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SYSTEMATIZING AND QUANTIFYING 
THE CIRCULAR ECONOMY 
IN THE FOUNDRY SECTOR



Topics

➤ Circular economy solutions internal 
to the foundry

➤ Circular economy solutions involving 
external partners



➤ Several technical solutions can be adopted in the foundry sector to introduce 
circular economy practices. Since their possible adoption depends on the 
characteristics of each foundry and, in some cases, on the context in which they 
operate, it is difficult to provide generic guidelines.

➤ Rather, in this presentation, we will present a series of case studies, categorized 
by type of intervention. It will be up to the user to evaluate which are the most 
suitable to be adopted.

Circular solutions for the foundry



➤ Some solutions can be adopted independently by the foundry management, 
without the need to interact with external parties. We will call them internal 
solutions, as their implementation depends only on internal considerations 
within the foundry, such as the availability of financial resources, skills or 
opportunities for change.

➤ Other solutions, on the other hand, necessarily require interaction with external 
parties, which can be suppliers, customers or other types of stakeholders. We will 
call them external solutions, because they can only be implemented in certain 
contexts linked to the partners available to the foundry. This represent a 
limitation for the adoption of the solutions, but also new business opportunities.

Circular solutions for the foundry



CIRCULAR ECONOMY SOLUTIONS 
INTERNAL TO THE FOUNDRY



There are some items where internal circular solutions can be applied

➤ Pre-consumer waste

➤ Heat

➤ Water

➤ Dust

In several cases, foundries have been used to recycle such materials, even before the 
concept of “circular economy” become popular.

Internal circular solutions for the foundry



Pre-consumer waste recycling

➤ Pre-consumer recycling is the reclamation of waste materials that were created 
during the process  of manufacturing or delivering goods prior to their delivery 
to a consumer.

➤ The foundry can recycle all defective parts and ferrous scrap if it has an accurate 
quality control system.
Normally, foundries use ferrous scraps as part of its mix of raw materials, and 
therefore every foundry is also a recycling system. This property is briefly 
indicated with the term UP-Cycling, to create a distinction with the materials 
that are subject to owned losses and employed in lower level applications 
(Down-Cycling).



Metallic slags

➤ Slags are formed as waste or by-products of metallurgical smelting processes 
and are created from largely homogeneous smelts that consist of free or 
bonded oxides. In their solid form, they often contain larger pieces of metal or 
coated metal particles. In this case, reconditioning with the aim of recovering 
the metal content is worthwhile, as is the regeneration and reuse of the 
chemicals involved in the metallurgical process.
For example, the salt slag created during secondary aluminium production 
contains about 5-10% aluminium, that can be easily recovered.

➤ The foundry requires a recovery plant, generally realized by means of mechanic 
separation.



Residual heat recovery

➤ The foundry uses large amounts of heat.

➤ A large amount of heat is present in the exhaust gases 
and was once emitted (lost) directly into the atmosphere, 
with great waste and significant environmental impact.

➤ Today there are modern solutions that make it possible to 
recover most of the residual heat, through heat 
exchangers, to reuse it in other processes. This reduces 
both the energy footprint and the energy cost.



Residual heat recovery

➤ ROGESA (Roheisengesellschaft Saar mbH) has realized an integrated dedusting
and heat recovery system to recover the sensible heat of the hot sinter.
They have covered a large area on the circular cooler with an hood. In this way, 
dust emissions generated are extracted together with the hot exhaust air in a 
controlled manner and fed to a filtering system after passing an integrated heat 
extraction system. The heat from the exhaust air is transferred to a hot water 
circuit which is connected to the a gas power plant to preheat its feed water. 
The heat recovery generates an additional energy benefit of 82,000 MWh, 
which equals a reduction of carbon emissions of approx. 25,000 tons per year. 
The separated dust particles from the filter system are returned to the 
production cycle and recycled in the sinter plant.



Residual heat recovery

➤ STIHL Magnesium Diecasting plant in Germany is now considered one of the 
largest and most modern magnesium die casting plants in Europe.
They have installed a unique heat recovery system that heats the entire die 
casting foundry to a constant 18 °C during the winter months without feeding in 
conventional energy sources such as electricity or gas.
The recovery system saves 84% of operating costs and the 85% of CO2 if 
compared with a traditional heating system, with a huge benefit both on the 
finance and the energy footprint. The gap will be even wider with the 
introduction of a CO2 tax, whose amount grows from year to year.



