Remineralisation of SWRO La Caleta, Tenerife, 10000 m3/d

Technical
information

Remineralisation of SWRO Ras Abu Fontas 3, Qatar, 168000 m3/d

Upflow limestone contactors of constant height
for the remineralisation of desalinated water
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1. PRODUCTS
Limestone contactors in FRP/PP tanks
• Flow per tank: 20 a 2.280 m3/day
• Maximum height: 5750 mm
• Diameters: 600 – 2500 mm
• Outlet pressure: atmospheric / 2-6 bar
• Manufacturing time: 10-12 weeks
• Manufacturing standard: UNE-EN-13121
Limestone contactors in steel tanks
• Flow per tank: up to 9.400 m3/day
• Height : 6 m
• Diameter: 5 m
• Outlet pressure: atmospheric
• Internal parts delivered by DrinTec TM: underdrain floor, modular
spillways, upper limestone feeding system of the calcite bed

Limestone contactors in rectangular concrete cells
• Flow per cell: 1.200 a 13.425 m3/day
• Average cell size: 5×2, 6×2, 6×3, 7×3, 8×4
• Outlet pressure: atmospheric
• Internal parts delivered by DrinTec TM: underdrain floor, modular
spillways, upper limestone feeding system of the calcite bed

Limestone contactors in containersized FRP tanks
• Designed to reduce height and minimize visual impact
• Flow per container: up to 2.800 m3/day
• Container dimensions: 20' o 40' high cube
• Outlet pressure: atmospheric
• Manufacturing time: 10-12 weeks

Downflow Low-Pressure CO2 Dissolver in FRP
• Designed to maximize CO2 dissolution without overdosing
• Flow per dissolver: 170 to 19.000 m3/h
• Maximum height: 5750 mm
• Diameters: 250 – 2000 mm
• Operating pressure: 1 bar
• Manufacturing time: 10-12 weeks
• Manufacturing standard: UNE-EN-13121
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2. ABOUT US
Since 2004, DrinTecTM activity is focused on the post-treatment of water from reverse osmosis desalination, technology in which it is a world reference, due to its experience in large engineering projects, coupled with a dynamic structure that adapts to the needs of its customer by offering flexible and innovative
solutions.
DrinTecTM has the capacity to design tailor-made plants, betting on quality and customer service, to
which it offers constant support during the different phases of the project and in its execution.
DrinTecTM strategy is based on maintaining its presence in countries with a tradition of innovation in the
water sector, such as Spain, as well as growing internationally in those areas where new needs are being created, to become a worldwide technological reference in desalinated water post-treatment.
In addition to the products developed for the post-treatment of desalinated water, DrinTecTM has advanced in the design of new devices associated to this post-treatment such as the Low Pressure CO2
Dissolver and the Underdrain floors.

