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1 Executive summary 
This document is the second version of the ecodesign criteria applied to the heat exchanger developed in the 

project i-HeCoBatt, and it has been produced by LOMARTOV in close collaboration with the manufacturer 

partners, MIBA and AUDI. It focus on the study of the A-Sample heat exchanger prototype, applying the life cycle 

assessment (LCA) methodology to deliver a set of recommendations framed in the ecodesign strategies. 

After a regulatory and conceptual contextualisation, a comparison of the environmental impacts associated to 

the new heat exchanger concept and a conventional system are contrasted, exposing the substantial advances 

achieved by the A-Sample prototype. Based on the acquired information, a set of 33 recommendations, each of 

them linked to an ecodesign strategy, is evaluated to be potentially applied to the B-Sample prototype. The 

measures already taken by the new concept, as well as further improvement actions proposed, are summarized 

graphically in a plot named life cycle design strategy (LiDS) wheel. 

The main recommendation of this deliverable is to explore alternatives on recycled plastics, optimise the use of 

materials, in particular inks used for printed electronics, and minimise the waste generated during production. 

This activity has received funding from the European Union’s Horizon 2020 programme, grant agreement No. 

824300. 
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2 Introduction 
The aim of i-HeCoBatt is to achieve a smart, cost bursting industrial battery heat exchanger to minimize the 

impact on full electric vehicle range in extreme conditions. To achieve such challenges, different innovations 

have been proposed and implemented with respect to state-of-the-art solutions, as they are the integration of 

local sensors and thermal systems, the minimisation of parts and components, and the simplification of the 

manufacture route, adaptable to mass production means. All these actions, apart from the straightforward 

effect on performance and device costs, have serious implications in the final environmental footprint. In fact, 

it can be stated that i-HeCoBatt system has been formulated by following fundamental premises of the 

ecodesign approach, as highlighted in Figure 2-1. Therefore, the new design has, by concept, a considerably 

improved sustainability performance with respect to current commercial systems. 

 

Figure 2-1. Ecodesign principles on i-HeCoBatt system: from conception to current proposition. 

The objective of this deliverable is to further minimise the environmental impact of i-HeCoBatt outputs by fully 

exploiting the potential of ecodesign strategies. Here, the knowledge gained on commercial systems evaluation 

and A-Sample production is employed to design B-Sample (final industrial version) out of the main 

environmental impacts. 

In the following points, this Section 0 provides the overall framework of the deliverable, setting the context of 

the work within the project, and establishing the interconnection with the rest of work packages. Next, the 

objectives and achievements of Task 7.2 and D7.2 are respectively defined. 

Section 3 presents an overview on ecodesign definitions, related standards and regulatory issues to provide the 

deliverable with a solid, coherent and self-sufficient background to facilitate its understanding to the reader. 

Subsequently, the methodology employed is presented in Section 4, followed by main results and 

recommendations provided in Section 5 to design the B-Sample heat exchanger in a superior environmental 

framework. Finally, Section 6 collects the conclusions of the deliverable and presents the next steps. 
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2.1 Context of WP7 

The main objective of WP7, on the Industrialization of the proposed heating and cooling solution, is to create 

the industrialization concept of the heat exchanger that will enable its high throughput manufacture. To do so, 

WP7 concentrates the core of the ecodesign, life cycle assessment (LCA) and life cycle costing (LCC) approaches 

that will be applied in every WP in order to monitor the environmental and economic performance at all project 

stages (from design up to validation). In parallel, the industrialization of the products developed in previous 

stages is accomplished, which takes place in two stages: first, A-Sample is developed and tested; second, an 

optimised version will be proposed (B-Sample). This strategy will allow to incorporate the knowledge acquired 

during the first development and drive the manufacture of the new prototype considering industrial tooling.  

Therefore, the whole redesign and industrialization of the product will be effectively accomplished under the 

ecodesign umbrella by considering the environmental impact of selected materials, manufacturing methods and 

other strategies, which will be assisted and evaluated by means of LCA and LCC studies. 

The outputs of this WP will be transferred to WP8 for the final testing and validation in relevant conditions, as 

well as to WP9, being the results of the environmental and economic assessments powerful tools to disseminate 

i-HeCoBatt value proposition and to establish solid exploitation pathways. 

2.2 Objective of Task 7.1 

The main objective of this task is to activate the ecodesign thinking mechanism to improve i-HeCoBatt system 

environmental profile under a life cycle perspective. To do so, ecodesign guidelines and standards will be 

followed to propose measures that will be validated by means of LCA methodology. The task is split into two 

actions to cover both a first ecodesign on the A-Sample prototype (delivered at month 17) and the final 

ecodesign of B-Sample prototype (being the objective of the present deliverable), further enhancing the 

sustainability footprint, taking advantage of all the knowledge gained and through an active iteration with the 

manufacturer partners (mainly MIBA and AUDI). 

2.3 Achievements of the goals through D7.2 

Through the present deliverable the following goals have been achieved: 

• To identify environmental hotspots of commercial cooling systems through LCA. 

• To identify environmental hotspots of A-Sample prototype through LCA. 

• To establish ecodesign recommendations for B-Sample, fostering: 

▪ the efficient use of materials; 

▪ the efficient use of energy; 

▪ the materials safety; 

▪ the repairability and lifetime; and, 

▪ the recyclability potential. 
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3 Ecodesign: definitions, regulatory framework 

and standards 

3.1 Definition of Ecodesign 

Ecodesign is an approach that aims at integrating environmental aspects during a product or service design to 

improve its environmental performance 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. 

Therefore, 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 and safety, among 

others). This integration could lead to a reconsideration of some of the parameters (e.g., to redefine the targeted 

functionality) or to find a new compromise in the best available solution (e.g., by reducing the aesthetics 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). Many companies have recognised the potential of ecodesign for their long-term 

success, under a society that is increasingly involved and aware on the importance of preserving the 

environment at every single step. In fact, Pigosso (2021) has recently compiled the main key drivers for 

ecodesign implementation, being: 

• Compliance with environmental legislation (summarised in 3.2); 

• Cost-efficiency (resources optimisation); 

• Societal increasing demand for greener products; 

• Green marketing (for companies and products) enhancing competitiveness and generating new business 

opportunities. 

Hence, ecodesign approach is playing a fundamental role to fulfil such expectations that will, definitively, 

accelerate the European green transition. 

