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Replacement of fresh water use by final effluent recovery
in a highly optimized 100% recovered paper mill
R. Ordóñez, D. Hermosilla, I. San Pı́o and A. Blanco

ABSTRACT
A further closure of the water circuit in paper mills with a relative high optimization of their
water network is limited by the increase of contamination in the water and runnability problems
of the paper machine. Therefore, new strategies for saving water must be focussed on the
treatment of final effluents of the paper mill, aiming to obtain high quality water that may replace
fresh water use in some applications. An appropriate treatment train performed at pilot scale,
consisting on a previous clarification stage followed by anaerobic and aerobic treatments,
ultrafiltration, and reverse osmosis, made possible producing the highest water quality from the
final effluent of the mill. Anaerobic pre-treatment showed very good performance assisting the
aerobic stage on removing organics and sulphates, besides it produced enough biogas for being
considered as cost-effective. Permeate recovery depended on the silica content of the paper mill
effluent, and it was limited to a 50–60%. The reject of the membranes fully met the legislation
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INTRODUCTION
The technical limit for the closure of water circuits in a paper

The efficiency of anaerobic treatments depends widely

mill is determined by the increase of contamination load in

on the volumetric organic load and the quality of the

the process water and the appearance of runnability

wastewater. 5 to 15 kg COD m23 day21 are typically reported

problems in the paper machine, as it has already been tested

to yield better treatment outputs (Bajpai 2000; Saleh &

at laboratory and mill scales (Miranda 2008). An additional

Mahmood 2003).

step forward for saving more fresh water consumption lies

In addition, when the inflow contains important quan-

upon the regeneration and reuse of the final effluent of the

tities of inorganic sulphur (sulphates or sulphites), as it has

mill, aiming to obtain high quality water that may replace

been reported for several paper mill effluents (Horan &

fresh water use at critical points, such as the high pressure

Chen 1998; Kokkonen et al. 2004), the sulphate-reducing

showers of the paper machine.

bacteria population can be stimulated enabling a maximum

Anaerobic digesters have been usually implemented as

reduction of sulphates and sulphites (Bajpai 2000).

the first step of wastewater treatment trains when a good

The resulting sulphides will further integrate the biogas as

alternative for organic matter removal is required; and the

hydrogen sulphide. Special care should be taken regarding

production of biogas entails additional benefits. Moreover,

this particular, as sulphate-reducing bacteria and methane

they generate a lower amount of sludge in comparison

bacteria use and compete for the same organic compounds,

to aerobic reactors, therefore reducing the overall cost

thus resulting in a lower production of methane. Therefore,

of wastewater treatment (van Haandel & Lettinga 1994).

a biogas with a lower calorific power is produced
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protozoa and bacteria, UF may even remove viruses and

Sulphide inhibition is most likely to occur in wastewaters

organic macromolecules down to approx. 0.02 mm (van der

relations
with low COD concentrations and COD/SO22
4

Bruggen et al. 2003). In general, UF is highly used in

lower than 7.5 (Bajpai 2000).

treatment plants reclaiming wastewater worldwide; and

Furthermore, anaerobic process efficiency is also widely

membrane bioreactors (MBRs) are taking advantage in

dependent on the temperature of the reactor. In general,

different urban and industrial applications (Dialynas &

a mesophilic range of temperatures (20 – 458C) allows a

Diamadopoulos 2009). While encased dead-end mode UF

higher stabilization of the waste and smaller-sized digesters

systems may entail a lower operational cost, MBRs

(van Haandel & Lettinga 1994; Bajpai 2000; Luostarinen et al.

operate in a submerged design, which requires low trans-

2007). Finally, the optimum pH value for anaerobic systems

membrane pressures (TMP), thus minimizing the effects

ranges from 6.5 to 7.5 (Cajigas et al. 2005). Below pH ¼ 6.5,

of fouling. In addition, as they are based upon a variation

methanogenic bacteria slow down their growth, showing

of the conventional activated sludge process, where MF

serious problems below 6.0. On the other hand, although

or UF membranes are installed, MBR technology do not

these microorganisms can grow at pH . 7.5, their meta-

show problems related to filamentous bulking (Yujiao

bolism is much reduced. In general, pH is kept at the right

et al. 2007), which is so usual in paper mills (Thompson

level by the existent alkalinity in the wastewater.

et al. 2001; Thompson & Forster 2003). Moreover, incor-

It is widely considered that anaerobic treatment alone

porating membrane treatments make the reactors run with

is not enough effective if soluble BOD5 must be lower

a higher dried solid concentration (8– 15 g L21) than

21

than 20 mg L

, and/or removal efficiencies higher than

conventional activated sludge

(3–5 g L21).

