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1 Publishable summary

The Steelwater -project is funded by the European Commission under the 6th framework program. The project acronym is the short version of the project title: “Efficient use of water in coal and steel industry” and the project contract number is 031794. The project is a Specific Support Action, started up in Oct 2006 and will be due for completion in March 2008. 

Egypt faces a strong demand for modernization of their industrial sector at the same time as the amount of water resources is limited. Because of that effective use of water is one of the most important activities to do if we should be able to reach a sustainable society. The methodology of advanced water treatment is more and more used in the European industry in production processes in line of EU directives. In Egypt there is a need for both theoretical and practical training of the target groups (researchers, governmental people and industrial companies) to increase the building capacity for technology transfer. The Egyptian Iron&Steel Industry is an important consumer of freshwater and producer of wastewater but there is also a significant potential for improvement.

The core activity in this project is therefore to introduce the technologies for closed lope systems, water saving and the dissemination of knowledge to the regions and different branches.

The project progress has not followed the project plan and the deliverables and milestones have not been achieved as proposed. 

We are delayed half a year with the project. We also have problem with the sending of the first money to Egypt. It took the Egyptian bank seven month to deliver the money sent from IVL to Egypt.. This has also delayed our Egyptian partner. Because of this dealy we have not  spend  so much of the budget. We have planned all the complementary activities and ask for a prolongation of the project.
What we have done until end of march 2008 is:
Developing the project. We have been in contact via telephone and e-mail. A workshop in Sweden was held august 2007.  

IVL has written a document and prepared a ppt –presentation about cleaner technologies used in steel industry in Sweden and EU. Examples from recovery of acids, recovery of alkaline cleaning baths, rinse water treatment and closed loop system for rolling oil emulsions.
Acid recovery

Pickling of metal is a wide spread and intensely used operation in metal surface treatment in both metal working shops and iron&steel companies. The pickling process consumes large volumes of acids (sulphuric-, hydrochloric-, nitric- and hydrofluoric acid). In addition, the solved metals (Fe, Ni, Cr, Zn etc) will be found in high concentrations (up to100 g/l) in spent acid and must therefore be treated to high costs in neutralisation plants.

Acid retardation is a Swedish technique that uses the possibility to sorb (retard) acid in strong base anion exchangers. The metals will pass the ion exchanger without any retardation (see figure 1.1). After sorption of acid into the retardation resin, the acid is recovered by introducing water into the resin column (see figure 1.2). The concentration of the recovered acid is approximately the same as the spent acid and can therefore be recycled to the pickling bath. The separation is not selective to 100 per cent, i.e. some acid is left in the metal containing fraction.  The possibility to introduce this resource effective technology in Egypt will be discussed in the seminar where interested companies will take part.
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Figure 1.1 and 1.2 The principle of acid retardation

Recovery of alkaline cleaning bath
Treatment of spent degreasing baths with evaporation and ultrafiltration in combination with reverse osmosis can reduce the waste volume up to 20 times. The permeate from the ultrafiltration plant or the evaporation condensate is polished by treatment with reverse osmosis. 

Prolonging of the lifetime of degreasing bath can be achieved by continuously or semi-continuously treatment with ultrafiltration. By this treatment oil, fat and particles can be separated and there is no accumulation of those impurities. 

For saving both degreasing chemicals and water, rinse water can be recycled over reverse osmosis. The recovered and concentrated chemicals can be recycled back to the bath. The bath is treated by ultrafiltration for separation of impurities. The principle of the treatment plant is shown in figure 1.3.
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Figure 1.3
The principle of the treatment plant for minimisation of waste and recovery of both chemicals and rinse water.

Systems for treatment of spent degreasing baths as well as systems for semi-continuous separation of oil and fat exists in a great number since over 10 years in full-scale installations.

Recycling of chemicals and water by reverse osmosis treatment of rinse water is not common in full scale. There are problems with fouling that have to be overcome. IVL is involved in a European project with the aim to solve this problem. 
Closed loop system for rolling oil emulsions-sustainable rolling 

Rolling oil emulsions are mixtures of oil in water used for lubrication and cooling during cold rolling of steel. The annual consumption of rolling oil within the European Union is about 25 000 tonnes. The total volume of rolling oil emulsion can be estimated to be between 1 000 000 and 2 000 000 m3 each year. These emulsions become contaminated during use by hydraulic oils, metal particles, degradation products and other components. 