3.2 Regulatory framework 

Ecodesign is not a legal obligation in general terms but, for some sectors, principles have to be applied in some 

extend. Here, main legal acts utilising the ecodesign approach are inventoried: 

 Directive 2009/125/EC establishing a framework for the setting of ecodesign requirements for energy-

related products: Despite this potential, the focus of its application is on energy efficiency improvements. Not 

all energy-using products are included in this proposal, only the most significant in terms of market volume and 

potential environmental impact reduction. 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02009L0125-20121204
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 Commission Regulation (EU) No 617/2013 implementing Directive 2009/125/EC with regard to ecodesign 

requirements for computers and computer servers: It is only focussed on energy efficiency performance 

indicators of computers and computers servers, although forecasts a revision to consider ecodesign 

requirements on other environmental aspects such as noise, material use efficiency (durability, dismantlability, 

recyclability, etc.), and information requirements on the content of certain Critical Raw Materials. 

 Commission Regulation (EU) 2019/1781 laying down ecodesign requirements for electric motors and 

variable speed drives pursuant to Directive 2009/125/EC: This act regulates efficiency objectives, in terms of 

performance and energy, for electric motors and variable speed drives, including where they are integrated in 

other products. 

 Commission Regulation (EU) 2019/424 laying down ecodesign requirements for servers and data storage 

products pursuant to Directive 2009/125/EC: This Regulation establishes ecodesign requirements for the 

placing on the market and putting into service of servers and online data storage products. The requirements 

include: PSU efficiency and power factor, and materials efficiency, ensuring a feasible disassembly for repair or 

reuse purposes of the constituent components. 

  In October 2019, ten Ecodesign Regulations were adopted on the products listed below. Stated requirements 

are expected to support the repairability and recyclability of products, e.g. with clear and detailed rules on the 

availability of spare parts over a specific period after purchase, the maximum period for delivery and a 

requirement that spare parts are installed using commonly available tools. 

• C(2019) 2120 - Household refrigerators 

• C(2019) 2121 - Light sources  

• C(2019) 2122 - electronic displays  

• C(2019) 2123 - dishwashers   

• C(2019) 2124 - washing machines and washer-driers  

• C(2019) 2125 - motors  

• C(2019) 2126 - external power supplies  

• C(2019) 2127 - refrigerators with a direct sales function  

• C(2019) 5380 - power transformers  

• C(2019) 6843 - welding equipment   

Other legislative acts, although do not explicitly mention it, use design strategies based on the ecodesign 

approach. For instance, the Directive 2012/19/EU on waste electrical and electronic equipment (WEEE directive) 

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. Another example is the Directive 94/62/EC of 20 December 1994 on packaging and 

packaging waste, which aims at preventing any unnecessary packaging in all sectors and promotes recycling and 

reuse. 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02013R0617-20200301
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02019R1781-20210701
https://eur-lex.europa.eu/legal-content/GA/TXT/?uri=CELEX:32019R0424
https://ec.europa.eu/energy/sites/default/files/documents/c-2019-2120_1_en_act_part1_v5.pdf
https://ec.europa.eu/energy/sites/default/files/documents/c-2019-2121_1_en_act_part1_v3.pdf
https://ec.europa.eu/energy/sites/default/files/documents/c-2019-2122_1_en_act_part1_v7.pdf
https://ec.europa.eu/energy/sites/default/files/documents/c-2019-2123_en_act_part1_v6.pdf
https://ec.europa.eu/energy/sites/default/files/documents/c-2019-2124_en_act_part1_v4.pdf
https://ec.europa.eu/energy/sites/default/files/documents/c-2019-2125_en_act_part1_v3.pdf
https://ec.europa.eu/energy/sites/default/files/documents/c-2019-2126_en_act_part1_v4.pdf
https://ec.europa.eu/energy/sites/default/files/documents/c-2019-2127_1_en_act_part1_v4.pdf
https://ec.europa.eu/energy/sites/default/files/documents/c-2019-5380_en_act_part1_v8.pdf
https://ec.europa.eu/energy/sites/default/files/documents/c-2019-6843_en_act_part1_v7.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02012L0019-20180704
https://eur-lex.europa.eu/eli/dir/1994/62/oj
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More contextualised within i-HeCoBatt field, we can find Directive 2000/53/EC on end-of life vehicles, which, 

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). Similarly, the new proposal concerning batteries and waste batteries (COM(2020) 798 final) published 

in December 2020, that will repeal Directive 2006/66/EC, is expected to (i) establish very strict recycling 

efficiencies, (ii) mandate the use of a percentage of recycling content as raw materials for new products, (iii) 

envisage a second life of batteries and (iv) set a carbon footprint declaration. All these activities can be 

successfully tackled through a proper ecodesign strategy. 

3.3 Related standards 

In order to guide the implementation of ecodesign strategies, the International Organization for Standardization 

(ISO) has established standards adapted to different topics through specific technical committees, which have 

been compiled here as follows: 

  ISO/TC 207 standards/ SC 1 Work Programme: Environmental management systems 

• ISO 14006:2020 – Environmental Management Systems - Guidelines for incorporating ecodesign. Guidelines 

that support organizations in establishing a systematic and structured approach towards the incorporation 

and implementation of ecodesign within an environmental management system. The guidelines are 

intended to manage ecodesign as a strategic tool for continuous improvement.   

• ISO 62430:2019 – Environmentally Conscious Design (ECD) – Principles, requirements, and guidance. 

Specific Principles and Requirements to provide guidance on how an organization can integrate 

environmentally conscious design (ECD) also known by other worldwide terminologies as ecodesign, design 

for environment (DfE), green design, environmentally sustainable design, into the organization’s existing 

design and development. The implementation of these requirements aims to minimise the adverse 

environmental impacts of a product throughout its entire life cycle. 

• ISO 14009:2020 – Guidelines for incorporating material circulation in design and development. Guidelines 

for incorporating redesign of the existing products for their material circulation by organizations at region 

and/or country level. These guidelines aim to contribute the effective management of material circulation 

of products and components. Material circulation significantly reduces the need of resources, minimises the 

impacts and risks of lacking supply while creating new business opportunities, which will lead to the circular 

economy including other associated industries (reuse and recycling facilities).  

  ISO/TC 39 Standards/ WG 12 Work Programme: Machine tools  

• ISO 14955-1:2017 – Machine tools – Environmental evaluation of machine tools – Part 1: Design 

Methodology for energy- efficient machine tools. The application of guidelines for ecodesign to machine 

tools, mainly automatically operated and/or numerically controlled (NC). Machine tools components that 

realize the various functions are objects of specific improvements which can be quantified. It provides 

methods for setting up a process for integrating energy efficiency strategies during the use phase, together 

with the overall system design to achieve a product with an improved environmental performance.  

