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1 Executive summary 
 
This document is the first version of the ecodesign criteria applied to the heat exchanger (HE) developed in the 

project. The present report was focused on the study of the HE A-Sample prototype performed during the 

period in i-HeCoBatt. This activity has received funding from the European Union’s Horizon 2020 programme, 

grant agreement No. 824300. 

1.1 Context of WP7 

In WP7 – Industrialization of the proposed heating and cooling solution, an industrialization concept of the 
heat exchanger (mass production concept) will be created and the main processes will be built up. In the same 
way, the sensor and heating function will be redesigned, and a mass production concept defined. The 
industrialization concept aims to develop a flexible industrialization method for brand-independent heat 
exchangers and to bring new products on an easy way in production. 

The whole redesign and industrialization of the product will be accomplished under the eco-design umbrella 
by considering the environmental impact of selected materials and means (LCA) as well as their cost (LCC).  

Therefore, the redesign, industrialization, manufacturing, and validation activities covered in this work 
package will be complemented by the the following environmental and economic studies: Life cycle 
Assessment (LCA), Life Cycle Cost (LCC) estimation, and Ecodesign. 

1.2 Objective of Task 7.1 

The first objective of Task 7.1 and by extension the objective of this deliverable is to introduce the concept of 
ecodesign and the legislative framework. Secondly, the report aims at explaining the principles and tools to 
apply an ecodesign approach. The last part of this document provides some hints to apply the ecodesign 
approach to the A-Sample of the heat exchanger developed in i-HeCoBatt. 

This Deliverable provides generic ecodesign requirements and guidelines for the development of the i-
HeCoBatt prototype. The final ecodesign deliverable (D7.2 – Ecodesign criteria (B-sample)) will gather Life 
Cycle Assessment results to generate specific ecodesign requests, including measurable environmental 
performance indicators, such as global warming potential or cumulative energy demand. The Deliverable 7.2 
will be available in month 32 of the project; at that time, the technical development of the B-Sample 
prototype will be well advanced and the ecodesign analysis will generate a comparison between the 
developed alternative and orientation for the future design evolution. Besides, by that time the innovative 
solution will be compared with the standard solution currently implemented in AUDI’s electric vehicles. 

The ecodesign task is conducted in parallel with other technical activities in the project. In this sense, a close 
collaboration with MIBA (in charge of the B-Sample prototype design and manufacturing) is expected to 
generate relevant ecodesign recommendations. It is also planned to perform the Life Cycle Assessment (LCA) 
and Life Cycle Costing (LCC) analysis of the B-Sample. LCA, LCC, and Ecodesign will be performed in parallel to 
verify the conclusions of both analyses.  

 

1.3 Achievements of the goals through D7.1 

Throughout the work done in the present deliverable, it was possible to identify some insights of the A-sample 
prototype from an ecodesign thinking. The main criteria, such as: efficient use of materials, efficient use of 
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energy, minimization of hazardous substances used, maximization of the operating life, and the improvement 
of recyclability were analyzed. Initial recommendations, mainly due to the use of certain materials, were 
studied under a life cycle impact assessment. Besides, the best waste treatment routes were also analyzed 
from an environmental perspective. 
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2 Introduction 
Ecodesign is an approach that aims at integrating environmental aspects during a product or service design to 
improve its environmental performances throughout all the stages of its life cycle (European Council, 2009). 
Milojković & Litovski (2002), defined the ecodesign as “a systematic approach to the design of a product 
encompassing not only economic, functional, and aesthetic aspects but also the protection of health (i.e. 
human, animal and floral), environment and society during the whole life-cycle of the product” It has been 
evaluated that about 80% of the environmental impacts of a product are determined by the choices made at 
the early stage of the design (Kunnari et al., 2009). Therefore, it can be easily understood the added value of 
integrating ecodesign principles to improve the future environmental performance of a product or service. 

Applying the ecodesign approach is the addition of environmental considerations to the list of parameters 
already included in the design process (e.g. functionality, quality, aesthetics, safety, among others). This 
integration could lead to a reconsideration of some of the parameters (e.g. to re-define the targeted 
functionality) or to find a new compromise in the best available solution (e.g. by reducing the aesthetic of a 
product to increase its durability and environmental performances). The ecodesign approach is directly 
targeting environmental performances, but it can also affect economic and social considerations in parallel. 
Economic and social benefits are often consequences of environmental performance improvement. On a 
wider plan, ecodesigned solutions aim at being innovative, functional, cost-effective, and commercially 
successful (Rousseaux et al. 2017). 

2.1 Legislative framework 

Ecodesign is not a legal obligation in general terms but for some sectors, principles have to be applied. This is 
especially true for household appliances and information and communication technologies. The Directive on 
Electrical and Electric Equipment (Directive 2020/96/EC) (European Parliament and European Council, 2003) 
aims at preventing the wastes from electronic and electric equipment (WEEE directive). The producers should 
anticipate the possibility of dismantling, reusing, and recycling material and components. In this regard, a list 
of forbidden hazardous substances has been defined. Producers are also directly implied in the financing of 
waste collection and treatment. 

The Directive on packaging waste (Directive 94/62/EC) (European Parliment and the European Council, 1994) 
aims at preventing any unnecessary packaging in all sectors and promotes recycling and reuse. 

Directive on end-of-life vehicles (ELV) (Directive 2000/53/EC) (European Parliament and European Council, 
2000), imposes some of the main ecodesign principles to the cars’ manufacturers: restriction of the use of 
hazardous substances and obligation of integrating dismantling, reuse, recycling or recovery possibilities 
during the design of the vehicle. These incentives are completed with a high objective rate for reuse and 
recycling (>85% in weight). 

