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1 Executive summary
1.1 Background
The NIWE project was designed to try to demonstrate the possibility of a new production process in the
European foundry sector capable of reducing the energy incorporated in foundry products by more than
25%, drastically reducing its carbon footprint. To this end, the final demonstration focused on the three main
foundry sub‐sectors: aluminium, iron and steel.
NIWE set out to address these current problems by providing a new technology to the foundry process,
especially focused on the melting process, which sought to have as much influence as possible on the
production chain. The core of maximum risk in this foundry process would be the transmission of the energy
through an inductive coupling, that is to say, without cables, wirelessly. This would provide very fast energy
transmission from the grid to the point of consumption. This energy would be supplied to the heating system,
which, depending on the material to be melted, could be by means of resistances or induction.

1.2 Achievements
Throughout the project, the most remarkable achievements have been the realization of industrial
demonstration tests, in particular the referring to ferrous alloys. Once these crucial data had been obtained,
it was possible to finalize the LCC and LCA calculations and to carry out the required measurements of the
electromagnetic fields on site in the different equipment. The latest LCC and LCA obtained have made it
possible to compare the initial situation with the final situation in order to establish the advantages and
improvements achieved.
Once finished the project, it is possible to summarize it in five and very different technological fields:


Wireless electric transmission system. The power transmission system was based on an inductive
coupling transfer (wireless system), should allow a highly flexible production in the sectors involved.
This increase in production flexibility was originated for the uncertainty of the demand for foundry
products that occurred at the beginning of the crisis, with ever shorter delivery times and ever more
variable customer orders. For all these reasons, foundry manufacturers are forced to start and
modify their production lines too many times, changing patterns and moulds and, most importantly
in terms of energy penalties, sometimes having to re‐melt quantities of raw materials, making the
ratio of raw materials used to be higher than standard. As a result, the cost efficiency of the process
suffers a significant decrease.



Metallurgical techniques. Despite of extra energy consumption due to the work of WPT system, the
rest of benefits of NIWE balances as improves energy consumption and helps users to reach
significant reductions. In some cases, reductions can be higher than 25%. By means of DTA
techniques as well as a deep study of relevant parameters in the melting process, very good
predictions of microstructure and alloy properties have been possible. This advantageous tool, in
cases of aluminium or cast iron means important reductions of defect’s rates, with the subsequent
savings in raw materials or energy consumptions. It has been also feasible to predict when thermal
treatments could be suppressed or, at least, reduced at the minimum temperature and time which,
once again, improves the process and final material properties.
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Refractories. With respect to the crucible, it has been built on the basis of the most recent chemical
composition and, after its manufacture, a high‐pressure treatment (HIP) has also been applied. In the
case of refractory materials, the cost of some additives such as chromium and boron phosphate
makes the special quartzite applied much more expensive than normal. Consequently, the foundries
rejected it because of the increase in costs and, although the performance of the coating is much
higher than usual, this price makes it difficult to sell it and, consequently, to continue manufacturing,
which is the only way to adjust costs and prices. We hope that the results of this project will
encourage foundries to at least test these types of refractories and evaluate them in their own
processes with some continuity. An attractive opportunity price for suppliers should also contribute
to this.



LCA/LCC. This study has been done in three stages following the methodology detailed in ISO
14040:2006. The first consisted of analysing the existing systems in the end users, and in some cases
in the sector, i.e. the baseline before incorporating NIWE technology. The second, with the final data
obtained from the project, studied the same production lines but considering the incorporation of
NIWE furnaces. Finally, in the third stage, the results obtained in both cases were compared to
evaluate the variations caused by the use of this innovative technology.



o

Based on them, the total cost of processing 1 t of molten aluminium with the new NIWE
technology is about 35 €/t. 91% of this cost is generated during the use phase and the most
significant cost is that of the furnace body, which represents a contribution of around 55%.
In addition, the cost of WPT is also very relevant in the analysis of LCC (39%).

o

As for the economic cast iron study, the total cost of the life cycle associated with a tonne of
casted parts is around 88 €/t (without taking into account the cost of the raw material, but
only the transformations). This cost is made up of 83 % of operating costs, 15 % of investment
costs (depreciation cost) and 2 % of maintenance costs.

o

Finally, the life cycle cost of manufacturing 1 t of cast steel and further processing is around
219 €/t (without taking into account the cost of the raw material, only transformations).
Most of the costs considered are operating costs (91.8%). The other costs are investment
costs (6,2 %) and maintenance costs (1,9 %).

Other furnace innovations.
o

o

Resistors’ furnace. The die‐cast parts were analysed in terms of quality and mechanical
properties, using microstructural and mechanical tests, RX and visual controls. The summary
of the main results is:


Total internal defective reduction from 10% to 8%.



Total mechanical and RX defective reduction from 0.5 to 0.3%.

Cast iron furnaces innovations.


Furnaces work with IGBTs instead of traditional thyristors.
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o

Control of the complete melting process (in terms of kWh/t) which helps to optimize
power usage and improve operational safety. It can be linked to other auxiliary
control (particular temperature controllers…).

Steel furnaces. As it is said above, the features of smart controls and other advantages
developed in the project are exactly the same for steel furnaces than described for cast iron
furnaces. So, the average results obtained during steel industrial scale tests are quite similar.

1.3 Health and Safety issues
In the concerning to health and safety issues, no limit values for frequencies between 3 kHz and 10 MHz have
been exceeded at any of tested points. Therefore, three installations meet with the limit values set in
Directive 2013/35/EU.

1.4 Dissemination activity
During the project 36 dissemination actions have been performed as fairs attendances, in particular two
World Foundry Congresses, several technical articles, leaflets in technical events, a meeting with
stakeholders and one national tv appearance and other presentations as sectoral bulletins.

1.5 Management aspects
Concerning to management issues, the project had to overcome 4 amendments and other highly risky
difficulties, since four partners had to be substituted. In spite of all these situations, some of them stemming
from the crisis situation in the early years of the project, and being a high‐risk technology project, the
objectives have been met. This has often put the Consortium and the Coordinator to the test in order to
resolve the many and strong difficulties.
We strongly recommend visiting the project website (link below), where it can be found the most relevant
and updated publishable information about the project running:
http://www.niweproject.eu
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2 Project context and general objectives
NIWE project want to demonstrate the possibility of a new production process able to decrease the
embodied energy of the foundry products by over 25%, reducing drastically its carbon footprint. The final
demonstration has been carried out focused on the main foundry sub‐sectors, as aluminium, iron and steel.
The expected energy efficiency gains have been due to different techniques, previously designed, tested and
implemented, involving new equipment manufacture, materials development, innovative technologies and
smart solutions. All them with the aims of obtaining the highest productivity by means of flexibility, relevant
energy savings and improved competitiveness by a sensible reduction of internal costs of manufacture. This
increase on the production flexibility attends to the increasing variability of the foundry products demand.
The recent crisis has introduced high variability in demands and orders, which can be measured in terms of
quantity and diversity of the demanded products. The manufacturers are now forced to start and stop many
times their production chains, change the moulds and, the most important in energy penalty terms, to reheat
many times big quantities of raw materials. Consequently, the cost efficiency of the process has suffered a
high reduction.
NIWE tackles these actual and current problems by providing a new technology in the foundry process,
particularly focused on melting process, that will take the power by an inductive coupling. This will provide a
very quick power transmission from the grid to the furnace. This power will be supplied to the heating system,
which, depending on the foundry material could consist on resistances or induction heating.
The rapidity of the power transmission system, as well as the wireless operation, will allow the use of smaller
furnaces. This way, the reserve of melted material for feeding the moulds will be smaller, and therefore the
required energy to maintain it melted. In addition, the wireless furnace will provide a flexible operation,
allowing a quick modification of the factory layout, which will be based on easy interchangeable furnaces of
different types and sizes, depending on the demand.
In addition, new refractories, intelligent furnace controls, flexibility or improvements in metallurgical quality
have been studied, developed and implemented. All these techniques mean a significant impact on the total
energy consumption of the process, which has resulted in a large change in the carbon footprint, as
demonstrated in the LCCs and LCAs calculations.
We strongly recommend visiting the project website (link below), where it can be found the most relevant
and updated publishable information about the project running:
http://www.niweproject.eu

2.1 Solutions proposed within this project
Attending to the to the current variability of the foundry products demand, a heritage of the latest global
crisis, the flexibility, in terms of production models, should make quick and easy modifying the plant layout
by following narrowly the demand by means of optimized processes.
A service in the process very indicated for the use of exchange furnaces can be to alternate the manufacture
of different types of alloys, which offers the possibility of producing short and large series in almost the same
way, as well as to adjust the production programs to the existing demand that is more and more variable.
Just‐in‐time production is therefore possible. This will mean highly flexible production.
New Induction Wireless Manufacturing Efficient Process for Energy Intensive Industries
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The new production models would actually be very similar, with the exception of the peculiarities of the
materials, which are quite different from each other. In all of them, the use of the WPT system, the new
refractories developed, the intelligent controls incorporated, or the metallurgical techniques developed with
a reduction in the consumption of raw materials and the energy used in the process will play a fundamental
role.
The WPT systems have demonstrated being able to promote great flexibility especially in resistors’ furnaces,
which today allow total interchangeability without risks, but can also facilitate the processes of induction
furnaces if the displacements are short and do not have to make hot disconnections of power supply or
cooling water.
As for products with greater competitiveness and lower internal costs, other techniques have been tried and
optimized:





New refractories: With its great insulating power, the new refractory brings new advantages over
conventional ones with temperature reductions of the walls in some cases slightly over 50%.
Intelligent controls allow the application of a power regulated according to the level of metal in the
furnace or they can control the fusion by programming it beforehand so that it does not exceed a
predetermined consumption ratio (kWh/t).
The metallurgical techniques developed allow, in appropriate cases (never in steel for process
reasons), to optimize/eliminate subsequent thermal treatments, a very significant amount of energy
saved, in two cases the largest of all achieved.
DTA (Differential Thermal Analysis): Immediately after melting and before casting, the other strong
tool that the NIWE project incorporates into the casting process is the DTA. It provides the foundry
with important information that allows subsequent heat treatments to be optimized or even
eliminated, except for steels, where they are unavoidable.