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020PC0798
https://eur-lex.europa.eu/legal-content/ES/ALL/?uri=CELEX%3A32006L0066
https://www.iso.org/standard/72644.html
https://www.iso.org/standard/79064.html
https://www.iso.org/standard/43244.html
https://www.iso.org/standard/70035.html


 

D7.2_Ecodesign criteria (B-Sample)_041021_LOMARTOV 12 
 D1.1 - Project Management Handbook.docx| amakibar@cidetec.es  Page 12 

Confidential 

  ISO/TC 122 Standards / SC 4 Work Programme: Packaging and the environment (Under Development) 

• ISO/AWI 4924 – Ecodesign principle, requirement, and guideline for express packaging (AWI: Approved 

Working Item. Under development)  

• ISO/AWI TR 18607 – Packaging and the environment – guidebook for environment conscious designing of 

packaging based on ISO 18600 series of standards (AWI: Approved Working Item. Under development) 

https://www.iso.org/standard/82078.html
https://www.iso.org/standard/81413.html
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4 Methodology 
In the present section, the methodology followed to reach the objectives and expectations related to the 

ecodesign criteria for the B-Sample heat exchanger prototype is described.  

As a first step, a solid understanding of the product specifications was needed in order to have a global overview 

of its main functionalities, which must be preserved and/or improved in the final design. This information was 

obtained through a close collaboration with developer partners (MIBA and AUDI), which also provided 

information about current materials and manufacturing processes. Subsequently, the environmental footprint 

of present conventional cooling systems was analysed to set the baseline from which new design proposals were 

formulated and compared. To do so in a quantitative fashion, life cycle assessment (LCA) methodology was 

employed (detailed information about the LCA is included in Section 4.1). 

With all this knowledge the ecodesign thinking mechanism was activated, following the principles and strategies 

proposed by Brezet & Van Hemel (1997), presented in Section 4.2, which were systematically explored. After 

analysing the 33 suggested measures, a set of ecodesign recommendations was formulated and supported, 

whenever possible, by LCA-based justifications. Since part of the proposed modifications require further 

research activities to ensure that they can meet the technical specifications and product functionalities, 

different scenarios were forecasted and evaluated in terms of environmental performance for the final system. 

Finally, a summary of the fulfilment of the ecodesign strategies by the B-Sample heat exchanger, is presented 

as a spider web chart, named life cycle design strategy (LiDS) wheel, briefly described in Section 4.3. 

The three complimentary tools applied in this deliverable are briefly explained below. 

4.1 Life cycle assessment 

Life cycle assessment (LCA) is the most widely applied methodology to evaluate the environmental burdens 

associated with a product. This is achieved by identifying and quantifying energy and materials used (inputs) 

and wastes released to the environment (outputs), and by assessing the impacts of those energy and material 

uses and releases to the environment, such as global warming, ozone layer depletion, eutrophication or other 

environmental impacts. The assessment includes the whole life cycle of the product, from the extraction and 

processing of raw materials, through production, use and recycling, up to the final disposal of remaining waste 

(Figure 4-1). 

LCA is a structured, comprehensive and internationally standardised method according to ISO 14040/14044 

standards (ISO, 2006a,b). Critically, LCA helps to avoid resolving one environmental problem while creating 

others. This unwanted ‘shifting of burdens’ is where the environmental impact at one point in the life cycle is 

reduced only to increase it at another point. Therefore, LCA helps to avoid, for example, causing waste-related 

issues while improving production technologies or increasing acid rain while reducing greenhouse gases. LCA is 

therefore a vital and powerful decision support tool, complementing other methods, which are equally 

necessary to help effectively and efficiently make consumption and production more sustainable (European 

Commission, 2010). 

LCA methodology also allows to identify and evaluate opportunities for environmental improvement. It is 

therefore broadly applied for ecodesign, allowing to identify environmental hotspots in existing products, 

evaluate the environmental performance of alternative redesign options and compare them with each other 

and against the existing products.  
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Figure 4-1. Schematic overview of the LCA methodology. 

4.2 Ecodesign strategies 

Brezet & Van Hemel (1997) proposed eight different strategies of ecodesign, framed in the life cycle stages of 

the studied system, into which the ideas and measures for environmental improvement may be classified. 

Within the different strategies, a total of 33 ecodesign measures can be distinguished (Figure 4-2), which are 

based on literature studies and ecodesign experiences. The ecodesign strategies are the following: 

0) New concept development: It is focused on the functions that the product system satisfies, evaluating 

optimisations on the features and alternatives of replacement. 

1) Selection of low-impact materials: It is related to the stage of obtention and consumption of materials and 

components, analysing the use of materials with the lowest environmental impacts that are able to keep 

or even improve the functionality of the product. 

2) Reduction of material usage: It is also associated with the materials stage, assessing the opportunities for 

reducing materials and their implications on decreasing the environmental impacts, production costs, and 

optimisation of transport, storage and end of life.  

3) Optimisation of production techniques: It promotes the generation of ideas aimed at achieving a 

production with lower environmental impacts, by selecting cleaner manufacturing methods and reducing 

the energy, materials and/or processes during the production stage. 

4) Optimisation of distribution system: It intends to make the transport from the factory to the retailer or 

end user as efficient as possible, by dealing with aspects like packaging, logistics and transport modes. 

5) Reduction of impact during use: It is directly associated with the use stage, attempting to design the 

product in a way to optimise or eliminate the use of energy and consumables. 

6) Optimisation of initial lifetime: It aims to prolong the product durability, applying design measures that 

allow to extend the function and performance expected by the user for the longest period of time possible.  

7) Optimisation of end-of-life system: It focuses on the final stage of the product life cycle, defining design 

measures for a proper waste management (including reuse, remanufacture, recycling and energy recovery). 

The ecodesign strategies and measures must be selected and supported in each specific case by results obtained 

by applying the LCA methodology. 
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Figure 4-2. Ecodesign strategies and measures. 
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4.3 LiDS wheel 

The ecodesign strategies described previously can be summarised and exposed graphically in a spider web chart 

called the LiDS wheel (acronym for life cycle design strategy). This is a helpful way to show the comparison 

between alternative designs for the heat exchanger and highlight the improvement areas according to each of 

the eight tackled ecodesign strategies.  