In addition, the European Community has developed a proposal for a directive on setting ecodesign 
requirements for energy-using products. This Directive should provide a method for setting ecodesign 
requirements and limit market access to products developed with an appropriate measure to reach these 
specifications (ISO TR 14062, 2002). The Methodology for Ecodesign of Energy-related Product is presented in 
Figure 2-1. Not all energy-using products are included in this proposal, only the most significant in terms of 
market volume and potential environmental impact reduction. 
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Figure 2-1 Proposed approach to operationalize circular economy into Ecodesign 
effectively (Talens Peiró et al. 2020). 
 
Similarly, the European Union launched the Ecodesign Working Plan, which aims at contributing to the 
Commission's new initiative on the Circular Economy, promoting a transition towards a more circular 
approach in the EU through a series of measures, covering the whole lifecycle of products and materials. This 
working plan is adopting ecodesign measures for air heating and cooling products and also provide a 
recommendation for self-regulation, by guiding to support the industry in pursuing voluntary agreements as 
an alternative to this regulation (European Commission, 2016). 

 
On the other hand, the International Standardization Organisation (ISO) has defined universal norms for 
ecodesign in line with the ISO 9001 and ISO 14001:  

 ISO/TR14062:2002 Environmental Management – Integrating Environmental Aspects into Product 
Design and Development (ISO, 2002).  

 ISO14006:2020 Environmental Management – Guidelines for incorporating ecodesign (ISO, 2020). 

The ISO Technical Report 14062:2002 defined two main objectives for the ecodesign approach (ISO, 2002): 

 Optimizing the use of resources (materials and energies) for the product without unfavorable effects 
on the product performances or durability of the product. This includes the conservation of 
recyclability and energy recovery, a decrease in the uses of the hazardous substance, and waste 
production. 

 Prevention of waste production, pollutions, and any other impacts though dealing with problems at 
their source. 
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2.2 Ecodesign principles 

Similarly to development costs, most of the environmental impacts are determined in the early stage of 
product development. It is considered that around 75-80% of the manufacturing costs are defined by the 
choices made during the conceptual phase in the classical design process with the choice of material, energy 
used, recyclability, lifespan of the product, etc. Likewise, the environmental impacts of the product are mainly 
determined in the design stage with the options selected for the manufacturing, use, and end-of-life. If the 
design choices are relevant and respected, the real environmental impacts should be close to the ones 
evaluated during the conception stage. Considering this statement, the advantages of ecodesign are clearly 
understandable to improve the ecological performances. 

A simple way to apply ecodesign approach is to implement the five following principles: 

 Efficient use of material; 
 Minimizing energy use; 
 Minimizing the use of hazardous substances; 
 Maximizing operating life; 
 Improving recyclability. 

These five principles should be considered during all the stages of the design process, from the concept 
drafting to the last stages of production planning and even after the commercialization. It is also important to 
consider these five criteria and the environmental aspects during all the stages of the product life cycle [i.e. 
material extraction, manufacturing process, packaging, transport and distribution, use phase, and end-of-life 
(recycling, reuse, disposal)].  

To conduct a complete ecodesign approach, the following aspects have to be assessed (Schischke et al., 2002): 

 Consumption evaluation of material, freshwater, and energy; 
 Evaluation of the future emissions to air, water or soil; 
 Estimation of potential “physical” pollutions (i.e. noise, vibration, radiation, electromagnetic field); 
 Estimation of waste generation; 
 Evaluate possibilities of recycling, reusing, or recovering material and/or energy. 

Ecodesign approach is often leading to innovative solutions but it is essential to respect the basis of design to 
avoid mistakes. Parameters such as the functionality, quality, and security of the product/service are critical 
and should not be left aside for integrating environmental considerations. In the same line, the designer 
should be aware of the market potential and plan a logical strategy for the price of the product/service. 
Indeed, it could be detrimental to push the customer to choose a competition product because an eco-
designed item is far too expensive. 

A market analysis can help to identify the best available solutions regarding technical, environmental, and 
economic aspects. These solutions could be technical models for improving the environmental performances 
without losing track of the consumer needed and the economic profitability of the solution. The best available 
technology on the market could be a good reference in the ecodesign process for two main reasons: i) it offers 
the optimal techno-economic option for the consumer, and; ii) it complies with the main norms and 
legislations. Indeed, it is also important to keep an eye on the legislative framework of the targeted market 
during the ecodesign approach to identify and anticipate potential legal burdens (Plouffe et al., 2011). 

The ecodesign approach requires to foresee and anticipate, at an early stage, the possible issue arising in the 
future life cycle of the product. For instance, it is essential to consider that the initial manufacturer will 
probably not oversee the end-of-life of the product. Therefore, all the efforts to improve the recyclability 
and/or reusability of the product/compound/material must be properly communicated. Information about the 
disassembly, recycling, or disposal should be available. If possible, the information should be provided directly 
to the product/component. On the other end, the manufacturer should provide the basic information to the 
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user to help him/her to install, use, maintain and optimally dispose of the product and be aware of the 
environmental performances of the product. 

As presented previously, ecodesign approach can be summarized with only five main principles or criteria. The 
difficulty is to anticipate the application of these principles on a product still in development and for all the 
stages of its life cycle. Ecodesign thinking can be integrated into a continuous improvement strategy and it is 
never too late to start applying its principles. Nevertheless, ecodesign efficiency in reducing environmental 
impacts will be higher when it is applied from the initial concept idea. A non-exhaustive list of good practices is 
proposed below: 

 Reduce the weight and volume of the product; 
 Use more material from recycling activities or reuse components; 
 Reduce consumption of energy, water and other resources throughout the life cycle; 
 Avoid or reduce the use of hazardous substances to health and/or the environment; 
 Quantify consumables needed for use and maintenance; 
 Ease the reuse and recycling of material/component: reduce the number of different material and 

component used, design to ease disassembly with common tools, use standard components (with 
standard marking for easy identification), use of recyclable materials, ease the access/disassembly of 
recyclable material/components and hazardous substances; 

 Select technical solutions that allow reuse and/or recycling of components/material; 
 Design for longer lifetime, reparability, and modularity. Ensure availability of the spare parts; 
 Reduce waste generation (during all life cycle steps) and especially hazardous waste generation; 
 Specific attention to the emissions to the air (control atmosphere and filtration of greenhouse gases, 

acidification agents, volatile organic compound, heavy metals, etc.); 
 Control emissions to water (heavy metals, persistent organic pollutants, etc.); 
 Control emissions to soil (leakage during production and disposal especially). 