Fig. 1.1: Some aspects of different DrinTecTM contactors remineralisation facilities.
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3. REMINERALISATION OBJECTIVES
The purpose of remineralisation is generally to produce water with a Langelier index very close to zero
that remains stable in contact with the atmosphere. Moreover, it is important to accomplish this with a
minimum consumption of CO2/H2SO4 in order to minimise operating cost.
If the water is not remineralised, it implies a low buffering capacity and therefore, a tendency to easily
acidify by uptake of CO2 from the atmosphere. This fact, coupled with the low calcium content, makes
this type of water unstable, with a tendency to be corrosive.
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4. DESCRIPTION OF THE DRINTECTM LIMESTONE CONTACTOR
Traditional downflow or upflow CaCO3 contactors have been used for quite some time for the recarbonation of desalinated waters. However, traditional contactors need frequent reloading as well as
back-washing on every reload to avoid turbidity problems at the outlet.
Turbid waters from the backwashes need to be diverted to a separate stream, loosing some production
and continuity in the remineralisation process.
In the patented DrinTecTM process, upflow contactors of constant height are created by means of
feeding the granulated limestone continuously, under water, and directly on to the limestone bed by a
limestone feeding system.
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Traditional downflow or upflow CaCO3 contactors have been used for quite some time for the recarbonation of desalinated waters. However, traditional contactors need frequent reloading as well as
back-washing on every reload to avoid turbidity problems at the outlet.
Turbid waters from the backwashes need to be diverted to a separate stream, loosing some production and continuity in the remineralisation process.
In the patented DrinTecTM process, upflow contactors of constant height are created by means of
feeding the granulated limestone continuously, under water, and directly on to the limestone bed by a
limestone feeding system.
This patented process provides the advantage that quality after contactors is always constant. In addition, a series of operational and maintenance advantages considerably improve operational costs over
the traditional down-flow or up-flow design.
The operation of these tanks is as follows: carbon dioxide rich water enters the tank through the lower
part and is distributed across a filtering floor. It then flows upwards from the lower part of the crushed
limestone bed and, as it moves upwards, its chemical composition is corrected.
While moving upwards within the limestone bed, the carbon dioxide rich water reacts with the limestone in the bed forming soluble calcium bicarbonates. This causes dissolution of the limestone and an
increase in pH and alkalinity. Once it has flowed through the bed, the now remineralised water moves
further up into no-limestone zone and then leaves the tank at the outlet.
The tanks have an in-built silo in their upper part and the limestone feeding system guides the product
from the silo to the surface of the bed. This way, the product is dosed directly onto the bed by gravity,
maintaining a constant bed height while the limestone is consumed.
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Fig. 1.2: Simplified P&ID of a DrinTecTM remineralisation system.
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Dosing occurs very slowly and without creating turbulence. The limestone granules fall by gravity through the feeding system and without obstruction. The system feeds itself constantly depending solely on
the natural demand of the water.
The silo allows the contactors to operate autonomously for three to four weeks.
The system operates at 0,6-0,7 bars and can be fed directly from the reverses osmosis.
DrinTecTM tanks only require backwashing during start-up. Backwashing with water can be done during
normal operations by isolating one tank but it is only recommended when using poor quality limestone
or when beds get contaminated with organics or biofouling. In any case it is recommended to do air
sponging every 6-12 months to avoid bed compaction and preferential consumption routes inside the
limestone bed.

Fig. 1.3: General overview of ten DrinTecTM Limestone Contactors installation with Low-Pressure CO2 Dissolver.

Turbid water is discharged by diverting it before entering the clean water manifold pipe.
The recharging process is performed manually by means of a gantry crane that moves over the cells
loading openings and allows for dosing with big-bags depending on the demand.
Because the recharging process is carried out in the silo and independent of the contactor bed,
loading does not create turbidity and can be carried out while maintaining normal operational conditions.
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5. ADVANTAGES OF THE DRINTECTM PROCESS
DrintecTM
Limestone Contactor

Tradicional
Limestone Contactor

Silo lid
Tapa silo

Silo lid
Tapa silo

Outlet
Salida

Drain
Vaciado

Drain
Vaciado

Vent
Venteo

Vent
Venteo

Silo lid
Tapa silo

Silo lid
Tapa silo

Limestone silo Limestone silo
Silo calcita
Silo calcita

Outlet
Salida

Maximum reload
level reload level
Maximum
Nivel máximo de
recarga
Nivel
máximo de recarga

Limestone feeding
Limestone
system feeding system
Sistema de alimentación
dealimentación
calcita
Sistema de
de calcita

Reload level Reload level
Nivel de recarga
Nivel de recarga

Constant height
Constant height
Altura constante
Altura constante

Turbid water Turbid water
Turbios
Turbios

Limestone bed Limestone bed
Lecho de calcitaLecho de calcita

Limestone bed Limestone bed
Lecho de calcitaLecho de calcita

Outlet
Salida

Backwash air Backwash air
Aire lavado Aire lavado

Outlet
Salida

Permate inlet Permate inlet
Entrada permeado
Entrada permeado

Turbid water Turbid water
Turbios
Turbios

Drain
Vaciado

Drain
Vaciado

Drain
Drain
Vaciado
Vaciado
Backwash water
Backwash water
Agua lavado Agua lavado

Permate inlet Permate inlet
Entrada permeado
Entrada permeado

Advantages of DrinTecTM Limestone Contactor compared to traditional Limestone Contactor without constant feeding.
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6. ADVANTAGES AND DISADVANTAGES OF THE DRINTECTM LIMESTONE
CONTACTOR
ADVANTAGES
•

Constant water quality due to continuous
bed height.

