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Abstract

As Ecodesign becomes more popular, more and more people defend that Life Cycle
Assessment (LCA) constitutes an almost necessary step within this process. However, this
has provoked some level of skepticism and reluctance from industry, who sees this as a
considerable investment in time and budget. But what is the cause of such divergence? LCA
was initially introduced in the design workflow with very minor modifications, and does not
seem to meet the requirements of designers as-is. Some problems arise in the information
input for LCA, in the dynamics and specificity of the process itself and in the way in which
results can affect the rest of the design process. This paper outlines some potential
problems, as well as candidate solutions to ease Ecodesign, without limiting itself to the
burdens of current environmental practice. Some first steps on adapting environmental
evaluation to design thinking are presented, as well as an outlook of further research with
this target in mind. An expected mid-term outcome is an effective integration of LCA within
CAD systems, in parallel with structural or management recommendations as to integration
of environmental criteria within the company.

Keywords: Ecodesign, Life Cycle Assessment, Information management, Creativity, Design
process

Resumen

Conforme el Ecodisefio va cobrando popularidad, cada mas gente defiende el Analisis de
Ciclo de Vida como un paso casi necesario dentro de este proceso. No obstante, esta
opiniébn ha provocado una cierta dosis de escepticismo y reticencia en la industria, que lo
percibe como una inversion considerable. No obstante, ¢ cudl es la causa de tal divergencia?
El ACV se introdujo inicialmente en el proceso de disefio con escasas modificaciones, y no
parece cumplir con los requerimientos de los disefiadores tal cual. Surgen problemas
debidos al tipo de informacién del que requiere, a la dinamica y especificidad de sus
procesos, y al impacto de los resultados en el resto del proceso de disefio. Este articulo
recalca algunos de los potenciales problemas, asi como posibles soluciones para facilitar el
Ecodisefio sin limitarse a las practicas medioambientales actuales. Se presentan unos
primeros intentos de adaptacién de la evaluacibn ambiental al disefio, asi como un
planteamiento de investigacion futura en esta direccion. Un objetivo a medio plazo es una
integracion efectiva del ACV dentro de los sistemas de CAD, en paralelo con
recomendaciones estructurales o de gestion para integrar criterios ambientales dentro de las
empresas.

Palabras clave: Ecodisefio, Andlisis de Ciclo de Vida, Gestién de la informacion,
Creatividad, Proceso de disefio
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1. Introduction

Our current society has seen environmental concerns become a key issue in all decision-
making process. Product development does not escape this trend, and a great amount of
methodologies, methods and tools have been generated due to this. These have received
names such as Ecodesign, Design for Sustainability, Environmentally Sound Product
Development or Green Design among others (Waage, 2007; Howarth & Hadfield, 2006;
Karlsson & Luttropp, 2006; McAloone, 2003; Coulter et al, 1995).

Approaches range from vague strategies to serve as guideline to strict procedures to
optimize eco-efficiency. A common ground to many of them, however, is the consideration of
Life Cycle Assessment (LCA) as a standard basis to obtain environmental information about
the product (Jeswiet & Hauschild, 2006; Germani et al., 2004; Nielsen & Wenzel, 2002;
Erzner et al., 2001; Gertsakis et al., 1997; amongst others). Even though arguments are
given against it in occasions (Millet et al., 2007; Sousa & Wallace, 2006; Erzner & Birkhofer,
2002, Jonbrink et al., 2000) it is still one of the most extended approaches for environmental
assessment of products in practice (Millet et al., 2007; Collado-Ruiz, 2007; Stevels et al,
1999). Even in cases in which alternative approaches are sought (Erzner & Birkhofer, 2003;
Erzner & Wimmer, 2002; Brezet & van Hemel, 1997), LCA principles still constitute the basis
(Ostad-Ahmad-Ghorabi et al., 2006; Goedkoop, 2004; Goedkoop, 2001).

New approaches in the field (Karlssson & Luttropp, 2006) have defended two main
strategies:

e Approach environmental considerations in the early design stages (McAloone, 2003,
Lindahl, 2005).

e Integrate current evaluation methods in CAD processes (Ostad-Ahmad-Ghorabi et
al., 2009, Roche, 2004, Roche, 1999).

Even though both of them are sometimes mentioned together, the authors believe that both
strategies are rather divergent, since CAD tends to be used in embodiment or detailed
design. In any case, implementation in practice seems to have failed up to now in
implementing any of both approaches, since most considerations of environmental criteria —
at least those applied in a structured way — tend to appear at later stages in the design
process, and by independent tools that do not link seamlessly with CAD software.

One of the common traits in all structured approaches that have been explored by the
authors is the environmental basis. All of them seem to base themselves in “improving
design by considering environmental information”. To some extent, most of them seem to be
based in “pushing” knowledge from the environmental engineering field towards design.