Most of the cold rolling mills have to meet environmental demands regarding the chemical compounds emitted to water and air as a result of the use of cold rolling oils. It can be expected that these demands will increase in the future with limits for specific compounds at lower level than today. It is therefore, very important to find ways and means to recover and recycle the oil and water, thus minimizing most of the emissions to the environment. In order to do this, cleaning and make –up additions have to be made, which also require analytical control and function test methods.

At present there are few procedures for effective treatment of these emulsions or for making them suitable for recycling. The emulsions are generally treated in flotation/sedimentation systems combined with magnetic separation. In spite of these, however, a substantial fraction of the emulsions must be withdrawn from the system and treated further before discharge to receiving waters. This treatment consists of chemical splitting or ultra filtration, which are effective in reducing the content of mineral oil to acceptable levels. Substantial quantities of chemically oxidizable material, largely composed of various additives, however, remain. In a previous ECSC RTD project (7210/PR/098: Recycling of rolling oil emulsions: Toward an environmentally friendly and sustainable process) it has been shown that it is possible to obtain a water phase, which is clean enough for recycling. The oil concentrate obtained, through evaporation or membrane filtration, is however not suitable for recycling without further treatment. 

The possibility to recycle oil and water will decrease the emissions of environmentally hazardous substances to rivers and lakes, land fills etc, making it easier to meet the emission limits, without costly investments or environmental taxes. There is probably also a possibility to decrease the total consumption of rolling oils, but this may on the other hand increase the cost for the rolling oil concentrate. 

In a running RFS project, RFS-CR-04019, it has been shown that a conditional emulsion successfully has been tested in pilot scale the aluminium industry. These formulations main ingredients are ethylene glycol based.  

CMRDI has more deeply studied the actual situation in Egypt concerning type of steel industries, use of water, water resources and situation of closed loop solutions. Survey of treatment processes for steel production companies in Egypt.

We have discussed the examples from Sweden and Egypt. Based on Swedish examplesCMRDI have examined the possibilities to implement such solutions in Egyptian steel industry.         

We have together planned a workshop in Egypt to be done as soon as we get a positive answer from EU about our request for prolongation of the project. If we don’t get prolongation we will finance this seminar by ourselves.
IVL has together with CRMDI prepared a one week study tour in Sweden for the Egyptian participant.

The case study will be chosen during our workshop.

A final seminar has been planned. This will be done autumn this year (2008) and finalised as soon as we get a positive answer on our request to prolong the project. We will then invite not only people from Egypt iron&steel industry but also stakeholders from universities and government organisations 

The result from all the activities will be published and spread to Egyptian stakeholders but also to the Waitro world wide organization. 

Because the project is delayed six months we ask for a prolongation of the project to be able to fulfill all our goals and deliveries. You could see that we have not used very much money in the project which shows that we have planned for a longer project time. See above planning.
2 Project objectives and major achievements 
The project progress has not followed the project plan and the deliverables and milestones have not been achieved as proposed. 
We are delayed half a year with the project.. Initially there was some delay due to the fact that our contact person was engaged in other activities. On top of that it took the Egypt bank seven months to deliver the first money to our Egyptian partner. This in fact also delayed our partner’s activities. .

What we have done  are:
IVL has written a document and a ppt –presentation about cleaner technologies used in Sweden and EU in the steel industry. Examples from closed loop system for rolling oil emulsions, recovery of acids, recovery of alkaline cleaning baths, rinse water treatment.

 Egyptian side has described the Egyptian situation in a workshop in Sweden august 2007.

During the workshop we also discussed the European solutions and planned for the seminars to be held in Egypt.

Workshop in Egypt  planned  spring 2008. WP 2

Egypt companies visit Sweden august 2008. WP 3

Case study in Egypt. Dec 2007-July 2008  WP 4

Dissemination activities. July-Sept 2008.

As you could see we have planned the project with the intention to end up in September 2008. We apologize that we have misunderstood the deadline for the project. This is our own fault and we will not blame anyone else for that. .  We ask you kindly if there is any possibility to prolong the project half a year.  

A lot of work has been done  and we are  planning for a second visit to Egypt with personnel from IVL, to meet representatives from the Egyptian steel industry. A seminar should be held to introduce water treatment processes used in Europe and explore the situation in Egypt and choose some water treatment processes to be implemented at selected steel plants in Egypt. We have already prepared a list of such technologies.

Our Egyptian partner CRMDI is very eager to arrange this meeting, but has evidently had some problems in assembling an adequate number of representatives from the Egyptian steel industry. Now this is settled and should be done in May-June this year.