The results of the review of every ecodesign strategy and its related measures are outlined in an octagonal plot 

as shown in Figure 4-3, where a higher punctuation (increasing from the centre out) implies a design more 

aligned with the corresponding strategy and, hence, the higher the covered area the better the environmental 

performance. To evaluate the improvement that can be achieved with the proposed measures, environmental 

indicators calculated through LCA are used when possible. 

 

Figure 4-3. LiDS wheel. Source: Brezet & van Hemel (1997). 
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5 Ecodesign recommendations for the B-Sample 

heat exchanger 
This section recommends additional ecodesign measures that can be applied on the current i-HeCoBatt heat 

exchanger prototype (A-Sample) in order to obtain an improved heat exchanger (B-Sample) with better 

environmental performance. The LCA results for the current i-HeCoBatt prototypes are shown first, identifying 

the main environmental hotspots on which the ecodesign measures proposed should put the focus. Then, a 

comprehensive set of ecodesign measures is provided, including their critical review supported by LCA-based 

indicators. Finally, three different redesigns, which combine some of the ecodesign measures identified, are 

proposed for the i-HeCoBatt heat exchanger. The different redesigns proposed for the B-Sample heat exchanger 

are compared with each other and against the current prototype (A-Sample) using the LiDS wheel. 

5.1 Life cycle assessment 

LCA methodology was applied herein with a twofold objective: (1) briefly analyse the environmental 

improvements already achieved in i-HeCoBatt prototypes (A-Sample) compared with a conventional cooling 

system; and (2) identify environmental hotspots in the current i-HeCoBatt prototypes to guide and justify the 

new ecodesign proposals. The LCA of the conventional cooling system was performed using inventory data 

available from the literature (Ellignsen et al., 2014).  

The functional unit used for the LCA study was one kilowatt-hour (kWh) of energy capacity provided by the 

battery pack. The life cycle environmental impacts of both i-HeCoBatt and conventional systems were thus 

referred to that functional unit, allowing a direct environmental comparison between both systems. ReCiPe 

2016 method was used to calculate the environmental impacts, including eighteen impact categories assessed 

at the midpoint level (such as global warming, mineral resource scarcity and fossil resource scarcity), which were 

aggregated into three endpoint categories (damages to human health, ecosystems and resources). A 

comprehensive description of the methodological aspects, assumptions done, life cycle inventories developed 

and more detailed results from the LCA study will be provided in Deliverable 7.4 on the Final Life Cycle Costs 

(LCC) and Life Cycle Assessment (LCA) (B-Sample). 

Figure 5-1 shows the comparison between the i-HeCoBatt heat exchanger (A-Sample) and the conventional 

cooling system in terms of global warming impact, which is one of the most relevant impact categories in the 

LCA. It can be found that the global warming impact of the new heat exchanger represents only 8% of the impact 

obtained for the conventional system. Most of the global warming impact of the conventional system is caused 

by the materials and electronic components used. The conventional system is predominantly made of 

aluminium, which is replaced with plastics in the new heat exchanger. In addition, the new heat exchanger 

integrates printed electronics instead of conventional electronic components. These changes in materials and 

components are the main cause for the global warming reduction achieved with the new heat exchanger. 

Similar findings are observed when the impacts are assessed at the endpoint level (Figure 5-2).  The vast 

reduction of environmental impacts with the new heat exchanger prototypes is indeed achieved in all the 

midpoint and endpoint impact categories assessed in the LCA study (Figure 5-3), where the impact reduction 

ranges between 73% for stratospheric ozone depletion and 98% for terrestrial ecotoxicity. It should be noted 

that the conventional system shows negative impacts in the end-of-life, which correspond to environmental 

benefits due to the recycling of the aluminium. The end-of-life is the only aspect that has not been improved 

with the new plastic-based heat exchanger, since it is less recyclable than the conventional aluminium system. 
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Figure 5-1. Global warming of heat exchanger (cradle-to-grave): i-HeCoBatt vs Conventional. 

 

Figure 5-2. Endpoint impacts of heat exchanger (cradle-to-grave): i-HeCoBatt vs Conventional. 
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Figure 5-3. Reduction of the environmental impacts of the heat exchanger sensors (cradle-to-grave): 

i-HeCoBatt vs Conventional. 

The life cycle environmental impacts of the new i-HeCoBatt heat exchanger prototypes were analysed in more 

detail in order to identify the main causes for these impacts and propose effective ecodesign measures to reduce 

them. Figure 5-4 shows the contribution that the main life cycle stages and components of the new heat 

exchanger have to the total environmental impacts on global warming, mineral and fossil resource scarcity, and 

endpoint categories. Materials and electronics still remain as the main causes for the environmental impacts, 

although plastics become now the most critical materials whilst electronic components are printed with 

conductive inks containing substances with very high impact (such as nano-silver). 

Therefore, dominant environmental hotspots are found in the nature of the constituent materials, mainly 

electronics (using nano-silver inks) and plastics (employed in a higher amount), so effective ecodesign strategies 

should address these issues, boosting the removal, replacement or minimisation of such components. 

Nevertheless, this is not a straightforward action, due to the fact that the device performance must remain 

unaltered. In the following section, a dedicated assessment has been carried to establish a set of measures 

fostering the materials environmental improvement and to further enhance the i-HeCoBatt green value 

proposition by acting on other life cycle stages. 
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Figure 5-4. Environmental impacts of the main life cycle stages and components of i-HeCoBatt heat 

exchanger (cradle-to-grave). 

5.2 Ecodesign strategies and measures 

In the present section, the different ecodesign strategies and measures considered for the heat exchanger 
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during the project, which can be considered as actual improvements compared to conventional cooling systems. 

2) Further i-HeCoBatt improvement 

Refers to additional ecodesign measures that may be applied to optimise the heat exchanger and continue 

improving its life-cycle environmental performance. As part of the proposed recommendations may need 

further research and development activities, their adoption time has been estimated according to the following 

classification: short-term, medium-term and long-term application. Additionally, even though all the proposed 

measures have a positive effect on reducing the environmental footprint of the heat exchanger, a classification 

on the priorities for their application has been included to guide the research and manufacture actions towards 

an efficient sustainability deployment. Therefore, the different improvements are also classified as high, 
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that each proposed measure entails. 
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5.2.1 New concept development 

This strategy does not focus on the physical product, but on the function it satisfies. Specifically, it aims to 

optimise the function of the product as much as possible. Four types of ecodesign measures can be distinguished 

within this strategy, namely: dematerialisation (e.g., replacing the product with a service), shared use of the 

product, integration of several functions in one product, and functional optimisation (eliminating superfluous 

components). 
 

i-HeCoBatt vs Conventional: INTEGRATION OF FUNCTIONS 

The integration of functions consists in providing more functions to the products while using the same amount 

of resources or even less. The new heat exchanger developed in i-HeCoBatt integrates several functions, 

namely cooling, heating and thermal monitoring of the battery pack. Each of these functions is provided by a 

specific component in the conventional system, where the cooling system, heaters and sensors are clearly 

differentiated components of the battery pack. Printed electronics were used in i-HeCoBatt to integrate the 

sensors and heaters directly on the plastic substrate that acts as the cooling system. It results in a significant 

reduction in the amount of materials used (99% weight reduction for sensors, from 31.5 to 0.2 g/kWh) as well 

as in the environmental impacts of the electronic components (Figure 5-5). 