•

Refilling is done in the in-built silo and not
directly on the bed’s surface. No turbid
water is generated during refill. No need to
backwash and divert turbid water every refill.

•

No frequent backwash required if good
limestone is used, only sponging every 6-12
months recommended.

•

No need for spare units.

•

A very even consumption among tanks as
they have same hydraulic head loss that remains constant during operation and refilling.

•

Continuous operation. No need to stop the
plant during replenishment.

•

Lower head loss experienced.

•

Effluent turbidity is typically low and below
0.5 NTU.

•

No backwash water treatment plant needed.
Pumps and blower used in other sections of
the desalination plant can be used for initial
clean-up of the media and eventual sponging.

•

No sludge to be disposed off.

•

Low energy consumption as no frequent
backwashing is needed.

•

Robust design. No moving parts and low
risk of failure, even under harsh environmental conditions.

•

Higher CO2 efficiency due to constant
operation, no backwashing and long contact
times.

•

No need for separate storage area. In-built
silos allow for and autonomy of 30 days or
more.

•

Lower operation health and safety factors
due to no moving parts.

•

Simple to operate. No high technical skills
required.

•

Lower capital costs and O&M.

DISADVANTAGES
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•

High-purity calcite (<0.3% Fe2O3) is recommended to prevent iron or other sediments
from fouling or covering the medium and to
avoid the need for backwashing.

•

A percentage of < 1% of limestone particles
of less than 0.1 mm is recommended and
should be minimized to prevent calcite from
being carried away by upstream water.

•

Sensitive to rapid increases in surface velocity. In particular if the plant is operated at low
speeds as then fines accumulate

7. ADVANTAGES AND DISADVANTAGES OF THE TRADITIONAL
LIMESTONE CONTACTOR
ADVANTAGES
•

Backwash cycle cleans limestone media and
prevents iron oxide particles and other sediments from fouling or coating the media.

•

Large particle limestones are prevented
from leaving the filter tank due to the bottom
underdrain.

DISADVANTAGES
•

Requires frequent automatic or manual
backwash cycles to clean limestone media
during replenishment and to avoid media
compaction.

•

Requires spare units to operate during replenishment and backwashing.

•

Potentially higher headloss due to limestone
media compaction.

•

Longer downtime during media replenishment.

•

Variation in tank head loss due to changes in
bed height.

•

Lost in CO2 application efficiency due to
continuous backwash.

•

Variation in water quality due to variation in
the concentration of CO2 in the medium..

•

Waste water treatment plant (WWTP) required for treating large amounts of backwash
water. This includes settler and sludge removal units as well as water recovery system.

•

Return of cleaned water from the WWTP to
the entrance of the plant causes flow increases and potentially turbidity events. Therefore reuse from backwash water requires
sufficient storage for constant feeding .

•

Sludge from WWTP settler needs to be
disposed.

•

Need for a separate storage area outside the
filter area.

•

Operators with high technical skill required.

•

Delicate design due to motors and automation. Risk of failure, even under optimal
environmental conditions.

•

Higher energy consumption

•

Higher capital and O&M costs.
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8. COMPARATIVE ANALYSIS OF REMINERALIZATION COST
The following tables show an example case to compare different remineralisation solutions and their
operational costs.

