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Abstract
Lean manufacturing techniques aim to improve the business processes. In recent times, the ever-increasing attention to aspects of economic,
social and above all environmental sustainability, suggests that lean manufacturing is not only techniques for the reduction of business costs,
but also for the sustainability improvement of the companies. Even the foundry industry presents technological changes aimed at improving
processes but also due to environmental and climate regulations. The paper aims to analyze how technological innovations introduced to obtain
economic, social and environmental sustainability influence the production process.
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1. Introduction
In the past the concepts of lean production and green
production were studied separately in overcoming the
problems of the production process [1]. The lean concept was
known as a manufacturing solution for achieving maximum
added value through the identification of 8 types of losses
(inventory, over-production, defect, waiting, motion,
transportation, over-processing, human resources) and
eliminating these losses ([2], [3]). The green concept answers
the demands and necessity of the industry in the creation of
manufacturing processes that are environmentally friendly,
both ecological and social perspective not just following the
economic profit [3], [4]. Thus, the integration of the two
concepts is a necessity to obtain sustainable production
processes economically, environmentally and socially.
Improving productivity, the economic benefits increase [5],
while focusing on the triple bottom line (people - profitplanet), sustainability get better ([6], [7], [8]).
In lean concept, the 8 types of losses are solved with 12
techniques (Kaizen, 5S, JIT, Visual Management, VSM,
Andon, Gemba, TPM, Takt Time, SMED, SCM, Cellular

Layout) ([2], [3]) increasing productivity and quality in a
manufacturing system [9]. While green practice creates a
sustainable manufacturing system due to the development of
ecology, social and economy dimension [10], [11]. Ecology
and economy have most direct relationship with lean ([12],
[13], [14]), since they are attributed to “reduce-reuse-recycle”
[15]. Social dimension of green is related to the safety
workplace [16]. The concepts of lean and green can be applied
in several stages of products and processes along the supply
chain, starting from design, production, suppliers, and
customers [17], [18].
Also, the foundry industry is moving towards the concepts
of lean and green production. The foundry industry has an
important role in the industrial sector and its environmental
impact in significative: high gas emissions and waste
generation make the foundry one of the most environmentally
polluting type of production. Therefore, the increasing need to
have green industrial sectors, leads to a continuous research on
technologies that guarantee compliance with both
technological and environmental parameters.
In the foundry industry most of the pollutants originate
from combustion of organic binders in sand moulds after
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coming to contact with liquid metal in temperatures of over
1200°C. This causes hazardous emissions evaporation to the
ambient air and indoor air. Moreover, a significant part of
contaminants condensates back into moulds. Also, the binder
residuals in the surplus foundry sand disposed in landfills,
degrade and cause some GHGs to ambient air.
To overcome the problems listed above, the use of
inorganic binders is introduced in the foundry industry: the
emissions decrease and a more efficient use of sands is
achieved. Moreover, the inorganic binder reducing some
technological problems such as the poor knocking out,
elasticity and reclamability [19].
However, it must be considered that the introduction of
technological innovations, in particular of inorganic binders,
causes different chemical behaviors during the production,
affecting all the production line. In fact, in order to guarantee
the quality of the pieces obtained with the technological
innovation introduced, action must be taken on the entire
process, making it as lean as possible.
In the paper this influence of technological innovation in a
green perspective that has an impact on production moving
towards a lean perspective is analyzed.
The remaining of the paper is organized as follows:
Section 2 is dedicated to the depiction of the methodology
used. In Section 3 a case study is presented, while in Section 4
some preliminary considerations are made. Section 5 contains
the conclusions.
2. Methodology
The research question that the work poses is:
 How can lean production support technological
innovations useful for achieving green production?
To answer the question, supported by a European project,
a foundry is analyzed. The Green Foundry LIFE project
(LIFE17 ENV/FI/000173) introduces novel technologies for
sand-moulding systems to cut emissions, improve indoor air
quality and support the circular economy through re-use of
foundry sand that is normally landfilled.
The research approach (see Fig. 1) is therefore based on a
first foundry analysis to know the manufacturing processes.
The second step consists in understanding, based on the
particular production processes, where it is possible to replace
the organic binders with the inorganic ones proposed by the
Green Foundry LIFE project. The third step consists in
identifying the changes generated in the production process
by the use of new binders. Finally, some considerations are
made.

