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1. Executive Summary
The general aim of WP3 work was to decrease the circuit corrosion through the improvement of the
suspended solids removal in combination with a suitable desalting or softening. This work package
objective consists on the demonstration of four technologies at an ArcelorMittal site (Gijón, Asturias –
Spain) at a Rail Mill cooling, Figure 1 water circuit over 6 months to determine the long term behaviour
regarding scaling, wear or interactions between cooling water treament chemicals and components.
Three techniques were tested in the field scale directly implemented on-site:
•
•
•

magnetic separation (BFI equipment)
3layer filtration (AMI3 equipment)
innovative precipitator (AMI3 equipment).

Furtheron, a reverses osmosis (BFI equipment) was tested with effluent samples from the different
solid removal technoligies. Each water technology as well as each pilot plant equipment that was used
during this demonstration period is fully described along the report.

Figure 1. Process of the combination of the technologies tested at the demonstration.

Focus to this report is evaluation of the collected data described in detail in the “Report on operation
and monitoring” (D3.4). Criteria are aspects regarding water quality, technology (e.g. removal
efficiency) and environment (e.g. energy/chemical/water consumption). This includes a comparison of
the investigated technologies as for instant the magnetic with the operation existing sand filtration as
reference with the focus on removal efficiency, occurring sludge amounts and solid contents, sludge
post treatment as well as energy, water and chemical consumption. The evaluated data were further
used for an assumption of the impact at the demonstration case study sites by full-scale
implementation of INSPIREWATER approaches. Focus are the aspects of reduction of water use, waste
water and water.
Summarizing the results of the field trials and the evaluation it can be concluded:
•

The magnetic separator allows a chemical free and energy saving solid removal in combination
with a minimum of 10 times lower sludge amount compared to other technologies connected
to lower sludge treatment effort. Compared to operational sand filters at the investigated site,

INSPIREWATER Public

4

Page 4

INSPIREWATER – D3.5
GA723702

H2020-IND-CE, SPIRE-01-2016

•

•
•

about 66% of energy could be save and the amount of occurring sludge about 99% reduced.
Further on nearly constant outlet solid contents about 5 -15 mg/L while about factor three
varying inlet solid contents were achieved allowing the protection of following pumps and
valves regarding wear.
The blow down recovery by Reverse Osmosis (RO) is an option for decreasing of waste water
discharge in this case about 80% and the fresh water demand about 13%. The fresh water
demand is required for compensation of water losses by evaporation, blow down and
leakages. It has to be taken into account if the application is transferred to other circuits, that
water treatment chemicals could cause problems with RO membranes. So, a membrane
selection for each circuit is necessary
The 3layer filtration allows an improvement of sand filter operations at the selected site by
using filter sand combinations allowing higher velocities in combination with increased
turbidity removal.
The innovative reactor has not shown conclusive results in water quality improvement and KPI
achievement, neither on an industrial field trials with real cooling water nor on a pilot plant
scale with synthetic water. Combination of magnetic separator with sludge dewatering in a
dewatering container is allows highest decrease of the environmental impact and maximum
economical savings according the results of the life cycle assessment and life cost calculation
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2. Introduction
Focus of this report is the evaluation of data collected during the 6-month demonstration for each
technology. Aspects for the solid separation are:
•
•
•

Water quality: Achieved solid content before and after the treatment
Technical: removal efficiency, space demand
Environmental: energy /chemical/water consumption, occurring liquid or solid wastes
requiring a further treatment or valorisation of the separated particles (e.g. by metallurgical
reuse).

The used strong field magnetic separation and 3layer filtration were compared with a sand filtration,
which is operated at the side of ArcelorMittal in Gijon as reference.
The demonstrated separation technologies for desalting and softening as innovative precipitator and
reverse osmosis will be compared considering the aspects as
•
•
•

Water quality: achieved hardness or salt contents, comparison of water corrosion ability
before and after the treatment
Technical: removal efficiency, space demand,
Environmental: energy /chemical/water consumption, occurring liquid or solid wastes
requiring a further treatment

The data collected during the demonstration phase is evaluated and reported. The evaluation includes
life-cycle aspects, data for the LCA will be made available. The LCA will be carried out by FHNW and
results will be presented according to the dissemination plan and in deliverable 1.3 LCA for the three
demonstrated cases.
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3. Evaluation of solid removal technologies
Focus of the work is the evaluation field trial data of the 3layer filtration and the magnetic separator
and the comparison with the existing operational sand filters. All technologies were operated in
parallel and treating the cooling water coming from the decanter (settling tank with flocculant dosage)
after passing the scale pit (removal of coarse particles). The seven operational sand filters, operated
with a pressure of 2.5 bar with a flow rate of 2400 m³/h, were taken as reference scenario, considering
data regarding back flushing procedures, flushing water and energy demands.

3.1 Filtration industrial tests at pilot plant scale
Different experiments were carried out, testing mono and multimedia filtration beds. These tests were
made in the Heavy Plate Wastewater treatment plant (see Figure 1), using real water from current
sand filters inlet. Filtration pilot plant module characteristics are listed in the following table:
Table 1. Filtration pilot plant module characteristics.

Bed diameter, m

0,16

Maximum bed height, m

1,5

Filtration pressure, bar
Maximum pressure drop, bar
Water flow rate, L/h

1,5 - 3,5
0,5
90 - 600

The following pictures show the pilot plant, Figure 2:

(a) Filtration pilot plant at AM laboratory

(b) At Heavy Plate WTP

Figure 2. Filtration pilot plant module installed.
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Once the filters were filled with the filtration media, real water was fed operating downflow.
Periodically, samples of inlet and outlet water (filtrate) were taken in order to measure suspended
solids concentration and turbidity. Furthermore, pressure drop through the filter were measured.
It must be pointed out that the analytical method for suspended solids determination has a detection
limit of 10 mg/L. Consequently, the filtration process effectiveness is evaluated following turbidity
measurements in inlet and outlet water (filtered) to avoid analytical mistakes of the suspended solids
concentration measurements.
With the aim of studying different operational filtration parameters, several tests were carried out. In
Table 2 the experiments made at the industrial site are summarized, where filtration media 1 refers to
the one that is on the bottom of the filter and filtration 3 the one that is at the top. Three different
linear velocities were tested for each filtration bed: 15, 20 and 25 m/h. Except in the first experiment,
in all other the bed height was established as 40 cm in order to be able to observe the progressive
pressure drop along the test.
Table 2. Test operational conditions summary.

Linear velocity,
m/h

Water treated,

15

12,1

1 m sand

15

12,1

0,4 m sand

20

16,1

0,4 m sand

25

20,1

0,4 m sand

15

12,1

0,2 m sand

0,2 m anthracite

20

16,1

0,2 m sand

0,2 m anthracite

25

20,1

0,2 m sand

0,2 m anthracite

15

12,1

0,2 m garnet

0,15 m sand

0,05 m anthracite

20

16,1

0,2 m garnet

0,15 m sand

0,05 m anthracite

25

20,1

0,2 m garnet

0,15 m sand

0,05 m anthracite

m

Filtration media 1

Filtration media 2

Filtration media 3

3

With this experimental design, the influence of different operational parameters could be studied:
•
•
•
•

Filtration bed length
Filtration linear velocity
Filtration bed media
Pressure drop

The duration of each experiment shown in table above was 40 hours, and, at the end of each one,
filters were backwashed using a mix of water and air in counter-flow. Although pressure drop was
monitored during along the experiment, bed saturation was not observed at any case.

