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a b s t r a c t

Groundwater sources play a very important role in the Canary Islands. In fact the 80% of the reverse 
osmosis desalination plants in Gran Canaria are to treat brackish water. In water desalination pro-
cesses, water recovery is one of the most important indexes for RO system design. But this is not 
always the most convenient from the point of view of the operating costs. This article aims to esti-
mate the antiscalant/dispersant specific costs considering the maximum recovery levels for reverse 
osmosis systems. The products (Antiscalant A and B) have been evaluated as these sorts of products 
are most commonly used considering the inorganic composition of the different groundwater bodies 
in this island. The silica, calcium carbonate and calcium sulfate are the most commonly found salts 
in the groundwater of Gran Canaria. In most cases, silica had the highest effect on the antiscalant/
dispersant specific costs, followed by calcium carbonate.

Keywords: Brackish water; Reverse osmosis; Desalination plants; Recovery; Scaling; Antiscalant.

1. Introduction

The source water quality of a desalination plant has an 
impact on the treatment needed, costs and on the quality 
of the permeate. The inorganic composition of the feed-
water is a key component of the operation and mainte-
nance (O&M) cost, for example in terms of antiscalant 
type and dosing. The formation of mineral deposits (scal-
ing) on the surface of a RO membrane is caused by the 
precipitation of sparingly soluble mineral salts (e.g., silica 
(SiO2), calcium carbonate (CaCO3), calcium sulfate dihy-
drate (denoted simply as CaSO4), barium sulfate (BaSO4), 
strontium sulfate (SrSO4) and calcium fluoride (CaF2)). 
As plant recovery increases, more salts in the feedwater 
are likely to exceed their solubility and they begin form-
ing crystals on the membrane surface and cause mineral 
membrane fouling. Therefore, the RO desalination sys-
tems face a threshold of maximum water flux recovery 

at which the scaling process destabilizes the membrane 
performance.  

As one of the main limiting factors in RO despite the 
advancements in antiscalant chemistry [1–7], scaling has 
been studied by many authors [8–15]. Generally, the sil-
ica and calcium carbonate are the main “problem” in this 
region [16–18]. There are some interesting pretreatments 
to separate the silica from feedwater. Den et al. [19] stud-
ied electrocoagulation pretreatment showing removal 
efficiency up to 80% for initial concentrations of dissolved 
silica between 80 mg/L and 200 mg/L. Sanciolo et al. [20] 
showed the possibility to decrease the silica concentration 
in RO concentrate to levels that would allow an overall 
water recovery of 90–95% using 10 g/L of regenerable 
activated alumina adsorbent. Cob et al. [21] tested several 
methods to remove silica, a. Precipitation of silica with 
Fe(OH)3, Al(OH)3 and silica gel was investigated, and also 
the removal of silica using a strongly basic anion (SBA) 
exchange resin, they concluded that a removal of 94% 
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could be achieved depending on the feed water quality. 
These pretreatments should be also studied from the eco-
nomic point of view in order to carry out an assessment 
of the permeate specific cost in terms of pretreatment and 
antiscalant products. The close circuit desalination has 
been showed to be a promising technology to increase 
water flux recovery [22,23].

Antiscalants are used to minimize the potential for form-
ing scale on the surface of an RO membrane. They have the 
ability to keep supersaturated salts in solution changing the 
crystal shapes and having non-adherent scales. They impart 
a highly negative charge to the crystal keeping them sepa-
rated to avoid propagation. BWRO flux recoveries are in a 
range from 60 to 90%, depending on feed water salinity and 
composition. Most cases, these recoveries are achievable 
using antiscalants taking part in the O&M costs.

The aim of this paper was to calculate and assess the 
antiscalant cost in different regions of Gran Canaria. As the 
most limiting factors are usually the silica and calcium car-
bonate, two specific antiscalant products for these salts were 
considered. The maximum flux recovery in a BWRO desali-
nation plant is key for its viability. An economic assessment 
of the two above mentioned antiscalant products was made 
considering maximum flux recovery and dosing ratio.

2. Material and methods

2.1. Groundwater inorganic composition

The Gran Canaria Island was separated in different 
groundwater bodies (Fig. 1). It was possible to get a water 
analysis from different groundwater wells in Gran Canaria. 
All information about groundwater inorganic composition 
was given by public administration (“Consejo Insular de 
Aguas de Gran Canaria”).