 

Figure 5-5. Reduction of the environmental impacts of sensors (cradle-to-gate): i-HeCoBatt vs 

Conventional. 

5.2.2 Selection of low-impact materials 

This strategy focuses on the stage of obtaining the raw materials and components. The materials used and the 

processes necessary for their production must be analysed with the aim to identify other alternative materials 

that have lower environmental impacts, maintaining admissible technical features or even improving them. The 

following low-impact materials can be considered within this strategy: cleaner materials, renewable materials, 

lower energy content materials, recycled materials and recyclable materials. 
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i-HeCoBatt vs Conventional: LOWER ENERGY CONTENT MATERIALS  

i-HeCoBatt provided a breakthrough design for the heat exchanger, which is now a flexible device made of 

plastics, unlike conventional cooling systems that are primarily made of aluminium (Figure 5-6). The 

environmental impacts associated with the materials depend both on their nature and on the amount in which 

they are present in the final product. Most plastics have less energy-intensive production and transformation 

processes than aluminium, resulting in lower cumulative energy demand and carbon footprint (Figure 5-7). In 

addition, plastics are lightweight materials showing good strength-to-weight ratio, so less mass of materials is 

typically required when they are used to replace metals, thus contributing to reduce the environmental impacts 

of their transportation and processing. The new plastic-based heat exchanger achieved a 91% weight reduction 

compared to the conventional aluminium system (excluding coolant and electronics), resulting in very 

substantial environmental savings by replacing the aluminium with plastic materials (Figure 5-8).  

  

Figure 5-6. Material composition of i-HeCoBatt and Conventional heat exchangers. 

 

Figure 5-7. Cumulative energy demand (CED) and global warming (GW) of materials production 

and processing. 
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Figure 5-8. Reduction of the environmental impacts of materials (incl. production, transportation and 

processing): i-HeCoBatt vs Conventional. 

Further i-HeCoBatt improvement: LOWER ENERGY CONTENT MATERIALS 

The environmental impacts of the materials used in the new plastic-based heat exchanger could be further 

reduced through the incorporation of fillers. Mineral fillers like calcium carbonate (CaCO3), talc or kaolin are 

usually added to plastic materials in order to reduce costs, although they can also improve some performance 

characteristics if properly used (e.g., moldability and stability of plastics). The production of these mineral fillers 

is very low resource and energy intensive. Hence, they are cheaper than plastics and have a much smaller carbon 

footprint (e.g., 0.21 kg CO2 eq/kg kaolin). This ecodesign measure will require further research to determine the 

type of filler that works best for each plastic component and the maximum content that can be added without 

detriment to the required technical properties and processability. 
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time if the materials are recycled. Bio-based plastics can thus contribute to reduce the dependence on fossil 

resources, while they have potential to reduce GHG emissions or even be carbon neutral (if totally bio-based). 

There is a wide variety of bio-based plastics, including some that are chemically identical to conventional 

commodity plastics and hence not biodegradable, such as bio-PE or bio-PET; whilst there are others that are 

both bio-based and biodegradable, like polylactic acid (PLA) or polyhydroxyalkanoates (PHAs). 
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Further i-HeCoBatt improvement: RECYCLED MATERIALS 

Another opportunity to reduce the environmental impacts of the materials used in the new heat exchanger is 

to incorporate recycled plastics to partially substitute virgin plastics. For most plastic materials the difference 

in energy intensity between virgin and recycled sources is very large, which translates into a significantly reduced 

carbon footprint of recycled plastics (Figure 5-9). Recycled plastics can also deliver economic savings, since they 

usually have a lower market price than their equivalent virgin plastics (Figure 5-10). Using 100% recycled content 

does not seem technically feasible, since it could be detrimental to the product functionality, and it may be 

difficult to ensure a steady and reliable supply for certain recycled plastic materials. Hence, this ecodesign 

measure will require further research to determine the maximum recycled content that the heat exchanger can 

accept. The reduction of the environmental impacts that can be achieved with this measure depends on the 

recycled plastic content (Figure 5-11). 

ADOPTION TIME: MEDIUM TERM       PRIORITY: HIGH 

 

Figure 5-9. Global warming of plastic materials (cradle-to-gate): virgin vs recycled plastics. 
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Figure 5-10. Market price of plastic materials (average for Apr-Jun 2021): virgin vs recycled plastics. 

Source: bvse (2021). 

 

Figure 5-11. Reduction of the environmental impacts of i-HeCoBatt heat exchanger (cradle-to-grave) 

depending on recycled plastic content. 
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i-HeCoBatt vs Conventional: REDUCTION IN WEIGHT AND VOLUME 

The weight of the heat exchanger was largely reduced in i-HeCoBatt by replacing aluminium with plastics (Figure 

5-6), including some foamed plastic components that offer better thermal insulation with less material. This 

weight reduction involves a significant decrease of the environmental impacts of the materials (Figure 5-8). 

Moreover, the new plastic-based heat exchanger is flexible, so that it can be rolled up for optimal transport 

to customers, taking up a smaller volume and reducing the environmental impacts of product distribution. 

Further i-HeCoBatt improvement: REDUCTION IN THE USE OF MATERIAL 

The breakthrough redesign of the heat exchanger provided huge reduction in weight, being now a very 

optimised design with very little margin to continue reducing the weight or volume of the flexible plastic-based 

cooling system. Conversely, printed electronics used for the sensors and heaters are still pending optimization 

and there could be opportunities to reduce the amount of conductive inks, which are critical components in 

terms of contribution to the environmental impacts of the new heat exchanger (Figure 5-4). The conductive inks 

are applied in tiny quantities, so that their weight reduction will not affect transportation. They contain, 

however, components with very high environmental impacts (such as the nano-silver), so that any reduction in 

the use of inks could represent significant environmental savings (Figure 5-12). 