The ISO TR 14062:2002 points out the main difficulties that could be encounter during the ecodesign approach 
(ISO, 2002): 

 Integrating environmental considerations from the early stage of the design process; 
 Considering the complete product life cycle; 
 Keeping a focus on the functionality (e.g. usability, product lifespan, etc.); 
 Working on multi-criteria impacts assessment; 
 Finding the optimal solution or the most acceptable trade-off. 

Another challenge in integrating an ecodesign approach in product development is to engage the complete 
company internally with all the company departments acting from the concept idea to the production 
(including marketing, sales, quality, etc.). For a successful ecodesign initiative, all the companies should 
endorse the changes generated by this new approach. Communication is the key to involving all departments 
of the company. All the actors of the product’s life cycle should be involved in the ecodesign approach; the 
chain management should be convinced to decrease the environmental impacts of the material supplied and 
the transportation and distribution stage. These activities are most of the time sub-contracted to external 
companies that should be selected according to their abilities to fulfill the new environmental requirements. 
Finally, it is also essential to communicate properly with the end-user to explain the approach and how to 
reduce the environmental burdens during the use phase and the end-of-life (disposal instructions) (Kunnari et 
al. 2009; Wimmer et al., 2006; Pigosso and Rozenfeld 2012; Plouffe et al., 2011). 
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2.3 Ecodesign tools 

In addition to good practices, many tools are available for the application of ecodesign criteria. The most used 
tools are briefly presented in the following paragraphs: 

 

 MET matrix: the Material Energy Toxicity (MET) matrix is a table that gathers information about a 
material, energy, and toxic emissions for each stage of the life cycle of the product (Kiurski et al., 
2017). In the material column, the environmental issues due to material inputs and outputs are 
gathered and especially the non-renewable material or the materials generating pollutions during 
their production. The energy column is dedicated to all the energy consumptions for the different life 
cycle steps and the toxic emission column is dedicated to the emissions into the air, water, or soil. 
Quantitative data should be used as much as possible in the MET matrix, but the qualitative matrix 
could also be used if the values are not known (Figure 2-2). 
 

 Life Cycle Assessment: Life Cycle Assessment (LCA) is a standardized methodology (ISO 14040:14044) 
to evaluate the environmental impacts of a product, process, or service during all its life cycle (ISO 
2006b). Further information related to the LCA methodology is provided in Section 2.4 of this report. 
For a complete description of the LCA methodology, please refers to Deliverable 7.3 Life Cycle costs 
(LCC) and Life cycle Assessment (LCA) (A-Sample) of this project.  
LCA is probably one of the most consistent tools for assessing the environmental performances of 
different design options. The future environmental impacts of the designed product can be simulated 
for the complete duration of its life cycle (from the material extraction to its end-of-life). The standard 
methodology is broadly used allowing fair comparison with many available studies. The impact 
assessment is also providing results for several impacts categories (e.g. global warming, acidification, 
eutrophication, ozone depletion, cumulative energy demand, among others) avoiding reporting the 
environmental burdens from one issue to another. LCA can be used for the comparison of several 
design options but also to compare the concept product with existing alternatives. It is also possible to 
evaluate the environmental repercussions of a specific design choice over the general environmental 
performance of the product. 
 

 Simplified LCA: several examples of simplified LCA tools are available. In some case, the LCA 
methodology is applied for only one impact category (e.g. carbon footprint (linked to global warming) 
or water footprint) or sector/product-oriented (e.g. packaging, EEE, etc.) or using only a simplified 
database (national or regional, sector-oriented, etc.). Two examples are presented below: 
Cumulative Energy Demand (CED) allows evaluating the total amount of energy used by the product 
during its life cycle. CED could be evaluated manually if enough information is available or with LCA 
software. The analysis could provide inputs about the direct and indirect energy use but also on 
energy sources (renewable, non-renewable). 
Based on the Life Cycle Inventory the Material Input Per unit Service (MIPS) can be evaluated to 
compare two options. For a defined unit service (the functional unit of the product or service), all the 
consumed resources are accounted for all the stages of the useful life of the product: abiotic raw 
material, biotic raw material, water, air, and soil. MIPS gives an overview of the total amount of 
resources used for the product life cycle. The MIPS is not an impact assessment; therefore, it should 
be used carefully to avoid any bias in the conclusion. 
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Figure 2-2 MET matrix example (Brezet and van Hemel 1997). 

 
 Ecodesign Checklist: the Ecodesign Checklist can be used when a concept of the product is defined or 

for an already existing product (Brezet and van Hemel, 1997). The principle of this tool is to identify 
potential environmental issues thanks to a list of questions and to consider suggestions for 
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improvements. The form of the checklist is a two columns table, the first one with questions on 
different axes and the second one with the corresponding suggestions (Table 2-1). The outcomes of 
the Ecodesign checklist are a good understanding of the environmental burdens arise by product 
development. Later, these outcomes can be used in the MET matrix or for the Ecodesign Strategies 
Wheel. Ecodesign checklist is a generic tool, however, it is also possible to tailor sector or product-
oriented checklist (Wimmer, W., Züst, R. and Lee, 2006). 

Table 2-1 Ecodesign Checklist (Brezet and van Hemel 1997). 
Need analysis 
How does the product system fulfill social needs? 

 What are the products’ main and auxiliary functions?  

 Does the product fulfill these functions effectively and 
efficiently?  

 What user needs does the product currently meet?  