The inorganic composition of groundwater is shown 
in Table 1 (wells located in different groundwater bodies). 
The samples were collected and analysed in 2009 (Gran 
Canaria). The inorganic composition of groundwater can 
vary considerably due to location. The total dissolved sol-
ids (TDS) concentration are in a range of 79.1–16,933 mg/L. 
Some chemical analyses in Gran Canaria Island were not 
taken into account due to no silica concentration determi-
nation or inconsistent values. The fluorine concentration 
was not collected in Gran Canaria. A temperature range 
of 20–24ºC was considered due to the unavailability of the 
data.

2.2. Antiscalants

The characteristics of the considered antiscalant are in 
Table 2. Most of BWRO desalination plants have a produc-
tion capacity below 1,000 m3/d [24] so the antiscalant prod-
uct is usually supplied in pails of 23 kg. Considering the 
location, taxes, etc, the price for each antiscalant was 6.30 
€/kg and 4.26 €/kg for the antiscalant A and B respectively. 
The software of the antiscalant manufacturer was used to 
estimate the antiscalant dosage for the different products 
and feedwaters. As it is a theoretical study, the limits estab-
lished by the manufacturer were used.

3. Results and discussion

The maximum water recoveries using different anti-
scalant products are shown in Table 3. In general, due to 
high concentration of silica, the appropriate scale inhibitor 
to get the higher maximum water recovery was the anti-
scalant A. It inhibits silica scaling at higher concentrations 
than antiscalant B. This antiscalant is specific for CaCO3 
allowing a LSI < 3, while using antiscalant A, a LSI < 2 could 
be achievable as it is shown in Table 2. Due to high con-
centrations of silica, low recoveries were estimated for anti-
scalant B and as consequence low dosage. Depending on 
water needs, this option could be interesting from the cost 
point of view or in combination with other pretreatment.

In general, the dosage is higher for the antiscalant A 
than for antiscalant B, and more expensive which makes the 
antiscalant A to have a higher specific cost spite of getting a 
higher water flux recovery (Fig. 2).

Fig. 2 shows the decline trend of the specific cost with 
the water flux recovery increase for both antiscalants. 
Only when the water flux recovery is close to 80%, the 

Fig. 1. Groundwater bodies in Gran Canaria [24].

Table 1
Antiscalant characteristics

Salt Theoretical power of inhibition

Antiscalant A Antiscalant B

CaCO3 LSI ≤ 2.5 LSI ≤ 3
CaSO4 3.5·Ksp 3.5·Ksp

BaSO4 105·Ksp 105·Ksp

SrSO4 20·Ksp 20·Ksp

CaF2 1,000·Ksp 1,000·Ksp

SiO2 2·Saturation 120 ppm
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specific cost of each antiscalant is very close. This differ-
ence in terms of specific cost between both antiscalant 
should be taken into account in the specific pre-treat-
ments to reduce silica. From the experimental data and 
after removing some points which showed dosages out-
side “standard trend”, two correlative equations were 
obtained:

SC R Ranti-A = ⋅ ⋅ − ⋅ ⋅ +− −3 06 10 6 30 10 0 335 2 3. . .  (1)

SC
R Ranti-B = ⋅ 





− 











1 50
0 83 0 19

. exp
.

exp
.

 (2)

Table 3
Maximum water flux recovery and dosage for each antiscalant.

Groundwater 
body 

Water flux recovery (%) Dosage (mg/L)
Antiscalant 
A

Antiscalant 
B

Antiscalant 
A

Antiscalant 
B

ES70GC001 62 39 16.49 3.18
64 28 5.40 2.00
65 45 13.96 2.68
54 10 12.17 2.98
54 7 8.70 2.33

ES70GC002 65 28 5.40 2.00
73 56 4.05 2.00
75 53 3.75 2.00
69 38 4.65 2.00

ES70GC003 55 10 6.75 2.24
75 61 3.90 2.00
79 59 3.15 2.00
71 44 4.35 2.00
69 36 4.65 2.00
56 10 6.60 2.62
73 44 4.05 2.00

ES70GC004 64 27 5.40 2.00
65 27 5.25 2.00
73 44 8.84 2.00
70 38 4.50 2.00
62 22 5.70 2.00
64 28 5.40 2.00
69 36 4.65 2.00

ES70GC005 71 40 4.35 1.00
64 25 5.40 2.00
58 17 6.30 2.09
71 54 4.35 2.00
48 33 22.31 4.58
73 46 4.05 2.00
65 64 3.28 2.00