Main parameters

Other parameters

Permeate flowrate

m3/d

30.000

Price CO2

€/kg

0,32

Price CaCO3

€/kg

0,12

Price Ca(OH)2

€/kg

0,085

Price H2SO4 at 98%

€/kg

0,258

Price HCl at 37%

€/kg

0,264

A+B

CO2 tank capacity

kg

30.000

CO2 tank rental

€/year

10.000

CO2 tank reload

€/reload

100

CO2 + CaCO3

H2SO4 + CaCO3

CO2 + Ca(OH)2

HCl + CaCO3

%

90

98

90

37

Price of A

€/kg

0,32

0,258

0,320

0,264

Dose of A

g/m3

24,00

54,6

68,57

107,50

Dose of A

kg/d

720

1.637

68,57

3.225

Cost of A

€/d

230,40

431

658,29

851,39

Cost of A

€/m3

0,0077

0,0147

0,022

0,028

Cost of A

€/year

84.096

160.420

240.274

310.757

Tank rental

€/year

10.000

10.000

10.000

10.000

€/m3

0,0009

0,0009

0,0009

0,00091

€/reload

100

100

100

100

reloads/year
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20

25

39

Cost of loading A

€/year

876

1.992

2.503

3.924

Cost of loading A

€/m3

0,0001

0,0002

0,0002

0,00036

Total of A

€/m3

0,00867

0,01575

0,02308

0,02965

Purity of B

%

99 %

98 %

100 %

98 %

Cosumption of B

g/m3

55,10

113,66

57,66

112,74

Price of B

€/kg

0,12

0,12

0,085

0,12

Costs B

€/m3

0,00661

0,014

0,0049

0,01

Costs A + B

€/m3

0,015

0,029

0,028

0,043

Costs A + B*

€/year

167.369

321.760

306.446

472.821

Efficiency/purity of A

Renting costs
Cost per reload
Nr. of reloads

*There is no guarantee these projections simulate actual field conditions that can have many known and unknown variables
not accounted in these tables.
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CO2 + CaCO3

€/m3

0,015

CO2 + CaCO3

€/year

167.369

H2SO4 + CaCO3

€/m3

0,029

CO2 + Ca(OH)2

€/year

306.446

CO2 + Ca(OH)2

€/m3

0,028

H2SO4 + CaCO3

€/year

321.760

HCl + CaCO3

€/m3

0,043

HCl + CaCO3

€/year

472.821

€/m3 of recarbonated water
0,05
0,043

0,038
0,029

0,028
0,025
0,015
0,013

0,0
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9. LIMESTONE QUALITY
The next table shows the quality of the limestone recommended for limestone contactors. In case of
different quality, limestone pilot tests should be carried out to evaluate the material.
The presence of impurities with particle size >100 μm should be avoided to make sure there is no accumulation of impurities inside the reactor. On the other hand, the presence of too much fine dusty material <30 μm should be avoided as this tends to generates a constant turbidity of 1-2 NTU.
To guaranty good water quality, clean washed, air blown material and large particle material Ø 2-5 mm is
preferred.
Table 4.1: Recommended limestone quality
Purity

≥ 97%

Size

2 mm - 5 mm

CaO

> 55 %

SiO2

< 0,5%

Al2O3

< 0,5%

MgO

< 1,5%

Fe2O3

< 0,12%

Mn3O4

< 0,01%

Specific weight (t/m3)

2,7

Dry granular specific weight (t/m3)

1,5

Particles Ø < 0,3 mm

< 3%

Particles Ø < 0,1 mm

< 1%

Insolubles > 0,1 mm

< 0,2 %

Fig. 4.1: Typical aspect of granulated limestone
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10. DOWNFLOW LOW-PRESSURE CO2
DISSOLVER IN FRP
Inappropriate injection of CO2 would cause an uneven distribution among the different contactors. To avoid this problem a
system is proposed that guarantees the dilution of CO2 prior to
injection in the main inlet pipe at low pressure.
CO2 dosing will be carried out in a by-pass of the main line
where the CO2 is injected at counter- current and at low differential pressure in a special dissolver that guarantees injecting
gasified water without free bubbles. The dissolver will be designed for a constant water flow rate. CO2 dose will be adjusted
according to desired pH after treatment.
Injection pressure will be defined by main pipe operational
pressure. A booster pump to add 0,2 bar of extra pressure
may be required.

Fig. 5.1: Examples of downflow low-pressure CO2 dissolvers.
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11. OUR EXPERIENCE
Limestone contactors in rectangular concrete cells
Client / Final client

Year

Project

Flow (m3/d)