All this can be summarized in the following sketch that summarizes very well how these new models of work
can be and the beneficial effects that are produced in them.
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Figure 1‐ NIWE project developed standard working model (green arrows mean savings and advantages)

2.2 Main goals achieved during the project
The project team is working on different tasks involving a complete revision of all the concerned technologies
for each furnace type, smart tools to ease the process in efficient way and energy savings to decrease
advantageously manufacturing costs.
Very summarized:









Three designs have been developed within the project according to the three lines of work
(aluminium, cast iron and steel).
New refractory solutions (DEGUISA) are being implemented as well as smart controls on
temperature, weight or communications were also tested in trials (KROWN, ONDARLAN).
Regarding to the new metallurgical process to be proposed to the European foundry Companies, two
large studies by using Thermal Differential Analysis were carried out and, as consequence of them,
two papers have been presented to impact publications. One more article is expected to be published
in the coming months (TECNALIA, BILBOBUL, FURESA, F2A).
In the case of aluminium, the lab scale prototype was successfully tested in TECNALIA and at the
moment of this report the tasks corresponding to upset the prototype for cast iron and steel are
being carried out, once again, at the TECNALIA facilities (pilot plant in Irún).
The final demo fed by the WPTs of CIRCE (two furnaces of KROWN) for aluminium was constructed
and tested on last February in the plant of FONDERIE 2A and one of the most important milestones
in the project, by the moment, was well achieved (more details in following pages).
No problems related to safe and health issues appeared in the trials done with first prototypes tested
and, based on this, no problems are expected with the following ones (SEMATEC).
LCC and LCA studies (CIRCE) continue being completed and will be reported at the end of project.
New Induction Wireless Manufacturing Efficient Process for Energy Intensive Industries
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3 Actions and achievements of the project
3.1 Technological summary
During the last period, the most remarkable achievements have been the realization of industrial
demonstration tests, in particular the referring to ferrous alloys. Once these crucial data had been obtained,
it was possible to finalize the LCC and LCA calculations and to carry out the required measurements of the
electromagnetic fields on site in the different equipment. The latest LCC and LCA obtained have made it
possible to compare the initial situation with the final situation in order to establish the advantages and
improvements achieved.
With regard to dissemination, different actions have been carried out, such as technical articles, attendance
or participation in fairs and congresses, workshops, etc. We would like to highlight the participation in the
recent 73rd World Foundry Congress held in Krakow and the organization of a meeting of Stakeholders in
Brussels, both last September.
Regarding the initial objectives, the final values in energy consumption and environmental emissions of
equipment for the three alloys have resulted excellent.

Figure 2‐ Steel demonstrator start‐up sequence (BILBOBUL)
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Figure 3‐ Steel demonstrator tilting molten metal in tests (BILBOBUL)

Based on the trials of the two prototypes tested in the last project period (see Figure 3 and Figure 4 for steel
and iron demonstrators respectively), both worked quite properly. In the case of the WPT some problems
occurred prevented the expected results but considering the lab scale trials’ results we are persuaded that
the technology can be implemented with success but, obviously, designed with accurate electrical data.
Anyway, the furnace in which the WPT was implemented (cast iron demonstrator) was able to rise 300 kW
whilst it was heating a charge of 800 kg, which constitutes a real and huge milestone in the technology.

Figure 4‐ Cast iron demonstrator pouring metal in tests. On the right the 500 kW WPT (FURESA)

As advanced information, it can be said that now, measurements as energy consumption are carrying out in
order to be compared later against standard data obtained from different foundries. At this moment, during
the validation of the demonstrator, Life Cycle Assessment or Life Cycle Costs analysis are possible to continue
New Induction Wireless Manufacturing Efficient Process for Energy Intensive Industries
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and complete for aluminium case. During the following months, the basic engineering technical documents
are going to be developed, for the iron and steel case, as well as technical documentation prior to the final
demo construction.
Besides this, referring to cast iron and steel demonstrators, the selection of refractory materials has been
already simulated and performed, the lab scale furnace is installed in the TECNALIA’s facilities and the ICPT
has been designed. In the fourth and last period, the complete validation should be carried.
The main achievements are explained in more detail below.

3.2 Main technical achievements
Having finished the project, we would want the summarize in this chapter the main goals achieved,
individualized in five and very different technological fields.






Wireless electric transmission system
Metallurgical techniques
Refractories
LCA/LCCA
Other furnace innovations

3.2.1 Wireless electric transmission system
The solution was already proposed from the beginning, in the first period, with the case of a new furnace
design. This design by means of a power transmission system based on an inductive coupling transfer
(wireless system), should allow a highly flexible production in the sectors involved. This increase in
production flexibility was due to the variability in the demand for foundry products that occurred at the
beginning of the crisis and that today remains, with ever shorter delivery times and ever more variable
customer orders. For all these reasons, foundry manufacturers are forced to start and modify their
production lines too many times, changing patterns and moulds and, most importantly in terms of energy
penalties, sometimes having to re‐melt quantities of raw materials, making the ratio of raw materials used
to be higher than standard. As a result, the cost efficiency of the process suffers a significant decrease.
In view of these situations and the resulting costs, NIWE proposed a solution based on the supply of a new
furnace whose electrical energy is supplied to it by means of an inductive coupling system. This provides a
very fast power transmission from the network to the furnace, avoids much of the overheating to the molten
material to have enough temperature to follow in situ the steps of the melting process, so the reduction in
temperature has a beneficial effect on the energy required to maintain the material in a liquid state at process
temperature. Depending on the material to be melted, the energy is supplied through electrical resistances
(aluminium case) or electrical induction (a crucible with a coil for both, cast iron and steel cases).
In the future these power transmission systems by wireless means, i.e. allowing the exchange of positions
between furnaces, could also eventually facilitate the use of furnaces of different sizes and therefore the
energy required to maintain the molten metal could also be reduced.
This is more feasible in the case of electric resistance furnaces and the only drawbacks could be, on the one
hand, to have inductive couplings of variable powers, always with the maximum available from the maximum
power furnace, and on the other hand the amortization of the investment in several furnaces that would
depend on programs of uncertain orders versus the advantages that the flexibility achieved with them would
bring.
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In the case of induction furnaces, interchangeability is more problematic since in operation they require
continuous cooling of the coil and an interruption in this cooling could be fatal. At this stage of the technology,
the furnace movements should be less numerous and always made with the furnace turned off and cold.
They would not be an impediment to certain displacements, but they should be of short distance in order to
ensure absolutely protection of cooling water ducts or electrical power cables and connections.
Another crucial aspect to take into account in the balance of the investment is that the inductive coupling,
as will be seen in the table of results, consumes energy, around 8%. This extra energy requires a very precise
study before investing in this equipment. For the users it must be perfectly clear that the flexibility that is
achieved balances the additional investment and consumption that there will be.
Here below are shown, in separated charts each alloy, the efficiency achieved in lab scale trials, without
technical incidents:
Aluminium
In the end user tests the efficiency obtained between the energy absorbed from the grid and the energy
given wirelessly to the furnace resistances was up to 80% and in some cases up to 85%.
Table 1‐ WPT Efficiency for aluminium industrial scale demonstrator

Efficiency in average (%)
83.58
Cast iron and steel
We are going to treat both together as it is the same technology. Following this the table with average and
maximum efficiency obtained in 100 kW WPT system (lab scale):

Table 2‐ WPT Efficiencies for cast iron lab scale demonstrator

100 kW WPT Lab Scale Demonstrator
WPT Average Efficiency (%)
(Primary WPT side vs.
Secondary WPT side)

System Average Efficiency (%)
(Grid power absorbed vs.
Crucible power received)

93.63%

88.66%

In case of industrial scale demonstrator, which uniquely was tested with cast iron, the chart of efficiencies is
the following:
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Table 3‐ WPT Efficiencies for cast iron industrial scale demonstrator

500 kW WPT Industrial Scale Demonstrator
WPT Average Efficiency (%)
(Primary WPT side vs.
Secondary WPT side)

System Average Efficiency (%)
(Grid power absorbed vs.
Crucible power received)

93% Theoretical

90% Theoretical

81.8% ‐ 300 kW Test (*)

76.56% ‐ 300 kW Test (*)

(*The efficiency could be increased with an improved configuration)

3.2.2 Metallurgical techniques
Despite of extra energy consumption due to the work of WPT system, the rest of benefits of NIWE balances
as improves energy consumption and helps users to reach significant reductions. In some cases, reductions
can be higher than 25%. By means of DTA techniques as well as a deep study of relevant parameters in the
melting process [4] [6], very good predictions of microstructure and alloy properties have been possible. This
advantageous tool, in cases of aluminium or cast iron means important reductions of defect’s rates, with the
subsequent savings in raw materials or energy consumptions. It has been also feasible to predict when
thermal treatments could be suppressed or, at least, reduced at the minimum temperature and time which,
once again, improves the process and final material properties.
Is the case where the treatment is possible to void when energy savings reached the 25% (or more). As it is
well known, these techniques have no sense for the steel process.