Residual heat recovery

➤ Tata Steel IJmuiden R&D has developed, in collaboration with Drever
International and TU Delft, an alternative technology for the continuous 
annealing of steel. The system recovers some of the heat removed during the 
cooling stage of annealing and uses it in the heating stage. This is achieved by 
thermally linking the cooling strip to the heating strip with multiple rotating 
heat pipes.
The simulation of typical annealing line, with a steel strip of 0.25 mm, a line 
speed of about 6 m/s and an average wrap angle of 104° shows that an energy 
recovery of about 70% can be achieved with 60 heat pipes!



Residual heat recovery

➤ The Electric Arc Furnace (EAF) slag, the main by-product of the EAF scrap 
melting, uses only 10%-12% of the overall energy input. The EAF process 
dissipates almost 25-30% of the overall input energy in the waste gases and 
dust, 10%-12% in the water-cooled EAF panels and other minor losses (i.e. 
electrical losses, radiation) dissipates the rest of the energy.
TENOVA Group in Italy has realized the Consteel® EAF, that can directly reuse 5-
10% of the overall energy input in continuous charging and scrap preheating.
And also their iRecoveryTM system can recover the energy losses in EAF waste 
gasses by an efficiency 75-80%. iRecoveryTM leads to a production up to 
41kWhe/tls without any additional GHG emission.



Residual heat recovery

➤ The European Commission H2020 EIC Pilot INDUEYE 2.0 project has been 
implemented to make the steel industry more digital, sustainable and efficient.
The main developed novelty is the realization of a long-range wireless and 
battery-less industrial Internet of Things device (IIoT), powered by waste heat 
for measuring and predicting machinery vibrations. These self-powered devices 
will help iron & steel & aluminium industries to become more environmentally 
friendly and profitable in their digitalization transition towards Industry 4.0.

➤ At the end of the project pilots, the commercial products have been certified 
and already installed in several energy demanding European plants.



Residual heat recovery

➤ Eco-Tech Ceram, a French start-up, has developed a new solution to store heat 
in industrial companies. Their product Eco-Stock® is a rechargeable heat 
accumulator which can stores the waste heat from 300°C, consisting of a 
thermally insulated container in which ceramic bricks are placed.
With a storage capacity between 1 and 3 MWh, heat can be stored for several 
days with however 5% of thermal losses per day.
It is a valuable solution to harness energy that for example is 80% less expensive 
than natural gas.
Allows to store heat energy that can be used at any time at an almost constant 
temperature and power.



Water recovery

➤ The potential role of reuse of treated wastewater as an 
alternative source of water supply is now well recognized 
and integrated into international, European and national 
strategies.

➤ The reuse of treated wastewater can provide significant 
environmental, social and economic benefits; it can 
improve the state of the environment both quantitatively 
and qualitatively. Reusing water often results in lower 
investment and energy costs, also helping to reduce 
greenhouse gas emissions.



Water recovery

➤ Water can be consumed in metal smelting operations in a number of ways. If 
used in the casting process, or if it has been used to cool running machinery the 
water may become contaminated due to air pollution. A reduction in water use 
for these purposes can present a huge improvement opportunity for a facility.

➤ The water can be discharged through various drainage systems such as sanitary 
sewers or authorized dedicated drains. The use of water can be avoided, 
reduced or reused within the industrial process through particular technologies 
such as air-cooled heat exchange and closed loop systems. Additionally, once 
treated and reclaimed, it can be recycled to meet other water demands in the 
facility. It is essential that the water quality is adequate for reuse in the 
manufacturing process.



Water recovery

➤ In Northern Italy, the VDP foundry collects and uses process water to increase 
the humidity of the molding sand (moisture which then evaporates during 
melting) so as to reduce/eliminate industrial waste. This interesting technique 
has allowed them to reduce the discharge from 4-5000 m3/year to a few tens.

➤ Waupaca Foundry in U.S. has adopted a policy to reduce water consumption by 
80 percent. It has installed a closed-loop cooling system to recover the water 
that in the past was discharged. The facility’s historical average water use of 
2.800.000 litres per day is now recovered and returned back to plant 
equipment. This water recovery project has resulted in a 30- to 95-percent 
reduction in cooling water use, depending on seasonal cooling demands. 



Water recovery

➤ ITALPLANT designs and realize of water purification and recovery plants. It has 
designed a system for the recovery and recycling of water using vacuum 
evaporation processes and machinery, softening and osmosis plants for the 
conditioning and demineralisation of inlet process water. Waste water 
treatment occurs in chemical physical and clarification plants, de-oiling and oil 
separation plants.



Foundry dust

➤ The Foundry dust is a sub-product of the foundry process.

