
Rinse technologies 
In the pretreatment, raw material is being rinsed by spraying the rollers with fresh water 
before sinking them into the rinsing tank. Hence, less solvent from the sulphuric acid tank will 
contaminate the rinsing tank which enlarges its lifetime. In the surface treatment of produced 
objects they use a cross flow rinsing technique. This technique implies that fresh water is 
added to the last tank and flows towards the process tank. The products are treated in the 
opposite direction. This allows the final rinse water to be reused as initial rinse when it 
becomes contaminated (Grunden, Westerlund, 1993). Figure 18 illustrates the principals of 
this technique. However, in the illustration three tanks are connected for the cross flow rinsing 
whereas only two tanks are working are connected at the visited industry. By applying this 
method water can be saved and discharges are reduced (Klingspor, 1997). A cross flow 
rinsing system should always be employed when it is technically possible (Grunden, 
Westerlund, 1993).  
 

Figure 19. A combined save- and cross flow rinsing system including three cross flow tanks.  
Source: Klingspor, 1997. 
 
In addition to the cross flow rinsing technique the industry are employing a save rinsing 
method by using a recovery tank as a direct step after the process tank. The recovery tank will 
contain a high level of sulphuric acid which allows it to be added to the process tank when a 
refill is required. This saves solvent as well as minimizing the discharge (Klingspor, 1997). 
 
Evaporation of hazardous solvents 
The effluent from the industry contains metals like zinc and chrome as well as oily, acidic and 
alkali solvents. Thus, in order to meet the applied norm for effluent sent to the sewage grid the 
hazardous solutions are collected and stored in a tank outside the factory. To reduce the 
quantity heat is added which allows water to vaporize. When a solid liquid is obtained it is 
stored in barrels and are taken care of by an external company specialized in hazardous waste.  
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Settling chamber  
Water led to the sewage grid passes a chamber where the velocity is low. This allows 
suspended solids to sink to the bottom of the chamber and not disturb the external pipes and 
treatment plants. 
 
Problems experienced and requests 
Today there are according to Employee D2 no acute problems considering the treatment 
process. However, the strategy for meeting the norm is simply to separate hazardous solvents 
from the effluent. Thus all hazardous components like oil, metals and solvents are mixed into 
one solvent. This is according to the Swedish Environmental Protection Agency (EPA) not 
recommended since this will complicate the treatment and hinder recycling strategies 
(Klingspor, 1997).  
 

8 Discussion and analysis  

8.1 Situation 

Environment 
Risberg (2006) describes the water quality in the rivers in the Santiago region as “bad” or 
“very bad”.  Accroding to information from CONAMA, the water in the rivers in Santiago 
RM still is of bad quality. However, Dr. M. Rocco, a researcher within the field of 
Environmental Chemistry at the University of Santiago, points out that the water quality in the 
rivers in Chile has improved during the last year. According to him, the improvement of water 
quality is more noticeable in other regions. For instance the river Loa in northern Chile and 
Bio-Bio in the southern part of the country are showing better values today than a few years 
ago. Nevertheless, he adds that Río Mapocho also has shown signs of improvement. For 
example the odor from the water has been reduced significantly during the last few years. 
However, Río Mapocho is still contaminated, mainly due to untreated domestic water. The 
reason for the improvement is not unambiguous, but it is likely that it is a consequence of the 
amendments for norm D.S. 90/2000 (Rocco, 2008 pers. comm.). 
 
The amount of hazardous waste which is taken care of by the company Hidronor is constantly 
rising as an effect of stricter laws for industrial waste disposal in the country (Romero, 2008). 
The correct handling of hazardous waste prevents serious damage of the environment. 
However, by studying reports from SISS it is clear that larger companies follow the norms to 
a greater extent that smaller (SISS, 2008). Thus, the smaller industries still compose a 
negative effect on water quality in recipients. 
 