3.1.1 Filtration bed length effect
In order to study the influence of the bed height on filtration performance, two different tests were
carried out using a sand filtration bed, with a water linear velocity of 15 m/h. For this purpose, two
bed heights were tested: 0,4 m and 1 m.
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In the following figure, turbidity removal effectiveness’s for both cases are depicted, and slightly better
results are obtained with 1 m sand filtration bed, as it can be observed in the following figure.

Turbidity removal
effectiveness, %

100
80
60
40
20
0
0

5

10

15

20

25

30

35

40

45

50

Time, min
% Removal, 1 m

% Removal, 0,4 m

Figure 3. Filtration bed height study: turbidity removal effectiveness.

In Table 3, the results summary is collected.
Table 3. Outlet turbidity and turbidity removal effectiveness in sand filtration bed %.

Bed
length, m

Inlet turbidity

Outlet turbidity

Turbidity removal

Average,
NTU

Standard
deviation

Average,
NTU

Standard
deviation

Average, %

Standard
deviation

0, 4

47

20

8

3

81

15

1

70

70

8

11

89

14
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3.1.2 Linear velocity and filtration media effect
In the following table, the filtrate turbidities measurements for each test are shown.
Table 4. Inlet water and filtrate turbidity (outlet water turbidity), NTU.

15 m/h
Filtration bed

Inlet

20 m/h
Outlet

Inlet

25 m/h
Outlet

Inlet

Outlet

Aver.



Aver.



Aver.



Aver,



Aver.



Aver.



Sand

47

20

8

3

50

16

10

7

49

25

19

12

Anthracite/sand

50

26

6

4

59

50

12

10

68

50

14

10

Anthracite/sand/garnet

71

45

1

1

81

50

10

12

63

32

2

3

20
18
16
14
12
10
8
6
4
2
0

20
18
16
14
12
10
8
6
4
2
0
15 m/h

20 m/h

Sand

Sand + anthracite

Outlet turbidity reference,
NTU

Outlet turbidity, NTU

In the next figure, the values collected in Table 4 are plotted, as well as the reference value established
by the industrial site for the WTP required outlet water (10 NTU).

25 m/h

Sand + anthracite + garnet

Figure 4. Outlet water turbidity, NTU.

As it can be observed, and in the experimental conditions tested, outlet turbidity reference value is
exceeded in some operational conditions, depending directly from the turbidity in the inlet water. For
this reason, the parameter that must be considered is the turbidity removal effectiveness.
Table 5. Turbidity removal effectiveness, %.

15 m/h
Filtration bed

Average

20 m/h

Standard
deviation

Average

25 m/h

Standard
deviation

Average

Standard
deviation

Sand

83

15

80

14

65

13

Anthracite/sand

86

6

77

13

76

11

Anthracite/sand/garnet

98

3

86*

13

96

4
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As it can be observed, the maximum turbidity removal effectiveness that could be reached with the
current WTP sand filters operational conditions is 65 % (sand filters, at 25 m/h). This value could be
improved if sand filters operate with mixed media beds or at lower linear velocities (lower water linear
velocities through the filters involved more filters for the same total water flow rate).
In red color, it is marked the result found with Anthracite/sand/garnet and 20 m/h, as this value does
not match with the expected tendency of the performance. Probably it was due to experimental
variations.

Suspended solids removal, %

In the following figure, the turbidity removal results have been depicted:
100
80
60
40
20
0
15 m/h

20 m/h
Sand

Sand + anthracite

25 m/h

Sand + anthracite + garnet

Figure 5. Turbidity removal (%), depending on water linear velocity and filtration media.

3.1.3 Pressure drop effect
As it was explained before, a pressure drop in the filtration bed takes place as the experiment
progresses and the suspended solids are retained into the filtration media. In the following table,
pressure drop at the end of each experiment can be compared.
Table 6. Experimental filter pressure drop, bar.

Filtration bed

15 m/h

20 m/h

25 m/h

Sand (1 m)

1,6

-

-

Sand (0,4 m)

0,4

0,6

0,9

Anthracite/sand

1,2

1

1,1

Anthracite/sand/garnet

1,6

3,1

2,9

As it was expected, pressure drop increases, in general terms, when:
•
•
•

Filtration bed height increases
Water linear velocity for the same filtration media increases
Granulometry of the filtration media decreases
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Pressure drop, bar

3,5
3
2,5
2
1,5
1
0,5
0
15 m/h

20 m/h
Sand

Sand + anthracite

25 m/h

Sand + anthracite + garnet

Figure 6. Pressure drop.

Summarizing the demonstration with the 3layer-filtration, optimum conditions were 3 filtration media
bed at 15 m/h of water linear velocity through the filter, allowing an increase of the turbidity removal
from the current 65% (sand, with 25 m/h linear velocity) to 98%.

3.2 Magnetic separator test at pilot scale
The mobile magnetic separator is designed for a flow rate of 50 m³/h and consists of a tank with a weir
and two movable nozzle bars made at the inlet and outlet side of the permanent magnets. The mobile
plant contains three lines of shifted arranged magnets, each line with 12 magnets. The magnets are
installed in non-magnetic protection tubes. The theoretical maximum magnet load is about 36 kg dried
solid in total. Further components are the flow measurement device for regulating the wet pit pump
flow rate and an overflow sensor inside the tank. The movement of the nozzle bars and the cleaning
water flow can be activated or deactivated independent from each other for determining the minimum
spraying time for tailored water saving magnet cleaning. The total cleaning time between stopping and
restarting the feed flow is about 5 minutes. The cleaning water pressure can be adjusted manually.
The side window allows an optical process control. The automation of the magnetic separator allows
a remote control and operation by e.g. variation of the parameters flow rate, spray time, time between
two cleaning periods. The 50 m³/h magnetic separator has a compact design, Table 3, requiring only a
floor space of 2,9 m².
Table 7. Dimensions of the stainless-steel mobile plant.

Height (m)

Width (m)

Length (m)

Weight (Kg)

3.15

1.47

1.90

750
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Figure 7. Installed magnetic separator at the WTP.

During the operating time from 09/2017 to 02/2018 about 31,000 m³ were treated in the magnetic
separator. Typical samples are shown in Figure 8, pointing out the different inlet solid contents.

Figure 8.

Inlet and outlet samples of the magnetic separator taken during the first trials.

The operation of the magnetic separator was stable and reliable with constant outlet solid contents
even in the case of strongly varying inlet solid contents between 17 to 152 mg/L. Examples are for
instant the periods of 05.12.2017 to 29.01.2018 and 26. 02. to 27.02.2018, Figure 9. The average inlet
solid content was about 39 mg/L. The effluent solid contents of magnetic separator are at flow rates
of 10 and 20m³/h mainly close or below the 10 mg/l, which is the limit of detection for solid
measurement with gravimetric methods. An increase of the flow rate led outlet solid content between
10 to 15 mg/L but was even stable despite factor 3 varying inlet solid contents. The peak of the outlet
solid content on the 20.02.2018 is caused by testing the maximum flow rate of 50m³/h.
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Figure 9. Inlet and outlet solid contents of the magnetic separator at the Rail Mill in Gijon.

