant 100 B0 High Efficiancy Equipment Mone
Other Miscellaneous Power Uses 250 B0%)| High Efficiency Equipmant 250 B0%)| High Efficiancy Equipment Mone
TOTAL DESALINATION PLANT POWER USE 42,005 37,653
— AE
G DR Global Desalination MBL A
Research Center Botechnols
— —
ZLAHIE ECHE MBS S
=2—Hl— == 1-"a=
— | - — — A — — — —
J.I.‘l.I.I.OI (=] I_. A00ITHIDT AMAIA 2 ATHID s M I
> Hz=o| S E3} ol =R YUEH=E, Mt S5HZ, UF HZ — VFD 2X

o  fot
ot
-
o
o
=
=

A
T
e

h

eels — Pressure Exchanger

O 24 zes

- 198 24 oYX £2F

oF 13.49 kWh/kgal (3.56 kWh/m3)

> Ef|Ql MA oj{X| 250 [2HM, 27 passE H|Q|A| 2F1.88 kWh/m3 £&

- 27 pass E g6t 2.38 kWh/m3=EY Z{o 2 o4
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60.00

50.00

40.00

30.00

20.00

10.00

0.00

2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012

‘ mresidential mgeneral ‘

HI|Ml H @ (2007 7|F 28 : 1 MZ = 2203, 2012, 13'd 7| =82 : 142 = 300

-gk=t : 20074 7|&E 57¢1/kWh, 20124 7|F 107&/kWh

jolﬁﬂl-%' : 20074 0.452 M| (99.4421/kWh), 2012'd 0.464 M|Z (139.23/kWh)

GDR Global Desalination
Research Center

I MBL A

-72-




A I.OII =ZHER
AlX{ed I
Alx{ 2 Y
120
100
. 80
= 0 Base Tariff
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riff at summer & winter:

per m3 > Income per m?3

Yaran, E., “Operational experience at varying
production capacities in the Hadera
Desalination Plant”, OMIS Water 25X} & %=X

Mode Type

When

Production Flow

High Production
Mode

Base & Shoulder
Tariff Hours

19,500 m3/hr

Low Production Mode

Peak Tariff Hours

7,500 m3/hr

Rate

Main Equipment in 8 HP Pumps 2 HP Pumps (different
Operation types)

Operation ~70 bar RO Pressure Low RO Pressure
Parameters ~50% Recovery Low Recovery

i TS E0]7] fiT =

Global Desalination
Research Center
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Parts

Bl cremicais
. Labour
. Membranes

Thermal energy

$/m3/d

. Electrical energy

Amortised capital cost

==

32 M2iH| 1079/kWh

(=

XZaE 3.5 kWh/m3

0.0

MSF MED SWRO

F=H| 374.5€/m3
(0.312 $/m3)

Source: GW| DesalData

ESHE FMAH|:

0.83 $/m3 (71zhH VS 0.76 $/m3 (M1AD
H=H[:

0.312 $/m3 1= VS 0.24 $/m3 wn)

=
[=]

=
GDRC stram
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@ wvsF
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2
3
=
2
7|1% ZE MAEEZE 10008 /m3
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Copenhagen |Denmark| 5839
Glaszow (UK| 56.60

Ziirich {$witzerland) 3552

Honolulu [USA) 5337

Stutigert (Germany) 55.20

Loz Ploros (Spain) s5.01

Sydney|Australia) 54.26

Pariz(France| 34.08

Lendan (K] 5346

Ixtanbul (Turkey|  —————— 310

PerthiAvsiralia 2.80
Subai | — 216

Mew York ity (USa)  IE— 2]
Weshington DC [USA|  E—— > 11
Tel Awiv {lsroc]|  — 1 3
| ‘Ausca:lran) c153 |
lerusslamilsrazl|  pE— £153
Doha (Qater| E—— 1 21
Rabst (Moraceo) | s0.02
Casablznca [Morocco| NS 050
Hongkong (Chins| . 5054

Johannesbur [South Africal [m $0.45 _hll_ﬂ- 7| _’If_ g'llA_I-ll:_I-jl- 940.?;_]/m3

Tunis {Tunisia) el 5037
Algirs(Alzerial |1 $011 (0078$/m3)
Dsmaszus (Syris| § $0.07
Alexancria (Egypt) ] 007
Havzra (Cubs) § s0.08
Jeddsh (Saudi Arabia) 50.05
Rivadh (Ssuci Aralaiz) | £0.03

Dubliniireland| | 50.00

TripalifLibya) $0.00

5000 5100  S200 5300 400 5500  SG00 5700 5800 5200 S1000
Figure 6-10: Excerpt of global water tariffs, including water and wastewater tariffs
1gul ptol g g
Jf [GWI 2009 Water Tariff Survey]
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