The increasing control of effluent and handling of hazardous waste indicates that Chile’s 
environmental work is in progress. However, today the focus is on the avoidance of 
contaminating the nature. The outcome could improve further by adapting a more sustainable 
approach to the environmental policies. For example, many industries mix a variety of 
hazardous waste before sending it to an external company for required handling.  According 
to the Swedish Environmental Protection Agency (EPA), mixing different compounds 
complicates the treatment and minimizes possibilities for recycling (Klingspor, 1997). By 
applying strategies which enables a reuse of solvents to a greater extent, the volume of 
hazardous waste could decrease. Also, the avoidance of mixing solvents with different 
characteristics if not necessary would facilitate the handling and the recycling of products.  
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Water resources 
As shown in Chapter 2.2, the abundance of water varies immensely between the different regions 
in Chile with a wet climate in the southern parts and extremely dry conditions in the northern 
parts of the country.  Moreover, the mining activity in the north has a high water demand and the 
majority of the population is concentration in the central regions. Consequently, there is a high 
demand for water far away from the south where it is well abundant.  Not counting the public 
water demand, water is a requirement for important economic sectors like agriculture and mining  
(Neary, Garcia-Chevesich, 2008). Furthermore, water is an extremely important factor for the 
production of energy since 50% of the energy production in Chile is delivered from 
hydroelectrical power plants (The Swedish Embassy, 2007). 
 
Parts of Chile have during the last La Niña event in 2007-2008 experienced less precipitation than 
usual during these circumstances. Chile's Public Works Ministry Undersecretary J.E. Saldivia 
described the deficit of precipitation during 2007 as the worst in 100 years. He alleged that it 
would threaten the water supply for over 200,000 people (Vargas et al, 2008).   
 
In the market guide to Chile by the Swedish embassy it is mentioned that the demand for fresh 
water from production industries, mining projects and agriculture is predicted to double in a 
time period of  40 years (The Swedish Embassy, 2008). Together with the suspected trend of 
reduction in precipitation, the increasingly limited surface and ground waters have to be 
reallocated amongst competing economic sectors, including human water supply demands (Neary, 
Garcia-Chevesich, 2008). It seams reasonable that this situation would increase the price for fresh 
water.  
Three of the visited industries were interested in strategies which enabled them to reduce the 
consumption of water. Separation technologies, like those that are being described in chapter 6, 
can be important tools to accomplish a decrease in water use.  

8.2 Business opportunities Chile-Sweden 
 
Sweden helped many Chilean citizens during the 1970s and 1980s and as a result Sweden has 
a good reputation among many Chileans. The increase in commercial exchange between the 
two countries in the 1990s could be a consequence of the gained relation. The fact that 
Sweden is well recognized and that a number of Chilean citizens have a connection to Sweden 
is a benefit for Swedish companies with commercial projects in Chile. 
 
Chilean industries with the desire to upgrade existing technology in the production and 
treatment plant can ask for financial support. The endowments that are described in chapter 
3.1 are examples of funds from which Chilean industries could profit when investing in water 
treatment technology.  
 

8.3 Legal provisions  

8.3.1 Effects from the closing date for D.S. 90/2000 
 
The third of September 2006 was an important milestone in the decontamination process of 
watercourses in Chile. From this day, all existing industries which discharge their sewage 
water to watercourses had to have had their processes regulated in order to meet the standards 
in norm DS90/2000. Additionally all new established industries are committed to follow the 
norms. Moreover, from this date industries that are obligated to follow the norm DS 90/2000 
are required to sample their sewage water and send it to a hired laboratory on a monthly basis. 
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The laboratory will then send a certificate with the results back to the industry and they are 
reported on the web based report system which is coordinated by SISS. The laboratory must 
be accepted by SISS in order to determine the veracity of the reported results. Moreover, the 
companies should save the certificates to enable SISS to compare them with the reported 
results. SISS visits approximately half of the industries during one year. The visits are made 
randomly. Visits are also made to companies whose reported values are suspiciously low. The 
number of industries which are obligated to report their values to SISS has increased 
substantially during the last five years. In year 2003 SISS received values from approximately 
150 companies which today have increased to 754, see Figure 20 (Carvallo, 2008 pers. 
comm).  
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Figure 20. 
The number of reporting 
industries has increase from 
155 in 2002 to 754 in 
December 2008  
(SISS, 2007, 2008) 
 
 
 
 
 
 
 
 

In order to reach the objectives of the norm DS 90/2000 companies have had to employ 
different strategies to achieve a cleaner production. Industries have had to invest in the 
construction and operation of sewage treatment plants in order to meet the normative emission 
values (SISS, 2006).  