 Can the product functions be expanded or improved to 
fulfill users’ needs better?  

 Will this need change over some time?  

 Can we anticipate this through (radical) product 
innovation?  

EcoDesign strategy at new concept development  

 Dematerialization  

 Shared use of the product  

 Integration of functions  

 Functional optimization of the product (com-
ponents) 

 

1 Production and supply of the materials and components 
What problems arise in the production and supply of 
materials and components? 

 How much, and what types of plastic and rubber are 
used?  

 How much, and what types of additives are used?  

 How much, and what types of metals are used?  

 How much, and what other types of materials (glass, 
ceramics, etc.) are used?  

 How much, and which type of surface treatment is 
used?  

 What is the environmental profile of the 
components?  

 How much energy is required to transport the 
components and materials?  

EcoDesign Strategy 1: Selection of low-impact 
materials 

 Clean materials  

 Renewable materials  

 Low energy content materials  

 Recycled materials  

 Recyclable materials  

EcoDesign Strategy 2: Reduction of material usage  

 Reduction in weight  

 Reduction in (transport) volume 

 

2 Production process 
What problems can arise in the production process in your 
own company? 

 How many, and what types of production processes 
are used? (including connections, surface treatments, 
printing, and labelling)  

 How much, and what types of auxiliary materials are 
needed?  

 How high is the energy consumption?  

 How much waste is generated?  

 How many products don’t meet the required quality 

EcoDesign Strategy 3: Optimization of production 
techniques 

 Alternative production techniques  

 Fewer production steps  

 Low/ clean energy consumption  

 Fewer production wastes  

 Few/ clean production consumables 
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norms? 

3 Distribution 
What problems can arise in the distribution of the product 
to the customer? 

 What kind of transport packaging, bulk packaging, 
and retail packaging is used (volumes, weights, 
materials, reusability)?  

 Which means of transport are used?  

 Is transport efficiently organized?  

 

EcoDesign Strategy 4: Reduction of material usage 

 Reduction in weight  

 Reduction in (transport) volume  

EcoDesign Strategy 5: Optimization of the 

distribution system  

 Less/ clean/ reusable packaging  

 Energy-efficient transport mode  

 Energy-efficient logistics  

4 Utilization 
What problems arise when using, operating, servicing, 
and repairing the product? 

 How much, and what type of energy is required, 
direct or indirect?  

 How much, and what kind of consumables are 
needed?  

 What is the technical lifetime?  

 How much maintenance and repairs are needed?  

 What and how much auxiliary materials and energy 
are required for operating, servicing, and repair?  

 Can the product be disassembled by a layman?  

 Are those parts often requiring replacement 
detachable?  

 What is the aesthetic lifetime of the product? 

EcoDesign Strategy 6: Reduction of impact in the 
used stage 

 Low energy consumption  

 Clean energy source  

 Few consumables needed  

 Clean consumables  

 No wastage of energy or consumables  

EcoDesign Strategy 7: Optimization of initial 

lifetime 

 Reliability and durability  

 Easy maintenance and repair  

 Modular product structure  

 Classic Design  

 Strong product-user relation 

 

5 Recovery and disposal 
What problems arise in the recovery and disposal of the 
product? 

 How is the product currently disposed of?  

 Are components or materials being reused?  

 What components could be reused?  

 Can the components be reassembled without 
damage?  

 What materials are recyclable?  

 Are the materials identifiable?  

 Can they be detached quickly?  

 Are any incompatible inks, surface treatments, or 

EcoDesign Strategy 8: Optimization of the end-of-life 
system 

 Reuse of product (components)  

 Remanufacturing/ refurbishing  

 Recycling of materials  

 Safe incineration 
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stickers used? 

 Are any hazardous components easily detachable? 

 Do problems occur while incinerating non-reusable 
product parts? 

 

 Ecodesign Strategies Wheel: the Ecodesign Strategies Wheel is a tool to select and communicate the 
ecodesign strategy (Brezet and van Hemel, 1997). The ecodesign strategies are following the product 
life cycle stage. Therefore, ecodesign strategies should be associated with LCA. The LCA identifies the 
life cycle stages that have the most relevant environmental impact and the Ecodesign strategies allow 
to determine mitigation actions. The LCA can be iterated to evaluate the effects of the actions. The 
strategy to apply is usually determined by the LCA conclusions but it can also be decided to fulfill 
specific requirements or customers’ needs. The representation of the Ecodesign Strategies Wheel is a 
Spider diagram that compares two or more options: the base option is represented with a regular 
polygon with an axis for each of the criteria. The other options are reported on the axis as a 
comparative level to the base option (e.g. (-100%)-(-50%), (+50%)-(+100%), (+100%)-(+200%), etc.) 
with the best option as the wider polygon (Figure 2-3). 

 
Figure 2-3 The EcoDesign Strategy Wheel (Brezet and van Hemel 1997). 

 
The different strategies are briefly described below including simple examples to illustrate them: 

 New concept development: 
o Dematerialization: reduction of material needed to fulfill the function of the product. 

Example: online invoicing to avoid paper printing and delivery impacts. 
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o Share use of the product: a higher number of times the product is used (avoiding 
single-use products). Example: tools rental for occasional use.  

o Integration of function: integrating multiple functions in the product. Example: 
modern mobile phones could replace several other devices (e.g. calculator, camera, 
notebook, mp3 player, etc.). 

 Reduction of material consumption and diversity: reducing the weight and/or volume of 
material used allows avoiding all the impacts linked to material production and transportation. 
Likewise, avoiding the diversity of material (especially paint or coating) can help to improve 
the recyclability of the final product. Example: many mineral water brands have reduced the 
thickness of their plastic bottles to reduce the quantity of plastic used.  

 Environmentally oriented materials selection: selecting low-impacts materials based on 
recycled, free from hazardous substances and easily recyclable material, renewable resources, 
and low energy consuming process. Example: biodegradable plastics or recycled paper for fruit 
and vegetable bags in a supermarket replacing the petrol-based plastic bag. 