Different cleaning water pressures were investigated to minimize the water consumption for cleaning.
Best results were achieved at a water pressure of 5 bar (closed valve) respectively 1 bar after opening
the valve, being in the beginning of the trial sufficient for a 100% cleaning of the magnets. The time
between to cleaning procedures was fixed with 72 h at a flow rate of 10 m³/h. Base was the assumption
of a removed solid load of 0.5 kg/h (flow rate 10 m³/h, solid removed content: 50 mg/L). By increasing
trail duration, and especially after a period of 170h between two cleaning cycles the cleaning efficiency
decreased to about approx. 70 - 80%, meaning a limited amount sludge stayed on the magnets, Figure
10. To achieve a 100% cleaning of the magnets, a higher water pressure would be necessary but was
not available at the site.

Covered magnets

Magnets during cleaning
Figure 10.

After cleaning with low pressure

Covered and with low pressure cleaned magnets.

The determined cleaning water demand during trials was about 40 l. For a complete cleaning at a
higher pressure: 60 to 80 l are expected, which is in line with the lab trial results in which a water
pressure of 2 bar with an estimated water demand of 80 l was determined. The occurring sludge
amount was between 51 l – 68 l with a solid content of 19 wt.-% to 31wt.-%, depending on the magnet
load before the cleaning.
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A BFI developed and patented online measurement sensor for solids was tested. Aim was the
determination of the correlation of magnet load of the sensor and the magnet load in the magnetic
separator to achieve a tailored magnet cleaning for saving water instead of using a fixed periodical
cleaning. The sensor is based on the separation of magnetic particles and its quantification at the
magnet. The set up and exemplary measure curves are shown in Figure 11.

BFI online solid analyzer at AM in Gijon

Exemplary measure curve

Figure 11. Online solid analyzer set up and exemplary measure curves.

The trials were performed with a constant optimum flow rate for the online measurement sensor and
varying magnetic separator flow rates. The load of the magnetic separator is determined by measuring
the thickness of the sludge layers on the magnets considering BFI data regarding the correlation sludge
layer thickness and load. The determined correlation factors for different magnet loads. Considering
the measured solid contents and removal efficiencies, the period between two cleaning procedures
could be prolonged in general up to factor 2 - 3, in maximum to factor 7, meaning a decrease of water
use of 50% to 85% as well as the occurring sludge amount.
Summarizing, the magnetic separator showed stable and reliable operation with nearly constant outlet
solid contents about 5 -15 mg/L while the inlet solid content varied over factor three. The cleaning
water demand is quite low, leading to a ratio of back flush water to treated volume of about 0.001 0.006 %. The occurring sludge has an amount of 51- 81 l with a high solid content of 19 wt.-% to 31wt.%. Further on, the suitability of the online solid analyser for a tailored magnet cleaning allowing higher
solid contents in the sludge and saving of cleaning water was demonstrated.

3.3 Comparison magnetic separator – 3layer filtration – operational
sand filter
A comparison of the different solid separation technologies was performed showing a lower water
cleaning water demand as the ratio back flush water to treated volume of 0.001 - 0.006% compared
1.4 - 4.3 at the 3-layer filtration or 1.2 – 3.4 of the operational sand filters. Further on the occurring
sludge amount at the magnetic separator is about 3 to 8 times lower compared to the 3-layer-filtration
and the operational sand filter. This is connected to a decreased post-treatment effort for the sludge
because of its lower amount and higher solid content, Table7.
The sludges of both technologies can be reused in the iron and steel making process after dewatering
and treatment in the sinter plant. The sludge of the magnetic separator can be dewatered free of
chemicals in a dewatering skip using for instant scale as filtration material, which can be recycled
together with the dewatered sludge in the above-mentioned sinter plant. Because of its higher amount
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and water content, the solid content sludge of the 3-layer-filtration has to be concentrated by addition
of flocculants and settling in a thickener or lamellar separator as pre-treatment before the final
dewatering step as for instant in a decanter centrifuge with addition of a polymer or, if space is existing
Table 8. Comparison of solid removal technologies.

Operational
Sand filter

Magnetic separator 3-layer-filtration
Ratio back flush
water/treated volume [%]
Sludge volume occurring
[l/m³]
Removal efficiency suspended
solids [%]
Removal efficiency, turbidity
[%]

0.001 - 0.006

1.4 - 4.3

1,2 - 3,4

1-6

14 - 43

12 - 34

Up to 92%

---

---

---

92 - 98

51 – 97 (average 81)

Inlet solid contents [mg/l]
Outlet solid contents [mg/l]
Energy demand [kWh/m³]
Cleaning media
Solid content sludge [wt.-%]

17 – 152 (Average: 39)
about 10 mg/L and
lower
(flow: 10 m³/h)
0**
water
13 - 39

---

---

0,176
water
Up to 2.2,
in general, < 0.2

water, soap
0,006 – 5,6
(average: 2)

at the site drained by gravity on a heap. A simplified pattern of the different technologies for solid
removal, dewatering opportunities and its required media (energy, chemical, water) is shown in Figure
12.
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Figure 12. Simplified pattern of solid removal and sludge dewatering with its required auxiliary materials.

The comparison in the pattern shows that the lowest auxiliary materials were used in the case of the
magnetic separator (cleaning water) compared to the three-layer filtration (pumping energy for
operational pressure, cleaning water, compressed air). Further the suspended solid content in the
sludge of the magnetic separator is more than 100 times higher than in the back-flush water of the
3layer filtration. Because of the high solid content and the low sludge flow, a compact dewatering skip
can be used for chemical free sludge dewatering.
Compered to this, the sludge of the 3layer filtration could be treated in the current at the site
performed way via sludge thickening in a thickener with the dosage of a flocculant and the final
dewatering of the sludge in a drain heap. Beside this, a second dewatering way is available, which is
practiced at sites with very limited free space. It consists of a lamellar separator for sludge thickening
with dosage of a flocculant followed by the dosage of a polymer for the final dewatering in a decanter
centrifuge.
At the end of all dewatering ways, the treated sludge can be used in a sinter plant.
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4. Evaluation of desalting and softening technologies
Two different desalting and softening technologies, the innovative precipitator and the reverse
osmosis were tested. In the case of the RO, effluents of the operational sand filters, the magnetic
separator and the 3layer filtration were investigated, while the innovative precipitator was installed
direct in the cooling water circuit. The aim was to investigate the long-term behavior of the
technologies, regarding possible effects of water ingrediencies as organics or the interaction with
cooling water treatment chemicals (e.g. flocculent, biocide, corrosion inhibitors…).

4.1 Innovative precipitator
In the initial INSPIREWATER project proposal, a field trial with an innovative precipitator was proposed
with the aim of study salts removal and corrosion improvement in the ArcelorMittal Rail Mill Gijón
cooling water circuit.
This equipment generates variable electrical pulses that provoke a huge variable environment in which
bacteria cannot survive, leading into a biocide effect.
Furthermore, the device modifies the solids precipitation in the circuit, transforming the typical
precipitate into a non-sticking “dust” that is able to flocculate in a faster and controlled way (not over
the equipment), avoiding/improving corrosion and scaling issues.
To sum up, the most important advantages that this technology offers are:
•
•
•

important decrease of the chemicals consumption
important decrease of corrosion, scaling and biofouling in the circuit
improvement of water quality

The trial carried out at industrial scale has shown not conclusive results due to the fact that effects
from different variables were overlapped. Many changing variables could not be experimentally
controlled during the development of the blank and the trial: many of chemical reagents addition +
other non-controlled variables (f.e. make-up water supply, rainwater, other input water sources, etc.).
Furthermore, an important change that took place in the circuit (reheating furnace outlet piping
installation) was not considered as a relevant variable for comparing blank and the trial, and it was just
taken as an opportunity for the implementation of the equipment in the circuit.
To sum up, as no standard and stable conditions could established in this circuit during the trials
development, obtaining no conclusive results. Further studies were proposed to obtain more reliable
results if the circuit was more stable, and for this reason, a pilot plant at laboratory scale test was
planned to carry out the trials in a more controlled experimental environment.
In Table 9, a summary of the tests made with the innovative precipitator is presented.
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Table 9. Innovative precipitator tests planning.