ES70GC006 81 67 2.85 2.00
84 85 5.25 2.00
80 58 3.00 2.00
75 66 3.60 2.00
75 57 3.75 2.00
73 48 4.05 2.00
82 56 3.30 2.00
80 60 3.00 2.00
54 6 6.90 2.37
81 63 2.85 2.00
70 67 4.50 2.00
58 16 6.30 2.19
76 53 3.60 2.00
73 48 4.05 2.00
73 46 4.05 2.00
74 49 3.90 2.00
82 67 2.70 2.00

ES70GC007 78 58 3.30 2.00
72 44 4.20 2.00
77 54 3.45 2.00
72 44 4.20 2.00
80 61 3.00 2.00
75 50 3.75 2.00
65 31 5.25 2.00
66 33 5.10 2.00
68 37 4.80 2.00
74 48 3.90 2.00

Groundwater 
body 

Water flux recovery (%) Dosage (mg/L)
Antiscalant 
A

Antiscalant 
B

Antiscalant 
A

Antiscalant 
B

ES70GC008 79 60 3.15 2.00
76 70 2.75 2.00
66 48 5.10 2.00

ES70GC009 70 41 4.50 2.00
75 67 4.04 2.00
71 43 4.35 2.00
61 20 5.85 2.37
79 59 3.15 2.00
83 67 2.55 2.00
61 20 5.85 2.00
61 18 6.15 2.04
71 39 4.35 2.00
68 38 4.80 2.00
86 73 2.10 2.00
57 14 6.45 2.00
79 58 3.15 2.00
77 54 3.45 2.00
50 23 7.50 2.52
69 38 4.65 2.00
72 32 5.10 2.00
67 30 5.10 2.00
86 53 4.00 2.00
71 37 6.45 2.21
57 14 6.30 2.00
76 45 5.70 2.00
62 21 7.50 2.00
69 30 5.10 2.00
66 32 5.10 2.00
70 31 5.25 2.00
78 54 3.30 2.00
58 18 6.42 2.05
70 40 4.50 2.00
78 56 3.30 2.00
69 40 6.45 2.06
55 11 6.75 2.20
76 51 3.60 2.00
78 57 3.30 2.00
69 38 4.65 2.00
64 40 5.40 2.00
70 39 4.50 2.00

ES70GC0010 70 39 4.50 2.00
62 39 16.49 3.18
64 28 5.40 2.00
65 45 13.96 2.68
54 10 12.17 2.98
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where SCanti-A and SCanti-B are the specific costs for the 
antiscalants A and B respectively, and R is the water 
flux recovery in percentage. These equation esti-
mates the antiscalant cost knowing recovery for the 
type of  brackish water studied. The difference in 
terms of  specific cost between the antiscalant products 
went from 0.074 €/m3 at R = 50% to almost 0 €/m3 from 
R~93%.

Considering a BWRO desalination plant with a typ-
ical production capacity of 500 m3/d in Canary Islands, 
working with R = 70%, the cost difference between using 
antiscalant A or B would be 410 €/month approximately. 
A silica mitigation pretreatment would be interesting in 
this region. For example if a BWRO desalination plant 
owner is using the antiscalant A, the use of a silica pre-
treatment that allow to use the antiscalant B would be 
interesting if the cost of this pretreatment is below 410 €/
month.

4. Conclusions 

Maximum water recoveries of different groundwater 
bodies in Gran Canaria were calculated. Silica was the 
most limiting compound in water flux recovery, so the 
antiscalant A was the most appropriate to reach higher 
recoveries. On the other hand, the price and dosing of the 
antiscalant A are higher than antiscalant B being necessary 
to evaluate the specific cost in both cases. The antiscalant 
specific cost for both products were evaluated provid-
ing two estimating equations related with the water flux 
recovery for both antiscalants. The results showed that 
the antiscalant A had a higher specific cost that antiscalant 
B for a wide range of recoveries. At very high recover-
ies (>90%), the difference is negligible. The specific silica 
removal pretreatments would be an option when the silica 
concentration in the feedwaters is very hight. The silica 

removal pretreatments should be taken into account in 
two situations: 

•	 When the desired water flux recovery is not attainable 
with the antiscalant products available. 

•	 For example if the specific cost of these processes plus 
the dosing of antiscalant B would be more cost effective 
than antiscalant A dosing. 

In cases concerning the second situation, an economic 
assessment of the silica removal pretreatments is essential 
to determine whether pretreatment is viable or not in this 
region.
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