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Abstract 

Product life cycle thinking is essential in the path to sustainability by expanding the focus on the production site to the whole product life cycle facilitates the links between the economic and environmental dimensions within a company. Life cycle thinking is about widening views and expands the traditional focus on manufacturing processes to incorporate various aspects associated with a product over its entire life cycle.

Implementation of environmental requirements into product development is important both from an environmental and business perspective. The most directly achieved benefit is the reduction of environmental impacts from increased levels of consumption, in other words the mitigation of causes of environmental problems both at global and local level. Ecodesign (also design for the environment, life cycle design, environmentally-conscious design) is the systematic methodology that incorporates environmental considerations into the design process of products.
At the heart of eco-design is the concept of the product life cycle. Product life cycle starts with resources taken from nature, goes on to the production of materials and manufacturing processes, packaging and transport, the use and maintenance of a product and finally concludes at the end-of-life stage. The term life cycle thinking refers to the integrated approach that has to be applied with the aim of designing more environmentally compatible products.

The investigation studies of applying Eco-design model in Lithuanian industry have been done in the framework few international projects, academic and scientific research. The main objectives of the study were to make analysis of eco-design situation in Lithuania, to create dynamic model for systematic use of different tools for the environmental product development and to apply this model in the process of creation of new products in Lithuanian industry.
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1 Introduction 

The process of Ecodesign is not essentially different from conventional product planning process – however, its aim is to integrate environmental aspects into existing planning process wherever this is meaningful and possible. Designers often do not have sufficient information about the environmental characteristics of a product. In addition, they often lack insight into how to improve the environmental aspects of a product. In order to ensure that designers can easily generate environmental improvement ideas, the specific environmental aspects of a product and corresponding Eco-design strategies should be furnished to them simultaneously. (Tichner, 2000)
Detailing of the product is a systematic process that requires close cooperation between industry and research involved in the product development. In its interphase, this process may result in development of several product alternatives that are compared and evaluated. Final selection of the most feasible alternative is made in accordance with the company decision-making system. To ensure the proper way of using different tools for product environmental analysis or product development process, must be applied systematic approach and created model for systematic environmental product development. (Staniskis et al. 2005)
2 Model for systematic environmental product development
The developed model (see Fig.1) helps to obtain the maximum environmental performance in the product development process with minimum cost for the product development process (Varzinskas et al. 2007).
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Fig. 1. Model for the environmental product development (Varzinskas et al. 2007).
This model for systematic environmental product development should be thought of as a flexible framework. In practice, the individual phases will be given different priorities depending on the type of company, task at hand, budget and time. The model features loops to allow single or several steps to be repeated in the event that a specific phase, or the entire process, yields unsatisfactory results. The six steps summarized on the left hand side of Figure 1. may be broken down into more detail as follows.

First steps in application of the model for the environmental product development (Stage “Scope and environmental assessment” in Fig. 1 are used to define main project objectives and to make full product environmental assessment, with objective to evaluate main environmental aspects and identify “hot-spots” in all product system. Consideration of the physical product only is not enough in the environmental analysis. It is essential to incorporate the whole product system (auxiliary products, consumables, etc.) that is needed to ensure the proper functioning of the product over its total lifetime. The product system should also cover all phases of life cycle, including production and supply of materials and components, factory production, distribution, use or utilization, end of life system / final disposal of the product.

The analysis stage involves the identification, quantification, evaluation and prioritization of environmentally harmful issues in relation to a product, a product system, a service or a concept. Analysis should be completed depending on planning constrains (e.g. time, personnel and financing). (Lewis et al. 2001)
This may involve a very thorough analysis: for example, drawing up a life-cycle assessment (LCA) including the goal and scope definition, inventory, impact assessment and evaluation steps. The factors with negative impact on the environment are first ascertained, and then their importance is determined on the basis of their effect on the more fundamental environmental criteria. (Wrisberg et al. 2002)
All above-mentioned methods of environmental analysis are based on life cycle thinking, i.e. they analyze potential environmental impacts during the entire life cycle of a product, from its cradle to grave. 

Using the insights gained in the analysis phase as a starting point, next step (“Concept and secondary assessment” stage in Fig. 1) is to develop ideas and proposals on how to improve a particular product, how to develop a new environmental-sound idea, or an Eco-efficient service to satisfy customer needs. Although the previously defined design criteria and requirements and design specifications have to be taken into account. Generated ideas must be evaluated (according to environmental, technical and financial perspective) and the concept of the new product must be developed. At the same stage, environmental assessment of the new product is needed. A newly developed product needs to be evaluated and compared with the former product to verify the environmental performance and project benefits for the marketing of a new product. Next step, after product concept verification and product specification should be evaluation of project and preparation of recommendation for the future development of EcoDesign in the company. This step will ensure, that knowledge, gained in the implementation of current project will be transferred for the new product development and application of EcoDesign methodology will become continual process in the company.