Figure 5‐ Examples of DTA analysis obtained in trials. Cooling curve and its derivatives of Aluminium
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Figure 6‐ Examples of DTA analysis obtained in trials. First derivative and base lines of Aluminium

The application of cooling curve analysis, known as Differential Thermal Analysis (DTA), turned out to be
another interesting, powerful and competitive advantage tool.
Specifically, in the case of aluminium, the results obtained with DTA show that, by means of the chemical
adjustment of the alloys, it is possible to obtain a more adjusted final microstructure and the selection of the
most suitable temperatures to be used in any composition of the alloy that allows the smelters to decrease
the casting temperature (injection), reducing the rejection rate of the parts, and this reduction will generate
two new savings in their processes:



Reduction of the energy consumption upstream.
Strong reduction of the hydrogen solubility in the molten metal as well as the risk of this kind of
porosity.

In addition, liquid phase treatments may allow a better application of subsequent treatments based on the
compositions of the study related to the compositions of the alloys (through intelligent linear regressions)
and even avoid subsequent heat treatment in some cases. This means a reduction in energy consumption of
16 to 21%, taking into account that energy consumption in aluminium fusion is 734.4 kWh/t (on average) and
between 150‐200 kWh/t during heat treatment (885÷935 kWh/t in total).
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Figure 7‐ Example of linear regressions used in aluminium for predictions of final properties

Similarly, in the case of iron, when heat treatments can be eliminated, the reduction in energy consumption
will be greater. Bearing in mind that energy consumption during melting is 600‐650 kWh/t (on average) and
300‐400 kWh/t during heat treatments (900‐1050 kWh/t), the reductions range from 31.5 to 40%.

Figure 8‐ Examples of DTA analysis obtained in trials. Cooling curve and first derivative of Cast Iron
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Figure 9‐ Examples of DTA analysis obtained in trials. First derivative and base line of Cast Iron

In both cases, heat treatments make the entire casting process more expensive and slower, which in some
cases can take more than 24 hours considering the length of treatment times. In the case of aluminium, the
results based on DTA techniques will promote the saving of solid state heat treatments by closely modifying
and controlling the liquid state, with precise predictions of the quality of the casting.
In cases of unavoidable heat treatments (need for special properties of the parts), DTA analyses will help to
adjust them. In the same way for iron, DTA will help to predict interesting properties in situ, before further
analyses that could delay the process while they are being carried out.
This means significant cost savings in these highly energy‐intensive processes (around 15%), reduced lead
times for parts, increased production capacities and, of course, increased competitiveness in customer
services.
Having the possibility of connecting the furnaces at will where the user needs, these consumptions should
decrease drastically, which is a crucial point of contribution to energy efficiency. This mainly occurs, as has
been said, in the areas where the metal is waiting to be cast in the moulds, with the corresponding
expenditure on energy to keep it at temperature.

3.2.3 Refractories
In terms of reducing energy consumption, the increased energy consumption in the foundries, the furnaces,
should minimize losses as much as possible. Accordingly, the design of refractory materials also becomes
crucial.
The maintenance process has an automatic on/off system to maintain the set pour temperature. The energy
always escapes through the walls of the cladding, so the better its insulation capacity, the lower the
temperature losses.
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In conclusion, the development of refractory materials in the project focused on obtaining the highest
insulation properties and service life. For this reason, the latest generation of linings has been previously
selected, carefully developed, customised for the project and subsequently tested in the corresponding tests.
Fortunately, one of the really surprising aspects of the project results has been the important improvement
obtained in the refractory materials, even when the refractory is a part of the furnace that is traditionally
considered very optimized and with little possibility of improvement.
This has not been the case and both in the material of the crucible of the resistors’ furnace and in the linings
of the induction vessels, the improvements have been notable, as will be seen below.
Resistors’ furnace (aluminium)
NEW CRUCIBLE
As far as this coating is concerned, the crucible was built on the basis of the most recent chemical composition
and after manufacture a high pressure (hip) treatment was also applied.
In the following image (Figure 10) can be seen the main differences between components and structure of
the classic material compared to those of the project.

Figure 10‐ Different materials for aluminium furnace’s crucible
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Figure 11‐ Installation of the crucible in the demonstrator

IMPROVED FURNACE ISOLATION
The furnaces manufactured operate with two twin heating elements: 100 kW (50 kW+50 kW) and insulating
materials with built‐in resistors to obtain a temperature below 45°C in the steel outer casing. Trying to rise
the aims mentioned above different types of materials were studied and the last combination of them is
shown in the next Table 4 and in Table 5 their properties.

Table 4‐ Relation of simulated materials for Al‐case

Layer

Inner

Thickness Total thick.
(mm)
(mm)

Temp.
(ºC)

0

0

970

Fibrothal isolation

125

125

906

Promasil 1100 Super

50

175

837

Promalight 1000xAlu6

150

325

45

Alsiflex 1260 Mat

6

331

41

Metallic shell

10

341

41
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Table 5‐ List of materials and properties

Nr.

Thickness Conductivity
(mm)
(W/mK)

Name

1

Fibrothal isolation

125

0.28

2

Promasil 1100 Super

50

0.103

3

Promalight 1000xAlu6

150

0.027

4

Alsiflex 1260 Mat

6

0,22

5

Metallic shell

10

8

6

Promacret‐PF 132/18

100

0.8

7

Promalight 1000xAlu6

100

0.027

8

New material of crucible

50

27

Standard furnaces have an average outside temperature around 90°C, but the final measured temperature
in the project was even under 40°C, obtaining better result than the targeted, as shown in the following table:
Table 6‐ Outside walls’ temperatures in the aluminium demonstrator

External temperature (°C)
Standard

Expected

Trials in
F2A

Total Improvement
(%)

90

45

39.8

55.78%

Lining for cast iron furnace
In similar way to aluminium case the furnace for melting cast iron was lined with a new refractory with an
especial layer reinforcing the usual mica.
Table 7‐ List of materials of cast iron furnace's lining

Refractory materials
Bulk density 1550ºC‐ 4h

Silica HF‐P
2.11 g/cm3

New Induction Wireless Manufacturing Efficient Process for Energy Intensive Industries
21/53
Grant Agreement no. 296024
PUBLISHABLE

NIWE – Project Publishable Report

Thermal conductivity (800ºC)

1.19 W/mk

Thermal conductivity (1200ºC)

1.38 W/mk

The final wearing rates of the refractory walls are shown in the summary‐chart below:

Table 8‐ Furnace diameter (mm) in the first refractory lining used in cast iron industrial scale tests

FIRST LINING WEARING TESTED
Furnace
diameter

Nominal (mm)

Final (mm)

Wearing average
(mm/melt)

Top

530

520

‐0.56

Upper Middle

524

515

‐0.50

Down Middle

517

512,5

‐0.25

Bottom

510

515

0.28

Furnace height

965

980

0.83

Although the coating has not worked until the end of its useful life (according to the supplier's
recommendations), the latest measurements show low wear of the lining. These measurements are in
accordance with the number of melts and the wear is comparable to the average behaviour of this type of
material in other melting furnaces.
It is generally assumed that the more insulation the more wear it suffers, which in this case has not been like
this, since it is more insulating than usual and wears similarly or less. Consequently, it can be said that the
development of the new material has been a success.
In continuous operation, the performance of the lining must be improved due to the minimization of cooling
periods. Successive and frequent coolings cause thermal fatigue in the lining which result in weakening of
the refractory material, where iron can begin to penetrate, indicatory of the need for immediate
replacement.
The cost of some additives, such as chromium and boron phosphate, makes the special quartzite applied
much more expensive than normal. As a result, foundries rejected it because of the increase in cost and
although the performance of the coating is much more than usual, this price makes it difficult to sell and,
consequently, to have continuity of manufacture, which is the only way to adjust costs and prices. We hope
that the results of this project will encourage foundries to, at least, try this type of refractories and evaluate
them in their own processes with some continuity. An attractive opportunity price for suppliers should also
contribute to this.
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Lining for steel furnace
In similar way to both previous cases the furnace for melting steel also was lined with a specific refractory
developed for the project together with an especial layer reinforcing the usual mica.
Table 9‐ List of materials of steel furnace's lining

