A case study about LCA of ceramic sector.

Application of life cycle analysis results to the environmental management system adopted by the enterprise.
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1. Case study

The application of LCA methodology to ceramic sector have been studied using the SimaPro code and the EcoIndicator’99 method. Particularly the case study takes into account ceramic production process: object of the study is a ceramic plant, which is located in Italy, in the Emilia Romagna region, and covers an area of 127.508 m2. The production capacity plant is about 6.000.000 m2/year of ceramics and in this case study it has been considered the production of a particular ceramic product, called gres porcellanato micron 30 levigato bianco.

Plant technological cycle is composed by these phases:

· raw materials acceptance and depositing;

· feldspar pre-grinding in a continuous mill;

· colour oxides dissolving in water;

· raw and auxiliary materials measuring and mixing in water;

· mixture grinding in continuous and discontinuous mills (the mixture obtained is called barbottina);

· atomization (barbottina exsiccation in fine particles);

· dry coloration;

· raw tile pressing and exsiccation;

· surface application and storing before furnace;

· furnace treating and quality selection;

· smoothing down and correcting;

· finished products storing.

Moreover, it’s important to highlight that ceramic production process is supported by some important activity as:

· airborne emissions and waterborne emissions depuration plants;

· stock and spare parts storing;

· research and development laboratory;

· environmental laboratory;

· workshop for mechanical and electrical maintenance and garage.

The production process is sketched in Fig. 1.
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Fig.1 Flow chart of ceramic production

The data collected on-site refer to 2002 and principally include: input materials flows (clay, feldspar, sand, auxiliary materials, packaging materials); energy consumption (electricity and natural gas); water consumption; airborne and waterborne emissions; waste; distribution (transport); land use; technological installation in the plant; ceramics end of life.

Functional unit is 1 kg of stored ceramic gres porcellanato. The system boundaries include raw materials extraction (clay, feldspar, sand), packaging, occupational area, installation, transport and ceramics production process.

For the study it has been employed the SimaPro5 Code and its databases, including IVAM databases, which data refer to 1999/1996 period. For other elements it has been appropriately created materials and processes, based on the data collected in the plant.

It has been employed the EcoIndicator99 E/WCE methodology, deriving from the EcoIndicator99 methodology, modified as: Water like mineral, Costs, Energy. Egalitarian prospective choice originates from the following assumption: precaution criteria and long period prospective adoption.

The Inventory procedure is based on the data collected. It has been created the following Materials:
· Clay (Argilla, ceramics)

· Feldspar (Feldspato, ceramics)

· Sand (Sabbia, building materials)

and the following Processes:

· Grinding and atomization (Macinazione e atomizzazione)

· Pressing and exsiccation (Pressatura e essiccamento)

· Surface application (Applicazioni superficiali)

· Treating in furnace (Cottura)

· Smoothing down (Levigatura)

· Correction (Rettifica)

· Quality choice (Scelta)

· Civil consumption (Consumi civili)

· Distribution (Distribuzione)

· Ceramic production (Piastrella di gres)

Assumptions have been made when data are not be available. Case study Piastrella di gres LCA results are shown in characterization, normalization and weighting matrices (fig.2, fig.3, fig.4).

2. LCA results and EMS

The study objective is to determine the environmental damage deriving from ceramic production and to make a comparison among life cycle analysis results and the criteria for significant environmental aspects definition in the initial environmental analysis. Later than the purpose is to help plant management for improving objectives definition.

For what concern LCA results, Fig.2 shows the characterization values, that are:

· In Human Health category the damage value is 1.32E-6 DALY and derives from dust (52.55%); more in detail, dust is originated by the production process of feldspar (58.55%) and by the production process of sand (42.01%). The major damage is produced by Respiratory inorganic category (1.14E-6 DALY) and is originated by dust (61.12%);

· In Ecosystem quality category the damage value is 0.0407 PDFm2yr and is originated by NOx as NO2 emissions (32.83%); more in detail, NOx as NO2 emissions are originated by finished product distribution process (44.71%). The major damage is produced by Acidification/Eutrophication category (0.0185 PDFm2yr) and is originated by NOx as NO2 emissions (72.13%);

· In Resources category the damage value is 0.922 MJ surplus and derives from natural gas ETH (52.79%) and from crude oil ETH (32.43%); more in detail natural gas ETH is originated by treating in furnace process (49.71%), while crude oil ETH is correlated to smoothing down and to finished product distribution. The major damage is produced by Fossil Fuels category and is originated by natural gas ETH (55.66%);

· In Energy category the consumption is 10.9 MJ and derives from natural gas ETH consumption (50.05%), mainly in treating in furnace process (49.71%) and in grinding and atomization process (23.74%);

· Cost is 0.438€;

· CO2 production is 706 g and is originated in treating in furnace process (23.87%) and in grinding and atomization process (15.82).