ADOPTION TIME: SHORT TERM        PRIORITY: HIGH 

 

Figure 5-12. Reduction of the environmental impacts of i-HeCoBatt heat exchanger (cradle-to-grave) 

depending on inks usage. 
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i-HeCoBatt vs Conventional: ALTERNATIVE PRODUCTION TECHNIQUES WITH FEWER PRODUCTION STEPS 

The heat exchanger developed in i-HeCoBatt incorporates printed electronic components like sensors and 

heaters, which were directly applied on the plastic-based cooling system through a screen-printing process. It 

enabled to simplify the production stage, avoiding the need to acquire the electronic components from 

suppliers while also streamlining the assembly process (using the printed electronics instead of conventional 

electronic components). 

Further i-HeCoBatt improvement: ALTERNATIVE PRODUCTION TECHNIQUES 

There are many other technologies used for printing electronic components, such as gravure printing, 

flexography, offset printing and inkjet printing. These could be investigated as potential alternatives to screen 

printing, evaluating their resolution, throughput, energy efficiency and waste generation levels (ink losses). 

ADOPTION TIME: MEDIUM TERM      PRIORITY: LOW 
 

Further i-HeCoBatt improvement: CLEANER ENERGY CONSUMPTION 

The energy consumed for the manufacturing of the new heat exchanger is not considered a critical aspect, since 

it can be considered low, and its contribution to the total life cycle impacts of the heat exchanger is limited 

(below 3% for all impact categories, except 8% for ionising radiation). Nonetheless, this aspect could be easily 

improved by consuming cleaner energy (Figure 5-13). Specifically, this would only require contracting an 

electricity supply with Guarantee of Origin (GO) certifying that it is produced from renewable sources (partially 

or totally). 

ADOPTION TIME: MEDIUM TERM        PRIORITY: LOW 

 

Figure 5-13. Environmental impacts of electricity (medium voltage): 100% renewable vs electricity 

mix (Austria and Europe). 
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Further i-HeCoBatt improvement: LESS PRODUCTION OF WASTE 

About 10% of the materials used in the manufacture of the heat exchanger in i-HeCoBatt became waste during 

the different production processes. It should be noted that this production waste rate corresponds to the 

manufacture of a prototype system on a small scale, whilst the generation of production waste is expected to 

be decreased through the industrial scaling-up for mass production. This will entail a reduction of the 

environmental impacts of the heat exchanger, which will be lower or higher depending on the waste 

minimisation level that is finally achieved (Figure 5-14). An additional reduction of the environmental impacts 

could be accomplished by reprocessing production scraps (where technically feasible) and reintroducing them 

into the manufacturing process. 

ADOPTION TIME: SHORT TERM        PRIORITY: HIGH 

 

Figure 5-14. Reduction of environmental impacts of i-HeCoBatt heat exchanger (cradle-to-grave) 

depending on production waste generated. 
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meaning that products for the European market are produced in Europe and suppliers are selected in the 

local area whenever possible. In addition, the new plastic-based heat exchanger is very light and rollable, 

bringing opportunities to lower the environmental impacts related to the logistics by reducing the number of 

trips and the packaging (pallets, stretch film, etc.) required for transportation. 
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Further i-HeCoBatt improvement: LESS AND CLEANER PACKAGING 

The packaging system to be used for the distribution of the new heat exchanger has not been designed yet. It 

is anticipated, however, that less packaging will be required for this heat exchanger due to its lower weight 

and volume (if rolled). Different ecodesign measures will be considered and evaluated when designing the 

new packaging system to ensure its sustainability, including the use of less and/or cleaner materials as well 

as options to use reusable packaging systems. 

ADOPTION TIME: MEDIUM TERM        PRIORITY: MEDIUM 

5.2.6 Reduction of impact during use 

This strategy is related to the use of the product by the end user or consumer. At this point, it is convenient to 

distinguish between ‘passive’ and ‘active’ products. Active products require additional resources or 

consumables during use (such as energy, water or auxiliary components), while passive products do not need 

them. Active products (e.g., motor vehicles) usually cause most of their life cycle environmental impacts during 

the use stage, so it is crucial to design these products in such a way that their resource consumption during use 

is optimised. It may involve different ecodesign measures, including: lower energy consumption, cleaner energy 

sources, less need for consumables, cleaner consumables and avoid wasting energy/consumables. 

The heat exchanger could be viewed as an active product if we consider that it consumes coolant. Nevertheless, 

there is little chance for improvement in the coolant, since it is a completely essential component that can hardly 

be reduced or replaced with a cleaner alternative. However, a key objective pursued by i-HeCoBatt with the new 

heat exchanger is to lower the resource consumption during the use of the electric vehicles (EV). 

i-HeCoBatt vs Conventional: LOWER ENERGY CONSUMPTION AND LESS NEED FOR CONSUMABLES 

The i-HeCoBatt heat exchanger is expected to reduce resource consumption during the EV use by:  

1) increasing the powertrain overall efficiency of the EV (up to 5%, meaning a reduction of energy consumption 

during use), due to better heat transfer and weight reduction of the heat exchanger; 

2) and extending the service life of the battery pack and electronic components, thanks to the reliability and 

improved monitoring with the thermal management software and integrated sensors. 

It is still pending to determine to what extent the increases in the powertrain efficiency and service life of the 

battery pack will be reached, but it can be anticipated that the reduction of environmental impacts in the use 

stage will be important if these objectives are achieved (Figure 5-15). 
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Figure 5-15. Environmental impacts of i-HeCoBatt heat exchanger (cradle-to-grave) spread out over 

the use stage depending on powertrain efficiency (η) and service life. 

5.2.7 Optimisation of initial lifetime 

This strategy is focused on increasing the product lifetime. It requires to provide a product more suitable 

technically (and aesthetically if necessary) to satisfy the needs of the user for a longer period of time, thus 

avoiding the need to replace it with new products. The ecodesign measures that can be considered within this 

strategy are basically related to reliability and durability, easier maintenance and repair, and modular structure 

of the product. 

i-HeCoBatt vs Conventional: RELIABILITY AND DURABILITY 

As explained just above, the i-HeCoBatt heat exchanger could enable to increase the durability of the battery 

pack and electronic components, leading to significant environmental savings (Figure 5-15). In addition, the 

lifetime of the new heat exchanger was evaluated through durability tests, verifying that it complies with the 

required service life according to the predefined technical specifications. 