Refractory materials

Spinel‐forming

Bulk density 1550ºC‐ 4h

3,02 g/cm3

Thermal conductivity (800ºC)

1,6 W/mk

Thermal conductivity (1200ºC)

1,8 W/mk

The wear shown has a normal behaviour for this type of furnace without having generated problems of
penetrations, focused wear or unforeseen spalling. This wear is comparable to the performance of this type
of material in other induction furnace.
Table 10 below shows the degree of wear once the end user has become familiar with the behaviour of the
furnace. The great representativeness of the results in this case is that they have been obtained with the
furnace working in real manufacturing of parts, since its plant is adapted to this size of furnace given the type
of parts they manufacture and the size of the series they supply.
In this case it is also fair to emphasize the commitment of the partner with the project because to mitigate
the delays that occurred, for which he was not directly responsible, and to deliver the best possible data has
continued with the tests until well exceeded a month more than the total duration of the project.
Table 10‐ Furnace diameter (mm) in the first refractory lining used in steel industrial scale tests

SECOND REFRACTORY LINING WEARING TILL 20/11/2018
Furnace
diameter

Nominal (mm)

Final (mm)

Wear average
(mm/melt)

Top

520

545

0.4

Middle

510

545

0.56

Bottom

500

535

0.56

Furnace height

960

960

0

Parallel to what has been said for the lining of cast iron, here we have another material improved with
duration and behaviour, at least, similar to the usual ones, but with an excellent thermal performance due
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to its high insulating power. Consequently, it can be said that the development of the new material has also
been a success.

3.2.4 LCA/LCC
This section summarises the results obtained from the LCA and LCC studies for Task 2.3, once the project has
been completed.
This study has been done in three stages. The first consisted of analysing the existing systems in the end
users, and in some cases in the sector, i.e. the baseline before incorporating NIWE technology. The second,
with the final data obtained from the project, studied the same production lines but considering the
incorporation of NIWE furnaces. Finally, in the third stage, the results obtained in both cases were compared
to evaluate the variations caused by the use of this innovative technology.
All analyses were carried out following the methodology detailed in ISO 14040:2006. The environmental
approach was adapted and customized to each processing line for an accurate evaluation, taking into account
the specifications received from industrial partners (end users), as well as furnace manufacturers.
The most relevant conclusions from each analysis are shown below:
Aluminium sector
For the application of NIWE technology in the aluminium industry, a 100 kW WPT furnace set was used, from
which it can be concluded that the crucible is the most responsible for the environmental impact in most of
the indicators. For example, in the carbon footprint indicator, 31% of the total impact is due to the
contribution of the WPT, 43% is due to the crucible and 26% to the refractories (Figure 12).

100 kW furnace manufacturing [Al]
100%
80%
60%
40%
20%
0%
Climate change
WPT 100 kW

Water depletion
Crucible

Fossil depletion

Refractories

Figure 12‐ Carbon footprint, water depletion and fossil fuel depletion of the construction of the Al prototype

As for the use stage, the NIWE furnace aims to replace conventional natural gas in companies such as F2Aspa.
Compared to them, the new furnace in operation has a greater impact in all the environmental categories
analysed. A large part of the differences is due to the mixture of the origin of the electricity of the country in
which the furnace is installed and, depending on this, in certain cases a significant reduction has been seen
in some indicators, such as climate change or the depletion of fossil resources. It occurs in countries with a
higher proportion of nuclear energy than Italy (country of origin of F2Aspa), such as France or Spain.
However, other indicators such as ionizing radiation are much higher. In none of the countries considered,
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all the indicators were better or worse than in Italy, i.e. the environmental performance depends on the
indicator analysed.
The total cost of processing one tonne of molten aluminium with the new NIWE technology is about 35 €/t.
91% of this cost is generated during the use phase and the most significant cost is that of the furnace body,
which represents a contribution of around 55%. In addition, the cost of WPT is also very relevant in the
analysis of LCC (39%).
Iron sector
As for the manufacture of the iron melting furnace, the component that contributes the most to almost all
environmental indicators is the crucible. Its share increases from around 75% in some indicators, such as
climate change or metal depletion, to around 87% in other indicators, such as ozone depletion. In addition,
the impact due to the manufacture of the WPT system is also very relevant, especially on the freshwater
depletion indicator, which has a 59% share. Finally, the impact due to refractory manufacturing is
comparatively negligible (Figure 13). However, as their useful life is shorter than that of the other
components and must be replaced periodically, this considerably affects the environmental impact when
considering the overall useful life of the complete furnace.

100%

500 kW furnace manufacturing [iron]

50%

0%
Climate
Ozone
Freshwater
Water
Metal
Fossil
change
depletion
ecotoxicity
depletion
depletion
depletion
Refractories 2018 Fe
WPT 500 kW
Crucible 2018 Fe
Figure 13‐ Relative environmental impact per category for 500 kW iron‐melting furnace

In the scenario in which the NIWE furnace is integrated into FURESA's manufacturing process, important
improvements have been evidenced. Most of the impact caused during the use stage is due to the electrical
consumption of the furnace, so any improvement in energy efficiency that is able to reduce this consumption
also significantly reduces the environmental impact associated with this process. Specifically, the new
furnace has an estimated electricity consumption of 515‐545 kWh/t, while in the conventional process the
electricity consumption is 650 kWh/t. The reduction in some cases has this origin, as occurs in the indicator
of water depletion, whose reduction of the environmental load is around 18%. In case of exhaustion of fossil
fuels the indicator is even higher, the 20%.
As for the economic study, the total cost of the life cycle associated with a tonne of casted parts is around 88
€/t (without taking into account the cost of the raw material, but only the transformations). This cost is made
up of 83 % of operating costs, 15 % of investment costs (depreciation cost) and 2 % of maintenance costs.
Steel sector
Generally, these furnaces for cast iron are almost the same for steel casting. The difference lies in the
refractories and in the energy consumption due to the higher melting point of the steel. In this case, the
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environmental impact of the refractory is greater because its main component is Al2O3, a product of greater
environmental impact than the impact of the SiO2‐based material used in the iron furnace (Figure 14). And
logically in energy consumption.

100%

500 kW furnace manufacturing [Steel]

50%

0%
Climate
change

Ozone
depletion
Crucible

Freshwater
ecotoxicity

Water
depletion

500 kW WPT

Metal
depletion

Fossil
depletion

Refractories

Figure 14‐ Relative environmental impact per category for 500 KW steel‐melting furnace

In the event that the new NIWE furnace replaces an existing BILBOBUL furnace, the environmental impact of
the entire melting process is also reduced. As in the iron smelting process, this is mainly due to the
consumption ratio of the new furnace, which currently stands at around 650 kWh/t, as opposed to the 900
kWh/t corresponding to the electricity consumption of the sector's conventional furnaces, even more so
compared to the old practices of the end user, which have improved considerably throughout the project
and with the use of the new and evolved equipment. With regard to the comparison of data from this sector,
the greatest reductions in impact correspond to the indicator of fossil fuel depletion (8.23%), ionising
radiation (7.72%) and water depletion (6.24%).
Finally, the life cycle cost of manufacturing a tonne of cast steel and further processing is around 219 €/t
(without taking into account the cost of the raw material, only transformations). Most of the costs considered
are operating costs (91.8%). The other costs are investment costs (6,2 %) and maintenance costs (1,9 %).

3.2.5 Other furnaces’ innovations
The last point mainly concerns the use of intelligent controls, mostly based on sensors, to manage energy
consumption.
Resistors’ furnace
In the aluminium furnace, this smart control includes temperature and weight sensors connected via wireless
transmitters to the WPT. These sensors manage the working parameters according to the production needs
in order to improve the quality of the smelter. In this way, the WPT power supply is always precisely adapted
to requirements and only applied to the necessary heating zones. These zones are two and depend on the
level of molten metal, so they can be either one or both working.
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Figure 15‐ Sketch of smart controls in the resistors' furnace

Summarizing smart controls in Aluminium furnace (resistors’ furnace):






Temperatures registration
Weight registration:
o Control of variations in injected part weight
o Control of filling process
o Control of metal quality by the total dross cleaned
Registration of metal level
Specific functions to adjust heating to real conditions as algorithms to control:
o Pre‐heating before filling
o Pre‐heating after long stops
o Heating elements during alloying process or degassing
o Heating system based on injection cycle
o Open/Close the cover (v.g. when furnace is changing the position)

As summary, the average results obtained during aluminum industrial scale tests are the following:

Energy consumption of Aluminium demonstrators (kWh/t)
Standard
150

Expected
75

F2A

Total Energy savings (%)

62.11

58.59%

Table 11‐ Energy consumption during holding at industrial scale tests

As we can observe, the demonstrators comply project consumption targets.
The industrial tests were developed in Fonderie 2Aspa. The die‐cast parts were analysed in terms of quality
and mechanical properties, using microstructural and mechanical tests, RX and visual controls. The summary
of the main results is:


40% reduction of total oxide concentration.
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30% reduction of internal porosity.
40% increase of quality index.
22% of energy and economics saving.

Consequently:



Total internal defective reduction from 10% to 8%.
Total mechanical and RX defective reduction from 0.5 to 0.3%.