Parameter

Industrial scale

Laboratory scale (pilot plant)

Device model

TPL-160

TPL-020

Blank (device switched off)

May-August 2018

April-June 2019

Test (device switched on)

September-December 2018

July-September 2019

Water type

Real water

Synthetic water

Water flow rate, m3/h

800-850

11,5

Trial follow-up

• Water analysis
• Corrosion measurement

• Water analysis
• Corrosion measurement

4.1.1 Innovative precipitator at industrial scale
The equipment was installed in the Rail Mill reheating furnace outlet, in a new outlet piping (by-pass).
The continuous water flow rate in this specific piping is around 800-850 m3/h, and water is derived
directly to cooling towers inlet, by-passing the water treatment plant.

Figure 13. Situation of the innovative precipitator at plant scale trial.

Following the supplier recommendations, some considerations must be taken into account when the
device was installed:
a) Laminar and constant water flow rate through the equipment is necessary.
b) The equipment must be always filled with water. In case of no water flow rate, the device
must be switched off.
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Figure 14. TPL-160 installed in reheating furnace cooling water outlet.

However, some of conditions required by the supplier weren´t be able to be under ArcelorMittal R&D
control:
a) Laminar and constant water flow through the equipment.
b) Chemical additives dosage by the water management service supplier (corrosion inhibitor
was being added at the reheating furnace inlet, free chlorine from biocide in cooling towers,
etc.).
c) The trial started when the new pipe configuration was put into operation (cooling water
from reheating furnace outlet was by-passed).
d) Rail Mill cooling water is shared with Heavy Plate Mill. Actions developed at Heavy Plate Mill
during the trial performance were out of control by R&D.

In Table 10, the chemical treatment that was used at the moment of the industrial trials is listed.
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Table 10. Chemical treatment program in Rail Mill and Wastewater Treatment plant.

Chemical
reagent

Flocculent:
KLARAID CB
1430

BIocide:
sodium
hypochlorite

Antiscaling:
DEPOSITROL
BL6503
Corrosion
inhibitor:
GENGARD
GN7300

INSPIREWATER Public

Dosage
point

Key
analytical
parameter

Residual
concentration,
mg/L

Decanters
inlet

-

-

Cooling
towers

Free chlorine

≥ 0,6-0,7

Reheating
furnace
inlet

Phosphonate

0,5-1

Reheating
furnace
inlet

Phosphate

10

Location picture
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Table 11. Variables/conditions for TPL-160 equipment at industrial scale trials.

Test

Blank

Trial

Trial
duration

3 months

3 months

Variables/conditions
•
•
•

Reheating furnace outlet piping was not installed
Chemical reagents dosages not under control
Other non-controlled variables (f.e. make-up water, rain, etc.)

•
•

New reheating furnace outlet piping was installed
Chemical reagents (corrosion inhibitor and anti-scaling) dosages
were controlled
Chemical reagents for Legionella (bleach) not under control:
high free chlorine variability
Other non-controlled variables (f.e. make-up water, rain, etc.)

•
•

During the trials, some measurements were taken:
•

•

•

Water analysis (on-line): pH and conductivity + once a week: total hardness, phosphates,
conductivity, turbidity, calcium hardness, suspended solids, dissolved iron, calcium, chlorides
and sulphates). Two points of measurement: inlet and outlet of the reheating furnace.
On-line corrosion measurements (using LPR probe) and corrosion rack measurement (two
points of measurement with two corrosion coupons each: inlet and outlet of the reheating
furnace).
Chemical reagents consumptions (antiscaling, corrosion inhibitor, biocide, etc). Only the
chemical additives with direct effect on water quality will be considered.

The following KPI’s established:
Table 12. KPI’s established for TPL-160 equipment at industrial scale trials.
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Parameter

Objective

Phosphate

Decrease

Total hardness

20% decrease

Calcium hardness

20% decrease

Conductivity

20% decrease

Turbidity

-

22

Page 22

INSPIREWATER – D3.5
GA723702

H2020-IND-CE, SPIRE-01-2016

(a) Reheating furnace inlet: LPR probe and
corrosion coupons.

(b) Reheating furnace outlet. Corrosion
coupons.

(c) LPR probe

(d) Corrosion coupons

Figure 15. Corrosion measurements.

4.1.2 Innovative precipitator industrial scale experimental results: water
analysis
Off line water analysis
Different water analytical parameters were weekly analyzed during the blank and trial test to compare
the effectiveness of the equipment. In the graphs of Figure 16 it has been depicted the evolution of
each parameter along the blank test and the trial with the innovative reactor. During the test with the
device switched on, corrosion inhibitor dosing was stopped for some days for the purpose of removing
the effect of this variable on the analytical results. Finally, as it can be observed in the graphs, no clear
trends can be observed for any chemical parameter.

INSPIREWATER Public

23

Page 23

INSPIREWATER – D3.5
GA723702

H2020-IND-CE, SPIRE-01-2016

Sulfate

b) Conductivity

Calcium hardness

d) Total hardness

a)

c)

e) Suspended solids

f)

Turbidity

Figure 16. Off line water analysis at industrial scale.
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4.1.3 Innovative precipitator industrial scale experimental results: corrosion
measurements
On line measurements: LPR probe
In this figure it is shown a global overview of the on line corrosion measurements during the blank
and test trials development.

Figure 17. On line corrosion measurements (LPR probe) at industrial scale test.

As it can be observed, an enhancement in terms of corrosion rate decrease is not observed during the
test with the innovative precipitator switched on. However, it can be proved that corrosion inhibitor
works properly, observing an increase of the corrosion rate when the chemical product dosing is
stopped.
Off line measurements: corrosion coupons
In the table below, corrosion rate measurements obtained from coupons are collected.
Table 13. Corrosion rate with corrosion coupons at industrial scale test.

Corrosion rate, mpy
Date

Exposure
days

Observations

Reheating
furnace inlet

Reheating
furnace outlet

Blank

111

Antiscaling
Corrosion inhibitor

6,3

7,70

Test

69

Antiscaling
Corrosion inhibitor

4,55

8,09

Corrosion rates seem to be lower at the reheating furnace inlet, where the corrosion inhibitor is dosed,
than at the outlet point. However, it can´t be concluded that corrosion rate decreases significantly due
to the effect of the innovative precipitator.
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4.1.4 Innovative precipitator industrial scale experimental results: KPI
achievement discussion
Main conclusion for this chapter is that no clear trends can be observed for any water chemical
parameter: conductivity, total and calcium hardness, turbidity, etc.
However, although not conclusive results can be drawn from this analytical data, the innovative
precipitator effectiveness couldn´t be objectively assessed due to all the operational variables that
weren´t under R&D control during the trials development.