Further i-HeCoBatt improvement: MODULAR STRUCTURE FOR EASIER MAINTENANCE AND REPAIR 

The current heat exchanger prototype available from i-HeCoBatt was designed to cover the entire battery pack 

with a single piece of plastic film, minimising the number of fittings required. This may be advantageous for 

installation, but it can be inconvenient for maintenance. If any part of the film and/or electronic printed surface 

is damaged, it will probably be necessary to replace the whole heat exchanger with a new one. To avoid this, 

it is proposed herein to investigate an alternative possibility of manufacturing a modular heat exchanger 

covering a certain number of cell modules (e.g., 2, 4 or another more appropriate number according to the 

layout of the modules) rather than the whole battery pack. In this regard, production and assembly are 

expected to be favoured (with less production waste) by using several smaller modular heat exchangers, but 

the amount of fittings required increases as more heat exchanger modules are used. Therefore, it is crucial to 

find an optimal balance between the size of the modular heat exchanger and the number of fittings required, 

allowing to minimise the environmental impact of the whole system (heat exchanger plus fittings). The 

motivation behind this modular system is that any type of battery pack (regardless of its size) could be 

covered combining several heat exchanger modules, using the same manufacturing process to produce the 
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heat exchangers of any EV model and making the maintenance easier and environmentally better (even 

enabling future reuse and remanufacturing opportunities). In a similar approach, the sensors and heaters could 

be printed on an easily removable layer (made of thin environmentally friendly materials that neither mask 

nor affect the system monitoring and control), thus facilitating the discrete substitution of damaged electronic 

components. 

ADOPTION TIME: LONG TERM        PRIORITY: MEDIUM 

5.2.8 Optimisation of end-of-life system 

This last strategy deals with the end-of-life stage, when the product reaches the end of its lifetime and becomes 

waste. This strategy aims to provide a design able to guarantee the proper waste management, either by reusing 

the valuable components of the product and/or by recovering the materials. The following ecodesign measures 

related to the end-of-life stage should be considered (in this order of priority according to the waste hierarchy): 

reuse of the product, remanufacturing/refurbishing, recycling of materials, and safer incineration. 

Further i-HeCoBatt improvement: RECYCLING AND SAFER INCINERATION 

The use of plastics in the new heat exchanger to replace aluminium is completely justified in view of the huge 

environmental benefits achieved for the whole product life cycle (i.e., under a life cycle thinking approach as 

required for the ecodesign). Although the proposed design solution offers reduced life cycle environmental 

impacts compared to conventional cooling systems (Figure 5-1 - Figure 5-3), the end-of-life stage of the heat 

exchanger is negatively affected, moving from a highly recyclable aluminium system to a multi-plastic system 

that can hardly be recycled today. Even though the new heat exchanger can be incinerated in safe conditions 

(since it is PVC-free), further possibilities to improve the end-of-life performance should be investigated, 

prioritising other recovery routes over incineration. The modular structure previously proposed for the heat 

exchanger could bring new reuse/remanufacturing options, as long as there are some mechanisms to check 

the service life and conditions of the used systems so they can be employed as spare parts with guarantees. 

Indeed, the new heat exchanger shows some improvements that could facilitate reuse/remanufacturing or 

recycling, since it is not glued to the battery cell modules and housing (unlike the conventional system), so it 

can be disassembled very easily. Furthermore, emerging recycling methods for plastics (e.g., 

dissolution/precipitation, solvolysis, pyrolysis) should be investigated since they could be a suitable end-of-

life pathway for the multi-plastic heat exchanger. In the same vein, it would be especially interesting to 

explore opportunities to separate and recover the valuable components in the inks (such as silver), since 

they are very critical materials in terms of economic value and environmental impacts. 

ADOPTION TIME: LONG TERM        PRIORITY: HIGH 

5.2.9 Summary of ecodesign strategies and measures 

The different ecodesign strategies and measures addressed in i-HeCoBatt are summarised in Table 5-1. It 

includes both the measures already implemented in the heat exchanger prototypes produced during the project 

and additional measures proposed for further improvement of the i-HeCoBatt heat exchanger. The adoption 

time and priority for additionally proposed ecodesign measures are also presented (between brackets). 
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Table 5-1. Ecodesign strategies and measures in i-HeCoBatt. 

Ecodesign 
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Ecodesign measure i-HeCoBatt vs Conventional Further i-HeCoBatt improvement 
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Ecodesign 
strategy 

Ecodesign measure i-HeCoBatt vs Conventional Further i-HeCoBatt improvement 
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5.3 Ecodesign proposal 

At this point, a comprehensive set of ecodesign measures has been provided (Table 5-1) and critically reviewed, 

including LCA-based justifications. However, it is not expected that all these measures can be applied at once, 

but only some can be implemented immediately, others can be introduced gradually through longer-term 

product improvements and others may have to be finally discarded due to technical or economic limitations. 

Some of the proposed modifications require indeed further research activities to ensure that they can meet the 

techno-economic specifications and functionalities of the product.  

In order to select the final ecodesign measures and decide on viable ecodesign proposals for the heat exchanger, 

a scoring method was used, which combines the adoption time and priority (previously set for each measure) 

to rank them according to their potential applicability in this first ecodesign proposal. Both adoption time and 

priority were quantified on a scale of 1 to 3, being then multiplied by each other to obtain a single score for each 

measure between 1 and 9. Only those measures with a score equal to or greater than 4 were selected for this 

first ecodesign proposal, meaning that they are measures applicable in the short or medium term and showing 

medium or high priority. In addition, three different ecodesign proposals were developed assuming different 

levels of implementation of each measure according to three scenarios: realistic (redesign A), conservative 

(redesign B) and optimistic (redesign C). The scoring for each ecodesign measure, the measures finally selected 

and their level of implementation according to each redesign scenario are summarized in Table 5-2. 

As a result, three ecodesign proposals are finally provided herein to further improve the i-HeCoBatt heat 

exchanger currently available from the project, including: 

• Redesign A (realistic), which improves the current heat exchanger prototypes by: adding 10% filler content 

to plastic materials, using 15% recycled plastic content, reducing ink usage by 10%, minimising production 

waste to 6%, and using less and cleaner packaging. 

• Redesign B (conservative), which improves the current heat exchanger prototypes by: adding 5% filler 

content, using 10% recycled plastic content, reducing ink usage by 5%, minimising production waste to 8%, 

and using less packaging. 