8.3.2  Development of legal provision applicable to regulation of 
wastewater treatment 

Producción Limpia 
A new policy has been set up to promote and support the development of cleaner production 
including efficiency of water and energy use. Methods and strategies for a cleaner production 
have been established by The Council of Clean Production, CPL (Consejo de producción 
Limpia). CPL is defined as the forum for a dialog and action taking between the public sector, 
companies and employees. It has the mission to spread knowledge about strategies to obtain a 
cleaner production including efficiency of water and energy (Producción Limpia, 2009). 

Directemar 
Until recently SISS has been the controlling body for industries which discharge their effluent 
into the ocean. However, a special division for this category of industries is now in process. 
This is according to Carvallo (2008) a result from the increasing number of industries that are 
reporting their effluent values to SISS . Therefore, the Maritime authority has taken over the 
legal responsibility for industries which affect the ocean. This enables SISS to have sufficient 
capacity to control and follow up the remaining cases. Industries which are affecting the 
ocean are controlled by The General Direction for Marine Territory and the Marine Merchant, 
DIRECTEMAR (Dirección General de Territorio Marítimo y de Marina Mercante). During 
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the year 2007 SISS and DIRECTEMAR together created criteria how the supervision of the 
industries which have their outlets in the sea should be supervised in order to avoid duplicity. 
Since this is still in the changing process, the concerned industries still report there emission 
values to SISS’ webpage, but it is DIRECTEMAR who is responsible for the control and 
follow-up of their emission values (SISS, 2008). 

8.4 Evaluation of the existing treatment technology and 
suggestions for improvements at the visited industries 

8.4.1 Industry A – Paper production 
 
Evaluation of existing water treatment technology  
The existing treatment is a classic end of pipe solution including an active sludge process. 
According to Employee A1 (2008) there are no major problems experienced with the plant. 
The water in the outlet fulfills the quality according to Norm D.S. 90/2000. However, further 
development can be made in order to achieve the ambition to return the effluent to the 
production.  
 
Suggestions for improvement 
In order to find which solution that could be successfully applied, the industry has been 
compared with McKinley Paper Company’s mill in New Mexico, USA. This paper mill is 
known for being the best “Zero effluent” paper mills in the world (Hillis, 2000). Furthermore, 
it holds a number of similarities with the Chilean paper mill. See Table 9.  
 
Table 9: Comparison between the “Zero effluent mill” in New Mexico with the visited paper 
mill.  
Source: Hillis, 2000.  : Employee A1, 2008 
 Paper mill, Chile  Paper mill, New Mexico, 

U.S.A. 
 

Production Test liners 
 

Test liners 

Raw material  OCC 
 

OCC 

Annual production 100 000 ton (with intentions 
to increase the production) 
 

165 000 ton  

Estimated raw water 
consumption  

12-15 m3/ton product 1.5  m3/ton product  

 
The effluent from board production and OCC handling at McKinley is treated biologically in 
an SBR (Sequenced batch reactor type of activated sludge treatment plant). On the contrary 
from the active sludge treatment used at the industry in Chile, this kind of reactor allows the 
biologically treated effluent to be aerated and clarified in the same basin. This is achieved by 
simply turning off the aeration during clarification and the sludge is settled to the bottom of 
the basin. Excess sludge from this process is then removed from the bottom for dewatering 
and the clear effluent is removed from the surface of the basin. The water flow to the 
biological treatment at McKinely is approximately 1500m3/d. 
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Table 10: Comparison between the effluent values from the “Zero effluent mill” (after the 
biological step) in New Mexico with the values from the visited paper mill.  
Source: Hillis, 2000.  : Employee A1, 2008 
Typical values of the 
influent into the treatment 
plant. 
 

Paper mill, Chile  Paper mil, New Mexico,  
U.S.A. 

COD 1500mg/l 3000-5500mg/l 
TSS 100mg/l   250mg/l 

 
Typical values of the 
effluent out of the 
treatment plant. 
 