Therefore,

95% (Eckenfelder et al. 1988), as it happens when biofouling

they produce less biological sludge. These properties

phenomena must be reduced in posterior membrane

also lead to lower hydraulic retention times and/or

filtration treatments aiming to remove excessive salts

volumes required to perform the biological treatment in

contents and final disinfection (e.g. TOC and COD values

comparison to conventional systems (Stephenson et al.

21

below 3 and 10 mg L

, respectively, were recommended

2000; Melin et al. 2006).

for water feeding RO membranes by Dow Liquid

According to the maximum water quality required

Separations 2005). But an anaerobic reactor can be highly

for replacing fresh water, RO systems are recommended

cost-effective as the pre-treatment of an aerobic stage,

to be placed as the final step of any treatment train

which, on the contrary, consumes energy (Nguyen et al.

aiming to recover final effluent wastewater from the paper

2007). In particular, activated sludge systems work

mill and reuse it as process water. Final RO treatment

applying the principle of biological oxidation to the organic

ensures conductivity reduction and total pathogen removal.

fraction of the wastewater inside the aeration tank.

However, scaling and fouling phenomena may cause

Microbial cells are separated in a secondary clarifier, and

decline in water production rates, low permeate quality,

a fraction is re-circulated into the reactor in order to keep a

unsteady-state operation conditions, and serious damages

21

(Andreadakis 1993;

in the membranes (Al-Ahmad et al. 2000; Ghafour 2002).

Nguyen et al. 2007). These easier-to-operate biological

Therefore, research pilot trials including RO stages as

systems produce very good organic removals at pH ¼ 8.5

final disinfection and treatment steps of the treatment

(Eckenfelder et al. 1988).

trains should analyse results paying special attention to

solid concentration of 3 – 5 g L

Regarding the implementation of membrane filtration

this particular.

systems after biological treatments, microfiltration (MF) or

This manuscript shows the results obtained in a pilot

ultrafiltration (UF) are the necessary pre-treatment for the

plant study, considering two alternative treatment trains

wastewater inflowing a reverse osmosis (RO) unit, especially

based upon the above described technologies, developed

when the content of suspended solids is relatively high

in HOLMEN Paper Madrid (Spain), with the scope of

(Speth & Reiss 2005). While MF is suitable for removing

comparing their performance in recovering the final effluent

suspended solids, including larger microorganisms like

of the mill for its reuse in critical places within the
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process requiring high water quality. Several aspects, such as

force. The design of a wastewater treatment aiming to

conversion capacity, purification efficiency, and perform-

recover final effluent of the mill should produce a water

ance flexibility of the pilot systems, and their different

quality meeting all these requirements.

processes, are assessed.

Brief description of the water network, consumption
and quality requirements inside the paper mill

MATERIALS AND METHODS
In such a paper mill as the above introduced with a highly

HOLMEN Paper Madrid is a paper mill located in Madrid

optimized water network, the deinking line is divided

of newsprint (NP)

in two separate water loops to minimize the carry-over of

and light-weight coated (LWC) paper from 100% recovered

contaminants to the paper machine. The accumulation of

material. This company has recently made a special great

detrimental substances in water loops is avoided by the

effort to optimize their internal water network and water

presence of internal treatments, e.g. dissolved air flotation

use, considering the incorporation and application of the

units (DAF). This treatment, in combination with the

best available technologies to reuse and recover water

addition of coagulants and flocculants, achieves the removal

within its processes, leading to a current water consumption

of an important quantity of colloidal and dissolved matter

(Spain) that produces 470,000 T year

21

3

of 8.5 m of fresh water per tonne of paper produced, which

(Miranda et al. 2008). The pilot plants were designed to

is one of the lowest values reported inside the European

treat the outlet wastewater from the DAF unit placed in the

Union for this type of product. Moreover, this water

first water loop, which is reported as the most contaminated

3

21

water of the mill, and the one sent to the wastewater treat-

referred in the Reference Document on Best Available

ment plant as final effluent. The most important parameters

Techniques (BREF) in the Pulp and Paper Industry (Institute

that characterize this wastewater are showed in Table 1.

consumption level is below the values of 10– 20 m T

for Prospective Technological Studies, IPPC Bureau 2001).