Sepco3 - Metito
/
KSA SWCC

2020

Al Jubail SWRO
desalination plant
phase 2

405.000

• 24 cells 4 x 8 m
• 4 Low-Pressure CO2 Dissolvers

Acciona Agua
/
Water & Electricity

2019

Shuqaiq 3
Independent Water
Project

450.000

• 24 cells 4 x 8 m

Tedagua
/
BHP

2019

Spence Growth
options
Chile

86.830

• 16 cells 3 x 7 m

Tedagua
/
Sedapal

2019

Provisur
Peru

37.700

• 4 cells 4 x 8 m

Aqualia-FCC
/
Spanish Ministry of Development

2017

Fonsalía
Canary Islands
Spain

14.000

• 4 cells 2 x 6 m
• 1 Low-Pressure CO2 Dissolver

Cadagua
/
Spanish Ministry of Development

2015

Granadilla
Canary Islands
Spain

14.000

• 4 cells 2 x 6 m
• 1 Low-Pressure CO2 Dissolver

Canal Isabel II
/
Spanish Ministry of Development

2015

Janubio
Canary Islands
Spain

11.800

• 4 cells 2 x 6 m
• 1 Low-Pressure CO2 Dissolver

Ferrovial
/
Tenerife Island Council

2014

Adeje
Canary Islands
Spain

30.000

• 4 cells 3 x 7 m
• 1 Low-Pressure CO2 Dissolver

Sadyt
/
Mekorot

2014

Ashdod
Israel

384.000

• 40 cells 3 x 7 m
• 4 Low-Pressure CO2 Dissolvers

Acciona Agua
/
Spanish Ministry of Development

2013

Telde
Canary Islands
Spain

16.000

• 6 cells 2 x 6 m

Degremont
/
ATLL (Catalunya Water Authority)

2010

Barcelona
Spain

200.000

• 32 cells 3 x 7 m

Inima
/
Spanish Ministry of Development

2007

Alicante II
Spain

80.000

• 28 cells 2 x 5 m

Local construction company
/
Gran Canaria Water Ministry

2007

Guía
Canary Islands
Spain

10.000

• 2 cells 2 x 5 m
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Design parameters

Limestone contactors in vertical FRP tanks
Client / Final client

Year

Project

Flow (m3/d)

Design parameters

Suez / Aquambiente
/
Aigües del Prat

2020

ETAP Mas Blau
(Spain)

7.200

• 4 FRP tanks
• Ø2,5 x 5,46 m
• Atmospheric discharge

Osmo Sistemi / Caramondani

2020

Cyprus

15.600

• 10 FRP tanks
• Ø2,325 x 5,65 m
• Atmospheric discharge
• 1 Low-pressure CO2 dissolver

Talleres Falcon

2020

Fuerteventura
(Spain)

3.000

• 3 FRP tanks
• Ø2 x 4,25 m
• Atmospheric discharge
• 1 Low-pressure CO2 dissolver

2020

Syros
(Greece)

5.000

• 4 FRP tanks
• Ø2 x 5,54 m
• Atmospheric discharge
• 1 Low-pressure CO2 dissolver

2019

Durban
(South Africa)

6.240

• 4 FRP tanks
• Ø2 x 5,35 m
• Atmospheric discharge
• 1 Low-pressure CO2 dissolver

Aguas de Antofagasta

2019

Taltal
(Chile)

950

• 1 FRP tank
• Ø2 x 4,46 m
• Atmosheric discharge
• 1 Low-pressure CO2 dissolver

Sacyr

2019

Durban
(South Africa)

2.000

• 2 FRP tanks
• Ø1.625 x 5.2 m
• Atmospheric discharge

2019

Quebrada Blanca
Fase 2
Chile

3.600

• 6 FRP tanks
• Ø2 x 4,7 m
• Atmospheric pressure
• 1 Low-Pressure CO2 Dissolver

Tedagua
/
Onead

2019

Djibouti
East Africa

22.630

• 4 FRP tanks
• Ø2,325 x 5,3 m
• Atmospheric pressure
• 1 Low-Pressure CO2 Dissolver

Yonsan

2019

Emboodhoo Lagoon
(Maldives)

1.500

• 2 FRP tanks
• Ø1.625 x 5,2 m
• Atmospheric pressure

2018

Gotland
Sweden

7.500

• 5 FRP tanks
• Ø2,325 x 5 m
• Atmospheric pressure
• 1 Low-Pressure CO2 Dissolver

Canaragua
/
Gran Canaria Water Ministry

2018

La Aldea de San
Nicolá
Canary Islands
Spain

2.700

• 2 FRP tanks
• Ø2 x 5,4 m
• Atmospheric pressure
• 1 Low-Pressure CO2 Dissolver

audingIntraesa
/
Aigües del Prat

2018

ETAP Sagnier
Spain

3.600

• 2 FRP tanks
• Ø2,5 x 5,3 m
• Atmospheric pressure
• 1 Low-Pressure CO2 Dissolver