Paper mill, Chile  Paper mil, New Mexico,  
U.S.A. 

COD 32mg/l 450-500 mg/l 
TSS 20mg/l 40-50 mg/l 
 
In order to achieve a “Zero effluent plant” McKinley has adapted Membrane technologies 
after the biological treatment. The biologically treated effluent contains approximately 40-50 
mg/l suspended solids. This is removed by the application of a mico filtration system. After 
this treatment the TSS has decreased to TSS< 1 mg/l.  In order to remove remaining salts 
Reverse Osmosis membrane is employed. In order to achieve a “zero effluent industry” the 
concentration from the Reversed Osmosis plant is crystallized and in this way turning the 
remaining liquid into solid waste (Hillis, 2000).  
 
There have not been many examples of this kind of construction built over the years. The 
reason for this is probably the fact that most paper mills are located to areas where the cost of 
using fresh water to the production is lower than the cost for a complete recirculation of the 
effluent. This does not imply that water can not be used to a higher degree than what is done 
today in the Chilean paper mill. On the contrary, it is according to J. Kastensson a common 
approach, in Sweden and other countries, that water is reused from the effluent to the paper 
production (Kastensson, 2009).  
 
A functional solution, in order to decrease the use of fresh water, could be achieved by 
employing an Ultra filter in the production line for the effluent from stage three in the paper 
production.  However, if there is an aversion to interact the effluent treatment and the paper 
production an Ultra filter or Micro filter can be applied after the biological treatment.  
A membrane module of the type “Hollow fiber” offers a high degree of membrane surface on 
a small surface which is an advantage in this case. The values shown in Table 10 indicate that 
the effluent from the treatment plant meets the required quality in order to not clog the fine 
fibers in the hollow fiber module (Kastensson, 2009).  
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Figure 21. Flow chart of the existing treatment plant including the possibility to employ Ultra 
filter or Micro filter. This would allow a recycling of to the production process.  
 
This approach is an alternative if the fresh water from the well is the limiting source for an 
increased production or if there is a concern that the well might periodically dry out.  
Consequently, by applying Ultra filtration or Micro filter to all or parts of the effluent, water 
can be re-used which decreases the amount of fresh water required for an increased of 
production.  

8.4.2 Industry B – Oil production from animal products 
 
Evaluation of existing water treatment technology  
The existing treatment is not sufficient in order to meet the current norms considering the 
values of fat and grease, BOD5 and suspended solids. The separation does work to some 
extent, but in order to improve the quality, further developments need to be employed. 
 
Suggestions for improvement 
Since the water is contaminated with animal products such as animal grease, proteins and 
suspended solids, the present grease is most likely not dissolved in the solution. In order to 
remove particles and enable a reuse of separated material in the production process, an ultra 
filter (UF) could be employed in the entrance of the treatment procedure. At this primer stage, 
the water still has a favorable temperature of 80 degrees C from the production. This will 
facilitate the function and the capacity of the UF process. A pretreatment consisting of filter 
with holes in the size range of 2mm is required for a functional process. Since the 
contamination is limited to animal products, the treated water obtained from UF treatment is 
believed to meet the existing norms. Additionally, a concentrate of animal products will be 
obtained which can be returned to the production to avoid loss of raw material in the effluent. 
Thus, this method is believed to be a good solution from an environmental and technical 
aspect (Kastensson, 2009). 
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Figure 22. Flow chart of a possible treatment process including Ultra filter technology. 

The required membrane system for treating the effluent of 25liters per day has an investment 
cost of approximately 55 000 – 120 000 USD (February, 2009). Consequently, this solution is 
a good option in order to decrease the enhanced values of grease, protein and suspended 
solids in the effluent but has a relatively high investment cost. However, the investment 
would allow a regeneration of the concentrate, which would decrease the loss of raw material 
which is one of the stated benefits that are being considered when investigating treatment 
solutions.  