4.1.5 Innovative precipitator at pilot plant scale (laboratory)
In view that the industrial trial can´t lead conclusive results, a trial at pilot plant scale in Global R&D
Waterlab was proposed in order to study the technology in a better-controlled experimental condition.
Innovative precipitator has been tested at pilot plant scale, being implemented in a pilot plant module
that consists in a recirculating pipeline loop with a tank of 1 m3 capacity (see Figure 18). The pipeline
is made of PVC, and it can house a real element of study (like a straight pipe section), corrosion coupons
and different online sensors (Linear Polarization Resistance probes, pH-meter, conductivimeter and
oxygen sensors).

Figure 18. Corrosion pilot plant with innovative precipitator device installed.

Two pilot plant trials were designed to evaluate the device performance, one with the device switched
off and the other with the device switched on.
In order to evaluate corrosion rates, two flat corrosion coupons made of ST 37.2 carbon steel (1 cm 2)
were installed in the circuit, as well as a straight pipe section (ASME B-36.10).
To carry out these experiments, synthetic water composition was prepared from demi-water and
adding some salts to obtain the concentrations listed below in Table 14.
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Table 14. Synthetic water characterization for pilot plant scale trials.

Parameter

Unit

Synthetic water composition

Total hardness

mg CaCO3/L

3500

Calcium hardness

mg CaCO3/L

2500

Magnesium hardness

mg CaCO3/L

1000

Chloride

mg/L

3000

Sulfate

mg/L

5000

It must be pointed out that the composition of the synthetic water does not intend to resemble to real
industrial water composition. In fact, synthetic water had very high salts concentration in order to
observe as clearly as possible the innovative reactor behavior regarding these parameters.
The operational parameters established for the trials were the following:
•
•
•

Temperature: 50 ºC
Flow rate: 11,5 m3/h
Duration: 12 weeks each trial

The following parameters were measured during both tests to follow up their performance:
•

•

Water analysis
o on-line: pH, conductivity and dissolved oxygen
o off line: once a week: pH, conductivity, carbonate, bicarbonate, total hardness, calcium
hardness, magnesium hardness, turbidity, suspended solids, total dissolved solids,
dissolved iron, total iron, dissolved calcium, dissolved magnesium, chlorides and sulfates
Corrosion measurements
o on-line: LPR probe
o Corrosion rate from gravimetric measurement in coupons (installed at precipitator outlet)
and pipe section

The following KPI’s were established:
Table 15. KPI’s established at pilot plant scale trials.

KPI

Comments

Conductivity (mS/cm)

Reduction

Turbidity (NTU)

Reduction

Total hardness (mg/L)

Reduction

Calcium hardness (mg/L)

Reduction

Sulfates (mg/L)

Reduction

Chlorides (mg/L)

Reduction

Pilot plant was fed with 800 L of the synthetic water that is continuously running through the circuit.
Once a week, demi-water is added to the system to compensate water losses by evaporation.
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4.1.6 Innovative precipitator pilot plant experimental results: water analysis
In this chapter, on line and off-line water analysis are depicted and discussed.
On line water analysis
These measurements were obtained within different on-line sensors installed in the pilot plant.

a)

b) Conductivity

pH

c)

Dissolved oxygen

Figure 19. On line water analysis results in pilot plant scale trial.

pH, conductivity and dissolved oxygen, three water analytical parameters involved directly in corrosion
issues in cooling systems, seem to increase in the trial with the precipitator switched on. In view of
these results, a corrosion rate increase during the trial could be expected.

INSPIREWATER Public

28

Page 28

INSPIREWATER – D3.5
GA723702

H2020-IND-CE, SPIRE-01-2016

Off line water analysis
In the figures above, Figure 20, water analysis results are shown.
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f)

e) Sulfate

Chloride

Figure 20. Off-line water analysis results in pilot plant scale trial.

In graphs above, the evolution of different analytical parameters during the blank test (in blue) and
the trial (in red) is depicted. As it can be observed, no significant variations are detected for
conductivity and total hardness. However, an erratic behaviour has been detected for turbidity,
calcium hardness, sulphate and chloride.

4.1.7 Innovative precipitator pilot plant experimental results: corrosion
measurements
Corrosion measurements were obtained within a LPR probe and corrosion coupons.
On line measurements: LPR probe

Figure 21. Off line corrosion rate data.

In figure above, it can be observed similar behaviours in corrosion rate for blank test and trial.
However, a very slight decrease in corrosion can be observed for the trial with the device on.
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Off line measurements: corrosion coupons
Corrosion rate from corrosion coupons and pipe section can be seen in the following table. It was also
observed that corrosion products present on the coupons surface with innovative precipitator
switched on were looser than corresponding to the coupons tested with the device switched off.
Table 16. Corrosion rate measurements at pilot plant scale trials.

Code

Type

Corrosion rate blank (mpy)

Corrosion rate trial (mpy)

T1

Flat corrosion coupon

25,6

13,02

T2

Flat corrosion coupon

25,6

14,02

TR1

Straight pipe section

33,9

21,69

It was also observed too that corrosion products present on the coupons surface with innovative
precipitator switched on were looser than corresponding to the coupons tested with the device
switched off.

4.1.8 Innovative precipitator pilot plant experimental results: KPI achievement
discussion
Conductivity
No significant variations in conductivity were observed. Furthermore, a slightly increase in this
parameter can be observed in on line conductivity measurements instead of an expected decrease.
Turbidity
No conclusive results can be obtained from the behaviour of the turbidity analytical results and a clear
decreasing trend
Total hardness and calcium hardness
A slightly decreasing trend is observed at the beginning of the trial for both parameters. However,
these parameters rise at the last period of the test.
It must be highlighted that both hardness’s concentrations are quite far from initial values of 2500
mg/L for calcium hardness and 3500 mg/L for the total hardness in synthetic water (see Table 14). This
fact can be explained because of the settle down of calcium carbonate in the feeding tank or even
along the pilot plant pipes.
Sulphates
Initial sulphate concentration of 5000 mg/L is kept during the blank trial. During the test, an erratic
increase and decrease is observed, but any clear trend can be established to its behaviour.
Chlorides
Initial chloride concentration of 3000 mg/L is kept during the blank trial. During the trial development,
an erratic behaviour of this parameter can be observed, without establishing a clear decreasing
tendency.
Corrosion rate
Although corrosion rate has not been defined as KPI for these trials, it must be highlighted that both
corrosion measurements methods, LPR probe and coupons, show a decrease in this parameter with
the innovative precipitator switched on.
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In view of these previous comments, although experimental conditions in pilot plant scale
experimental phase were supposed to be better controlled than in the industrial trials, we can
conclude that innovative reactor has not been able to achieve the KPI initially established to follow up
the trials and to assess the equipment effectiveness in terms of cooling water quality improvement.

4.2 Reverse osmosis
An experimental pilot plant for reverse osmosis was used at BFI installations, operating with real
wastewater from the Rail Mill cooling circuit, after having been treated by magnetic separation, sand
and other materials pilot plant OR the real sand filters in the WTP.

Figure 22. Photo of the reverse osmosis pilot plant.