Watera

NEDO / Hitachi

Arsepur
/
Bechtel / Tech

Prominent
/
Kvarnåkershamn’s waterworks
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Client / Final client

Year

Location

Aqualia-FCC
/
Ministry of Development

2017

La Caleta
Canary Islands
Spain

10.000

• 6 FRP tanks
• Ø2,2 x 5,8 m
• Atmospheric pressure
• 1 Low-Pressure CO2 Dissolver

Yonsan Engineering
/
Maldives Airport

2017

Maldives Airport

1.600

• 2 depósito de PRFV
• Ø1,84 x 4,6 m
• Atmospheric pressure

AES Arabia Ltd – Tecnicas Reunidas
/
Saudi Aramco

2016

Jazan
Saudi Arabia

6.000

• 4 FRP tanks
• Ø2,2 x 5 m
• Atmospheric pressure

Elmasa
/
Elmasa

2016

Maspalomas
Canary Islands
Spain

19.500

• 13 FRP tanks
• Ø2,2 x 5,4 m
• Atmospheric pressure
• 1 Low-Pressure CO2 Dissolver

AES Arabia Ltd
(Hyundai Heavy Industries)
/
Saudi Electricity Company

2015

Jeddah
Arabia Saudita

2 x 720

• 2 FRP tanks
• Ø2,2 x 5 m
• Atmospheric pressure

Elmasa
/
Elmasa

2012

Maspalomas
Canary Islands
Spain

12.000

• 10 FRP tanks
• Ø2 x 5,5 m
• Atmospheric pressure

Sadyt
/
Mantoverde Mining company

2011

Mantoverde
Atacama, Chile

11.000

• 10 FRP tanks
• Ø2 x 5,6 m
• Atmospheric pressure

2011

Tenerife
(Canary Islands)

4.000

• 4 FRP tanks
• Ø1,86 x 5,5 m
• Atmospheric pressure
• 1 Low-Pressure CO2 Dissolver

Tagua
/
Carlton-Ritz Hotels

Flow (m3/d)

Design parameters

Lynagua
/
Oil company

2009

Oman

2.000

• 2 FRP tanks
• Ø2 x 4,2 m
• Atmospheric pressure
• 1 Low-Pressure CO2 Dissolver

Cadagua
/
Spanish Ministry of Development

2004

Islas Baleares
Spain

4.000

• 4 FRP tanks
• Ø1,86 x 4 m
• Atmospheric pressure

Loroparque, Hotel Costa
Caleta, Veolia, Facebook,
Cadagua, Spanish Ministry of Development, etc.

Since
2004

Small projects
around the world

Up to 600

• 1 FRP tank
• Atmospheric pressure
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Limestone contactors in steel tanks
Client / Final client
Acciona Agua
/
Qatar Water and Electricity Authority

Year

Project

Flow (m3/d)

2016

Ras Abu Fontas 3
Qatar

164.800

Design parameters
• 12 steel tanks
• Ø5 m x 6 m
• Atmospheric pressure
• 2 Low-Pressure CO2 Dissolvers

Limestone contactors in rectangular FRP tank
Client / Final client

Year

Corodex
/
Abengoa

Project

Flow (m3/d)

Masdar Institute
Abu Dhabi

2015

1.080

Design parameters
• 1 rectangular FRP tank
• 1,8 x 4,1 m
• 2,3 m total height
• Atmospheric pressure
• 1 Low-Pressure CO2 Dissolver
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Oferta Nr.:(476)-D2550x2-BH3500-TH5350-(rev5)
DEPÓSITO REMINERALIZADOR DE FLUJO ASCENDENTE. PRESIÓN ATMOSFÉRICA
Caudal total a tratar (100% de 3600 m3/d)
Número de depósitos
Caudal por depósito
Diámetro
Altura total del depósito
Velocidad ascensional
Tiempo de contacto
Altura del lecho de calcita
Cota de la boca de la entrada de agua
Cota de la boca de salida de agua
Pérdida de carga del lecho
Presión mínima de entrada
Boca de hombre

3.600
2
1.800
2.550
5.350
15,3
13,7
3.500
220
4.030
0,11
0,57
420

18

m3/d
m3/d
mm
mm
m/h
min
mm
mm
mm
bar
bar
mm
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