• Redesign C (optimistic), which improves the current heat exchanger prototypes by: adding 15% filler 

content, using 20% recycled plastic content, reducing ink usage by 20%, minimising production waste to 

4%, and using fully optimised packaging. 

A comparative evaluation of the three ecodesign proposals for further environmental improvement of the i-

HeCoBatt heat exchanger is shown in Figure 5-16 using the LiDS wheel. It compares the different ecodesign 

proposal with each other and against the current i-HeCoBatt heat exchanger prototype considering their 

respective contributions to each ecodesign strategy addressed (Figure 5-16 bottom). It also includes an 

analogous comparison between the current i-HeCoBatt heat exchanger prototype and a conventional cooling 

system (Figure 5-16 top). 

These results reveal in a very visual manner the great changes in terms of ecodesign that have already been 

applied to the heat exchanger with the i-HeCoBatt A-Sample prototype (Figure 5-16 top), resulting in very 

significant environmental benefits as previously shown through the LCA results (Figure 5-3). This excellent 

progress achieved at this point of the i-HeCoBatt project leaves less room for improvement for the additional 

ecodesign measures proposed herein, at least for the short/medium term (as shown in Figure 5-16 bottom), 

which are mainly focused on optimisation of the materials and manufacturing processes used for current 

prototypes. These proposed measures can also provide significant environmental impact reductions (compared 
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to current heat exchanger prototypes) as shown through LCA indicators in Section 5.2, while they are totally 

necessary within the ecodesign framework that implies a continuous improvement of the environmental 

performance of the products. This continuous improvement related to ecodesign must also consider the 

technological advances and the emergence of new solutions. Other types of ecodesign measures are indeed 

foreseen herein for longer-term improvement of the heat exchanger, since they require more research and 

depend on the development of other technologies and infrastructures beyond the product itself (e.g., for the 

end-of-life improvement). 

 

Figure 5-16. Evaluation of ecodesign strategies: implemented in the current i-HeCoBatt heat 

exchanger (A-Sample) prototype (top); and proposed for further improvement, including three 

redesign proposals (bottom). 
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Table 5-2. Ecodesign proposals for further i-HeCoBatt improvement: selection of final ecodesign measures. 

Ecodesign 
strategy 

Ecodesign measure for Further i-
HeCoBatt improvement 

Adoption time 
(score) 

Priority 
(score) 

Potential applicability  
(Adop. time x Priority) 

Final ecodesign proposals 

1) Selection of 
low-impact 
materials 

Bio-based plastics to replace some 
fossil-based plastics 

Medium term (2) Low (1) 2 Discarded for this first ecodesign proposal 

Addition of mineral fillers to 
plastics  

Short term (3) Medium (2) 6 
Realistic (A): 10% filler content in plastics 
Conservative (B): 5% filler content in plastics 
Optimistic (C): 15% filler content in plastics 

Recycled plastics to partially 
substitute virgin plastics 

Medium term (2) High (3) 6 
Realistic (A): 15% recycled plastic content 
Conservative (B): 10% recycled plastic content 
Optimistic (C): 20% recycled plastic content 

2) Reduction of 
materials usage 

Optimisation of printed electronics 
to reduce inks 

Short term (3) High (3) 9 
Realistic (A): 10% ink usage reduction 
Conservative (B): 5% ink usage reduction 
Optimistic (C): 20% ink usage reduction 

3) Optimisation 
of production 
techniques 

Explore other printing electronics 
technologies 

Medium term (2) Low (1) 2 Discarded for this first ecodesign proposal 

Electricity from renewable origin Medium term (2) Low (1) 2 Discarded for this first ecodesign proposal 

Production waste minimisation 
during industrial scaling-up 

Short term (3) High (3) 9 
Realistic (A): 6% production waste 
Conservative (B): 8% production waste 
Optimistic (C): 4% production waste 

4) Optimisation 
of distribution 
system 

Ecodesigned packaging Medium term (2) Medium (2) 4 
Realistic (A): less and cleaner packaging 
Conservative (B): less packaging 
Optimistic (C): fully optimised packaging 

6) Optimisation 
of initial lifetime 

Modular HE covering a certain 
number of cell modules 

Long term (1) Medium (2) 2 Discarded for this first ecodesign proposal 

7) Optimisation 
of end-of-life 
system 

Modular HE design Long term (1) Medium (2) 2 Discarded for this first ecodesign proposal 

Explore emerging recycling 
methods to recycle plastics and 
valuable ink components (silver) 

Long term (1) High (3) 3 Discarded for this first ecodesign proposal 
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6 Conclusions 
The present deliverable aims at establishing ecodesign recommendations for the development of the B-Sample 

heat exchanger prototype during the i-HeCoBatt project. To reach this, firstly, a contextualisation of ecodesign 

definition, legal approaches and standards was accomplished. Subsequently, a conceptual background of the 

applied methodologies was set, detailing how the guidelines of the LCA, ecodesign strategies and LiDS wheel 

would complement to reach the expected objectives. 

LCA methodology was applied to a commercial cooling system and to the A-Sample heat exchanger prototype, 

aiming to identify environmental hotspots on each device. With this knowledge, it was possible to quantitatively 

evaluate the significant advances in terms of environmental performance achieved with the A-Sample, in 

comparison with the conventional alternative. The main insight deliver was the vast reduction on the 

environmental impacts assessed both at the midpoint and endpoint levels, where the impact reduction ranged 

between 73% for stratospheric ozone depletion and 98% for terrestrial ecotoxicity. These environmental savings 

were strongly influenced by the reduction of materials usage in A-Sample. 

Following the ecodesign strategies, a set of 33 recommendations was reviewed and evaluated, fostering the 

efficient use of materials and energy, the repairability and lifetime of the device, as well as the recyclability 

potential of the B-Sample. It started at the measures already implemented in the A-Sample heat exchanger 

prototype, and continued with proposed measures for further improvement, including the envisaged adoption 

time and priority for each measure. The reported actions with a higher priority to be adopted in the short term 

are the optimisation of inks for printed electronics and the minimisation of production waste during industrial 

scaling-up. 

Finally, a summary of the fulfilment of the ecodesign strategies by the heat exchanger is presented in a LiDS 

wheel, highlighting the advances achieved by the A-Sample, and proposing three scenarios of ecodesign 

measures for implementation (realistic, conservative and optimistic) for the new B-Sample development.   

Next steps should include technical assessment of the proposed measures, with specific emphasis on those 

labelled as high priority, which aim to explore alternatives on recycled plastics, optimise the use of materials, in 

particular inks used for printed electronics, and minimise the waste generated during production. 
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