Two pilot plants with a capacity of 1 m3 h21 were

Nevertheless, the mill has arrived to the technical limit for

installed in parallel to compare two different types of pre-

the closure of its water circuits, as determined by the proper

treatments before the RO units. Pilot plant A (Figure 1)

runnability of the paper machine (Miranda 2008).

Table 1

The greatest fresh water consumption inside the mill

|

Characterization of the treated wastewater (i.e. outlet effluent from the DAF
placed at first water loop in the mill)

is hold by the high pressure showers of the paper machine,
which are needed to clean the wires of the formation and
press section in continuous. In order to avoid scaling,
corrosion,

biofouling,

and

losses

in

retention

aid

efficiencies, the minimum water quality requirements that
must be met in this process are: conductivity , 500 mS cm21,
suspended solids ,5 mg L21, sulphates ,100 mg L21, silicates ,40–50 mg L21, chloride ,50 mg L21, hardness ,200 mg
CaCO3 L21, alkalinity ,100 mg CaCO3 L21, iron ,0.1 mg L21,
aluminium ,0.1 mg L21, magnesium ,15 mg L21, manganese
,0.05 mg L21, nitrates ,1 mgNO3 L21, and total phosphorous
,0.2 mg L21 (Blanco et al. 1996; Hulkko & Deng 1999;
Joore et al. 2000; Hubbe 2007). Furthermore, water quality
criteria must also consider health risks derived from the
occasional spread out of process water as aerosols that
may reach workers; and, in addition, the final effluent of
the mill must fulfil the requirements set by the legislation in
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pH

Minimum

Average

Maximum

6.9

7.3

7.8

T (8C)

25

30

35

Conductivity (mS cm21

1.8

2.8

3.9

Total COD (mg L21)

1,500

2,600

3,500

Dissolved COD (mg L21)

1,000

2,200

3,000

600

1,200

1,600

40

350

900

BOD5 (mg L

21

)

TSS (mg L21)
21

Ca (mg L

)

21
SO22
)
4 (mg L

56

106

145

360

495

720

SiO2 (mg L21)

60

170

240

Cl2 (mg L21)

95

110

150

Total N (mg L21)

0.0

4.8

9.7

P-PO4 (mg L21)

0.0

0.6

1.0

Redox (mV)

2390

2277

261

Absorbance at 254 nm

0.2

0.5

1.1
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Biogas
Antiscalant
Nutrients
NaOH/HCl
Wastewater
from DAFs

Permeate
Reject
Backwash
Purge
Lamella
clarifier

Figure 1

|

Preacidification tank

Anaerobic
reactor

Aerobic
reactor

Lamella
clarifier

UF

RO

Flow diagram of the pilot plant A.

consisted of a biological double step (anaerobic þ aerobic)

anaerobic reactor was installed in plant A, an EGSB

followed by UF and RO. Pilot plant B (Figure 2) consisted of

(expanded granular sludge bed) type was implemented in

an anaerobic reactor followed by a MBR and a final RO.

plant B. Both anaerobic reactors worked with an organic

As the inlet water carried an important amount of

volumetric load range of 7 – 15 kg COD m23 day21. The

suspended solids (mainly fibres), both plants included a

generated biogas was passed through a counter to record

first clarifying (Plant A) or screening (Algas microfilters,

the total quantity produced. Its composition was measured by

Plant B) stage to remove heavy particles greater than 30 mm.

the following methods: GI/PO/MAM/07, GI/PO/MAM/30

The suppliers of the pilot plants designed and provided

and GI/PO/MAM/33.