The reverse osmosis (RO) trials were performed with the effluents of the magnetic separator, the 3layer-filtration and the operational sand filter. Aim was the investigation of the long-term behaviour
of the technologies in treating organic as oil or fat and dissolved salt contain cooling water after a solid
removal. For the removal /reduction of dissolved salts e.g. sulphates and iron and hardness by
innovative precipitator compared to the reverse osmosis the following points were monitored:
removal efficiency, interaction between cooling water components and electrodes or membrane
surface (scaling), formation of by-products as waste waters, membrane/electrode endurance, cleaning
chemical and water amount, operation pressure.
Because of the non-conclusive results of the innovative precipitator, no comparison with the RO results
could be performed
In the lab trials an optimum operational pressure of 30 bar, from the field trials, was confirmed.
Different concentration factors were investigated, Table 17.
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Table 17. Overview of investigated conditions for desalting by RO.

Feed = Effluent solid removal technique
Magnetic 3-layerOperational
separator filtration
sand filter

Conditions
Concentration factor 1

X

X

X

Concentration factor 4

X

X

X

Concentration factor 10

X

---

---

Concentration factor 4 with anti scalent dosage (2 ppm)

---

X

---

Concentration factor 4 with anti scalent dosage (8 ppm)

---

X

---

Concentration factor 4 with pH- adjustment

---

X

---

Concentration factor 10 with pH- adjustment

---

X

---

Figure 23.

Permeate flux for different process water (CF = 1).

In Figure 23 the observed permeate fluxes are shown for a concentration factor of 1 (CF = 1). In all
cases the permeate flux is nearly 150 l/(m² h) for the best screened membrane (Lanxess Lewabrane).
The treated cooling water volume is more than 25 m³, for the effluent from the magnetic separator it
is 75 m³ for closed circuit operation. In Figure 19 the specific volume flow is illustrated after
concentration to factor 4 (CF=4). In the three cases the volume flow is decreasing after reaching the
higher concentration. For cooling water from gravel filter the gradient is the highest one, on the other
side the increase to CF=4 was operated by a faster way.
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Figure 24.

Specific permeate fluxes for different cooling water (CF = 4).

The investigations of the cooling water after solid removal showed a strong decrease of the permeate
flux after treating a limited value for a concentration factor of 4 and especially of 10. Because of this,
the effect of antiscalant and pH-adjustment (lowering to 6.5 by addition of acid) were investigated. A
comparison of the results for the addition of antiscalant (8 ppm), sulphuric acid and the untreated
water were shown in Figure 25. It can be noticed that the addition of antiscalant could not avoid the
decrease from the initial permeate flux of approx. 65 l/h m² over 80%, but can increase the level of the
stable permeate flux from 10 to 15 l/h m². In opposite to this the continuously addition of sulphuric
acid to adjust the pH from 7.5 to 6.5, the permeate flux is nearly constant and only a slight decrease
from 65 to 55 l/h m² was noticeable. It is assumed that calcium compounds (e.g. calcium carbonate)
are blocking the membrane. By using sulphuric acid this compound will be re-solved directly during
operation of RO membrane module. Overall 0.23 l of 20% H2SO4 for a feed volume of 1 m³ was dosed.

Figure 25. Specific permeate fluxes for gravel filter cooling water without addition and after addition of
antiscalant or sulphuric acid (CF = 4).
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Further, hints in literature mentioning that the presence of aluminium contents > 0,1 mg/L, preferably
at a pH around 7, could precipitate at the membrane and form an Al-Si layers on the surface of the RO
membrane. The aluminium intake in the cooling water is caused by dosage of polyaluminum chloride
at decanters inlet for an enhanced particle settling as in the case at AM. In literature, Al-contents of
0.058 – 0.20 mg/L were reported. The analysis of the Al and Si content in feed water showed Al
contents below the detection limit of < 0.01 mg/L using an ion chromatograph and Si-contents
between 5.4 mg/L and 6.7 mg/L. Based on this, the formation of Al-Si can be in this case untended.
The composition of the feed and permeate are shown in Table 18.
Table 18. Composition of the feed and permeate for different RO operational conditions
Solid removal before RO by
Magnetic
3-layer-filtration
Operational
Separator
sand filter
Volumetric
concentration
4
4
4
4
factor
Chemical dosage
--8 ppm
pH--antiscaling
adjustment
agent
with H2SO4
to pH 6,5
Retention [%]
Cl
95.2
97,5
97.3
97.7
SO4
98.6
99,1
99.0
99.3
Conductivity [µS/cm]
Feed
2790
2100
2510
2580
Permeate
81
49
60
47
Content, permeate [mg/l]
Cl
15
6
8
5
SO4
13
5
11
5
Ca
7
<5
<5
<5
Mg
<5
<5
<5
<5
Hardness [mmol/l]
Feed
Permeate

15.5
<1

9.8
<1

13.0
<1

13.2
<1

With respect to total hardness in the feed the value of 3.8 mmol/l increased during treatment to
15.5 mmol/ l (CF = 4) and further to 29.3 mmol/l for a CF of 10. In all cases the hardness measured in
the permeate samples was below 1 mmol/l.
The retention for chloride is nearly 96.8 % for CF = 10. For sulphate the retention is 99.8 % for CF = 0
and 98.8 % for CF = 10. The electrical conductivity is reduced by membrane separation for CF = 0: from
917 µS/cm in the feed to 5.1 µS/cm respectively between 47 -81 µS/cm at a CF = 4 in the permeate.
For a concentration factor of 10, the conductivity is decreased from 5280 µS/cm in the feed to 161
µS/cm in permeate.
For membrane cleaning the used cleaning agents (a mixture of nitric and phosphoric acid) respectively
an acidic solution. The first cleaning was performed; leading to relatively high permeability of 58.8
l/(m² h bar) for deionized water and 55.8 l/(m² h bar) for cooling water. A second purification step
showed no further significant increase of permeate flux. After membrane cleaning with an acidic
cleaner the initial permeate flux before the trial could be achieved again too. After the chemical
cleaning, flushing with water was necessary for removal of cleaning agent residues. The amount of
used acidic cleaning agent/water mixture was 50 l. After cleaning the plant was purified with 30 l tap
water and subsequently with 40 l demineralized water.
The produced concentrates (20% of the treated volume) have the following compositions, Table 19.
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Table 19. Range of concentrate composition.

Parameter

Range

pH-Value [-]

7,8 – 8,6 (without chemical dosing)
6.6 – 6.7 (with anti-scalent dosage or pH-adjustment

Chloride [mg/L]

200 -337

Sulphate [mg/L]

802 -1150

DOC [mg/L]

10 - 43

Fe [mg/L]

< 0.005

Zn [mg/L]

< 0.005 – 0.015

Al [mg/L]

< 0.01

The range of the parameter in the case of chloride, pH (without chemical dosage), Fe, Zn, Al are not
critical for a discharge. Regarding the sulphate exists locally limitations for avoiding concrete corrosion.
Further the discharge of DOC is limited by differing national and local regulations.

A summary of results regarding chloride and hardness removal as well as the media demand for RO
operation with and without pH-adjustment of the feed at a pressure of 30 bar is shown in Table 20.
Table 20. Summary of results and media demand for RO operation with and without pH-adjustment of the
feed (pressure: 30 bar).