Moreover, an alternative to the application of an Ultra filter treatment is to further develop the 
existing flotation method to make it more efficient. A technology like using air bubbles to 
enhance the separation has already been considered at the industry. However, an option to 
blowing bubbles into the tank is using a pressure gradient. In this method clean water is 
saturated with oxygen under a high pressure in a separate tank. Secondly this water is led to 
the separation tank and enters through a number of small holes distributed on the bottom of 
the tank. When entering the flotation tank the pressure drops.  With a decreased pressure, 
water will be saturated when containing a lower level of oxygen. Thus, the water entering the 
flotation tank will release some of the oxygen. The micro bubbles that are produced then rise 
to the surface and, while doing this, grease and suspended solids in the effluent will attach to 
the bubbles and be brought to the surface. In order to not increase the water use at the 
industry, part of the treated water can be saturated with oxygen under an increased pressure 
and entered into the flotation tank as an oxygen source. By using a skimmer, grease and fat 
can be taken off the surface (Kastensson, 2009).  
8.4.3 Industry C – Aluminum cans production 
 
Evaluation of existing water treatment technology  
According to the Swedish Environmental Protection Agency, EPA, it is important that oil is 
separated before the deposit of metal hydroxides which is done at the Chilean industry 
(Klingspor, 1997). However, the oil is today removed by decreasing the pH and then 
mechanically separating it from the effluent. Before the visit an accident  in the oil separation 
had occurred and oil was therefore found in the tank where metal hydroxide flocks are formed 
which will, according to Klingspor (1997), have a negative effect on the formation of flocks 
of metal hydroxide.  
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Metal deposition 
Separation of metals in sewage water is commonly done by adjusting the pH-value to enable 
metal ions to form metal hydroxide complexes. Nevertheless, since the water usually contains 
various metal ions this is not an easy procedure. The solubility of metal ions varies and 
consequently the optimum pH-value for deposit is not equal for the ions present in the water. 
To optimize the formation of hydroxide compounds the deposit can be made in sequences 
with a variation of pH-levels. However, for economical reasons the most common solution is 
to perform tests in order to find a pH-value where most metal ions deposit to an expecTable 
degree (Persson, 2005).  
 
The Swedish EPA mentions that an optimal pH level for a successful deposit is usually 8.5 – 
10. These recommendations agree with the practice at Chilean industry, where the favorable 
pH level for deposition is belied to be between 8 and 9.5. Sulfuric acid is used in the visited 
industry to change the pH-value. The Swedish EPA mentions sodium hydroxide and sulfuric 
acid as the most common chemicals to adjust the pH-level (Klingspor, 1997). 
 
Calcium hydroxide is used in the visited industry for the deposition of metal ions. There is a 
possibility to use calcium hydroxide and sodium hydroxide for this purpose. The advantage of 
calcium hydroxide is a better sedimentation and dewatering possibilities of the metal 
hydroxide deposit. The disadvantage of using calcium hydroxide is the increased sludge 
production including the formation of gypsum when sulfate ions are present. Moreover 
deposition with calcium hydroxide can cause an increased content of suspended solids in 
effluent water (Klingspor, 1997). There is an interest at the visited industry to decrease the 
volume of produced sludge. Therefore it would be interesting to investigate further the water 
quality and sludge production if sodium hydroxide is being used instead of calcium hydroxide 
for the deposition of metal ions. 
 
Flotation tank 
In order to separate deposit metal hydroxide, water is passed through a flotation tank. Small 
air bubbles are blown into the bottom of the tank bringing the particle to the surface. Using a 
flotation tank instead of a settling tank is favorable when oil is present in the effluent and 
flocks of metal hydroxide therefore have absorbed oil particles (Klingspor, 1997).  
Flotation is an energy-consuming separation method but it is a compact technique and is 
therefore useful when space is limited (Persson, 2005). 
 
Sand filter 
At the visited industry a sand filter is used to capture flocks which were not separated in the 
flotation tank. The Swedish EPA points out the benefit of employing a pressure driven sand 
filter compared to a non-pressure driven filter. One benefit is a higher amount of water per 
time unit that can pass through the filter i.e. a higher capacity of the filter is obtained. 
Nevertheless, the intermittent operation time and the high quantity of water which is required 
for the cleaning procedure are mentioned as disadvantages for this technique. According to 
the Swedish EPA the back flush for the cleaning procedure generally uses around 10% of the 
filtered water which is required to be returned to the treatment process (Klingspor, 1997). 
 