these devices as suitable solutions for removing suspended

The effluent of the anaerobic reactor in pilot plant

solids before inflowing the wastewater to the anaerobic

A was discharged into an activated sludge reactor divided in

stage. Although both systems accomplished their function,

three successive cascade basins through which the water

the filtration device resulted more efficient. Furthermore, in

flowed in series. This configuration improves the sedimen-

order to ensure a stable anaerobic reactor operation, both

tation characteristics of the sludge, as the cascade causes

pilot plants were also equipped with a pre-acidification

the formation of highly-loaded stressed zones and lower-

step, and a pH control system that supplied NaOH or HCl

loaded zones, favouring biogenesis, which prevents the

in case of pH deviations from the set values (pH ¼ 6.5).

formation of bulking sludge (Möbius 1989). An aeration

Phosphoric acid (H3PO4, as source of phosphorous) and urea

system continuously supplied oxygen to the wastewater

(as source of nitrogen) were added as nutrients to feed the

($2 mg O2 L21). The concentration of solids in the mixed

microorganisms before the anaerobic step in a BOD:N:P

liquor (MLTSS) was kept between 2 –3 g L21. A secondary

ratio of 100:5:1. While a modified IC (internal circulation)

sedimentation served for the separation of the activated
Biogas
Antiscalant

NaOH/HCl
Nutrients
Permeate
Wastewater
from DAFs

Permeate
Reject
Backwash
Purge
Purge
Algas
filter

Figure 2

|

Conditioning
tank

Anaerobic
reactor

Flow diagram for the pilot plant B.
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Table 2

100

COD
BOD5
–
SO42

80

|

Biogas composition and flow of the anaerobic reactors in the pilot plants

Parameter

Units

Pilot plant A
23

Pilot plant B

mg m

1,758

4,956

%

80.1

87.7

CO2

%

13.8

11.4

CO

%

,0.03

,0.03

N2

%

3.4

,0.1

O2

%

2.7

0.9

H2

%

,0.15

,0.15

HF

mg m23

,0.04

,0.04

HCl

mg m

23

,0.04

,0.04

sludge from the wastewater coming out from the biological

Particulate matter

mg m23

,0.83

0.83

stage. The settled sludge was controlled with a return

Silicon

mg m23

,0.004

,0.004

pumping station which droved sludge back to the aerobic

Biogas flow

m3 h21

–

0.21

Removal (%)

H2S
CH4

60

40

20

0
Anaerobic
Figure 3

|

Anaerobic + aerobic

Pilot plant A: removal efficiencies of soluble COD, BOD5 and
(mean ^ standard deviation) for the biological treatments stage.

SO22
4

tank periodically. In this way, the concentration of the
activated sludge was kept as constant as possible.

permeate flux decreased about a 10%, CIP operations were

The clarified water was then sent to a dead-end mode

performed by applying citric acid at pH ¼ 2 and T ¼ 358C

UF membrane system made of polyvinylidene fluoride

first, and then, an alkaline product (Ultrasil 10w) at

(PVDF) hollow fibres, which removed particles greater

pH ¼ 9 – 10 and T ¼ 358C.

than 0.04 mm. The normal cleaning cycle for this UF system

On the other hand, the effluent outflowing from the

consisted in the use of a low pressure air scouring and the

anaerobic reactor of pilot plant B was discharged into a

subsequent drainage of the rejected particles and bacteria.

MBR of PVDF hollow-fibre membranes at a flow rate of

Backwashes were typically initiated every 22 – 30 minutes

400 L h21. This pilot treatment worked at a food/micro-

and the cycles lasted 3 minutes maximum. When trans-

organisms ratio (F/M) of 0.15 kg COD kg MLTSS21 in a

membrane pressure (TMP) reached 110 kPa, chemical

first stage, and at 0.18 kg COD kg MLTSS21 in a second one,

cleanings in place (CIP) with sodium hypochlorite at

so a shorter hydraulic retention time (HRT) was achieved.

pH ¼ 9 –9.5 and T ¼ 358C were performed.

MLTSS were kept constant between 8 and 10 g L21.