 Optimization of production processes: reducing the environmental impacts of the production 
processes with various strategies: 

o Reducing the number of production steps. This can be achieved using fewer different 
materials or avoiding material requiring finishing process (e.g. painting, coating, 
polishing, etc.). 

o Reducing the energy needs of the processes (e.g. energy-efficient equipment, 
reduction of the transport distances, etc.) of powering with renewable energy sources. 

o Reduction of production auxiliary materials consumption or use of cleaner auxiliary 
materials. Example: bio-sourced lubrification oils and greases for the machinery or 
mineral oils instead of petroleum-based alternatives. 

o Optimization of the resources’ utilization. For instance, re-injecting in the production 
process the low-quality products to avoid waste production. 

 Optimization of distribution system: there are three main strategies for reducing the 
environmental impacts (and costs) due to product transportation: 

o Anticipating the packaging and transport directly during the product design stage. 
Examples: foldable or kit to build products are less voluminous and easier to transport; 
the size of the products can also be selected according to the best available packaging 
or transport option (e.g. size of a standard pallet); design to avoid the need of 
packaging. 

o Reducing the packaging impacts: the selection of recyclable packaging materials, logos 
to ease sorting and recycling, reducing the weight of packaging, optimization of the 
ratio product/packaging. 

o Selecting the most efficient transportation strategy to optimize the quotient between 
transported weigh (or several units transported) and fuel consumed. 

 Reduction of environmental impact during use: products and services should be designed to 
reduce their energy consumption, integrate renewable energy sources, reduce the 
consumable and material needs (e.g. integrate water-saving option in a washing machine). 

 Increase of the useful life: each product is designed to fulfill a specific function. Therefore, the 
design should aim at extending the useful life to its optimal. Several methods give possibilities 
to extend the useful life of a product: 

o Products should be designed to last, avoiding planned obsolescence. Considering 
customers' feedback and experiences help to eliminate the weak points of the 
products. When applicable reuse should be encouraged. 

o Product reparability should be ensured, especially for the most vulnerable 
components. Those should easily dismantle, and available on the market for a long 
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time and the equipment for the reparation should be accessible. Offering extended 
customer service is often a good strategy for companies as it allows them to keep a 
link with the customers and receive information for improving their products. 

o Modularity allows changing only the components that need to be for repair or to 
follow the technological evolution or the new needs of the user. Example: strollers 
allowing the evolution from the baby-basket to the classical seat; the same stroller is 
used on a longer period as the kid is growing. 

o Adopting a classic design and following the common norms and standards helps to 
increase the lifespan of products. Indeed, components can be easily found in the 
market and are compatible with another brand. The knowledge and tools for making 
the reparation are also more widely shared. Example: bicycles from the 70s-80s are 
still commonly used as components are widely available, even with the last available 
technologies (carbon-based components, transmission, etc.). 

o Enhancing the relation product-user also helps to increase the useful life of a product. 
Example: tailored clothes with the user initials embroidered are more likely to be used 
longer than non-customized clothes.  

 The designer should anticipate that the product is a future waste and select, and adequate 
solution in that purpose: 

o Selection of recyclable or biodegradable materials. 
o Reduce the number of different materials used in the product and think about their 

integration/separation for end-of-life treatment. Example: TretraPak, producer of food 
packaging is facing challenges to improve the recyclability of its main product, a 
packaging made of a layer of cardboard, Polyethylene, and aluminium. The three 
materials could be recycled but the separation of the PE and aluminium layers is 
complicated. 

o Avoiding the use of painting and coating when it’s not necessary. 
o Simplification of the disassembly and especially the access to both hazardous 

substances and recyclable material. Example: WEEE treatment units can easily isolate 
the batteries containing the hazardous substance (e.g. lithium, cadmium, etc.); the 
rest of the waste is shredded and separated in different valuable recovery streams 
(e.g. plastics, precious metals, non-magnetic metals, etc.). 

The TU Vienna developed an online tool (pilot.ecodesign.at) to help the designer to select the most 
relevant strategies to adapt according to the primary objective of the ecodesign. The designer should 
answer questionnaires and the tool automatically propose possible ecodesign improvement illustrated 
with comparative impact assessments. 
 
 Guidelines: different guidelines are available to follow an ecodesign approach. Some guidelines are 

generic and presenting a variety of tools or step by step procedures, and others are focusing on 
specific aspects of the ecodesign (e.g. material selection, recyclability, etc.). It is also interesting to 
peruse guidelines specific to the sector or product developed. These specialized guidelines are 
providing tailored advice and references to dedicated resources (e.g. tools, databases, etc.). Specific 
ecodesign guidelines are often developed by private companies or research centers. For instance, the 
EU proposed the standards for the performance and durability assessment of electric vehicle 
batteries; this document describes existing standards and standards under development relevant to 
electric vehicle battery performance, degradation, and lifetime. It identifies measuring and testing 
methods to be used in the compliance assessment of electric vehicle batteries in order to meet 
Ecodesign requirements (Ruiz and Persio, 2018). 
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 Technological watch: staying aware of the last technological signs of progress in a specific sector is a 
good time investment for a designer. Indeed, innovation is often the key element, opening new 
perspectives in the development of the future solution. The latest research trends and state of the art 
of the available market alternative offers an overview of the innovation possibilities. The idea is not to 
copy existing solutions but to select the good practices to apply among the already available solutions.  
 

 Evaluation based on legislation: legislations are settling a framework in terms of environmental 
requirements, safety, and quality. Beside been mandatory, the limits settled by the legislations are 
indicators of points of attention. With technological progress and general ecologic awareness, 
legislations tend to be stricter. Therefore, product designers should anticipate the legislative limits and 
aims to reach margin toward the legislative framework. For instance, if the substance concentration of 
one element is regulated by law, that means that there are some burdens or risks in using this 
element. Therefore, it can be interesting to try to limit or avoid using this specific element (Talens 
Peiró et al., 2020). 
 