Foundry analysis

Identification of where
use the technological
innovation

Identification of the
necessary changes in
the production line

First considerations

Fig. 1. Research approach

2.1. The Green Foundry LIFE Project
The main objective of the Green Foundry project is the
decrease of the environmental impact by introducing new
technologies for sand molding systems. In particular, the use
of inorganic binders in ferrous foundries applied in sand
molding systems improves the environmental and economic
impact and also increases competitiveness of the industry. The
use of new inorganic binders hazardous air emissions, casting
fumes and fine particles like binder aerosols from the casting
process are reduced. Moreover, the indoor air quality is
improved.
Another objective of the project is to be encouraging
example for other foundries on an EU level: producing the
necessary practical and information tools, a systemic use of
inorganic binders and technologies in ferrous foundries could
be obtained.
To achieve the objectives, several actions are to be
implemented. Small scale test casts are made to measure the
emissions of the casting processes, using both organic and
inorganic binders. Total emissions of five foundries will be
measured and compared: one iron and steel foundry using
organic binder system; one iron foundry using organic binder
system and two aluminium foundries using inorganic binder
system; one steel foundry using water glass binder system.
Also, indoor air quality will be measured and compared in
four of the foundries mentioned above. Moreover, foundry
sand recycling options will be tested and compared for
inorganic and organic binder sands.
3. Case study
Within the Green Foundry LIFE project, one Italian
foundry interested in inorganic binders is examined. The
potential benefits that this industry wants to obtain from the
use of the new binders are:
 minimal gas formation should improve quality by
diminishing the risk for casting defects and make
moulding simpler due to less need for ventilation pins;
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 emissions from the foundry would decrease and indoor air
quality would improve.
The foundry industry considered (plant layout is shown in
Fig. 2) is a small company manufacturing automotive parts
such as: Turbines Housing (2.5 million items/year), Bearing
Housing (3.2 million items/year) and Manifold (1
million/year). Such kind of product are, in foundry industry,
small and quite complex in term of qualitative standard of the
foundry operations. It is necessary a high-quality standard
concerning tolerance.

Fig. 2. Plant layout

Analyzing the entire company production, the
technological innovations (use of inorganic binders)
introduced by the Green Foundry LIFE project are not a
simple question since still the development of an operative
solution takes longtime. However, it is possible to verify the
use of the new binders in the core shop department.

3.1. The core shop department
In the foundry industry, the cores are elements used to
create internal cavities where the melted metal does not have
to penetrate, for functional reasons of the piece or to reduce
its overall weight. The cores are arranged before the mold is
closed, but, depending on the casting technique, the core can
also be completely integrated into the mold. The cores must
be made in such a way as to minimize the formation of burrs,
satisfying certain requirements, which vary according to the
casting technique. After the solidification of the metal, the jet
is extracted and the core is removed by dirt [20].
To guarantee the right mechanical resistance of the sand
cores, binders are used: chemical mixtures that adhere to the
grains provide mechanical resistance to the core. The content
of binders is from 1% to 3%, while the remaining 97-99% is
sand.
In recent years, the land industry has seen environmental
standards become increasingly restrictive ([21], [22]). In
particular, the traditional binders used for the cores, despite
their reduced content in terms of percentages, emit up to 70%
of volatile foundry compounds (VOC) [23]. For this reason,
the goal is to replace them with lower-emission binders,
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which guarantee comparable physical and mechanical
properties at high temperatures.
There are different processes for forming the cores but the
foundry under study uses the cold box method. The cold-box
process, also known as the Ashland process, was tested in
1965 in U.S.A. and was presented in Europe only in 1968.
This process allows the production of cores without using
heat. The cores are produced in a few seconds and ready for
immediate use. The most important features of the process are
the following:
 Use of an organic binder that can give to the sand good
qualities of cold and hot resistance, and, at the same time,
excellent crumbling after casting.
 Reactivity at ambient temperature, without the need for
heating: this implies simplicity of use, handling, lower
equipment and operating costs.
 Fast and definitive hardening which allows a production
rate with high dimensional precision of the castings.

Figure 3 shows the production line of the cores of the
analyzed foundry. Proceeding in the image from right to left
there are three silos each containing a different type of sand, a
synthetic sand, a French sand and a national sand that is sent
in mixture to core blowing machine. The sand is mixed for a
time between one and two minutes, based on the core that is
to be produced and at ambient temperature, with a twocomponent binder: a phenol formaldehyde resin and a polyisocyanate. Afterwards the mixture of sand and binder enters
the core blowing machine that goes to produce the core. The
line consists of three core blowing machines that share the
same feeding duct for the sand, but each machine has an
independent mixer to produce different types of core
independently.
Core blowing machine

Fig. 3. Cores production line

Sand Silos
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4. Discussions
The use of inorganic binders in the core shop department
as a substitute for the current organic binders, entails some
precautions.
First of all, measurements must be made to verify the
mechanical properties of the cores obtained with the new
binders, collaborating with companies that produce inorganic
binders. Moreover, this collaboration led to the knowledge
that the new cores have a very low shelf life. It goes from a 4day storage to a single day. This implies a strong intervention
in the entire production of the plant and a reconfiguration of
the entire line. Moving therefore towards a greener production
implies also moving towards a leaner production. If the use of
inorganic binders for the production of the cores wants to be
introduced, the repercussion in the production line must be
taken into account.

5. Conclusions
The paper analyzes the consequences that occur on the
production line of a foundry industry when changes are
introduced to make production more environmental-friendly.
The study is in the initial part. Future developments will
concern on one hand the analysis of various inorganic binders
to identify the best, on the other hand the changes to be
implemented on the production line to respect the shorter
storage times, moving towards a lean production.

