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Introduction




RO Energy Requirements

Osmotic Pressure T = I.c.Ry.T(inkPa)
C: molar concentration (mol/L)
Ry: universal gas constant (8.31 Nm/mol.K)
T: temperature (K)
I number of osmotically active particles in the solution
i=1+a(v—-1)
a : degree of dissociation
v : stoichiometric coefficient of dissociation reaction
ForNaCl:a=1&v=2 = i=2
For SW RO Feed : TDS 35-40 g/l = 7 =~27-30 bars @ 25°C
RO Brine : TDS 65-70 g/l = = =~50-53 bars @ 25°C
Dead Sea : TDS > 350 g/l = = > 300 bars

% %k k kK k
DISTRIBUTOR SUMMIT




SWRO Energy Consumption

Energy Consumption Breakdown

- Intake + Pre-treatment 20%
- RO process 70% - HP pump mainly
- Post-treatment & Distribution 10%

HP pump yield = hydraulic efficiency x motor efficiency
- hydraulic efficiency . 801to 90%
- motor efficiency . 90 to 95%

= Qverall pumping efficiency . ~80%

% %k k kK k
DISTRIBUTOR SUMMIT




DID YOU PAY ATTENTION ?

What percentage of the total
SWRO energy consumption
does the RO process represent ?
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HP Pump Electrical Consumption

HP pump :

- TDS :35¢g/!l

- Temperature  :20°C > =  2.0-3.0 kWh/m?3 average
- Recovery : 45% )

Energy needs: - increase with TDS [+ 1.5% per g/l ]

- decrease with T° [ - 0.5% per °C]
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Energy Requirements

Fouling = Feed P + AP Increase
3
Power + CO, emissions Increase
3

CIP required




DID YOU PAY ATTENTION ?

What is the average
Specific Energy Consumption
(iIn KWh/m? of permeate)
of an SWRO HP pump ?




CIP Assessment

Measure CIP efficiency

g
Data required

{
Normalize Data + Quantify Results
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Data Normalisation

Quality (minimum required) :

- Pressure : Feed + Permeate + Concentrate

- Flow : Feed + Permeate
- Conductivity/ TDS Feed + Permeate

- Temperature ; Feed

Quantity :

- Values over at least 20 days :

“The value of normalised data lies in trends over time” [ Hydranautics ]
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Electricity Prices (USD / kWh

Electricity prices for business, March 2022

(K\Wh, U.S. Dollar) PeltrolPrices com

Serbia 0.094 Singapore 0.158
Lebanan 0.004 Canada 0.094 Togo |f0N6d
Libya  [fo.008 DR Congo  f0l087 Finland  [0.181
Lesatho 0019 Morocco 0.098 Guatemala 0.162
Angola o0 United Arab Emirates 0.100 Japan 0163
Ethiopia | '9:623 T T Uco Pakistan  [\0'63
Argentina  70/028 . Switzerland 701163
Algeria {01033 ﬂlgerlﬂ 0.033 lsrasl [ 0/788
Bhutan 0.033 Slovakia 0.169
Kyrgyzstan  |J01034 Bhutan nngd Liechtenstein | \G%70
Sri Lanka 0.035 Albania 0.107 Australia 0170
Qatar | 0.036 Chile 0.108 Mexico  |loii70 = N Kl
Syria  [[6.039 i 0110 France (07
Uzbekistan 0.041 0.110 Belgium 0171 BE'QIU“‘I D 1?1
Iraq 16044 01m Belize  |JiH73 - :
Sudan 0.045 Hungary 01 Nicaragua 0.181 AT
Paraguay. | 0.046 Botswana | [08{i Estonia |0.482
Kuwait  |'0.048 Russia {2 Cape Verde | 0,183
Zambia 0.053 Philippines 0.113 Ivory Coast 0.185
Trinidad & Tobago 0.053 Slovenia 0.114 Panama 0187
Kazakhstan 0.056 Turkey 0.116 Costa Rica 0.190
Ghana 0.057 Greece 0.117 Poland 0.197
Egypt  [f0i058 Belarus  [N0A7 Venezuela  [1gi263
Swaziland 0.082 Northern Macedonia 0.118 El Salvador 0209
Moldova 0.085 Mauritius 0.120 Cyprus 0232
Iceland 0.065 Colombia 0.123 Bermuda 0237
Azerbaijan 101085 Jordan  |'9.423 Portugal  |/0i238
South Afica  |/0/066 Uganda (0424 Lithuania  [[6.242
Saudi Arabia 0.068 Sierra Leone 0.126 Czech Republic 0.243
Vietnam 0.071 usaA 0.128 Honduras 0.243
Nepal  |"0.071 Luxembourg  ["0i431 Austria  [[0245
Indonesia 0.072 Cameroon 0.138 United Kingdom 0.249
Bahrain 0.077 0.139 Bahamas 0253
Burma 0.078 0.140 Bulgaria 0.254
Mozambique 0.080 0.143 Denmark 0.261
0.081 0.147 Aruba (0,274
0.081 0.148 Jamaica 0.200
Malaysla  |'0,082 0148 Latvia (70,204 ok ok ok ok k
Nigeria | 0.083 Malta  |/Gi{4g Barbados  |131305 DISTRIBUTOR SUMMIT
South Korea 0.084 Dominican Republic 0.152 Netherlands 0311
Ecuador 0.085 Malawi 0.152 Romania 0.311
Bangladesh 0.085 Brazil 0.154 Cayman Islands 0.316
China  [J0l087 Hong Kong 0.154 Germany  ['G/398
Rwanda  [/§lg62 Croatia 0456 lialy  [f0i349
Tunisia 0.094 Macao 0.157 Burkina Faso 0.410
0 0.1 0 0 0.2 0 0.1 0.2 0.3 0.4