 Hazardous substance lists: numerous governments or public organizations published lists of 
hazardous substances with the associated regulations. For the European Market, the European 
Chemical Agency (EUCHA) published the REACH (Registration, Evaluation, Authorization, and 
Restriction of Chemicals) regulation that aims at protecting humans and the environment (Andrew 
and Wright-Williams, 2018; European Chemicals Agency, 2012). Companies should provide 
information about their substances and human and environmental risks and how to handle it. If a 
company is unable to propose a good mitigation plan for its substance’s risks or if the risks are too 
high, ECHA will restrict the marketing authorization and encourage virtuous alternatives. For 
ecodesign purposes, it is important to check the hazardous substance lists, avoid the more dangerous 
material, and consider using the alternatives proposed. 
 

 Ecolabel: it exists two types of ecolabels, certification (criteria evaluated by an external organism) and 
self-declaration (the company testifies its compliance with the eco-label criteria). In both cases, the 
environmental criteria of the ecolabel can be used as ecodesign strategies. Organizations in charge of 
delivering the ecolabels defined criteria and an evaluation procedure that is often searchable 
documents. Even without applying for the ecolabel, it is possible to set the ecolabel targeted criteria 
as internal objectives during the product design (European Commission 2017a; Schumacher 2010). 
 

 Material Circularity Indicator (MCI): the Ellen MacArthur Foundation and Granta Design developed 
the Material Circularity Indicator tool as part of the “Circular Indicator Project” (MacArthur 2013; Ellen 
and Company, 2014). The MCI allows identifying the additional or circular value of products and 
materials and to reduce the risks linked to material price volatility and material supply. Applying 
circularity assessment methodology is beneficial for an ecodesign approach and several circularity 
indicator web tools are available online (Ellen MacArthur Foundation, 2020).  
 

 Common sense: without being a proper tool, common sense, logical thinking, and a measured 
approach should provide the main indications for designing rational solutions with reasonable use of 
resources and controlled emissions and pollution. 
 

Figure 2-4 summarizes the existing Ecodesign tools taxonomy proposed by Rousseaux et al. (2017). As it can be 
seen in this figure, the tools can be classified in 6 levels: i) regulatory and non-regulatory, that can be 
mandatory or voluntary; ii) normative or non-normative (all sorts of texts or methods that can be needed for 
ecodesign development); iii) generic (all sectors, to any sort of company, regardless its field, size or location) 
or sectorial (focused on the special sector of application); iv) environmental (assessments of environmental 
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impacts) and improvement (provide guidance and generic recommendation during system design and 
development); v) qualitative or quantitative; vi) computerized (software and expert systems) or non-
computerized. 

 

Figure 2-4 Ecodesign tools taxonomy (Rousseaux et al., 2017). 

2.4 Link with the environmental LCA and economic aspects 
(LCC) 

As it was mentioned before, the LCA is a tool for evaluating the environmental impacts of a product, process, 
or service. It is often essential to associate LCA with the ecodesign approach to first have a good 
understanding of the contributions to the overall environmental impact. In a second phase, the evaluation of 
the environmental impact through the LCA allows measuring the effect of the ecodesign approach. 

LCA is a standardized methodology (ISO 14040) (ISO, 2006a) to assess the environmental impacts of a product, 
process, or service. The methodology is divided into four main steps: first, the goal and scope of the study are 
defined to settle the framework of the analysis (e.g. system is under study, temporal and physical boundaries 
of the system, etc.). Then, the data are collected for the life cycle inventory (information about material and 
energy flows) and these data have proceeded into the impact assessment. Finally, conclusions and 
recommendations are written to propose environmental burdens reduction actions. LCA is an iterative process 
for continuous improvement.  

The second and third steps of the LCA (Life Cycle Inventory and Impacts assessment) are beneficial to the 
Ecodesign activities as it is providing inputs about the mass and energy balance and the environmental 
impacts of the system under study. On the other hand, the conclusions of the ecodesign analysis can be 
measured, quantified, and verified with an iteration of the LCA. For instance, the LCA assessment can verify 
the environmental advantage of using alternative material (bio-based material, recycled material, etc.) and 
quantify this benefit. 

Life Cycle Costs analysis is often associated with the LCA and based on the same life cycle thinking approach. 
LCC evaluates all the costs associated with the product/service life cycle. The analysis allows the calculation of 
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the Operation Expenditures (OPEX: material and energy costs, workforce, etc.), the Capital Expenditures 
(CAPEX: infrastructure investments, equipment costs, etc.) and the potential revenues over all the life cycle 
steps of the product or service. LCC gives a second perspective in the effort to reduce environmental impacts. 
The main recommendations describe by the ecodesign approach could also be beneficial from an economic 
point of view as the reduction of material and energy leads to fewer expenses.  
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3 Recommendations for the HE A-Sample 

The heating and cooling system proposed in i-HeCoBatt is still under study. So far, the heat exchanger (HE) A-
Sample prototype was developed during the first period of the project. In this regard, some ecodesign 
principles were applied, in collaboration with MIBA and EPI, in order to identify possible improvements from 
an environmental perspective. Those activities were carried out in WP3 and WP4 and were reported in 
different deliverables previously. In the next paragraphs, the main results found over the ecodesign criteria 
applied to the A-Sample are summarized. It is important to mention that the ecodesing activity will continue 
along with the project, following the production of the B-Sample and trying to provide insights and 
improvements (when possible) before the final HE device is finished. 