Finally, the RO system installed in pilot plant A was

The membranes ran at 4 different flow rates: 10, 12, 15

built with three membrane modules of spiral wounded

and 17 L m22 h21. Two different routine cleaning processes

polymer with a pore size in the range of 0.0001 mm. The

were applied during this pilot test: (1) 25 seconds-long

modules were operated in cross-flow conditions. When the

backwashes were performed every 6 min; and (2) weekly

COD
BOD5
2–
SO4

75

11
60

10
60
pH

Removal (%)

80

pH
% COD removal plant A
% COD removal plant B

12

9

45

8

40

30

7

Alkali spill
simulation

20
6
–10

0
Anaerobic
Figure 4

|

Anaerobic + MBR

Pilot plant B: removal efficiencies in soluble COD, BOD5 and SO422
(mean ^ standard deviation) for the biological treatments stage.
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–5

0

5
10
Time (day)

COD removal (%)

100

15
15

20

Time course evolutions of COD removal and pH close-before and after an
alkali spill (pH ¼ 9, time ¼ 0 days).
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Characteristics of the treated wastewater after the biological treatments

Parameter

Units

Pilot plant A

7.91

0.26

7.82

0.37

TDS

mg L21

2,538

674

2,487

578

Dissolved COD

mg L21

450

160

374

97

BOD5

mg L21

43

24

17

9

pH

21

Standard deviation

Pilot plant B

Standard deviation

Conductivity

mS cm

2,907

392

2,914

890

VFA

mg L21

5.21

2.34

3.24

1.79

SO4

mg L

21

383

104

333

138

SiO2

mg L21

144

57

138

55

maintenance cleanings consisting of a first 40 min-long
oxidizing step with NaOH (1 g L

21

considered as cost-effective (Table 2) Moreover, sulphate

), and followed by an

was removed to make the effluent fulfil the requirements set

acid step performed supplying citric acid (2 g L21) and

by current regional legislation (Law 10/1993, 26th of

adjusting to pH ¼ 2.5– 3.0 by HCl addition. Finally, a

October, Madrid Region) for the final reject from the

recovery cleaning (RC) was performed adding sodium

21
membranes (,1,000 mg SO22
).
4 L

21

) at pH ¼ 12 (adjusted with NaOH),

In order to correctly assess sulphate removal results, we

and hydrochloric acid then, at pH ¼ 2.5, in order to re-

have to take into account what it really happens in the

cover the initial permeability values at the end of the trials.

anaerobic stage. While a fraction of the sulphates (< 30%) is

The water outflowing from the MBR was sent to the

removed as hydrogen sulphide integrating the biogas

corresponding two-step RO section, formed from spiral

(Table 2), other greater part (<70%) is reduced to other

wounded polymer membranes too. The first RO unit was

sulphurous species that are sent to the aerobic stage;

operated as a first membrane treatment simulating a big

resulting that there is an apparent total removal (95%) of

membrane train. The second one was operated as a last

sulphates after the anaerobic treatment. These reduced

membrane treatment by internal recirculation of the reject.

sulphurous species are then oxidized back to sulphate along

hypochlorite (2 g L

Antiscalant was supplied at the entrance of the first RO
stage (4–6 mg L21). Both units ran at constant pressure.
The first one operated at 7 – 8 bar with an average recovery
of 20%; and 8– 9 bar were applied in the second one,
achieving an average recovery of 35%.
All water analyses were carried out according to the
Standard Methods for Examination of Water and Wastewater

the aerobic stage, thus revealing the actual sulphate removal
achieved in the anaerobic treatment, which resulted about a
30% in both pilot plants (Figures 3 and 4).
In general, the removal of organic contaminants by the
anaerobic stage was very stable in both plants throughout
the whole period of time the pilot trials were running

(Eaton et al. 2005). Biodegradability was measured according

100

to Zahn-Wellens/EMPA Test (OPPTS 835.3200, EPA 1998).

RESULTS AND DISCUSSION
Anaerobic treatment was able to remove 50 and 70% of

COD removal (%)

80

60

40
Ethylene glycol
20

Effluent after biological treatments

the initial BOD5 and COD, respectively, in both pilot plants
(Figures 3 and 4); even though the presence of sulphates

0
0

in the effluent (Table 1) is high in relation to COD values.
In accordance to the achieved reductions in BOD5 and
COD, these treatments produced enough biogas to be
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40

Biodegradability

60

80
100
Time (h)

experiments

120

140

160

(Zahn-Wellens/EMPA

Test,

EPA

1998)

performed with post-biological treatment wastewater and ethylene glycol.
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Electron microscope photographs of the hollow fibres of the UF system of pilot plant A, showing the presence of microorganisms (a) and fibres (b).