We also have made preparations for an Egyptian delegation to visit Sweden and Swedish steel plants with good examples of water saving practice.

We hope there is a chance to prolong the project period to enable a successful continuation and conclusion of the project. There is no problem with the will or determination of the two partners in the project.
We have now a very good overview over the possibilities to introduce water saving technologies in Egypt iron & steel industry. We also know where it can be acceptable from a local point of view. This means that we will try to organise the seminar in Cairo even if we will not get a positive answer about prolongation of the project.. 
3 Work package progress 
3.1 Project progress per WP

3.1.1 WP 1 - Management

3.1.1.1 Status of WP 1

We have problems because the money did not arrive to Egypt in time. It took seven months for the first payment to arrive to Egypt after being sent from IVL.  The start up was therefore delayed at least six months.
We have contacts via telephone and e-mail. 
3.1.1.2 Completed tasks

D.1 First and second activity report. First and second management report.

D 2. Final activity and management report.
3.1.2 WP 2 – Work shop introducing advanced water treatment in industry.
3.1.2.1 Status of WP 2

IVL has finalised a document and prepared a ppt –presentation about cleaner technologies used in Sweden and EU in the steel industry. Examples from recovery of acids, recovery of alkaline cleaning baths, rinse water treatment and closed loop system for rolling oil emulsions.
Recovery of acids

Problem
Pickling of metal is a wide spread and intensely used operation in metal surface treatment in both metal working shops and iron&steel companies. The pickling process consumes large volumes of acids (sulphuric-, hydrochloric-, nitric- and hydrofluoric acid). In addition, the solved metals (Fe, Ni, Cr, Zn etc) will be found in high concentrations (up to100 g/l) in spent acid and must therefore be treated to high costs in neutralisation plants.

Solution

There are a number of different existing treatment methods for recovery of spent acids. The technique used is due to the acid used, the metal content and the size of the pickling process.

One technique is spray roasting: the metal containing acid is sprayed in to burner chamber. The acid forms sulphur dioxide gas, chlorine gas etc. The metal forms metal oxide that is separated by gravity from the gas. The gas is scrubbed by water and recovered as acid in the water.

Acid retardation is another technique that uses the possibility to sorb (retard) acid in strong base anion exchangers. The metals will pass the ion exchanger without any retardation (see figure 1.1). After sorption of acid into the retardation resin, the acid is recovered by introducing water into the resin column (see figure 1.2). The concentration of the recovered acid is approximately the same as the spent acid and can therefore be recycled to the pickling bath. The separation is not selective to 100 per cent, i.e. some acid is left in the metal containing fraction. When using acid retardation for mixed acid, an electro dialysis can be applied in order to separate nitric acid and to some extent hydrofluoric acid from the metal fluorides.
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Figure 1.1 and 1.2 The principle of acid retardation

Another process for recycling of spent pickling acid from mixed acid pickling is crystallization. Under certain condition metals and fluorides crystallizes forming a sludge that may be separated. The crystals can be burned in a fluidised bed or a rotary kiln in order to recover both hydrofluoric acid and metals.

Results

Spray roasting is a common process for treatment of hydrochloric pickling bath. It can also be used for recycling of mixed acid. With the spray roasting process, about 40 to 70 per cent of the nitric acid can be recycled and about 95 per cent of the hydrofluoric acid can be recycled. The metal oxides formed by the process may be re-melted, if the density is high enough. A disadvantage of the method is that scrubbers are needed for separation from nitrous oxides from the exhaust air. A possible solution may be to apply an electro dialysis for nitric acid separation before spray roasting.

With the acid retardation system, the lifetime of a pickling bath can be extended significantly as the metals are separated continuously. When electro dialysis is used for treatment of the by-product from the acid retardation, the most of the nitric acid is re-used for pickling. The metals end up as metal hydroxides. This sludge is difficult to treat for recycling of metals, but there are ongoing investigations in order to find an efficient method. 

Treatment of pickling bathes with crystallization is not applied today. There was a full-scale installation in Italy, but as the works were shut down the technique was not used any longer. A problem of the technique is that the crystallization process for the metal fluorides takes long time. As it is a promising method, new investigations are made in order to improve the method.

Recovery of alkaline cleaning baths

Problem

At the present, several industrial cleaning operations lack methods for monitoring the production quality. There is also a lack of methods for analyzing the quality of cleaning solutions, leading to a non-optimal use of the solutions and hence a waste of resources. A number of chemical substances are used during the aqueous cleaning operation. Some of them are emitted to the environment and will give rise to negative effects. To reduce these effects, recycling of the cleaning solutions must be introduced. A major obstacle in the recycling process is the risk for uncontrolled accumulation of impurities in the cleaning solution.