Acknowledgements
The searches mentioned in this paper are
co-financed by EU LIFE Programme 2017,
Green Foundry LIFE project (LIFE17
ENV/FI/000173). The publication reflects
only the Author's view and the
Agency/Commission is not responsible for any use of that
may be made of the information it contains.
http://greenfoundry-life.com/.
Moreover, authors want to acknowledge the student
Jacopo Bacioccola for his precious contribution.

References
[1] Wu, L., Subramanian, N., Abdulrahman, M. D., Liu, C., Lai, K., Pawar,
K. S. 2015. The impact of integrated practices of lean, green, and social
management systems on firm sustainability performance - Evidence from
Chinese fashion auto-parts suppliers. Sustainability. 7(4): pp. 3838-3858.
[2] Wee, H., Wu, S. 2009. Lean supply chain and its effect on product cost
and quality: a case study on Ford Motor Company. Supply Chain
Management: An International Journal. 14(5), pp. 335-341.

[3] Bergmiller, G.G. 2006. Lean manufacturers transcendence to green
manufacturing: Correlating the diffusion of lean and green manufacturing
systems.
[4] Hosseini, H.M., Kaneko, S. 2012. Causality between pillars of sustainable
development: Global stylized facts or regional phenomena?. Ecological
Indicators. 14(1), pp. 197-201.
[5] Rishi, J., Srinivas, T., Ramachandra, C., Ashok, B. 2018. Implementing
the Lean Framework in a Small & Medium & Enterprise (SME)–Acase
Study in Printing Press, IOP Conference Series: Materials Science and
Engineering.
[6] Pampanelli, A., Trivedi, N., Found, P. 2015. The Green Factory: Creating
Lean and Sustainable Manufacturing. CRC Press.
[7] Gimenez, C., Sierra, V., Rodon, J. 2012 Sustainable operations: Their
impact on the triple bottom line. International Journal of Production
Economics. 140(1), pp. 149-159.
[8] Doolen, T., Van Aken, E. 2011. Achieving Total Sustainability by
Cleaning up the Dirty Dozen.
[9] Modi, D.B., Thakkar, H. 2014. Lean thinking: reduction of waste, lead
time, cost through lean manufacturing tools and technique. International
Journal of Emerging Technology and Advanced Engineering. 4(3), pp.
339-334.
[10] Abreu, M., Alves, A.C., Moreira, F. 2016. Comparing Lean-Green
models for eco-efficient production. in Proceedings of 29th International
Conference on Efficiency, Cost, Optimisation, Simulation and
Environmental Impact on Energy Systems, Portoroz.
[11] Zhan, Y., Tan, K.H., Ji, G., Chung, L., Chiu, A.S. 2018. Green and lean
sustainable development path in China: Guanxi, practices and
performance. Resources, Conservation and Recycling. 128. pp. 240-249.
[12] Fredriksen, K.B. 2016. Sustainable Paths to Growth and Profitability. An
Empirical Study of Norwegian Manufacturing SMEs. NTNU.
https://pdfs.semanticscholar.org/872e/29e64e4b2ce6e730c930d8b4f73bc
e126af2.pdf (last accessed Septmber 2019).
[13] Kim, J.-Y., Jeong, S., J., Cho, Y., J., Kim, K., S. 2014. Eco-friendly
manufacturing strategies for simultaneous consideration between
productivity and environmental performances: a case study on a printed
circuit board manufacturing. Journal of Cleaner Production, 67, pp. 249257.
[14] Singh, A., Philip, D., Ramkumar, J., Das, M. 2018. A simulation based
approach to realize green factory from unit green manufacturing
processes. Journal of Cleaner Production, 182, pp. 67-81.
[15] Fercoq, A., Lamouri, S., Carbone, V., Lelièvre, A., Lemieux, A., A.
2013. Combining lean and green in manufacturing: a model of waste
management. IFAC Proceedings Volumes, 46(9), pp. 117-122.
[16] Sezen, M.B., Wang, H. 2011. Lean and Green Production Development:
Examples of Industrial Practices in China and Turkey. http://www.divaportal.org/smash/get/diva2:471081/FULLTEXT01.pdf (last accessed
September 2019)
[17] Kurdve, M., Zackrisson, M., Wiktorsson, M., Harlin, U. 2014. Lean and
green integration into production system models–experiences from
Swedish industry. Journal of Cleaner Production. 85, pp. 180-190.
[18] Mor, R.S., Singh, S., Bhardwaj, A. 2016. Learning on lean production: A
review of opinion and research within environmental constraints.
Operations and Supply Chain Management: An International Journal.
9(1), pp. 61-72.
[19] Izdebska-Szanda, I., Palma, A., Angrecki, M., Zmudzinska, M., 2013.
Environmentally Friendly Mould Technology, Arch. Foundry Eng. 13,
pp. 37-42 (ISSN 2299-2944).
[20] Czerwinski, F., Mir, M., Kasprzak, W. 2015. Application of cores and
binders in metalcasting. International Journal of Cast Metals Research
28(3), pp. 129-139.
[21] UNI EN 13725: 2004.
[22] Directive 2010/75 / EU of the European Parliament.
[23] Izdebska-Szanda, I., Balinski, A. 2011. New generation of ecological
silicate binders. Procedia Engineering 10, pp. 887-893.