(about three months). Furthermore, it is important to report

autopsies of the membranes were performed. They showed

that, in order to study the pH behaviour, the pH control was

important biofouling (Figure 7(a)), organic fouling, com-

turned off in both pilot plants and it was kept under control

posed basically by fibres (Figure 7(b)), and scaling episodes

by the pre-acidification step without problems. Particularly,

by aluminosilicates accumulation in pilot plant A. A little

operating conditions at higher pH values were also studied,

quantity of sulphur and calcium compounds were also

simulating an accidental spill of alkali. When the pH was

found. On the other hand, and in addition to perform a

increased to about 9.0 during 2 days, the bacteria were

more stable operation, pilot plant B did not showed fouling

inhibited in both plants, but did not die. 10 days afterwards,

problems during the trials, mainly due to the operation of

the treatments began to work as before the spill of alkali was

MBR technology; but it is also more expensive in terms

simulated (Figure 5).

of energy consumption.

As part of the biodegradable COD and BOD5 were not

Nevertheless, the effluent from the UF step in pilot plant

removed in the anaerobic step, the aerobic stage was

A, and from the MBR in pilot plant B, showed similar

confirmed (Figures 3 and 4) as necessary before feeding

characteristics (Table 3); and the RO treatment of both

the membrane treatments. In fact, biodegradable fatty acids

plants also showed a similar behaviour. All RO membranes

were present in the solution after the anaerobic step in both

ran in constant permeate flow until the reject flow began to

21

), and therefore they must be

increase, and the permeate flow began to decrease corre-

removed in a complementary biological treatment stage.

spondingly; which resulted especially clear in the second

Finally, COD and BOD5 removals were acceptable after the

unit of pilot plant B (Figure 8). In addition, silica content at

aerobic treatment (Figures 3 and 4) to further perform a

the exit of the UF steps increased to approx. 210 mg L21

posterior membrane treatment; and no significant fatty

after the fifth day of the study, and remained in such high

plants (120 ^ 50 mg L

acids contents were present in the wastewater (Table 3).
Moreover, biodegradability measurements showed that the

200

remaining COD in the out-flowing water from the biological
treatments was not biodegradable at all (Figure 6).
sulphate removal rates (Figures 3 and 4), pilot plant B,
which holds the MBR treatment, showed a more stable

160
Flow (L h–1)

Although both pilot plants showed similar organic and

120
RO-1 permeate
RO-1 reject
RO-2 permeate
RO-2 reject

80

operation behaviour regarding the removal of organics.
Furthermore, pilot plant A showed greater fouling pro-

40

blems, as it is shown in Figure 7. Pilot plant A also required
more frequent chemical cleanings in order to recover

0
0

trans-membrane pressure (TMP) values, which were not
fully restored after backwashing. After the pilot trials,
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5
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15
20
Time (day)

25

30

RO-permeate and reject flows during 35 days of operation in pilot plant B.
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Electron microscope photographs from the central area of RO membranes of plant B. (a) Stage 1. (b) Stage 2.

values throughout the whole pilot trial. Moreover, silica

concentration is above < 200 mg Ca L21 (Severtson et al.

content resulted even much higher in the rejected fractions.

1999). Finally, it has been shown that calcium precipitation

In fact, the antiscalant that was supplied before the first

will occur inside anaerobic reactors at concentrations above

RO membrane, which was specifically chosen for silica type

400 mg Ca L21 (Pauly 2001).

scaling, is designed to work with silica levels up to

Therefore, considering these results, and in order to

200 –220 mg L21. Therefore, scaling phenomena could not

avoid an irreversible damage to the RO membranes, the

be totally avoided at the silica levels present in the mill.

