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DEVELOPMENT OF INNOVATIVE METHODOLOGY FOR ECODESIGN OF PRODUCTS AND PROCESSES FOR THE REGION OF VOJVODINA
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Summary: Product design is the life cycle stage that has a dominant impact on product's functionality, cost effectiveness, aesthetics, reliability, maintenance, service, and environmental properties. With the raise of importance of environmental issues in product designing, Ecodesign becomes an indispensable concept within the product design stage. It can be realized by considering the sustainable development concept and integrating the environmental aspects into product's development and design. The subjects of this research are tools for ecodesign, life cycle assessment, multi-criteria analysis, and their optimization and integration with final goal to develop the innovative methodology for ecodesign of products and processes for the region of Vojvodina. Designing practices from production industry from Vojvodina region have been analysed in terms of industry sectors, production processes, material availability and use, energy sources, recycling practices and other. The developed methodology tends to help the designers and decision makers for the region of Vojvodina in product's development and design stage. Innovative methodology for product's ecodesign will produce guidelines based on a sustainable development concept and previously developed ecodesign strategies and guidelines. Furthermore, aim is to optimise production processes and to reduce product's and processes environmental impacts through each life cycle stage.
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1. INTRODUCTION
Ecodesign aims to minimize environmental impacts through the product's life cycle phases with systematic approach that considers sustainable development concepts at the actual product design and development stages. A lot of trade-off situations need to be optimised in ecodesign. These involve trade-off between technical, functional, ergonomic, aesthetic, economical, and environmental aspects (Prendeville et al. 2017). In order to consider different aspects of ecodesign, on the basis of fuzzy logic reasoning Herva et al. (2012) constructed an ecodesign tool integrating the criteria provided by three environmental evaluation methodologies, namely ecological footprint, life cycle assessment (LCA), and environmental risk assessment. 
There is a lot of effort in a research community aiming to define the general strategies or guidelines for ecodesign. One of the fundamental approach for product ecodesign is presented in early work by Brezet and Hamel (1997). Brezet and Hamel (1997) proposed ecodesign strategy wheel, MET (Material cycle, Energy use and Toxic emissions) matrix and ecodesign checklist as a basic ecodesign tools. The ecodesign strategy wheel consists of 33 guidelines categorized in eight ecodesign strategies: selection of low-impact materials, reduction of materials usage, optimization of production techniques, optimization of distribution system, reduction of impact during use, optimization of initial lifetime, and optimization of end-of-life system. Luttrop and Lagerstedt (2006) proposed generic advice for merging environmental aspects into product development through the “Ten Golden Rules” tool for product ecodesign. Borchardt et al. (2011) defined seven ecodesign practices oriented to the creation of eco-efficient products and processes. According to Borchardt et al. (2011), seven ecodesign practices are related to the following aspects: choice and consumption of materials, choice of components of the product, product features, usage of energy, distribution of products, packaging and documentation, and waste. Ecodesign pilot (Ecodesign, 2017) is an outcome of the project funded by the European commission, and it presents an online software tool for optimization and application of ecodesign measures. Ecodesign pilot defines ecodesign guidelines grouped according to the five life cycle phases: raw material intensive, manufacture intensive, transportation intensive, use intensive, and disposal intensive.
A range of tools can be identified to support product ecodesign activities. Ecodesign tools can be grouped into following categories (Rossi, Germani, and Zamagni 2016): 
· LCA tools - calculation of environmental impact of products/services, 
· CAD integrated tools and methodology - evaluation of product environmental profile in the first design stages, evaluation of environmental consequences of design choice,
· Diagram tools - perform simplified environmental analysis through a mix of qualitative and quantitative data,
· Checklists and guidelines - quick evaluation of product environmental profile Suggestions on how to improve product behaviour,
· Design for X approaches - specific scope for each approach improve a specific product characteristic in environmental terms,
· Methods (methods for supporting the company's ecodesign implementation and generation of eco innovation, methods for implementing the entire life cycle and user centered design for sustainability, methods for integrating different existing tools).