1. Efficient use of material: in this case, a life cycle impact assessment was carried out to certain 
materials that can be part of the HE A-Sample. In brief, the objective of this task was to provide some insights, 
from an environmental point of view, and to support the design of that device. The LCA methodology was 
applied for this analysis and the following impact categories were studied: global warming, eutrophication, 
acidification, human toxicity, abiotic depletion, and cumulative energy demand; the CML (Centre of 
Environmental Science of the University of Leiden) method was implemented (Guinée et al., 2011). Table 3-1 
includes the materials selected, as well as the amount and the database sources for the production of 1 HE A-
Sample. The same exercise was performed for the different materials that can be part of the sensors used in 
the A-Sample. In this regard, Table 3-2 collects the potential materials for sensor production. More details 
about the LCA methodology can be found in Deliverable 7.3. 

Table 3-1 Materials selected for the A-Sample prototype (to produce 1 HE device). 
Materials Amount (kg) Database Source 

Steel 10.00 
Steel, low-alloyed {RER}| steel 
production, converter. 

ecoinvent v3 

Polyethylene (PE) 0.552 
Polyethylene, high density, granulate 
{RER}| production. 

ecoinvent v3 

Aluminium 0.194 
Aluminium, primary, cast alloy slab from 
continuous casting {RoW}| production. 

ecoinvent v3 

Expanded Polypropylene 
Foam (EPP foam) 

2.00 Polymer foaming {RER}| processing. ecoinvent v3 

Polycaprolactame (PA6) 0.342 Nylon 6 {RER}| production. ecoinvent v3 
Polyethylene terephthalate 
(PET) 

0.207 
Polyethylene terephthalate, granulate, 
amorphous {RER}| production. 

ecoinvent v3 

Polyphenylene sulfide (PPS) 0.052 
Polyphenylene sulfide {GLO}| 
production. 

ecoinvent v3 

Polyurethane adhesive  
(PU adhesive 

0.036 Polyurethane adhesive. Messmer, 2015 

{RER}= based on average data in Europe; {RoW}= based on Rest-of-the-World average data; {GLO}= base on Global average data. 

 

Table 3-2 Material selected for the sensors (to produce 1 HE device). 
Materials Amount (kg) Database Source 

Nano-silver ink 0.050 Nano-silver ink (64 wt%) 
Hengevoss et 
al. (2016) 

Graphite 0.150 Graphite {RER}| production  ecoinvent v3 

Resin coating 0.050 
Acrylic varnish, without water, in 87.5% solution state 
{RER}| acrylic varnish production, product in 87.5% 
solution state 

ecoinvent v3 
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{RER}= based on average data in Europe; {GLO}= base on Global average data. 

 

Figure 3-1 depicts the contributions of each material per impact category (in %). The assessment was made 
considering the amounts of materials needed to produce 1 HE A-Sample. Summarizing, the use of steel 
represents more than 60% of the impacts in all the indicators analyzed. Aluminum also shows substantial 
impacts in categories such as acidification, global warming, and eutrophication, mainly due to the intensive 
electricity used during the production of that material. This result is consistent considering the high amount of 
steel compared to the other inputs. Steel production Is characterized as high use of energy and toxic emissions 
to the air and water (Renzulli et al. 2016). In the same line, Aluminium is very electricity-intensive; indeed, the 
production of this material represents about 1% of the annual greenhouse emissions worldwide (Hawari et al., 
2014). Hence, an interesting future work would be to assess the improvement of the indicators by using 
recycled aluminium instead of the primary one, which requires considerably less electricity for obtaining it. 
According to Grimaud et al. (2016), significant environmental benefits can found for aluminium recycled in 
comparison with primary aluminium.  

In conclusion, some relevant information can be extracted from this preliminary study: 

 The selection of materials (mainly plastics) can be considered according to their specific environmental 
impacts.  

 Steel and aluminium cannot be avoided, however, the exact formulation of the plastics can vary for 
the next B-Sample production. This information can support the decisions, in conjunction with the 
technical and economic studies, to better select the materials for the final new HE prototypes.  

 For an ecodesign approach, it will be key to avoid PA6 and PPS and reduce the weight of Steel. As for 
Aluminium, the impact is already optimized, because of the substantially low use of this material in 
the FLEXcooler®.On the other hand, PPS is still considered because of its flame-resistant properties 
and PA6 due to its higher melting temperature. 

A balance between technical and ecodesign criteria must be done when building the final A-Sample prototype. 
More details about the environmental impacts from a materials point of view can be found in Deliverable 3.1 – 
Heat exchanger 3D-model and preliminary simulation results. 
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Figure 3-1 Contribution of each material to the chosen impact categories (in %) – HE A-
Sample. 

 
Regarding the materials proposed for the production of the sensor, it was found that the use of nano-silver 
ink represents the highest impact in all categories studied in more than 98%. However, due to technical 
characteristics, nano-silver is preferred over carbon because carbon forms thermocouples at the contact 
areas. More details about the assessment performed for the materials selected in sensors was reported in 
Deliverable 4.2 – Sensors and heating actuator prototyping. 
 
2. Efficient use of energy: the energy needed to produce 1 HE A-Sample is equivalent to 1.25 kWh (0.40 
kg CO2 eq.). The energy consumption represents less than 1% of the impacts in all the environmental 
indicators assessed, which is reflected in an efficient use of energy during the production of these devices. No 
further recommendations can be stated in this criterion.  

On the other hand, the thermal management system and the lighter heating and cooling approach will help to 
reduce the global energy consumption by up to 5%. 

 
3. Minimizing hazardous substances use: the quantity and the toxicity of the material used should be 
studied to find the optimal substances. In this regard, there a few specific points of attention. First, the effect 
of some inks and nanoparticles on the environment are still a big study topic and the research conclusion are 
yet not excluding all potential risks. Secondly, there is the potential dangerousness of the chemicals used (e.g. 
the resin coating or the polyurethane adhesive) and especially their VOCs (volatile organic compounds) 
content. For good protection of the workers’ health, good practices advise to increase the ventilation of the 
working area, but this action is reflected in a possible energy consumption increasement. The complete list of 
the chemical products used to produce the A-Sample should be reviewed and the most critical products 
should be targeted either to find a more sustainable alternative or to reduce the quantity used. The resin 
coating utilized for the sensors is classified as a flammable liquid and vapor and may cause an allergic skin 
reaction. On the other hand, the silver ink needed also for the sensor is classified as not dangerous according 
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to Directive 1999/45/EC and its amendments. In the case of the PU adhesive, it presents low flammability and 
low VOCs emissions; however, it can cause allergy or asthma symptoms of breathing difficulties if inhaled, as 
well as may cause an allergic skin reaction. 