➤ Foundry dusts are rich of materials that make them 
suitable for the reuse in other production processes 
outside the foundry, for example from bricks to soil for 
plants. We’ll discuss about these applications in the next 
paragraph.

➤ Anyway, there are also some remarkable applications to reuse the foundry 
dusts inside the foundry itself, without requiring the interaction with external 
partners.



Foundry dust

➤ Imerys develops mineral-based specialty solutions for industry. Among it 
solutions it has created Riko, a patented process to recover carbon and 
bentonite from foundry dust. Although the process is quite challenging, the 
company states an 83% recovery of useable bentonite and carbon from the 
dust.

➤ In the U.S., it is estimated that about one million tons of foundry dust is 
disposed of in landfills annually, including about 150,000 tons of reusable 
bentonite and carbon. Its recovery value potential, for the only U.S. foundries, 
is about $45 million USD.



Foundry dust

➤ Foundries uses large quantities of sand in the casting process. This is reused 
over and over again, however heat and mechanical abrasion eventually render 
the sand unsuitable for use in casting molds, and a portion of the sand is 
continuously removed and replaced with virgin sand. How to reuse waste 
foundry sand is discussed later on.

➤ There are studies that foresee the replacement of virgin sand with foundry dust, 
produced in large quantities in the smelting process. In particular, it has been 
found that the non-magnetic part of dust from casts blasting has the very 
similar granulometry with respect to virgin sand and is suitable for partially 
replacing it, thus at the same time reducing the consumption of a raw material 
and reusing the material already present in the foundry.



CIRCULAR ECONOMY SOLUTIONS 
INVOLVING EXTERNAL PARTNERS



Recovery of ferrous and non-ferrous scraps

➤ The simplest and most adopted circular  economy 
solution is the recover of ferrous scraps.

➤ In the European Union, in 2014 about 40% of the steel 
production was made thanks to the recovery and 
recycling of ferrous material, which is refused to 
create new steel products.

➤ Anyway, the foundry has to deal with a recycling plant, 
that can provide the collected/recycled materials.



➤ According to the Research Office of Siderweb, the production of steel using 
scrap iron consumes 74% less energy, 90% of "virgin" raw materials and 40% of 
water compared to the production of steel with an integral cycle. Furthermore, 
it produces 76% less pollutants, 86% of emissions into the atmosphere and 97% 
of mining waste.

➤ The availability of scrap worldwide should in fact go from the current 700 
million tons to 1,100 million tons in 2030. The availability of scrap iron 
worldwide will be conditioned above all by China, which until 2020 will still be a 
net importer, while in the following years it could become a net exporter.

Recovery of ferrous and non-ferrous scraps



➤ Ferrous and non-ferrous scrap of various kinds are commonly collected, 
classified and separated to be recycled in the foundry. The recycling of iron, 
steel, copper, aluminum is common. Of course the availability depends on the 
scrap recovery facilities. 

➤ The percentage of recycling of steel profiles stands on values above 90%: in the 
world 14 tons of steel are recycled per second.
The material deriving from the recycling of steel (99%) is a first choice material. 
The remaining 1% is recovered as inert for road use.

Recovery of ferrous and non-ferrous scraps



➤ It is interesting to mention that Brembo in Italy has adopted a pilot program to 
add alkaline exhausted batteries in the cast iron moulding. One of the main 
elements of the cast iron alloy is manganese, normally obtained by adding the 
iron-manganese alloy of primary origin in the recipe; the same result is 
obtained by using the manganese present in exhausted alkaline batteries.

➤ This process determines an advantage both for the environment, allowing a safe 
and total disposal of a waste that would otherwise be difficult to recover and at 
the same time reducing the environmental impact deriving from the 
replacement of the fusion additives originally of primary origin.

Recovery of ferrous and non-ferrous scraps



Recycling of waste foundry sand

➤ Waste Foundry Sand (WFS) is a by-product from the production of both ferrous 
and nonferrous metal castings.
Many studies have been made to try to reuse the waste foundry sand. Most of 
these applications require interaction with external subjects, able to acquire the 
waste sand and transform it into other products or use it for other purposes. 
They are not only recycling solution (and business opportunities), but also a 
crucial need to reduce the consumption of dump landfill.

➤ There are a lot of potential applications. Some examples follow.



Recycling of waste foundry sand: concrete

➤ Concrete is the most extensively used construction material in the world, 
second to water. Its production requires a large consumption of natural 
resources, accelerated by the growing urbanization of the planet.