Next part of the model for environmental product development (on the right hand side of Figure 1) – “Communication and information flows in model for Environmental product development” shows, how to communicate and build information flows between research institutions and industry members. Right distribution of tasks, responsibility and activity between the organizations is the main factor for successful cooperation between stakeholders and is the key factor to reach highest performance in the process of design and development.

3 Application of Eco-design model in Lithuanian industry: Case studies

3.1 Electricity meter

Selected product is three-phase electronic electricity meter EMS, intended for use in household, commerce and light industry. (Eco-design improvements are planned to be used for other configurations of the product). Meters collect electrical energy data for up to four tariff periods per day, also providing maximum demand registration and load profiling upon request. (Gurauskiene et al. 2006).

The methodology Eco-indicator’99 was used in order to assess environmental impact of the meter. This life cycle assessment methodology is adapted for eco-design. The Eco-indicator’99 scores are based on an impact assessment methodology that transforms the data of the inventory table into damage scores which can be aggregated to one single score/ millipoint (mPt) that express the total environmental load of a product or process (weight of materials, emission and electricity energy).

Considering environmental analyzes of the present electricity meter, improvement several decisions for electricity meter were made.
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Fig. 2: Environmental impact comparison of present and new EE meters (Gurauskiene et al. 2006)
In accordance to the meter environmental analysis, the improvements of the product were made, avoiding decrease of the quality. The new product is friendlier for the environment and guaranties the compliance with environmental legislations. All the results show that implementation of eco-design tools for electricity meter reduces environmental impact all over the life cycle of the product. Comparison of present and new electricity meters environmental impact represented in Figure 2.

3.2 Refrigeration system of vapour compression
Vapor compression refrigeration system was chosen for Ecodesign project. Refrigeration system consists of: compressor, condenser, evaporator, refrigerant receiver, liquid line (copper tubing), and various filters, fixture, which are necessary for the system’s control etc. Refrigeration system uses 4.2 kW of electricity (compressor, condenser, and evaporator). The capacity of refrigeration is 8.5 kW, and the capacity of heating is 12.7 kW. The refrigerant R404A is used (Varzinskas et al. 2007).

The entire life cycle of refrigeration system span is 6 years. Environmental aspects of all phases have been analysed according methodology Ecoindicators’99: 1) production of separate mechanism of refrigeration system 2) use and 3) disposal of waste. Refrigeration system has the biggest negative environmental impact during the phase of usage, so the main attention was paid on minimization of energy resource use by establishing optimal technology and using it in the most efficient way. A newly developed product has been evaluated and compared with the former product to verify the environmental performance and project benefits for the marketing of a new product. The influence of new product on environment during the life cycle was reduced by 35 %. The difference of production stage environmental impact is not so big, because the manufacture of heat exchanger, backward valves, valve with gear, copper manifold (5 meters), and grease separator require additional energy. The influence of new product on environment did not increase in terms of material use, because t the quantity of copper manifold has been reduced by 8.73%.
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Fig. 3 The comparison of previous and new refrigeration systems’ environmental impact during the life cycle (production, use and disposal) (Varzinskas et al. 2007).
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Fig. 4 The comparison of previous and new refrigeration systems’ consumption of electricity energy and heat losses during the usage stage (Varzinskas et al. 2007).
The input of electricity of new refrigeration system was reduced by 5.98 % (as concerns integration of grease separator electricity consumption was reduced 10%, as concerns reconstruction of refrigeration system for using of heat), increased consumption of electricity ~4.47%. Heat losses were reduced by 49.66 %, since estimated heat during cold’s production period (~6 months) is used for space heating.

3 Conclusions
Eco-design is incorporated in a similar way as other important design requirements in a design process, i.e. quality, legislation, costs, functionality, durability, ergonomics, aesthetics and health and safety considerations. As a result, designed products are innovative, have better environmental performance and are of a quality at least as good as a market standard. This makes the use of Ecodesign increasingly important for businesses, and leads to clear advantages for those companies incorporating Ecodesign.

1. The product environmental design is a proactive approach for integrating cleaner production and resource conservation strategies into development of more environmentally and economically sustainable product systems.

2. Detailing of the product is a systematic process that requires close cooperation between industry and research involved in the product development. To ensure the proper way of using different tools for product environmental analysis or product development process, must be applied systematic approach and created model for systematic environmental product development. This model helps to obtain the maximum environmental performance in the product development process with minimum cost for the product development process.

3. The implementation of eco-design tools for electrical electricity meter decreased environmental impact 2.73 times in Ecoindicator’99 millipoints (from 1400 to 423,59). The implementation of model for systematic environmental product development in the improvement of vapor-compression refrigeration system has reduced an environmental impact of a product: 

· Consumption of electricity energy reduced by 10%; 

· Durability of refrigeration system was prolonged 10%. 

· Heat, which is educed during the manufacturing of freeze, is used for heating of the building, and about 49.66 % of thermo energy will be saved.

4. The environmental dimension of the innovation policies could be stressed more explicitly as this is one of the opportunities to create more competitive products and services, and eco-design can be used as one of the tools for product development and innovation. The national innovation support bodies should be educated on eco-design.
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