Not enough attention has been put into considering the design process and the needs and
availability of information in each one of the stages. The output of environmental information
into the design process also has an influence that has not been thoroughly studied in
literature. Lindahl (2005) approached this topic by defining a set of criteria for Ecodesign
tools for them to be successful in their application, but more studies need to be conducted in
this area.

One important trait of the design process is that it contains a great number of decision-
making processes, some of them explicitly stated and others more unstructured (like
reactions to unexpected results). Those decision-making processes must provide with a
benchmark (to assess whether the new product is doing better or worse than such an
indicator), to apply to different concepts than those previously established, and to be easy to
perform without distorting the rest of the processes (Ostad-Ahmad-Ghorabi et al., 2009).

2430



XIV INTERNATIONAL CONGRESS ON PROJECT ENGINEERING Madrid 2010

The approach presented in this paper is to invert the influence and infer from the design
process how LCA should relate to it, and not the other way around. In other words, the
purpose would be to adapt LCA to the requirements of the design process, and most
particularly to decision-making in the design process.

2. How much: quantifying performance instead of environmental impact

One of the main questions when defining a benchmark is to set a target as to how much
environmental impact can be considered for the new model being developed. The
development of new technology can be considered, as well as variations in the product. The

new product being analyzed will never be identical to previous benchmarks, so some
extrapolation must be done.

Normally, such extrapolation can be easily done by an environmental expert with experience
in the field. Nevertheless, such sort of experts is rare in the design process, and the
interaction between these stakeholders can be complicated due to the high amounts of
implicit information dealt with during the process.

Figure 1: Approaches in assessing products without an identical baseline product
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Figure 1 presents the approach that is sought in this paper. The purpose behind it is to give
designers the capability to set targets and assess products in comparison to a reference
performance. For that, and given a value for the environmental assessment, the experience
of environmental experts can be substituted by defining a set of reference ranges that
represent competing or similar products, manufactured with current technology. For that
reason, the authors developed the concept of LCA Comparison Product Families (or LCP-
families for short), defined as a set of products whose life cycle assessment shares a

Designer
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common behavior, and can therefore be compared in a practical way (Collado-Ruiz & Ostad-
Ahmad-Ghorabi, 2010a).

These LCP-families group sets of products that can be defined by analogous functional units
(FU), and therefore can be compared from an LCA point of view. Furthermore, these LCP-
families can be put together to show which technologies and product concepts are more
environmentally friendly, independently of their scale. That way, if they are grouped in the
same families, designers can derive ideas for a specific product from the other family
members (e.g. designers of tables might take ideas out of well-performing beds, as their
main functionality might be similar enough).

In order to group products and scale performances, the FU is used. This is done because
products are comparable or not depending on this term (ISO, 2006). It would be expected for
a 29" computer screen to have a higher environmental impact than that of a 19” screen. ISO
requires every LCA practitioner to define at the start of the study such a quantified measure
of the product’s performance.

FUs tend to be defined rather vaguely in practice, sometimes with brief descriptions that are
only quantified in their most relevant parameters. Some practitioners leave parameters out,
or include text descriptions of technical solutions that do not respond to a functional nature.
For that reason, the authors have introduced a concept for standardizing the phrasing of
functional units. Collado-Ruiz and Ostad-Ahmad-Ghorabi (2010b) discuss the concept of
functional icons (fuons), defined as an abstraction of a product, based on its essential
function, it represents the whole set of products that share the parameters for its functions’
flows. Through these fuons it is possible to standardize the definition of such FU’s, since for
a specific main function (and the flows associated with it) a set of limited parameters are
presented which can be used to set up the FU. These parameters are named FU parameters
(FUp’s), which were further distinguished between physical paramters (FUp®'s) to be used for
scaling (Ostad-Ahmad-Ghorabi et al., 2008) and constraint parameters (FUp®'s) to be used
for selecting the LCP-family.

One important conclusion form the research conducted so far is that if performance was
assessed at product level, specific environmental improvement targets were difficult to set for
specific parts. For that reason the authors have been working on allocating the
environmental impacts to different parts (beyond material-based indicators, which can be
done almost immediately), and combining them with reference ranges (Collado-Ruiz &
Ostad-Ahmad-Ghorabi, 2010a) through Ecodesign Decision Boxes (EDB, Ostad-Ahmad-
Ghorabi et al., 2006).

3. How to do it: the influence in the design output

Another important topic that has not been considered when presenting most Ecodesign
approaches is related to the effects of its result on innovation. It is generally presumed that
presenting the designer with a systematic procedure to be followed sequentially is going to
keep the same level of innovation — among other parameters — than an open approach.
However, this process has not been profoundly studied.

There is some level of agreement on the need for innovation that leads to Factor 10 or 20 of
eco-efficiency (McAloone 2003, Reijnders 1998). Creativity plays a key role in design, and as
such must play it also in Ecodesign. Nevertheless, little attention has been given to the
combination of creativity and the “environmentalization” of design methods. Many of the
Ecodesign strategies (Brezet & van Hemel, 1997, Wimmer & Zurst, 2003) are perceived as
conservative incremental approaches that limit the freedom of the designer, and eco-
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efficiency approaches (Lehni, 2000, Bastante-Ceca, 2006, Park & Tahara, 2008) as most
generally presented optimize based on pre-set and pre-defined technologies.