Among the previously mentioned tools, LCA can be distinguished as a very frequently used ecodesign tool. Pommier et al. (2016) used LCA to compare design options with different material for a boat hull in order to enhance construction efficiency and to promote ecodesign conception in the boatyard. Munoz et al. (2009) performed a cradle to grave LCA of a toy incorporating electric and electronic components aiming to provide ecodesign guidelines to the manufacturer. 

Based on the previous research in the field of ecodesign, the proposed methodology combines previous guidelines and ecodesign tool in innovative way. The proposed ecodesign methodology combines LCA, life cycle costing (LCC) with multi-criteria decision making (MCDM). The proposed methodology for ecodesign aims to help the small and medium sized industry sector in Vojvodina region to introduce voluntary environmental management systems.
2. THE PROPOSED METHODOLOGY FOR ECODESIGN
Voluntary environmental management systems, such as LCA and ecodesign present a good practice for small and medium sized organizations. In this research focus is on small and medium sized industry from Vojvodina region. Although the economy of Vojvodina is largely based on developed food industry and agriculture (vojvodina.gov.rs), metal industry of Vojvodina has a long tradition and consists of smaller metal and plastic processing companies. These small and medium sized companies in Vojvodina region mainly manufacture components for other producers. 
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Fig. 1 Ecodesign and life cycle phases
Although several life cycle phases can be identified during the products/processes life cycle, this research identifies the following five as essential: raw material production, production processes, distribution system, use, end of life. The proposed methodology for ecodesign of products and processes and its relationship with life-cycle phases is shown on figure 1. Based on the previous research, ecodesign guidelines for each life cycle phase are summarized in table 1. 

Table 1 Selected guidelines for product and process ecodesign

	Life cycle phase
	Ecodesign guidelines

	Raw material production
	Use of alternative materials, reducing the number of material inputs, optimized use of resources, use of reused and recycled materials.

	Production processes
	Reduced use of energy and material in the production process, optimized use of materials in the production process, green procurement of materials, intensive and longer period of time use of product, reuse of components and/or the product.

	Distribution system
	Reduction of packaging, optimised logistics.

	Use
	High degree of product functionality, improved maintetnance, safe use of the product, reduced energy and material consumption at use stage

	End-of-life
	Increased product durability and reparability, improvement of disassembly, reuse of parts, recycling, minimization of landfilling


The proposed methodology for ecodesign combines LCA and LCC with use of MCDM (figure 2). First, the existing product/process is analysed in order to obtain information for further development of product redesign. Based on the ecodesign guidelines provided in table 1, industry capacity and constraints from Vojvodina region, and specific product's requirements, ecodesign alternative solutions are proposed. All product design alternatives are analysed through LCA, LCC, and other product's properties. LCA measures the magnitude of products/processes environmental impact. LCC analyses economic costs and benefits related to life cycle phases. Other product's properties include quantification of aspects such as performances, durability, maintenance, ergonomics, safety, aesthetics, etc. In MCDM, different perspectives are weighted according to the specific product's requirements, ecodesign guidelines, and management politics. MCDM also combines results from LCA, LCC and other product's properties. Final results from MCDM are normalization results and alternative product design ranking from which optimal one can be chosen. 
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Fig. 2 The proposed methodology for ecodesign of products and processes for the industry in Vojvodina region
3. CONCLUSION
Application of ecodesign promotes life cycle management, product innovation, improved product quality, image improvement, cost and risk reduction, new business opportunities, and other. Companies that have recognized that environment-related product responsibility is vital for sustainable long term success can benefit from implementation of ecodesign irrespective of their size, geographic location, corporate culture and sophistication of management systems. With implementation of ecodesign tools companies can convert challenges into opportunities. 
When compared to previous developed ecodesign methodologies, proposed ecodesign methodology introduces innovative combination of LCA, LCC and MCDM and summarises previously used guidelines in new way. Although the developed ecodesign methodology aims at product and processes from Vojvodina industry region, it has a high degree of universality and with small modifications it can be applied to other industry regions as well. 

Further research should include verification of the proposed ecodesign methodology on a case study in small and medium sized industry sector of Vojvodina region. Experience and implementation of the proposed ecodesign methodology would produce specific guidelines and a knowledge base for the each industry branch. 
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