Fig.3 shows the normalization matrix results, that are the following:

· In Human Health category the damage suffered by European population is the 8.57E-5% of the damage suffered by 1 European inhabitant as a consequence of human activity developed in 1 year in Europe;

· In Ecosystem quality category the damage suffered by European ecosystem, referred to all European inhabitants, is the 7.94E-6% of the damage suffered by European ecosystem referred to 1 European inhabitant, as a consequence of human activity developed in 1 year in Europe;

· In Resources category the damage originated by resources consumption, referred to European population, is the 0.000155% of the resources consumption referred to 1 European inhabitant, as a consequence of human activity developed in 1 year in Europe;

· The Energy consumption is the 0.000105% of the energy consumption referred to 1 European inhabitant during 1 year.

Fig.4 shows the weighting matrix results (for damage category and impact category), that are:

· Total damage is 0.0607 Pt and is principally originated by: feldspar (18.80%), treating in furnace (20.03%), grinding and atomization (11.02%), smoothing down (10.88%), pressing and exsiccation (10.23%), sand (9.705%), distribution (9.054%);

· More in detail, the damage derives from Human Health for 42.37%, from Ecosystem quality for 6.545% and from Resources for 51.08%.

Plant management values are environmental protection, industrial activity integration in the surrounding territory, damages restriction to the community and to the environment. So plant management has decided to adopt an Environmental Management System based on ISO 14001 standard and to adhere to EMAS (Eco Management and Audit Scheme); moreover plant management undertakes to put into effect the action described in the annual environmental program.
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Fig.2 Characterization matrix of the process “piastrella di gres”
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Fig.3 Normalization matrix of the process “piastrella di gres”
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Fig.4 Weighting matrix of the process “piastrella di gres” (damage category and impact categories)

Environmental significant aspects individuation in the environmental initial analysis is based on the following criteria:

a) environmental criteria: impact gravity, impact dimension, impact life (duration), event probability;

b) legal criteria: laws, regulations and standards respect;

c) social and economical criteria: plant imagine, cost.

Significant aspects description is listed in Table 1, while non-significant aspects are: visual impact, electro-smog, ionizing radiation, ozone layer depletion substances.

	Department / activity
	Significant environmental aspect

	Packaging and quality choice
	Auxiliary materials consumption (cardboard, PE, pallet)

	Pressing
	Mixture (barbottina) consumption

	Productive and auxiliary departments (grinding, atomization, exsiccation, furnace, maintenance, laboratories, etc.)
	Raw materials and semi-finished products consumption

	Productive and auxiliary departments (grinding, atomization, exsiccation, furnace, maintenance, laboratories, etc.)
	Resources consumption: fresh water, electricity, natural gas

	Airborne emissions depuration plant
	Airborne emissions: particulates, fluorine, lead, NOx

	Productive and auxiliary departments (grinding, atomization, exsiccation, furnace, maintenance, laboratories, etc.)
	Waste generation

	Productive and auxiliary departments (grinding, atomization, exsiccation, furnace, maintenance, laboratories, etc.)
	Noise emissions: in work environment, on the outside

	Productive and auxiliary departments (grinding, atomization, exsiccation, furnace, maintenance, laboratories, etc.)
	Work safety and health: particulates, lead, silica

	Sewage pipes
	Soil and subsoil

	Road work
	Transports 


Tab.1 Significant aspect in the environmental initial analysis

3. Conclusions

Ceramics productive process LCA results point out that environmental impact is originated principally by raw materials extraction processes (feldspar, sand and clay for the mixture) and by fossil fuels combustion processes, for electricity and thermal energy production, which is necessary in particular in grinding, atomization, treating in furnace and distribution processes. Moreover, resources consumption is very significant because it represents a limitation for future age group; instead waste production is less significant since rejects (raw tile and bricks) are recycled in the productive process and so their land-filling is avoided.

The choice adopted by the enterprise for environmental significant aspect criteria definition, highlights that environmental significant aspects are coherent with LCA results, for what concern raw materials consumption, auxiliary materials consumption, resources consumption (water, electricity, natural gas), packaging materials consumption, airborne emissions, waste, transport, still health and safety aspects in work environment and sewer impact on soil and subsoil are not explicitly considered in LCA.

Data collected quality is good enough, although this is a screening LCA study, so if the system boundaries are extended and if the data collection is more accurate, it can be achievable to find most accurate and significant results: in this case, moreover, it can be possible to individuate the aspects for which is possible an environmental improvement, and to help plant management decision for the EMS, particularly for environmental aspect criteria new definition and for the improving annual program.
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