➤ Waste Foundry Sand has been investigated as partial and complete replacement 
of regular sand in concrete. It has been found in various studies that replacing 
WFS up to 30% enhanced the durability and mechanical strength of concrete to 
some extent, but simultaneously decreases the slump value with the increase of 
replacement level of waste foundry sand.



Recycling of waste foundry sand: asphalt

➤ The increasing urbanization of the planet also requires an increasing production 
of asphalt, roads being the main means of transport.

➤ Studies have been conducted on the partial replacement of fine aggregate by 
WFS in hot mix asphalt. They show that the physical, chemical and 
environmental characteristics of WFS and its mechanical behavior in the asphalt 
matrix are similar to conventional aggregates. To this must be added the 
environmental impact, which allows us to produce more sustainable asphalt.



Recycling of waste foundry sand: bricks

➤ Rhino, an India-based company, has developed the ‘silica plastic 
block’ – a sustainable building brick made from recycling foundry 
dust/ sand waste (80%) and mixed plastic waste (20%). The bricks 
were found to have 2.5 times the strength of normal red clay 
bricks while, to be consumed they need around 70 to 80% of the 
foundry dust with 80% lesser use of natural resources.

➤ It is not only a way to recycle waste foundry sand, but also to 
reduce clay brick production, which consumes many associated 
non-renewable materials and other chemical pollutants.



Recycling of waste foundry sand: other applications

➤ Another potential use of WFS is in drainage blankets. In a proper moisture with 
clay or other materials, can be used to create a coating with low water 
absorption and good drainage capacity.

➤ WFS can be also used for snow/ice mitigation. Angular particles improve 
traction of pavement surface. Also, the WFS black color holds heat longer and 
will melt the ice faster. Typically, foundry sand is too fine to comply with anti-
skid regulations, but when mixed with a coarser material, it does comply.



Recycling of waste foundry sand: other applications

➤ WFS is considered ideal for the production of agricultural land, thanks to its 
consistency and dark color. In some countries it is used to reduce the grouping 
during the application of the fertilizer and to prevent the mixing due to 
compression allowing the flow of air in the material.

➤ Ochio Plantation uses the foundry sand for ornamental plants mixing it with soil 
and fertilizer. They have successfully used it for the inverting the golf courses 
thanks to its clay content, that facilitates the absorption of nutrients.



Heat recovery

➤ The waste heat from smelting operations can be used for the building 
climatization, core drying and / or water heating. This may not be a way to 
reduce the company's energy footprint, but also a real source of economic gain. 
In practice, waste heat is a new source of energy.

➤ From the analysis of several case studies it can be stated that:

 the plant must be close to urbanized areas or large heat 
consumers

 the process is generally feasible for large plants, that allow 
to recover large amounts of heat and justify considerable 
investments 



Heat recovery

➤ PSA Groups owns the biggest automobile foundry of Europe near Charleville-
Mézières, in France.
In 2017, the municipality of Charleville-Mézières launched a call to renovate the 
district heating of La Citadelle area using more than 50% of renewables.
Heat recovery resulting from the factory’s furnaces allowed an energy mix with 
more than 60 % of energy from renewable sources and recovery for the Citadel 
site, whose heating network tripled its size, increasing from 932 house-
equivalents warmed to 3 290.

➤ This project will allow to avoid 7000 tons of 
CO2, about 2/3 the emissions of the network.



Heat recovery

➤ In Poznań, Volkswagen has four production sites, including a foundry, the largest 
cylinder head foundry in Europe. In order to reduce the energy footprint, the 
Group has put in place a process for recovering the waste heat. Volkswagen and 
Veolia developed a solution that captures 90% of the heat generated, and with 
an investment of about 300 k€, they have created a network of 1,700-km 
supplying 200,000 inhabitants.

➤ As a result, each year the site saves 17 million litres of water (used in the 
cooling system), 400,000 KWh of energy (to operate the compressor), and 
reduces its carbon emissions by 1,000 metric tons. 
And direct benefit of a 9% reduction in heating 
costs for the network’s users.



Heat recovery

➤ Alcoa Fjarðaál is an aluminum plant in Island.
About half of the energy used in the production process was wasted as heat. 
They have designed an heat recovery system, to harness the heat from 
exhausted gas and transfer to the district of Reyðarfjörður. The heat demand of 
the city is about 5.0 MWth, where the plant can supply about 5.2 MWth, so with 
an exceed in summer time that can be used for swimming pools or warm water 
beach. The estimated cost for a heat recovery system and distribution system is 
2.5 billion ISK, about 16 M€.

➤ Alcoa Fjarðaál expects social, environmental 
and even financial benefits from such a project.
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