Source : GlobalPetrolPrices.com /electricity prices/




Electricity Carbon Intensity (g CO, / kWh)

Carbon intensity of electricity, 2021 Our World

Carbon intensity measures the amount of greenhouse gases emitted per unit of electricity produced. Here it is measured in grams of COz-equivalents per

kilowatt-hour of electricity. Belgiom
2738 Waorld
.\N\\v"". 140 grams CO.e per kilowatt-hour
0 in 2021
2000 2021
Algeria

450 grams CO:e per kilowatt-hour
in 2020

2 0.8.8.8.8.
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Source: Ember Climate (from various sources including the European Environment Agency and EIA) OurWorldinData.org/energy « CC BY

P 2000 () 2021

Source : ourworldindata.org/grapher/carbon-intensity-electricity




Practical Examples in SW & BW
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Large SWRO's

- Western Algeria
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A - SWRO details

Design data Max output 200 000 m3¥/d
Recovery 45%
RO units 12
Perm. flow per unit 695 m3/h
PV per train 197
Membrane type Toray TM-720
CIP system Tank capacity 2 x 100 m3
Total CIP volume ~115 m?3
CIP pumps 2 X duty / 1 x standby

Q=1,200 m3¥/h @ 3.0 bars
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Main foulants Organics & aluminosilicates

C11T
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A - Genesol 704 CIP results

1000 5,0
950 4,8
900 G704 4,5
850 43
800 1 4,0
|
750 I Norm. 38
|
700 | Qp (m 3/h) 3,5
650 . = 3,3
600 B e | 3,0
1
550 I 2,8
500 1 2,5
I
450 I AP (b ar) 23
400 1 2,0
|
350 . 1,8
300 1 1,5
|
250 I 1,3
200 1 1,0
[
150 I S 0,8
Tem C
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1 DISTRIBUTOR SUMMIT
50 | 0.3
0 0,0
R R R R R L L L L L L L R A L L L T SRR TR LN AN L L (T (R R TR L 02
SR SR SR S SR S R SR SR SR SR SN R SR SR AR ol CAlR SR i A Sl ol SR otk Sl S R S S
N A S A N N N AN N e A A A - N N I N N N N e A o VoA




18

A - CIP results (for 1 unit)

before CIP after CIP

Feed Pressure 65.0 bar = 64.4 bar
Recovery 44.7 % = 447 %
Normalized Perm. flow 603 m¥/h = 687 mi/h = +84 m3h ie. +13.9%
Differential Pressure 348 bar = 251 bar = -0.97 bar ie. -27.9%
SEC* (per m3 permeate) 2.39 kWh = 2.37 kWh = -0.02 kWh i.e. -0.9%
SAVINGS - 66 400 kWh/ year

- 2200 USD / year or 30 Tons CO, / year

[ 0.033 USD / kWh] [450 g CO, / kWh]

* SEC = Specific Energy Consumption
ciiTt
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B - SWRO details

Design data Max output 200 000 m3¥/d

Recovery 46%

RO units 10

Perm. flow per unit 871 m3/h

PV per train 222

Membrane type Hydranautics SWC5-Max
CIP system Tank capacity 2 x 100 m3

Total CIP volume ~185 m3

CIP pumps 2 x duty / 1 x standby

Q=1,000 m¥h @ 4.1 bars
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Main foulants Organics & aluminosilicates

CO6H
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B - Genesol 704 CIP results