Cast iron furnaces
First of all, in the case of cast iron or steel furnaces’ control it is important to note that these furnaces do not
work with conventional thyristors but have implemented IGBTs.
On the other hand, the sensorics only includes the weight sensor. It is well known that due to the high
temperatures reached during the melting of iron and steel, it is nowadays impossible to maintain a
thermocouple that continuously measures the temperature. A weight sensor controls the level of metal in
the furnace and the amount of metal. In order to reduce the energy required, and the associated costs
without lowering the quality level, the iron and steel furnaces are managed by an intelligent system, the
latest version of the VIP Melt Manager. It will control the melting process by acting, in an intelligent way,
together with the WPT system. VIP Melt features are:





Control of the entire melting process (in terms of kWh/t), which will help to optimise energy use and
improve operational safety. It has been designed to use the minimum energy to bring the metal to
its casting temperature optimizing the necessary applied power. Once this point has been reached,
the system switches off and only switches on, both automatically, in the event of the need to
maintain the selected temperature until the pouring process.
Schedule furnace preheating, sintering process and control the actual melting process to reduce
labour requirements and improve lining life.
Detect faults in the furnace and water‐cooling system through comprehensive diagnostic checks of
the power supply, increasing safety and protecting components from damage and minimizing
downtime. It also offers a complete self‐diagnosis that checks whether the equipment is working
properly.

Main furnaces’ features summarized:








Furnaces work with IGBTs instead of traditional thyristors.
Control of the complete melting process (in terms of kWh/t) which helps to optimize power usage
and improve operational safety. It can be linked to other auxiliary control (particular temperature
controllers…).
To schedule furnace preheating, the sintering process or control the actual melting process to reduce
manpower requirements and improve lining life.
It provides catching faults of the furnace and the water system with comprehensive diagnosis
increasing safety and protecting components.
It records kWh used during the melting and holding to help to control electric demand charges. The
system can be linked to demand control systems for intelligent management.
Designed to optimize the energy to achieve the pouring temperature. Once this point is achieved the
system controls automatically the selected temperature until the pouring process.
It offers a comprehensive self‐diagnostic.
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The average results obtained during iron industrial scale tests are the following:
Table 12‐ Results of consumption on Cold furnace iron industrial scale tests

CAST IRON with COLD FURNACE
- ΔT (°C/min)

Consumption in
average (kWh/t)

+ ΔT
(°C/min)

Open

Closed

Melting
Time

556

17.75

‐5.09

‐3.70

2:13:07

Table 13‐ Results of consumption on Hot furnace iron industrial scale tests

CAST IRON with HOT FURNACE
Consumption in
average (kWh/t)

+ ΔT
(°C/min)

+ ΔT
(°C/min)

Melting
Time

507

18.5

‐4.82

1:04:03

In the following table can be see the energy savings obtained in energy consumption respect to the ordinary
process in FURESA:
Table 14‐ Percentage of energy savings in Iron industrial scale tests

FURESA –
600 kWh/t

Melts

Cold

Hot

Average
Energy
consumption
savings (%)
(kWh/t)

Open

556.11

7.31%

Closed

511.64

14.73%

Open

556.66

7.22%

Closed

502.54

16.24%

Logically, the best energy savings have been obtained in Hot melting and Closed cover cases. In
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Table 15 is shown the achievable energy savings, depending on the number of melts per day:

Table 15‐ Percentage of energy saves with Iron industrial demonstrator depending on melts per day

Cover open

Cover closed

Melts
per day

Consumption
(kWh/t)

Energy
Consumption
Energy
savings (%)
(kWh/t)
savings (%)

1

556.11

7.31%

556.66

7.22%

2

533.88

11.02%

529.60

11.73%

3

526.46

12.26%

520.58

13.24%

4

522.76

12.87%

516.07

13.99%

5

520.53

13.24%

513.36

14.44%

6

519.05

13.49%

511.56

14.74%

7

517.99

13.67%

510.27

14.95%

8

517.20

13.80%

509.31

15.12%

The importance of the number of melts done per day, combining the cold melts (the first of the day) with the
hot ones (the following) is clearly shown in the pictures below:
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Figure 16‐ Energy savings based on melts per day (Cast iron case cover open)

Figure 17‐ Energy savings based on melts per day (Cast iron case cover closed)

Steel furnaces
As it is said above, the features of smart controls and other advantages developed in the project are exactly
the same for steel furnaces than described for cast iron furnaces. So, the average results obtained during
steel industrial scale tests are the following:
Table 16‐ Results of consumption on Steel Cold furnace industrial scale tests

STEEL. COLD FURNACE
Consumption
(kWh/t)
716.06

+ ΔT (°C/min)
15.37

Melting
Time
2:20:38

Table 17‐ Results of consumption on Steel Hot furnace industrial scale tests

STEEL. HOT FURNACE
Consumption
(kWh/t)
632.74

+ ΔT (°C/min)
16.48

Melting
Time
1:12:45
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In the following table can be see the energy savings obtained in energy consumption respect to the average
consumption in steel foundries:

Table 18‐ Percentage of energy savings in Steel industrial scale tests

Sector average ‐ 750 kWh/t
Melts

Average
consumption
(kWh/t)

Energy
savings (%)

Cold

716.06

4.53%

Hot

632.74

15.64%

In Table 19 is going to be show the achievable energy savings, depending on the number of melts per day:

Table 19‐ Percentage of energy savings with Steel industrial demonstrator depending on melts per day

Melts
per day

Consumption
(kWh/t)

Energy
savings (%)

1

716.06

4.53%

2

674.40

10.08%

3

660.51

11.93%

4

653.57

12.86%

5

649.40

13.41%

6

646.62

13.78%

7

644.64

14.05%

8

643.15

14.25%
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Figure 18‐ Energy savings depending on melts per day

Considering this interesting table of simulation of uses, we can assure that, in usual conditions of daily
production, the improvement from the energetic point of view must be between 12 and 14%.

3.2.6 Main achievements related to the project objectives
The following paragraphs will compare and justify the results of the project in relation to the initial objectives
of the proposal.
The original objectives of the project were defined according to some general rough numbers. It can certainly
be affirmed that most targeted values have been met, although it depends on the process implemented in
each factory as well as the products requirements:
Objective: “Demonstrate a new production process able to decrease the embodied energy of the foundry
products by over 25%, reducing drastically its carbon footprint”.
In all cases, a reduction in CO2 emissions has been achieved compared to traditional processes (considering
it to be linearly proportional to energy consumption). In the less favorable scenarios, a reduction of 10% has
been achieved (in the case of steel where subsequent heat treatments are obligatory), while in the more
favorable scenarios a reduction of 26‐27% has been achieved (in the case of iron, in which thermal treatments
can be avoided by implementing strict control of the metallurgical process through the use of DTA
techniques). As in the latter case, aluminium reaches 22% when heat treatments are avoided.
Even in processes where no thermal treatments are necessary, the reductions for each alloy can be as high
as 8% and 6% (aluminium and iron respectively), which is a considerable rate.
Objective: “The demonstration will be performed in the aluminium, iron and steel sector”
The project has produced and installed two fully operational industrial furnaces for the aluminum sector and
two others for the iron and steel industry, all successfully implemented and employed in production
conditions.
As for the WPT systems associated with them, the twin aluminium demonstrator (100 kW) worked correctly
and the installed one (500 kW) for the iron sector (equivalent to future implementations in the steel sector)
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could not be tested in full working conditions, although it was really possible in the tests done previously at
laboratory scale (more than 20 fusions at 100 kW without incidents).
Objective: “The NIWE project could on a longer‐term basis, contribute to an energy saving, developing
industrial processes with an energy consumption below”:


1360 kWh/ton of product in the aluminium.
After seven years of project this number has been largely surpassed. Indeed, presently the average
consumption of the European Aluminium casting sector is around 900 kWh/t. The technology
developed in NIWE presents a consumption of 800‐850 kWh/ton, which represents around 8% of
energy saving in comparison with the sector average consumption.



500 kWh/ ton of product for Iron.
This number was a very optimistic estimation and has not been attained (it is very closed to the
theoretical enthalpy of iron). However, presently, the average consumption of the European Foundry
industry is around 600 kWh/t. The process developed at NIWE has shown a consumption of 515‐545
kWh/t without WPT. Therefore, this corresponds to an energy saving of around 12‐14%. By using
WPT, from a strict melting consumption point of view, the savings are reduced to 6% at best.



750 kWh/t of product for steel sector.
This rate is very similar today and the process developed in NIWE has demonstrated a consumption
of 615‐645 kWh/t without WPT. Therefore, this corresponds to an energy saving of around 16‐22%.
By using WPT, similarly to the above explained iron case, the savings are reduced to 6‐11%.

For the reasons explained and justified above, in Conclusions, a comparison has been made with the current
melting and thermal treatment consumption of the sectors, together and separately, thus showing the
validity of the results now and in the coming years.

3.3 Safety & Health issues
The partner responsible for these tasks (SEMATEC) has carried out all the required measurements foreseen
in the project tasks and the final results obtained are shown below, in particular those corresponding to the
cast iron furnace, the industrial WPT and the steel furnace.