Dewatering of sludge 
The Swedish EPA mentions the importance of water reduction in sludge for economical and 
environmental purposes. There are a number of methods to dewater industrial sludge 
including centrifugation, various press filters and vacuum filters. The filter press employed in 

 
 

40



the Chilean industry is one of the most commonly methods to dewater metal hydroxide 
sludge.  
 
To further reduce the water content in the sludge it can be dried. A simple, but space 
demanding solution is to leave the sludge from the filter press to dry in open containers for a 
period of time. The water content is commonly around 70% after the filter press and by letting 
the sludge dry for six months the water content can be down to 50%. Other methods are 
drying the sludge by adding heat or by store it in a closed location where the humidity is kept 
low. These are both energy demanding methods but an applicable when low water content is 
of great importance. (Klingspor, 1997) 
 
Suggestions for improvements 
 
End of pipe treatment 
In order to investigate which methods that could improve the treatment plant at the Chilean 
industry their production and wastewater treatment methods has been compared with the 
Swedish industry Rexam Sweden which has a similar production process. Their treatment 
plant consists of the following six steps:  
 

1. Neutralization tank.  
2. Floccation tank with a stirring device. 
3. Lamella separator with sludge pockets and clean water slot.  
4. Chemical addition device.  
5. Sludge treatment equipment. 
6. Measurement and control device.  

 
In the neutralization tank lime is added as premixed slurry. Hereby aluminum is partly 
deposited as well as calcium and fluoride. Additionally oil is adsorbed to the flocks and is in 
this way reduced. The deposition takes place when pH is approximately 9-10 and the dosage 
of lime is done in relation to pH value of incoming water. In the next step water enters a 
floccation tank where polyelectrolyte is added to further facilitate the formation of flocks. 
From this tank, water is led to a lamella settling tank which, as a result of the lamellas, has a 
sedimentation surface which reaches 60m2. Here flocks are captured and reduced at the 
bottom of the tank whereas the clear water can be collected at the surface. The clear water is 
led to the sewage grid (Persson, 2009).  
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Sludge is dewatered by a decantation process where the clear face can be reduced from the 
surface and returned to the water treatment plant. To reduce the water content further, slu
is pressed in filter presses
 
An interesting observation is that no further filtration is required after the separation tank in 
the Swedish industry. This is interesting because one of the mentioned problems at the 
Chilean industry is the water and time consuming maintenance of the sand filter.    
 
Consequently, the Swedish industry is still obtaining good results even though no further 
treatment is used after the lamella separator. Thus, it is likely that using lamella separator with 
sludge pockets including a controlled addition of solvents is sufficient for a treatment at the 
Chilean industry. This would make the filters that today are employed after the flotation tank 
unnecessary. This is an advantage since the cleaning of the sand filter is a time and water 
demanding process.   
 
Ion exchange technology  
Moreover, the Swedish industry for aluminum cans has applied ion exchange technology to 
the production. After the cans are being washed in the production process, they pass various 
rinsing steps. In the second last rinsing step water is treated with ion exchange technology. 
This enables rinsing water to be reused and in this manner reduce the amount of water which 
requires treatment in the treatment plant. Thus, the Chilean industry could reduce its water 
consumption by applying ion change technology to the rinsing step in the production.  
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Ultra filter 
Furthermore, there is a possibility to use Ultra filter technology to remove oil in the first step 
of the water treatment plant (Kastensson, 2009). This would reduce the amount of acid which 
is currently added to the wastewater in the Chilean industry in order to separate the oil from 
the water. Also, an Ultra filter would almost certainly allow the oil to be reused as cutting 
fluid in the production process.  
 

 
Figure 24. Alternative wastewater treatment plant including Ultra filter and lamella settling 
tank. 
 