Disturbances in waste water treatment plants (i.e. chemical precipitation of metals) when spent degreasers are simultaneously treated with metal containing wastewater have been observed and confirmed in lab tests. Separate treatment of spent degreasers is therefore recommended by the Swedish EPA . Therefore waste handling will be an integrated part of the cleaning process in order to achieve an optimal reuse of water in production as well as low waste volumes for final destruction.

Solution

Treatment of spent degreasing baths with evaporation and ultrafiltration in combination with reverse osmosis can reduce the waste volume up to 20 times. The permeate from the ultrafiltration plant or the evaporation condensate is polished by treatment with reverse osmosis. 

Prolonging of the lifetime of degreasing bath can be achieved by continuously or semi-continuously treatment with ultrafiltration. By this treatment oil, fat and particles can be separated and there is no accumulation of those impurities. 

For saving both degreasing chemicals and water, rinse water can be recycled over reverse osmosis. The recovered and concentrated chemicals can be recycled back to the bath. The bath is treated by ultrafiltration for separation of impurities. The principle of the treatment plant is shown in figure 1.3.
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Figure 1.3
The principle of the treatment plant for minimisation of waste and recovery of both chemicals and rinse water.

Results

Systems for treatment of spent degreasing baths as well as systems for semi-continuous separation of oil and fat exists in a great number since over 10 years in full-scale installations.

Recycling of chemicals and water by reverse osmosis treatment of rinse water is not common in full scale. There are problems with fouling that have to be overcome. IVL is involved in a European project with the aim to solve this problem. 

Closed loop system for rolling oil emulsions-sustainable rolling 

Rolling oil emulsions are mixtures of oil in water used for lubrication and cooling during cold rolling of steel. The annual consumption of rolling oil within the European Union is about 25 000 tonnes. The total volume of rolling oil emulsion can be estimated to be between 1 000 000 and 2 000 000 m3 each year. These emulsions become contaminated during use by hydraulic oils, metal particles, degradation products and other components. 

Most of the cold rolling mills have to meet environmental demands regarding the chemical compounds emitted to water and air as a result of the use of cold rolling oils. It can be expected that these demands will increase in the future with limits for specific compounds at lower level than today. It is therefore, very important to find ways and means to recover and recycle the oil and water, thus minimizing most of the emissions to the environment. In order to do this, cleaning and make –up additions have to be made, which also require analytical control and function test methods.

At present there are few procedures for effective treatment of these emulsions or for making them suitable for recycling. The emulsions are generally treated in flotation/sedimentation systems combined with magnetic separation. In spite of these, however, a substantial fraction of the emulsions must be withdrawn from the system and treated further before discharge to receiving waters. This treatment consists of chemical splitting or ultra filtration, which are effective in reducing the content of mineral oil to acceptable levels. Substantial quantities of chemically oxidizable material, largely composed of various additives, however, remain. In a previous ECSC RTD project (7210/PR/098: Recycling of rolling oil emulsions: Toward an environmentally friendly and sustainable process) it has been shown that it is possible to obtain a water phase, which is clean enough for recycling. The oil concentrate obtained, through evaporation or membrane filtration, is however not suitable for recycling without further treatment. 

The possibility to recycle oil and water will decrease the emissions of environmentally hazardous substances to rivers and lakes, land fills etc, making it easier to meet the emission limits, without costly investments or environmental taxes. There is probably also a possibility to decrease the total consumption of rolling oils, but this may on the other hand increase the cost for the rolling oil concentrate. 

In a running RFS project, RFS-CR-04019, it has been shown that a conditional emulsion successfully has been tested in pilot scale the aluminium industry. These formulations main ingredients are ethylene glycol based.  

Some trials have been done to introduce also this formulation in steel industry but until now the result is poor. We believe that this idea can be of much interest to develop because the following advantages. No mineral oil will be used, the composition will be well defined and the possibility to prolong the lifetime will be enlarged. It is therefore from an environmental point of view a good alternative. There is also a possibility that introduction of this solution can improve the rolling process in such a way that the energy consumption can be lowered which will be good from an environmental point of view
.  

Workshop in Sweden august 2007
Egypt faces a strong demand for modernisation of their industrial sectors. Effective use of water is one of the most important activities for the sustainabel society. The methodology of advanced water treatment is used in the European industry in production processes in line of EU directives. (See some examples presented above.) In Egypt there is a need for both theoretical and practical training of the target groups (researchers, governmental people and industrial companies) to increase the building capacity for technology transfer. 