Even though all the chemical substances identified for the A-Sample follow the RoHS Standard 2011/65/EU 
(European Commission 2011), some less toxic options can be proposed for the B-Sample prototype, if the 
current alternatives fulfill the technical requirements for the production of this device. 

 

4. Maximizing operating life: the integration of new components and functionalities can lead to high 
user-friendliness, reduction of range anxiety, and temperature impact on the degradation of the battery pack. 
This is one of the objectives of i-HeCoBatt project, that can be reflected in: i) longer vehicle range due to smart 
and more efficient heat exchanger; ii) a specific adaptive thermal management system (TMS) that will be 
implemented to get a more homogeneous thermal map and hence, avoid non-desired thermal operation 
scenarios that decrease the life span of the battery pack. The smart thermal management system, as well as 
the resistant and adaptable materials used in the heat exchanger will help to extend the life span of the 
battery back. This aspect will be analyzed in deep for the B-Sample prototype, in order to identify the real-life 
span of the new HE prototype and will be compared with the standard HE of the current EV.  
 
5. Improvement of recyclability: according to information provided by MIBA, in charge of the A-Sample 
prototyping, during the production of 1 unit of this kind of devices, only 10% of input materials are discharged 
as a waste. As it can be seen in Table 3-1, most of the materials included for the A-Sample can be recycled or 
valorized through incineration with energy credit. In this regard, an analysis of the most efficient scenarios of 
treatment waste was performed. The generated wastes were treated according to the must normal EU 
hierarchy, considering recycling and incineration rather than landfilling (European Commision 2015; European 
Commission 2017b). It was assumed that the metals (i.e. aluminium and steel) and PE and PET are recycled, 
while PA6, EPP, PPS, and the PU adhesive are sent to incineration. The same impact categories mentioned 
before were assessed for this purpose.  

According to the analysis made, recycling of metals and incineration (with energy recovery) of some plastics 
shown positive impacts, mainly on global warming, cumulative energy demand, and acidification categories. 
Implementing circular economy pathways for the materials used is reflected in positive results (Brunner and 
Rechberger 2015; European Commission 2017b; Mwanza and Mbohwa 2017); as it was mentioned before, it 
was considered that only 10% of some elements are discarded as waste, however, a sensitivity analysis can be 
done in this matter. The idea is to find recycling or reuse routes of the materials employed in the heat 
exchanger production. As it was highlighted before, the integration of dismantling, reuse, recycling or recovery 
possibilities during the design of the vehicle is relevant at the European level (European Parliament and 
European Council, 2000). 

Extended results related to this study are reported in Deliverable 7.3 – Life Cycle costs (LCC) and Life cycle 
Assessment (LCA) (ASample). 

 

4 Next steps 

The next steps for the ecodesign approach of the i-HeCoBatt product are closely linked to the Life Cycle 
Assessment performed in Task 7.1. Currently, an LCA was performed in parallel to the A-Sample prototype 
(results are reported in D7.3.).  

The following step of the ecodesign approach will be to follows the B-Sample prototype in order to identify the 
potential environmental impacts of the materials and substances used, as well as the classification of harmful 
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products; lists of hazardous will be used in that aim besides of partners expertise. In this regard,  MIBA’s 
activities related to the B-Sample design will be closely followed to assess the ecodesign criteria.   

Research activities developed along the project are exploring different possible solutions to select the best 
technical option for the HE. Applying the ecodesign approach to the selection process could be beneficial to 
integrate new comparison criteria: the environmental performances. The selected solution would be a trade-
off between technical, economic, and environmental aspects.   

Finally, one objective of the definitive ecodesign analysis (to be delivered on month 32; D7.2 – Ecodesign 
criteria (B-sample)) will be to provide the advice and recommendation for optimizing the i-HeCoBatt B-Sample 
heat exchanger from an environmental perspective in the last stage of their development, until reaching its 
respective market. At the end of the project, the ecodesign report should be providing information about a 
potential sustainable market uptake. For instance, this could include guidelines for designing a performance 
industrial production line, for selecting the most sustainable solutions for materials and energy supply, as well 
as the best possible recycling routes for the waste generated. 
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5 Conclusions 

The objective of this deliverable was to introduce the concept of ecodesign and to provide some 
recommendations for the HE A-Sample developed during the first period of the project. This activity was 
performed in close collaboration with MIBA, EPI and AUDI, in tasks carried out in WP3 and WP4. The 
ecodesign principles were introduced in this document with a brief review of the legislative framework. 
Regarding the vehicles sector, some legislative aspects were identified related to the end-of-life of these; 
mainly linked to restriction of the use of hazardous substances and the obligation of integrating dismantling, 
reuse, recycling, or recovery possibilities during the design of the vehicle. 

A series of tools were introduced in this deliverable. It was determined that the ecodesign approach of the i-
HeCoBatt processes will mainly rely on the Life Cycle Assessment. Many data are collected for the life cycle 
inventory and could be integrated for the ecodesign thinking. Impact assessment can provide measurable 
results about the environmental performances of the heat exchanger developed and could verify ecodesign 
suggestions and recommendations. 

An update of this deliverable will be carried out in month 32, to present the main ecodesign criteria applied to 
the B-Sample prototype. In this sense, the collaboration with MIBA and AUDI will continue in order to align the 
technical, economic, and environmental aspects of the new device. 
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