1200

1100
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1
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B - CIP results (for 1 unit)

before CIP after CIP
Feed Pressure 68.7 bar = 66.8 bar
Recovery 445 % = 448 %
Normalized Perm. flow 661 m3/h = 742 m3/h = +81 mdh i.e. +12.2%
Differential Pressure 202 bar = 119 bar = -0.83 bar ie. -41.0%
SEC (per m3 permeate) 253 kWh = 246 kWh = -0.07 kWh i.e. -2.8%
SAVINGS - 227 000 kWh/ year

- 7500 USD /year or 102 Tons CO, / year

[0.033

USD / kWh ] [450 g CO,/ kWh]

C11T
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C - SWRO details

Design data Max output 200 000 m3/d

Recovery 46%

RO units 10

Perm. flow per unit 871 m3/h

PV per train 222

Membrane type Hydranautics SWC5-Max
CIP system Tank capacity 2 x 100 m3

Total CIP volume ~185 m3

CIP pumps 2 X duty / 1 x standby

Q =1,000 m3/h @ 4.1 bars

2. 0.0.0.0.8.9
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Main foulants Organics & aluminosilicates

CO9H
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C - Genesol 704 CIP results
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C - CIP results (for 1 unit)

before CIP after CIP
Feed Pressure 67.0 bar = 63.0 bar
Recovery 41.7 % = 414 %
Normalized Perm. flow 794 md/h = 893 mi¥/h = +99 m3¥h ie. +12.5%
Differential Pressure 1.51 bar = 096 bar = -0.55 bar ie. -36.4%
SEC (per m3 permeate) 247 kWh = 2.32 kWh = -0.15 kWh i.e. -6.0%
SAVINGS - 575 000 kWh/ year

- 19 000 USD / year or 260 Tons CO, / year

[0.033

USD / kWh ] [450 g CO,/ kWh]
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Small BWRO - Belgium

North

Sea
O O Antwerp

Bruges
LU Brussels
GERMANY
BELGIUM
FRANCE
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D - BWRO details

Design data Max output 171 ms/d
Recovery 70%
RO units 1
Perm. flow per unit 7.1 m3/h
PV per train 2+ 2
Membrane type -

CIP system Tank capacity -m3
Total CIP volume -m3
CIP pumps 1 x duty

Q=-m3h @ 4.0 bars

Main foulants

Biofilm & organics (food tank cleaning facility)

Cco1iB
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D - Genesol 704 CIP results

11,00 4,40
10,50 CIP G704 4,20
10,00 Norm. Qp 400
9,50 1 | (m 3/h) 3,80
9,00 1 1 3,60
| |
8,50 I . 3,40
8,00 I | 3,20
7,50 : 3,00
7,00 2,80
6,50 ! 2,60
|
6,00 I 2,40
5,50 1 2,20
|
5,00 I AP1 2,00
4,50 I 1 (b ar) 1,80
400 1 e ——— 1 1,60
| - - -~ - - |
3,50 I - e, ———— 1 1,40
r " - e I‘
3,00 - 1 1,20
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2,00 | I " 0,80
1,50 I ! ‘| 0,60
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D - CIP results (for 1 unit)

before CIP after CIP
Feed Pressure : 8.40 bar = 6.12 bar
Recovery : 70.0 % =  70.0 %
Normalized Perm. flow : 582 mh = 9.81 m3h = +4.0 m3h i.e. +68.6%
Differential Pressure 1 3.3 bar = 0.86 bar = -252 bar ie. -74.6%
Differential Pressure 2 1.63 bar = 039 bar = -1.24 bar ie. -76.1%
SEC (per m3 permeate) : 0.409 kWwh = 0.298 kwh = -0.11 kWh i.e. -27.1%
SAVINGS ; -4 767 kWh/ year Ak Ak
= - 815 USD / year or 670 kg CO, / year P

[0.171 USD / kWh] [ 140 g CO,/kWh]
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Conclusion

RO : Energy Intensive Process (esp. SW)
g

Efficient Clean = Energy Savings

4

Quantifiable Reduction of
Power & CO, Emissions

2 0.0.8,.8.8,




Perspective
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Algeria Desalination

Current situation

Near Future

11 large SW desal plants
~2.2 Million m3/d

17% of potable water

+ 5 new plants of 300 Kms/d
+ 1.5 Million m3/d (+68%)

42% of potable water

4

4

45 Tons of Genesol 704 in 2022

A
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Outlook

Cleaners = Entry Point to new site

4

Any SWRO prospect
worth investing our time ?

2 0.0.8,.8.8,
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EventMobi
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