One of the core activities in this project is therefore to intruduce the technologies and the dessimination to the regions. The methodology will be implemented in at least ten manufacturing companies.  Egyptian side has described the Egyptian situation in a workshop in Sweden august 2007. 
CMRDI has studied the actual situation in Egypt concerning type of steel industries, use of water, water resources and situation of closed loop solutions. Survey of treatment processes for steel production companies in Egypt.

We have discussed the examples from Sweden and Egypt. Based on Swedish examplesCMRDI have examined the possibilities to implement such solutions in Egyptian steel industry.         

We have together planned a workshop in Egypt to be done as soon as we get a positive answer from EU about our request for prolongation of the project. If not we will fulfill this financed by ourselves.
Agenda workshop to be held in Egypt.

9:00     Welcome – CRMDI

9:15      Present situation in Egypt steel industry concerning water use and resource efficient 

              Production

10:30     Tea and coffee break

11:00     The introduction of water efficient solutions in Swedish and European iron&steel 

              Industry. General introduction.

12:00    Lunch

13:00    Case study 1: Recovery of acids and water minimization in pickling processes.

             Presentation and discussion.

14:00    Case study 2: Treatment of rinse water and alkaline cleaning bath.

              Presentation and discussions.

15:00     Tea and coffee break

15:30      Case study 3: Closed loop system for rolling oil emulsions and other examples.

               Presentations and discussions.

16:30     Concluding discussion and decision about next step               
3.1.2.2 Completed tasks

D 2.1 Workshop on effective use of water. Swedish workshop done. Egypt workshop planned.

D 2.2 Report about water saving technologies as well as ppt presentation. 
3.1.3 WP 3 – knowledge exchange by site visits.
3.1.3.1 Status of WP 3
Egypt companies visit Sweden autumn 2008.

IVL has together with CRMDI prepared a one week study tour for the Egyptian participant.

Day 1.

· Arrival to IVL –Swedish environmental research institute at Valhallavägen 81.

· Presentation about IVL.

· Presentation Swedish experiences in Iron&Steel industry.

· Swedish and European legislation.

Day 2: 

· Visit to SSAB in Borlänge. Focus on closed loop system for  rolling oil emulsion

· Visit to Borlänge Energy. Use of heat exchangers, cooperation between industries and municipal energy producers.

Day 3:

· Visit to Sandvik stainless steel mill

· Acid recovery technology, rinse water treatment

Day 4.

· Visit to Outokompu stainless steel mill.

· Acid recovery technology, rinse water treatment.

Day 5:

Meeting with some Swedish environmental technology companies.

· Scanacon

· Mercatus

· Polyproject

· Vilokan

     Final discussion and output from the visit.

3.1.3.2 Completed tasks

Not finalized yet. We have engaged Swedish companies and planned for the meetings.
3.1.4 WP 4 – Case study and model investment
3.1.4.1 Status of WP 4

The case study will be chosen during our workshop. The suggestion is  recovery of water and chemicals from alkaline cleaning baths.
3.1.4.2 Completed tasks

Not finalized yet.
3.1.5 WP 5-Implementation of concept and dissemination of results.
A final seminar has been planned . This will be done autumn this year and finalized as soon as we get a positive answer on our request to prolong the project. We will then invite not only people from Egypt iron&steel industry but also stakeholders from universities and government organizations 

Draft final seminar:

9:00      Introduction – CRMDI

9:15     Egypt situation- Egypt iron&steel industry representative

10:00   Legal situation- governmental representatives

10:45   Swedish experiences of water minimization in Swedish iron&steel industry

11:30   Legal aspects – driving force for the development. Experiences from the Swedish EPA.Magnus Klingspor

12:15   LUNCH

13:15   The Outokompu example. Introduction of sustainable solutions in the Swedish Iron&Steel industry. S-E Lunner Outokompu company.

14:15   Scanacon company. technology for acid recovery. Presentation of technology and experiences.

15:00   Tea and coffee break

15:30   Future perspective. Discussion about activities to be done in Egypt to minimize the water use and how to introduce resource efficient production.

         Introduction by Östen Ekengren IVL and Professor Mahmoud I.Nasr CMRDI.

17:00 Closure of seminar

The result from all the activities will be published and spread to Egyptian stakeholders but also to the Waitro world wide organization. 

3.1.5.1 Completed tasks
Not finalized yet. Dependent on prolongation of the project.
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