With pH-Adjustment

Without pH-Adjustment

Chloride removal [%]

97,3

97,7

Hardness removal [%]

> 92

> 92

Energy demand [kWh/m³ feed]

5,0

5,0

H2SO4 (20% solution) dosage [l/m³
feed]

0,23

0

NaOH (20% solution) dosage [l/m³
permeat]

0,175

0

cleaning agent [l/m³ feed]

0

0,6

Water for back washing [l/m³ feed]

0

0,84

4.2.1 Corrosion potential
Permeate and feed samples of the reverse osmosis were analysed by an external company to
determine the influence of the solid removal technology and the RO treatment to the corrosion
potential. This was investigated by Tafel plots and Rp/Ec trend analysis (polarization resistance tests at
regular intervals for a period of time). The investigations of the feed and permeate showed a decrease
of the corrosion rate and corrosion potential after the RO treatment.
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Figure 26. Influence of cooling water treatment by RO after solid removal to corrosion.

Figure 27. Influence of cooling water treatment by RO after solid removal to corrosion.

Summarizing, the RO treatment for desalting the cooling after pre-treatment with different solid
removal technologies in full scale demonstration, is a suitable technology. A concentration factor of 4
meaning a water recovery of 80% in combination of an operational pressure of 30 bar were determined
as suitable process conditions. A continuously addition of sulphuric acid allows a nearly constant
permeate flux. The retention of chloride and sulfate is up to nearly 100 %, allowing permeate
compositions with chloride and sulphate contents between 5 – 15 mg/L and conductivities of about 50
µS/cm. Further on the cooling water is softened by removal hardness forming components, allowing a
total hardness < 1 mmol/l in permeate compared to 3.8 mmol/l in the feed before treatment. A
suitable membrane cleaning protocol was determined.
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5. Life Cycle Assessment evaluation of the technologies
In the LCA different scenarios with focus of comparing different solid removal technologies and sludge
treatments will be compared. In Table 21 the different scenarios are presented and in Figure 28 the
system boundaries for the evaluation is presented. The purpose is to determine which treatment
combinations with the lowest environmental impacts regarding e.g. water or CO2Table 21.
Reference is the current operational situation at AM, consisting of discontinuous sand filters, with an
operational water pressure of 2.5 bar. The back-flushing water from the sand filters is collected in a
thickener and polymer is dosed to increase the settling of the solids. Afterwards the settled sludge is
removed and drained by gravity before metallurgical reuse.
The reference situation was compared with the in the project investigated magnetic separator and
3layer filtration and further on with a continuous sand filter. The continuous sand filter is beside the
discontinuous sand filter a wildly used technology for the removal of solids from cooling water.
Further, a second sludge treatment combination was considered, which is preferable used at sites with
a lack of space for building decanter basins or store the sludge for dewatering in an open heap. The
combination consists of a lamella separator with coagulant dosage followed by the dewatering of the
thickened sludge of the lamella separator via centrifuge and polymer dosage. The dewatered sludge
has a dry solid content up to 90 wt.-%.
Table 21. Overview of investigated scenarios for solid removal and sludge dewatering

Current

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Scenario 6

Scale Pit

Scale Pit

Scale Pit

Scale Pit

Scale Pit

Scale Pit

Scale Pit

Decanter

Decanter

Decanter

Decanter

Decanter

Decanter

Decanter

Sand filter

Sand filter

Continuous Continuous Sand
Sand filter filter

Multilayer
filter

Multilayer filter

Magnetic
separator

Thickener Lamella
(flocculent) separator
(coagulant)/
centrifuge
(polymer)

Thickener Lamella
(flocculent) separator
(coagulant)/
centrifuge
(polymer)

Thickener Lamella
(flocculent) separator
(coagulant)/
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Figure 28 Overview of the system boundaries of the solid removal and corrosion inhibition scenarios for LCA
and LCC of the ArcelorMittal case study (WP3).

The scenario comparison in

Figure 29 shows that the magnetic separator results in the highest reduction in environmental impact

of around 60%. The continuous sand filter leads to a reduction of 40% to 50%. In addition, by replacing
a conventional thickener with a lamella separator and a centrifuge, the environmental impact can be
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reduced by around 10%. It can be seen that the main reductions result from the solid removal/filter
step. The continuous sand filter reduces the pumping energy and the magnetic separator can be
operated with a minor energy consumption.

Figure 29 Comparison of different solid removal technologies

The effect of blow down treatment with RO with and without pH adjustment is shown in Figure 30.
Scenario 1 and 2 lead to a reduction of the environmental impacts because these two scenarios result
in a reduction of the water demand. However, the use of chemicals is of secondary importance. That’s
why scenario 1 and 2 have nearly the same environmental impact. The same result can also be seen in
the use of the ecological scarcity method.
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Figure 30. Relative environmental impacts according to ILCD method of the two scenarios for corrosion
inhibition.
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6. Life Costing calculation of the technologies
The scenarios shown in Table 21 were used for calculating the cycle cost and are presented in a
relative matter in Figure 31. Scenario 4 and 5 have the lowest investment costs, which derives
from the multilayer filter with thickener or lamella separator with centrifuge for sludge
dewatering. The maintenance costs are however larger. Scenario 2 (continuous sand filter with
thickener) and 6 (magnetic separator with drainage container) have relatively low costs for
energy and chemicals.

Figure 31. Life Cycle Costing results of the current and future scenarios of solid removal and sludge treatment
split into different types of costs.

To put the life cycle costs in a larger perspective, the annual costs of the solid removal scenarios
have been calculated and are presented in Table 22 below. The flow of direct cooling water is 22,4
million m3 per year. The solid removal and sludge treatment sections represents approximately
20% of the annual costs of the total ArcelorMittal wastewater treatment plant. By implementing
the alternative scenario 6 instead of the current scenario the total annual costs for the
ArcelorMittal plant could be decrease by 15%.
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Table 22. Annual costs for the current and future scenarios of solid removal and sludge treatment.
total annual cost
Current

Solid removal

Reference

Sludge dewatering

Sand filter

Thickener

Sand filter

Lamella separator with
centrifuge

continuous sand filter

Thickener

continuous sand filter

Lamella separator with
centrifuge
Thickener

Scenario 1

+13%

Scenario 2

-38.7%

Scenario 3

-9.3%

Scenario 4

-0.8%

multilayer filter

Scenario 5

+1.3%

multilayer filter

Scenario 6

-70.3%

Magnetic separator

M€/year

7.

Drainage container

Corrosion inhibition scenarios by RO
The results of the current and future scenarios of the corrosion inhibition section are presented in
Figure 32. Comparing the costs between the current and future scenario for corrosion inhibition (see
Error! Reference source not found.) the differences between the scenarios are very small. The life
cycle costs are slightly increased in scenario 1 and 2 by implementing a RO process into the
cooling water circuit. The amount of direct blow down decreases and less make-up water is
needed. The cost for make-up water is integrated into the costs for the cooling tower.
The maintenance savings due less corrosion in the future scenarios are generally low compared
to the costs over the whole scenarios. The electricity required for operating the cooling water
circuit dominates the corrosion reduction scenarios and is unaffected by any changes made in
the future scenarios.
The same result can be viewed in Figure 32 , however in this figure the result is divided into types
of costs rather than sections of the corrosion reduction. The main contributor for all scenarios is
the cost for energy needed in the operation of the cooling water circuit.
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Figure 32 The Life Cycle Costing results of the current and future scenarios of corrosion reduction split into
different types of costs.