Table 4

|

Permeate water quality of both RO stages of pilot plant B

In order to confirm the expected silica scaling problems,
autopsies of both RO membranes of plant B were also

Parameter

Units

RO1 permeate

RO2 permeate

21

performed. A greater degree of biofouling affection was

TCOD

mg L

0.00

0.00

found in the first RO membrane (Figure 9(a)). Some algae

BOD5

mg L21

0.00

0.00

21

(diathomea), microorganisms and organic matter were

TSS

mg L

0.00

0.00

detected. Moreover, it could be concluded that, even though

N-total

mg L21

4.00

12.00

21

aluminosilicates, copper and sulphur particles were also

P-total

mg L

0.00

0.00

found, silica resulted the main responsible of the damage of

Alkalinity

mEQ L21

0.80

1.00

the membranes. In fact, the second membrane of the RO

T

8C

21.70

23.00

system of plant B (Figure 9(b)) was also affected by severe

Conductivity

mS cm21

36

117

NH4-N

21

mg L

1.30

9.00

NO3

mg L21

1.60

1.20

mg L

–

7.00

mg L21

5.00

,3.00

21

silica scaling, and calcium sulphate was additionally detected.
Despite the presence of calcium sulphate in the autopsies

2

of the membranes, we found no calcium problems in the

Cl

biological treatments or in the membranes, as reported within

SO4

21

the paper industry by other authors (e.g. van Langerak et al.

SiO2

mg L

1.30

2.30

1997; Batstone et al. 2002; Kim et al. 2003), as calcium content

F

mg L21

,0.10

,0.10

B

21

mg L

0.40

0.50

Ba

mg L21

0.10

0.10

21

in the treated wastewater is not so high (<100 mg Ca L

21

,

Table 1). In fact, calcium carbonate is found at high
concentrations in the deinking sludge of the mil (< 60– 70%

Sr

mg L

,0.03

,0.03

of this sludge is mineral, calcium carbonate mainly); and,

Mn

mg L21

,0.03

,0.03

21

taking into account that another fraction integrates the paper

Al

mg L

,0.03

,0.03

product itself, there is not so much calcium carbonate left to

K

mg L21

0.30

0.60

be found dissolved in the effluent. The presence of silica, as

Na

mg L21

5.80

21.70

just reported, is much problematic by far. In addition, process

Mg

mg L21

0.10

0.30

21

water inside the mill is at approx. pH < 7.5, and calcium

Ca

mg L

15.00

23.00

carbonate will only begin to precipitate at this pH value if its

Fe

mg L21

,0.10

,0.10
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tested systems could only achieve a maximum recovery

Accepting that there is a wide margin to improve results,

of about 50 – 60%. New research, focussing the removal of

particularly regarding high silica contents, it has been

silica content and/or the increase of its solubility prior to

showed that the project could be cost and operationally

RO steps, will be of great interest, as a higher recovery and

effectively implemented at mill scale.

a lower cost of the process could be achieved.

The studied pilot trials may be of great interest to the

In all the cases, the permeate from the RO stages fulfilled

managers of many paper mills located in water shortening

the quality requirements for the critical points where fresh

areas, or being subjected to high fresh water prices and low

water is consumed in the paper mill, and hence, its use could

specific water consumptions.

be replaced by the recovered effluent (e.g. Plant B, Table 4).
Finally, RO rejected fractions also met the requirements
set by the legislation in force for accepting the final effluent
in the closest municipal wastewater treatment plant.
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CONCLUSIONS
Anaerobic pre-treatment showed very good performance
treating a low organic load wastewater as the effluent of a
100% recycled NP/LWC paper mill, and assisting the aerobic
stage on removing organics and sulphates; besides it produced
enough biogas for being considered as cost-effective.
The biological treatments studied in the two pilot
plants achieved a final COD, BOD5 and sulphates removal
of 80 – 85%, 95 – 99% and 25 – 35%, respectively. Wastewater quality after biological treatment resulted suitable
to further perform a posterior membrane treatment.
Membrane treatment were able to generate permeates
of high water quality, fulfilling all the requirements for
being used in critical points of the paper machine that
require a very high water quality.
The permeate recovery was limited by the silica content
of the paper mill effluent. In the provided case study,
maximum recovery could achieve approx. 50 – 60%.
The reject of the plants met the requirements that
current legislation imposes to the dumping of effluents in
municipal wastewater treatment plants.
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