3.3.1 Aluminium results
The results are presented in the following form, first an image of the measurement campaign followed by
the table(s) of the corresponding measurements.
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Figure 19‐ Measurements on F2Aspa (aluminium) demonstrators

Table 20 summarizes the results of the final measurements of the electromagnetic fields in twin aluminium
furnaces:
Table 20‐ EMF measurements in Aluminium industrial scale demonstrator

E (V/m)
NA
low
170

Máximum
F2A
45.45

H (µT)

%(Rms) relative to
ALs(B) ALs(B) = 1.7×102

26.73%

NA
low
100

Máximum
F2A
21.65

%(Rms) relative to
ALs(B) ALs(B) = 1×102

21.65%

So, no limit values for frequencies between 3 kHz and 10 MHz have been exceeded at any of tested points.
Therefore, the installation complies with the limit values set in Directive 2013/35/EU.

3.3.2 Cast iron results
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Figure 20‐ Measurements on FURESA (cast iron with WPT) demonstrator

Industrial demonstrator
Table 21‐ EMF measurements in Iron industrial scale demonstrator

E (V/m)
NA
low
625

Máximum
FURESA
1.769

H (µT)

%(Rms) relative to
ALs(B) ALs(B) = 5×105 / f

0.28%

NA
low
375

Máximum
FURESA
122.9

%(Rms) relative to
ALs(B) ALs(B) = 3×105 / f

32.77%

WPT system
Table 22‐ EMF measurements in the 500 kW WPT

E (V/m)
NA
low

Máximum
FURESA

%(Rms) relative to
ALs(B) ALs(B) = 5×105 / f

H (µT)
NA
low

Máximum
FURESA

%(Rms) relative to
ALs(B) ALs(B) = 3×105 / f
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385

58%

223.3

230

12.33%

28.36

Thus, the evaluated installation COMPLIES with the limit values established in Directive 2013/35/EU at the
verified points, according to the current standard measurement procedures.

3.3.3 Steel results

Figure 21‐ Measurements on BILBOBUL (steel) demonstrator

Table 23‐ EMF measurements in Iron industrial scale demonstrator

E (V/m)
NA
low
454

Máximum
FURESA
61.8

H (µT)

%(Rms) relative to
ALs(B) ALs(B) = 5×105 / f

13.61%

NA
low
272

Máximum
FURESA
37.24

%(Rms) relative to
ALs(B) ALs(B) = 3×105 / f

13.69%

Thus, the evaluated installation COMPLIES with the limit values established in Directive 2013/35/EU at the
verified points, according to the current standard measurement procedures.
As conclusions from this subject, it can be assured that the results of the risk study for all the demonstrators
of the project do not imply any problem for end users, since the values collected according to standard
procedures are far below the limits of current European regulations (Directive 2013/35/EU).
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3.4 Dissemination
Related to the dissemination tasks, following this are shown a summarized the done activities throughout
the project:

3.4.1 Events and Congresses. Papers, posters and presentations
The NIWE project was present in the following events and congresses:



















Poster and leaflets in “CUMBRE 2013”
Poster and leaflets in “INDTECH 2014”
Paper, poster and presentation in the “71st World Foundry Congress, Bilbao”
Poster and leaflets in the “SUBCONTRATACION 2015”
Poster and leaflets in “GIFA 2015”
Presentation in the “29th BIEMH Machine Tool Biennial”
Poster in “INDTECH 2016”
Paper and presentation in the “72nd World Foundry Congress, Nagoya”
Paper and presentation in the “High Tech Die Casting 2016”
Poster and leaflets in “SUBCONTRATACION 2017”
Presentation “4.0 High Pressure Die Casting structural parts international forum”
Paper published in “Applied Science Journal”
Poster and leaflets in the “30th BIEMH Machine Tool Biennial” (Bilbao 2018)
Project presentation in the “European Union Sustainable Energy Week, EUSEW 2018”
Paper in “the 2018 International Symposium on Industrial Electronics, INDEL 2018”
Poster and leaflets in “INTERGUNE+ 2018”
Poster, leaflets, presentation and paper in the “73rd World Foundry Congress, Krakow”
Presentation in Stakeholders meeting in Brussels (Belgium)

3.4.2 Demo visits
No demo visits were carried out during the project running because the monitoring works were finished only
a week before the project ending. It is possible to make some after the project ending, but it is going to
depend on the interest showed by the foundry sector.

3.4.3 Published news
During the project some news were published on newspapers, journals and on the project and partners
websites. Apart from that, Televisión Española RTVE, the national‐owned television broadcaster in Spain,
produced a report describing the innovations carried out by the NIWE project. These are the following:




Newspapers: ‘El Mundo’ and ‘Empresa XXI’ Magazine
Journals: ‘Boletín FEAF/AFV’, ‘FUNDIPress’ (the one with the major impact in the Spanish Foundry
Sector) and ‘European Energy Innovation’
TV report: RTVE (https://www.youtube.com/watch?v=5_yMG4lQkf4)

3.4.4 Summary of actions
The summary of actions carried out is like follows:
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Event title

Type

Stakeholders meeting

Internal meeting
with
16/10/2018
stakeholders

Brussels ( Belgium

73rd world foundry Congress

Industrial
Congress

23‐27 September 2018

Krakow ( Poland)

GIFA 2019

Industrial fair
and exhibition

25‐29 June 2019

Düsseldorf (Germany)

INTERGUNE+ 2018

Forum

20 February

Bilbao (Spain)

EUROGUSS

Industrial fair
and exhibition

16‐18/01/2018

Nürenberg (Germany) F2A oral presentation of the project

INDEL 2018
EUSEW 2018 EU Sutainable Energy Week
30th BIEMH Machine Tool Biennial

Date

International
1‐3 November 2018
symposium
International
5/06/2018
forum
Industrial trade
28‐1/05/2018
show

Place

Comments
Working meeting with selected
stakeholders to present project
results.
Paper and project presentation.
TECNALIA stand with poster and
leaflet.

AFV stand with

Banja Luka (Bosnia
and Herzegovina)

Paper

Brussels ( Belgium)

Project presentation

Bilbao (Spain)

TECNALIA and AFV stand with poster
and leaflets

4.0 High Pressure Die Casting structural
parts international forum

International
forum

23/11/2017

Zamudio (Spain)

Project presentation

SUBCONTRATACIÓN’17

Industrial fair

06‐06/2017

Bilbao (Spain)

AFV stand with NIWE poster and
leaflets

22‐24/06/2016

Amsterdam (
Netherlands)

Poster presentation

2/06/2016

Bilbao (Spain)

Project presentation.

16/06/2015

Dusseldorf, Germany

29/05/2018

Bilbao (Spain)

4/06/2014

Bilbao (Spain)

Paper, poster and oral presentation

10/04/2014

Athens ( Greece)

Poster presentation

4/10/2013

Bilbao (Spain)

Poster presentation

INDTECH 2016
29th BIEMH Machine Tool Biennial
GIFA 2015
Subcontratacion 2015
71st world foundry Congress
INDETH 2014
CUMBRE 2013

Industrial
conference
Industrial trade
show
International
fair
International
Fair
Industrial
Congress
Industrial
conference
Industrial and
Technology
summit

Krown stand with NIWe poster and
leaflets
AFV stand with NIWe poster and
leaflets

Figure 22‐ Events participated till month 70
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Number of actions per year throughout the Project
Action type

2013

Technical papers

2014

2015

1

Congress presentations

1

Congress posters
Leaflets in Fairs

1

2016

2017

2

3

1

1

1

2

2

1

2

1

1

1
1
Spanish TV
(tve)

1
(El Mundo)

1
(Empresa XXI)

1

2

1

2
articles in
Fundipress
magazine

1
article in
European
Energy
Innovation
magazine

2
videos in the
website
1 Stakeholders
Meeting
organization
(Brussels)

3

10

TV appearances

Newspapers information (news)
AFV bulletins

3

Other dissemination actions

TOTAL dissemination actions per year

5

2018

5

6

7

Figure 23‐ Summary of dissemination actions till the month 70 (end of project)

In accordance with the FP7 guidelines for final reports, the above graphs should also be presented using the
appropriate templates included on the following pages:
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TEMPLATE A1: LIST OF SCIENTIFIC (PEER REVIEWED) PUBLICATIONS, STARTING WITH THE MOST IMPORTANT ONES

Main
author

NO.

Title

1

Determination of dendrite
coherency point characteristics
using two new methods

Vicario,
I
(TECNALIA)

Title of
the
periodical
or the
series
Applied
Science
Journal

Number, date or
frequency
No. 8, 2018

Publisher

Applied
Science
Journal

Place of
publication

Year of
publication

Website

2018

Relevant
pages
The
article

Permanent
identifiers1
(if available)

whole

Is/Will open
access2
provided to
this
publication?
YES

TEMPLATE A2: LIST OF DISSEMINATION ACTIVITIES

NO.