To put the life cycle costs in a larger perspective, the annual costs of the corrosion reduction
scenarios have been calculated and are presented in Table 23 below. The flow of total cooling
water is 35,6 million m 3 per year. The cooling water circuit sections represents approximately
70% of the annual costs of the total cooling water circuit cost of ArcelorMittal including the
wastewater treatment plant. By implementing any of the alternative scenarios instead of the
current the total annual costs for the ArcelorMittal plant increases by approximately 2%.

Table 23. Annual costs for current and future scenarios for corrosion reduction.
Total annual cost
Current

Reference

Scenario 1(with pH adjustment)

+2.8%

Scenario 2

+0.6 %

M€/year

Summarizing the results:
•

•
•

Based on the available information and the assumptions made, scenario 6 (magnetic separator) in
the solid removal section presents the lowest life cycle costs out of both the current and future
scenarios.
In the corrosion reduction scenarios, the current installation presents the lowest costs out of all
scenarios.
With regards to the annual costs of the entire ArcelorMittal cooling water circuit including the
waste water treatment plant, by changing the current solid removal and sludge treatment section
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•

•

to a magnetic separator and drainage container the cost can be reduced by approximately 20% per
year.
No cost savings can be achieved by implementing alternative scenarios in the corrosion reduction
section. There might however be other technical advantages by reducing the corrosion at the
ArcelorMittal plant.
The results from the LCC assessment should be used together with results from the LCA when
evaluating the impact of the future water treatment strategies at Arcelor-Mittal.
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8. Impact INSPIREWATER technologies
In the following, the expected impacts of the demonstrated technologies are explained, assuming fullscale installation of the technologies at the ArcelorMittal site in Gijon. Using the magnetic separator
technology could reduce the energy costs about 66% or about 400.000 kWh/a and the occurring sludge
amount about 99%. Further on, the reverse osmosis would lead to a decrease of discharge about
65,280 m³/a less blow down discharge and leading to a saving of 10 -13% (65,280 m³/a) of the fresh
water demand and costs. The decrease of corrosion could be only quantified over midterm and lead
to a decrease of the maintenance costs.
Table 24. Impact of the INSPIREWATER technologies in the case of industrial realisation.

Impact
Reduction in (fresh)
water use (%)
Reduction in wastewater production (%)
Reduction in related
energy use (%)
Economic benefit [%]
Minimizing Water
foot-print
Decouple production
from fresh water
utilization
Enhance
sustainability in the
industries

Project goal
40

---

10 -13

99
(sludge)

80

66

---

54

66

54

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

40
90

Innovative
reactor

Magnetic separator Reverse osmosis

No evaluation
possible because
of non-conclusive
trial results

The difference between the achieved reduction in fresh water use about 13% and the expected of 40%
is based on the fact, that the innovative electro precipitation did not show an effect. It was assumed,
that the innovative electro precipitation would allow an increase of the concentration factors of the
cooling water circuit from currently 2 to 5.
Further on, a reduction of the energy consumption by using the pressure less magnetic separation of
90% was mentioned as project goal, based on the assumption of a operational pressure of 4 bar of the
sand filters. Finally, the operational pressure of the sand filters at the site was 2.5 bar, leading to an
energy saving of 66%.
Summarizing the results of the field trials and the evaluation it can be conclude that the magnetic
separator allows a chemical free and energy saving solid removal in combination with a minimum of
10 times lower sludge amount compared to other technologies connected to lower sludge treatment
effort. In EU27 exists 101 Basic Oxygen Furnaces and 231 Electric Arc Furnaces meaning the same
amount of casting lines and hot rolling mills as potential places for magnetic separator applications.
Further, the technology can be applied in other applications in the iron and steel industry (treatment
of gas washing water, cold rolling emulsions) as in further industries as automotive, plant engineering
or surface treatment
The blow down recovery by RO is an option for decreasing of waste water discharge and fresh water
demand. It has to be taken into account if the application is transferred to other circuits, that water
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treatment chemicals could cause problems with RO membranes. So, a membrane selection for each
circuit is necessary
The 3layerfiltration allows an improvement of sand filter operations at the selected site by using filter
sand combinations allowing higher velocities in combination with increased turbidity removal.
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9. Extract of technical, environmental and economic
evaluation of investigated technologies
Motivation for the work inWP3 was the aim to decrease the corrosion in the cooling water circuit
through the improvement of the suspended solids removal in combination with a suitable desalting or
softening.
Focus of this report is the evaluation of the collected data during 6 month of field trials with:
•
•
•

magnetic separation (BFI equipment)
3layer filtration (AMI3 equipment)
innovative precipitator (AMI3 equipment).

And with a RO a further on ested with effluent samples from the different solid removal technoligies.
Criteria are aspects regarding water quality, technology (e.g. removal efficiency) and environment (e.g.
energy/chemical/water consumption). This includes a comparison of the investigated technologies as
for instant the magnetic with the operation existing sand filtration as reference with the focus on
removal efficiency, occurring sludge amounts and solid contents, sludge post treatment as well as
energy, water and chemical consumption. The evaluated data were further used for an assumption of
the environmental and economic impact by life cycle assessment and life cost calculation for the case
of a full-scale implementation at the demonstration site. Focus are the aspects of reduction of water
use, waste water and water.
Main results of the technical, environmental and economic evaluation of investigated technologies
were shown below:
•

•
•

•

•

The magnetic separator allows a chemical free and energy saving solid removal in combination
with a minimum of 10 times lower sludge amount compared to other technologies connected
to lower sludge treatment effort. Compared to operational sand filters at the investigated site,
about 66% of energy could be save and the amount of occurring sludge about 99% reduced.
Further on nearly constant outlet solid contents about 5 -15 mg/L while about factor three
varying inlet solid contents were achieved allowing the protection of following pumps and
valves regarding wear.
Combination of magnetic separator with sludge dewatering in a dewatering container is allows
highest decrease of the environmental impact of over 60% and maximum economical savings
about 70% according the results of the life cycle assessment and life cost calculation
The blow down recovery by Reverse Osmosis (RO) is an option for decreasing of waste water
discharge in this case about 80% and the fresh water demand about 13%. It has to be taken
into account if the application is transferred to other circuits, that water treatment chemicals
could cause problems with RO membranes. So, a membrane selection for each circuit is
necessary.
Blow down treatment with or without pH adaption lead to a reduction of the environmental
impacts due to the fact that they result in a reduction of the water demand. However, the use
of chemicals is of secondary importance. No cost savings can be achieved by implementing
blow down treatment by RO in the corrosion reduction. There might however be other
technical advantages by reducing the corrosion at the ArcelorMittal plant.
The 3-layer filtration allows an improvement of sand filter operations at the selected site by
using filter sand combinations allowing higher velocities in combination with increased
turbidity removal.
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•
•

The use of the 3-layer-filtration with sludge treatment by thickener or lamella and decanter
centrifuge lead to a decrease of about 10 – 20% of the environmental impact. The economic
impact is with – 0,8% or + 1,3% nearly on the same level as at the current reference situation.
The innovative reactor has not shown conclusive results in water quality improvement and KPI
achievement, neither on an industrial field trials with real cooling water nor on a pilot plant
scale with synthetic water. Combination of magnetic separator with sludge dewatering in a
dewatering container is allows highest decrease of environmental impact and maximum
economical savings according life cycle assessment and life cost calculation

As a result, the magnetic separate was determined as suitable technology for a chemical free and
energy saving technology for the removal of solids having the lowest environmental impact in
combination with highest economical savings.
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