The treatment plant illustrated in Figure 24 is a first reflection of how separation technologies 
could improve the efficiency at the industry. Deeper analyzes of the processes and the 
wastewater characteristics are essential to distinguish the optimal solution 

8.4.4 Industry D – Galvanization industry  
 
Evaluation of existing water treatment technology  
As mentioned in chapter 5.4, a number of measures have been taken in order to minimize the 
amount of water required for production. The installation of cross flow rinsing system 
combined with the recovery of sulphuric acid is a well known method recommended for 
decreasing the water use (Persson, 2005). The method used for the recuperation of 
sulphur acid is the most commonly used for this purpose (Klingsporr, 1997).  However, the 
visited industry can go further in order to become even more efficient and decrease the 
discharge of hazardous waste.  
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Suggestions for improvement 
 
Recuperation of hydrochloric acid  
It is possible to recuperate the hydrochloric acid by preheating the solvent and thereafter roast 
it in an oven. The acid and water will in this process vaporize while FeC12 is converted into 
Fe2O3 and can be separated as powder. The Hydrochloric acid can be absorbed into water and 
an acid with the concentration 18 – 20% is obtained. The loss of hydrochloric acid for each 
time of recuperation is around 1 – 2% (Klingspor, 1997).  
 
Treatment of oily water with Ultra filter 
The wash water contains oil as well as alkali detergents. The Swedish industry Bulten in 
Hallstahammar produces fasteners to the car industry in Europe. They treat the contaminated 
wash water in an integrated process where both Ultra filter and Ion Exchange is applied. The 
treated water is led to the local sewage grid (Tammaru, 2009).  
 
Selective Ion Exchange for Chrome and Zinc in rinse water from the surface treatment  
Employing the technology of selective Ion exchange to the recirculation process of rinsing 
water brings many economical and environmental advantages. The consummation of fresh 
water can be reduced to up to 95% in comparison with not employing any recycling 
techniques. This also decreases the effluent which requires treatment.  
 
When applying the ion exchange technology, the contaminants are concentrated in the ion 
exchange mass which can be regenerated when it is saturated (See chapter 6.1). The 
concentration takes up less than one percentage of the purified water volume. By connecting 
the rinse water after the zinc and chrome process tanks to selective ion exchangers the amount 
of rinsing water can be reused.  
 
Selective Ion Exchange is applied at the Swedish industry Bulten in Hallstahammar. To 
protect the produced fasteners from corrosion, they use a galvanization treatment similar to 
the one at the Chilean industry. The water from the surface treatment contains metals like ions 
like Cr6+, Cr3+, Zn2+ and Ni2+. The used rinsing water after the Chrome treatment contains 
both Cr3+ and Cr6+ these are both reduced by Selective Ion Exchange. Other rinsing water is 
treated by neutralization to deposit the majority of metal ions as hydroxide complexes. 
Thereafter it is polished in an Ion Exchanger to allow the water to be recycled in the 
production process (Tammaru, 2009). 
 
Today the industry combines all hazardous solvents and sends it to en external company. The 
different solvents could instead be treated separately in order to minimize the volume of 
hazardous waste and enable water to be recycled to a larger extent than today.  Figure 27, 28 
and 29 illustrate possible designs for treatment procedures for the Chilean industry. However, 
this is only a first reflection of how separation technologies could improve the efficiency at 
the industry. Deeper analyzes of the processes and the wastewater characteristics are essential 
to distinguish the optimal solution. 
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Figure 25. An illustration of a possible treatment of the oil emulsion including alkali wash 
water.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 26. An illustration of a possible treatment process of rinsing water including Chrome. 
 

 
Figure 27. An illustration of a possible treatment process of other rinsing water from the 
galvanization process. 
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8.5 Additional opportunities for the application of separation 
technologies in Chile 

 
The principal industrial activities in Chile are mining industry, fishing, pulp and paper 
production and agriculture. They all play an important role for export as well as for the 
domestic market. In several of these industries there are potentials for the application of 
separation technologies like those described in chapter 6.  
 
The technology for ion exchange is already in practice in Puerto Montt in South Chile. Here it 
is employed to allow a re-use of water in the cleaning procedure of the nets used for fishing. 
The nets are painted to prevent the accumulation of algae. The paint contains cupper which 
partly comes off when the nets are being washed. The effluent from this process is led to a 
treatment plant where it is neutralized for the deposition of metals. This is followed by a 
cationic ion exchange process which polishes the water from cupper ions. The water is then 
reused in the cleaning process (Escobar, 2008). 
 