Main
leader

Type of activities3

Title

Date/Period

Place

Type of
audience4

Size of
audience

Countries
addressed

1

A permanent identifier should be a persistent link to the published version full text if open access or abstract if article is pay per view) or to the final manuscript accepted for publication
(link to article in repository).
2 Open Access is defined as free of charge access for anyone via Internet. Please answer "yes" if the open access to the publication is already established and also if the embargo period
for open access is not yet over but you intend to establish open access afterwards.
3 A drop down list allows

choosing the dissemination activity: publications, conferences, workshops, web, press releases, flyers, articles published in the popular press, videos, media
briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters, Other.

4

A drop down list allows choosing the type of public: Scientific Community (higher education, Research), Industry, Civil Society, Policy makers, Medias, Other ('multiple choices' is
possible).
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1

Journal article

AFV

2

Journal article

AFV

3
4

Industrial and
summit
Journal article

5

Industrial conference

CIRCE

6

Industrial Congress

CIRCE

7

International Fair

AFV

8

Journal article

AFV

Proyecto
NIWE

9

Journal article

AFV

06/2015

10

International Fair

KROWN

11

Journal article

AFV

Proyecto
Europeo
NIWE
New
Induction
Wireless
Manufacturing Efficient
Process for Energy
Intensive Industries
Proyecto
Europeo
NIWE

12

Press article

TECNALIA

Un nuevo horno de
fundición conectado
por Wireless ahorrará
un %25 de enegía

15/02/2016

Technology

Proyecto
NIWE
Proyecto
NIWE

Europeo

03/2013

Europeo

09/2013

CIRCE
AFV

CUMBRE 2013, 4/10/2013
Proyecto
Europeo
NIWE
New
Induction
Wireless
Manufacturing Efficient
Process for Energy
Intensive Industries
New induction wireless
efficient manufacturing
process for furnaces
Europeo

12/2013
INDETH 2014,10/04/2014

Boletín AFV
Page 1
Boletín AFV
Page 7
Bilbao
(Spain)
Boletín AFV
Page 9
Athens
(Greece)

71st Congress. May 2014

Bilbao
(Spain)

Subcontratacion
29/05/2015
09/2015

Bilbao
(Spain)
FUNDIPress
Nº 68, Page
14 & 16
Boletín AFV
Page 9
Dusseldorf,
Germany

GIFA 2015, 16/06/2015

11/2015

2015,

FUNDIPress
Nº 70, Page
12
Empresa XXI
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13

Press article

CIRCE

Innovative solutions for
the energy efficiency in
industries

03/2016

14

Press article

TECNALIA

El duo emisonesconsumo marca el
devenir industrial

15/04/2016

European
Energy
Innovation
journal
Empresa XXI

15

Congress

TECNALIA

72nd Congress. 21-25 May
2016

Nagoya
(Japan)

16

Industrial trade show

TECNALIA

29th BIEMH Machine Tool
Biennial, 2/06/2016

Bilbao
(Spain)

17

Industrial conference

TECNALIA

INDTECH
24/06/2016

Venice (Italy)

18

Journal article

AFV

19

Industrial fair

AFV

20

Press article

TECNALIA

Description of Al-Si10Mg1
alloys
by
advanced
thermal
analysis based on their
known
chemical
compositions
New
Induction
Wireless
Manufacturing Efficient
Process for Energy
Intensive Industries
Description of Al-Si10Mg1
alloys
microstructural
structures by advance
thermal analysis based
on
their
known
chemical compositions
Proyecto
Europeo
NIWE
New
Induction
Wireless
Manufacturing Efficient
Process for Energy
Intensive Industries
INDUSTRIA

21

International forum

F2A

A real case of the
design
and

2016,

22-

03/2017
SUBCONTRATACIÓN’17,
06-06/2017

Boletín AFV
Page 2-3
Bilbao
(Spain)

12/11/2017

EL MUNDO

4.0 High Pressure Die
Casting structural parts

Zamudio
(Spain)
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implementation
of
HPDC structural part

22

Industrial fair and exhibition

F2A

international
forum,
23/11/2017
EUROGUSS, 16-18/01/2018

23

TV interview

TECNALIA

25/01/2018

24

Forum

AFV

25

Journal article

AFV

26

Industrial trade show

TECNALIA
and AFV

27

International forum

CIRCE

28

Publication

TECNALIA

29

Internal
meeting
stakeholders

with

TECNALIA
and
CIRCE

New
Induction
Wireless
Manufacturing Efficient
Process for Energy
Intensive Industries
Proyecto
Europeo
NIWE
New
Induction
Wireless
Manufacturing Efficient
Process for Energy
Intensive Industries
Wireless
power
transfer solutions for
energy
efficient
furnaces and industrial
applications
New
Induction
Wireless
Manufacturing Efficient
Process for Energy
Intensive
Industries
(NIWE)
Wireless
power
transfer solutions for
energy
efficient
furnaces and industrial
applications

INTERGUNE+
February

2018,

20

03/2018
30th BIEMH Machine Tool
Biennial, 28-1/05/2018

Nürenberg
(Germany)
TVE1, Irún
(Spain)
Bilbao
(Spain)

Boletín AFV
Page 3-4
Bilbao
(Spain)

EUSEW
2018
EU
Sustainable Energy Week,
5/06/2018

Brussels
(Belgium)

73rd Congress. 24-28 Sept
2018

Krakow
(Poland)

Stakeholders
16/10/2018

Brussels
(Belgium)

meeting,
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30

International symposium

CIRCE

Wireless power supply
for mobile aluminium
furnaces

INDEL 2018, 1-3 November
2018

Banja Luka
(Bosnia and
Herzegovina)
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3.4.5 Future participations
The NIWE project is going to participate in “GIFA 2019”, which is out of project timing (25‐29th June 2019).

3.5 Management aspects
Briefly summarized the most relevant issues occurred in the period have been the following:

3.5.1 Amendments
Due to different reasons the project has had 4 amendments, summarized in the chart below:
Amendment
nr.

Reasons for the request

Partners involved

Year of
request

1

Exit of two members and
arrival of two replacements

VESUVIUS & EBCC (outgoing) 2Aspa &
SEEIF (incoming)

2013

2

Exit of two members and
arrival of two replacements.
Extension time request

ABP & SEEIF (outgoing) ONDARLAN &
DEGUISA (incoming)

2014

3

Transfer of tasks from one
partner to another involving
change of budgets

KROWN, ONDARLAN & CIRCE

2017

4

Extension time request

The Consortium

2018

3.5.2 Meetings and Assemblies
Classified by date in the chart below (date ‐type of meeting‐ organizer‐place):

Date

Type of meeting

Organizer

Place

14/02/2013

Kick‐of meeting

TECNALIA

San Sebastián (SP)

16/04/2013

Technical meeting

CIRCE

Zaragoza (SP)

23/05/2013

Technical meeting

CIRCE

Zaragoza (SP)

10/09/2013

General Assembly of
partners

ABP

Dortmund (GER)

30/09/2013

Technical meeting

TECNALIA

San Sebastián (SP)
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14/10/2013

Technical meeting

CIRCE

Zaragoza (SP)

29/10/2013

Technical meeting

FURESA

Iurreta (SP)

04/11/2013

General Assembly of
partners

2Aspa

Santena‐Torino (IT)

20/03/2014

Technical meeting

CIRCE

Zaragoza (SP)

16/12/2014

Technical meeting

TECNALIA

Irún (SP)

29/01/2015

Coordination Meeting

EU Commission

Brussels (BEL)

29/04/2015

Technical meeting

CIRCE

Zaragoza (SP)

15/06/2015

Technical meeting

KEOWN

Madrid (SP)

02/07/2015

Technical meeting

2Aspa

Santena‐Torino (IT)

16/09/2015

General Assembly of
partners

TECNALIA

Derio (SP)

11/11/2016

Technical meeting

TECNALIA

Irún (SP)

27/02/2017

General Assembly of
partners

2Aspa

Santena‐Torino (IT)

06/09/2017

Technical meeting

CIRCE

Zaragoza (SP)

30/01/2018

General Assembly of
partners

INDUCTOTHERM‐
ONDARLAN

Rentería (SP)

03/05/2018

Technical meeting

TECNALIA

Derio (SP)

14/06/2018

Technical meeting

FURESA

Iurreta (SP)

06/09/2018

Technical meeting

FURESA

Iurreta (SP)

16/10/2018

Stakeholders Meeting

TECNALIA & CIRCE

Brussels (BEL)

25/10/2018

Closure and Revision
Meeting

TECNALIA & FURESA

Derio & Iurreta (SP)
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Figure 24‐ The Project Consortium representatives, the TO and the PTA, together with the final cast iron
demonstrator at the end user plant

3.5.3 Project management. Final comments
Although there have been many difficulties throughout this project, some of them stemming from the crisis
situation in the early years of the project, and being a high‐risk technology project, the objectives have been
met. This has often put the Consortium and the Coordinator to the test in order to resolve the many and
strong difficulties.
We believe that all the problems have been solved correctly and that the project has finally been a great
success.
From the financial point of view, the Coordinator considers that the use of resources and budgets has been
adjusted to what was planned, obviously modified by everything that has happened.
From the technical point of view, the Consortium appreciates the confidence that the European Commission
placed in them at the time and although it was included in a call in which projects start almost with TRL=0
and end with low TRLs, this project has contributed to most of the achievements reached with reasonably
high TRLs, demonstrating that good use has been made of the economic resources received. We believe this
is the best way to return the trust.
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4 Conclusions and Project highlights
Three laboratory scale demonstrators (100 kW) with their corresponding WPTs (Wireless Power Transfer)
have been performed and tested. Once the proper functioning of the three sets was ensured, three other
demonstrators were built and tested on an industrial scale, two for the aluminium plant (100 kW) and one
more for the iron plant (500 kW), since the end user, a steel manufacturer, considered that this wireless
technology was not interesting at the moment.
All these demonstrators have been complemented with developments in refractories, intelligent controls,
new metallurgical techniques, technological optimizations and it has been verified that from the point of
view of the electromagnetic emissions they are absolutely safe, and they fulfil the requirements of the
applicable regulations in the concern.
Never before has been possible to feed electrically and without wires (wirelessly) equipment of massive
energy consumption and high power applied to an industrial process such as casting, even more so when the
starting technology had the experience of direct current equipment less than 25 kW (battery power of small
electric cars).
In addition, the fact that it has had to jump till 500 kW in the final solution, with consumption in alternating
current, with medium frequencies, but relatively low for what are usually these equipment, has turned out
to be quite a challenge that within the project has been achieved in a more than acceptable way.
Good work has also been done on the calculation of LCCs (Life Cycle Costing) and LCAs (Life Cycle Assessment)
and a non‐confidential version of the deliverable concerning these matters will be made public and will be
available, along with this publishable summary, on the project website.
As indicated in the previous paragraph, we all think that the trust placed by the European Commission in the
Consortium has been well returned with the results of the project, raising the milestones and tasks planned,
and having made good use of the grant received. All of us have always tried to achieve the best results in
terms of subsequent industrial utility by means of the highest possible TRLs (Technology Readiness Level).
As the most understandable end to this summary, and in an attempt to concentrate all that has been
achieved and express it in terms of energy saving, three tables have been drawn up, which are shown below.
These tables show separately the savings for each technology used that can be obtained, so that those future
users who are able to use some of them do not have to install them all together, because it would not really
be necessary.
The first of the tables (Table 24) shows the current standard values in the sector of consumption required to
manufacture 1 t of castings by separating the two most important processes from the energy point of view:
the casting process and the thermal treatment process.

Table 24‐ Basis of consumptions comparison

Average in consumption by alloys (kWh/t)

Melting rate of consumption
Thermal treat. rate of consumption
TOTAL foundry process consumption

Aluminium
850
150
1000

Iron
600
300
900

Steel
750
400
1150
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The following two tables range the savings separately for each of the technologies in the project. Table 25
presents the absolute values, expressed in kWh/t consumed, in those cases in which it has been possible to
apply it and Table 26 presents the same values expressed as a percentage with respect to the sectoral
standards of Table 24.
In tables 25 and 26 the savings have been grouped based on project objectives: flexible, advanced and
energy‐efficient technologies.
In the first group, the one referring to flexibility, the estimated energy savings are presented with a furnace
equipped with inductive coupling without cables (wireless, WPT), due to an improvement in the productivity
of the process because of the reduction in transport time. Next, the temperature saving, expressed by the
saving in terms of overheating that is avoided by reducing the transfer from the furnace to the point of
pouring. This part of the savings was not proven for iron and steel as it is impossible in the current state of
the art to move the induction furnaces safely enough, so the estimate does not make sense. Finally, the
penalty produced by the intrinsic consumption of the wireless coupling system. This system always spends
energy.
The second group refers to advanced metallurgical technologies such as adjusting the heat treatment or
directly eliminating it. In the case of steel, this makes no sense because the subsequent treatment of castings
is always mandatory.
In the case of iron and aluminium, where heat treatment is not always strictly necessary to obtain the
optimum quality of the castings, the adjustment of the treatment temperature in relative terms generates
small savings and therefore has not been considered, but in cases where heat treatment can be eliminated,
the savings are very significant. These cases are generally for very special alloys or when problems have
occurred in the metallurgical process that affect the solidification model and the final properties of the parts.
Differential Thermal Analysis (DTA) techniques can avoid this ‘in solid state treatment’ thanks to good control
of the metal during the liquid state.
The third and final group concerns the efficiency of the melting process. The first corresponds to the
efficiency of the melting system where, when using resistors (aluminium case), it was already at maximum,
but in the cases of electrical induction, in the last generation furnaces of the project, 99% of efficiency has
been surpassed, compared to 98% that there was currently. All this has been achieved with the application
of IGBT technology (Insulated Gate Bipolar Transistor) instead of conventional thyristors. The second is
provided by intelligent controls that apply the energy in a pre‐designed way depending on the amount of
charge in the furnace and its temperature by means of a continuous control of the weight inside it. Finally,
the reduction of losses through the crucible walls thanks to optimum linings (refractories) or isolating
systems developed along the project.
With these three groups it is possible to see, where it has been possible to apply the techniques or credibly
estimate a future application, the savings that would be generated clearly and separately.
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Table 25‐ Results of savings in consumption rate (kWh/t)

Objectives and tasks

Flexible

Aluminium

Iron

Steel

By optimizing the process reducing
transport time

20 to 30

20 to 30

25 to 35

By reducing melting temperature

70 to 90

By using Wireless Power Transfer

‐60 to ‐100

By adjusting Thermal Treatments

Technologically (with Differential Thermal Analysis)
advanced
By eliminating Thermal Treatments
(with Differential Thermal Analysis)
New electric technology in furnace

Energetically
efficient

Range of energy savings (kWh/t)

Not applied Not applied
‐40 to ‐70

‐55 to ‐90

Not applied Not applied
Not applied
140 to 160

180 to 240

‐

3,0

3,8

Smart controls

15 to 20

New linings

25 to 30

11 to 46

70 to 90

220
70

244
34

76
‐

Totals (in average) with Thermal Treat.
Totals (in average) without Thermal Treat.

30 to 40
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Table 26‐ Results of savings (%) vs. standard consumptions

Objectives and tasks

Flexible

Ranges of impact to full process (%
energy savings)
Aluminium

Iron

Steel

By optimizing the process reducing
transport time

2 to 3 %

2,2 to 3,3 %

2,2 to 3 %

By reducing melting temperature

7 to 9 %

Not applied Not applied
‐7 to ‐12%

By using Wireless Power Transfer
By adjusting Thermal Treatments

Technologically (with Differential Thermal Analysis)
advanced
By eliminating Thermal Treatments
(with Differential Thermal Analysis)
New electric technology in furnace

Energetically
efficient

Not applied Not applied
Not applied
14 to 16 %

20 to 26,7 %
≈0.5 %

‐

Smart controls

1,5 to 2 %

3,3 to 4,4 %

2,6 to 3,5 %

New linings

2,5 to 3 %

1,2 to 5,1 %

6,1 to 7,8 %

22%
8%

27%
6%

7%
‐

Totals (in average) with Thermal Treat.
Totals (in average) without Thermal Treat.

The results in pink are related to the standard consumptions, including the use of WPT and the consumption
of thermal treatments. In blue, the same comparison, but with respect to standard consumptions without
including thermal treatments.
When looking at them it is possible to realize that the ambitious goal of achieving a global energy saving
process of up to 25% has in some cases been surpassed, but in cases where heat treatments (TTs) are
impossible to avoid, the energy saving sufficiently balances the overconsumption due to the use of WPT
(Wireless Power Transfer). Consequently, the intangible that could be obtained from the flexibility provided
by this use is very difficult to quantify, but we are all convinced that depending on the results and their
consequences expressed in turnover or customer service in difficult times, flexibility could result in a
significantly higher business. And the industrial partners of the project know this very well.
In the next table of comparison (Table 27), it can be seen more rates relating the project results in different
manners in order to obtain more points of view about the utility of different technologies separately, even
of the WPT.
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Table 27‐ Other results' comparisons

Average in consumption
Iron
Steel
Melting rate of consumption
600
750
Thermal treat. rate of consumption
300
400
TOTAL foundry process consumption
900
1150
Standard plant consumptions of end Average in consumption
by alloys (kWh/t)
users after project achievements
(*)
Iron
Steel
with WPT
Standard consumptions in sectors

Melting rate of consumption
Improvements in average (%) with
respect to the SECTOR
Melting rate of consumption
Standard plant consumption of end
users prior to project achievements
without WPT

565

700

Average in consumption
Iron
Steel
6%
39%
Average in consumption
by alloys (kWh/t)
Iron

Steel

Melting rate of consumption

650
1200
Standard plant consumptions of end Average in consumption
by alloys (kWh/t)
users after project achievements
Iron
Steel
without WPT
Melting rate of consumption

530

630

Improvements in average (%) with
respect to the PROJECT
Melting rate of consumption

Average in consumption
Iron
Steel
18%
48%

Improvements in average(%) with
respect to the SECTOR
Melting rate of consumption

Average in consumption
Iron
Steel
12%
16%
(*) Estimated

As CO2 reduction is a direct consequence of energy saving and is proportional to it, the reasons given as well
as the results explained above are fully applicable to this important environmental aspect.
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