Large quantities of water are required for the ore processing and therefore mining is sometimes 
limited by a scarce water supply. Additionally, smelting is a big consumer of electrical energy. 
There is, to some extent, possibilities to use ion exchange technology in order to purify leached 
water (Mercatus, 2008). If the employment makes it possible to purify sufficient amount of water 
this could be reused in the ore process.  
 
The Pulp and paper industry can employ both Ultra filters and Reverse Osmosis in order to 
reuse water and in this way cut the water. See case study 5.1 for more details. 

9 Conclusion 
 
Chile still faces environmental challenges. The river systems in the Santiago region have poor 
water quality. Nevertheless, the implementation of governmental policies is forcing industries 
to take responsible for their waste products and effluent. During the last seven years the 
number of industries which monthly report their effluent values to the government has 
increased by approximately 80%. 
 
Today the majority of industries which meet the norms are achieving this by collecting 
hazardous solvents in tanks. The tanks are sent to external companies for restricted handling. 
Currently, few companies have employed separation technologies to enable a reuse of water 
and a minimization of hazardous waste products.  
 
The water abundance in Chile varies immensely between the different regions. Industries 
which require water for their production are obliged to share the water supply with mining 
activities, agriculture, energy production and domestic use. The industrial development in 
Chile, and in particular in the Santiago region, is expected to increase. Additionally, there is a 
predicted decrease in the water supply in the country, especially during La Niña conditions. 
Therefore, strategies and technologies that allow a decrease in water demand for industrial 
production will be of great importance.  
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Sweden is well recognized among Chilean citizens. This is favorable for Swedish companies 
which are looking for commercial opportunities in Chile. A variety of funds are available to 
Chilean companies that are looking to invest in enhanced technology.   
 
The methods and technologies used to deal with industrial effluent vary between the visited 
industries. At three of the industries an effluent plant is employed to ensure acceptable quality 
of the effluent. At one of the industries methods such as save- and cross-flow rinsing systems 
are employed in the production process to decrease the water consumption. None of the 
visited industries are currently using separation technologies such as those that are described 
in chapter 6.   Separation technologies which enable efficiency in terms of water use at each 
industry include: 
 
Industry A – Paper production: 
 

• Ultra filter or Micro filter 
• Reverse Osmosis 
 

Industry B – Oil production  
 

• Ultra filter 
 
Industry C – Aluminum cans production 
 

• Ion exchange  
• Ultra filter 

 
Industry D – Galvanization industry  
 

• Ion exchange  
• Ultra filter 
 

The separation technologies suggested in this project are a first reflection on how such 
processes may improve the efficiency at the studied industries. Deeper analyzes of the 
processes and the wastewater characteristics are essential for selecting the optimal solution at 
each industry. 
 
At the visited industries there was a general positive altitude towards enhanced technologies 
to make their wastewater treatment more efficient. However, a large amount of hazardous 
waste is taken care of by external companies in the Santiago region. This makes it reasonable 
to think that the cost for this service is not exceptionally high. There are not stringent 
standards applied to the separation of waste that is delivered, allowing different compounds 
such as oil, acids and heavy metals to be mixed before delivered.  For these reasons it might 
still be unbeneficial from an economical perspective to invest in improved technologies such 
as separation technologies. To determine the economical result, a cost benefit analyses can be 
carried out at each industry.  
 
At three of the visited industries they were interested in methods to decrease the water 
consumption in the production. Employing the suggested separation technologies would 
enable a reuse of water and therefore a reduction of water needed for the production 
processes.   
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Separation technologies can also successfully be applied to save water in the mining industry 
and the pulp and paper production, two of the principal industrial sectors in Chile. Today 
there are examples where the technology for ion exchange is applied in the fishing industry. 
This enables recycling of water in the washing procedure of the fishing nets.  
 
If water in the future will be regarded as a limited source, industries will have to adapt a more 
efficient approach to their water consumption. When doing so, there is a better chance that the 
remaining supply will be sufficient to meet the demands from agricultural activities and 
domestic use.  
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