Phenomena such as fixation (or pre-conditioning, in a more general definition) have been
debated within the design field for some time already, without reaching the field of
Ecodesign. The pre-conditions before the generation of ideas, such as the references that
have been consulted, the nature of the design brief, or descriptions of previous models (such
as that generally included in LCA results) limit to some extent the capability of generating
novel solutions (Liikanen & Perttula, 2008, Purcell & Gero, 1996), and most particularly of
effective or “good” ideas (Rietzschel et al. 2007). It would therefore be expectable that
exposure to LCA models pre-disposes the mind into repeating the same technologies (and
thus, most of the same environmental impacts) than previous models.

The nature of this phenomenon is obscure, nevertheless. For that reason, the authors carried
out a set of workshops to gain understanding about these processes, both of them with
groups of around 60 people with different backgrounds. The subjects were students of
different studies in the Vienna University of Technology, including mechanical engineers,
architects and environmental scientist among them.

The first workshop (Collado-Ruiz & Ostad-Ahmad-Ghorabi, 2010c) showed the effect of
having information or not, and of having a preceding product represented by it or not. Four
groups were generated (with LCA information from a preceding product, with vague
information on the environmental performance of a preceding product, with an LCA of a
competing product and with vague information about the environmental performance of other
products in the market) and different information was given to each one of them, showing
most particularly the effect of having any sort of model explicitly presented (i.e., both groups
with an LCA study).

A second workshop explored the effect of different parameters in that information, be it
descriptive, graphical or numerical. It also explored the effect on target-setting, since many
times the final environmental performance will depend on how challenging these targets
were from the start.

What was proven by these workshops was that exposure to information and different models
of the product have an important effect on the outcome. Ecodesign up to now has neglected
this fact, and this has generated some amount of skepticism amongst designers. Analyzing
these factors, and considering design (and designers) in product-development-oriented
environmental assessment is a strategy to solve these problems and ensure that eco-
innovation becomes possible also among ecodesigners.

4. Qutlook and outline of research

Along the research presented in this paper, it has been shown that information that is dealt
with during the design process is of a fuzzy and variable nature. Most Ecodesign approaches
up to now have tried to present structured approaches to infuse hard facts and rigorous
results into it, in an aim of ensuring that decisions to come out of it will be of better
performance.

This approach and the different research lines presented deal with this information in its
fuzzy nature. Modeling the product through fuons instead of heavily constrained product
descriptions gives the input of information a fuzzier nature, therefore making it easier to
proceed without having detailed models or pre-defined ideas. The assessment then occurs
internally, out of solid LCA principles, but the output must be configured according to the
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conclusions of the workshops presented in section 3, i.e., it should take the form of general
indications and fuzzy descriptions rather than detailed models with numbers and figures.
Figure 2 presents a scheme of this approach.

Figure 2: Information flow to facilitate eco-innovation
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In order for this approach to be implemented into CAD systems, not only a database about
environmental information of different materials (or even processes) must be implemented.
For the process to be effective, a set of databases regarding input and output (fuons,
modeling and strategies) should be considered additionally, as is shown in Figure 3.
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Figure 3: Database structure for CAD implementation (Ostad-Ahmad-Ghorabi, 2010)
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Through this database, the user always inputs “soft” or fuzzy information that can be defined
at the early stages. The purpose of the system would be to autonomously be able to output a
preliminary description (without detail, not to bias towards current technology), and when an
LCA model is available in the CAD system, it can be benchmarked with competing models.
To build the LCP-families, it is important to have a considerable amount of case studies in
the databases also, so that the models built are statistically valid.
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For an effective implementation, still much more work lies ahead. For this implementation to
be practical, it must take much less time to model the life cycle of the product that is being
developed. Most of the additional parameters in the model (e.g. consumption during use or
transported distance) are based on models that repeat from LCA to LCA, or on statistical
data. Such information could be stored in a database, to ensure that implementations are
done in a swift way.

Furthermore, it has been said along the text that recommendations or “soft” information will
be given. Even if databases with such recommendations can be set up, an effective
improvement of the method is to combine it with artificial intelligence algorithms to generate
recommendations that are analogous to those of environmental experts. Furthermore, having
the system access to the case-study databases, it can generate recommendations from very
different products, suggesting even technology changes.

This approach was presented in an expert panel with LCA, Ecodesign and Engineering
Design experts from the Vienna University of Technology and from the CAD company
Solidworks, with positive feedback from both of them. Solidworks has implemented in its last
version a module called Design for Sustainability (Solidworks, 2010), which assesses the
environmental performance of a product based on its materials and some preliminary
indicators. This approach was contrasted to their current implementations, and the possible
common grounds were discussed.

All in all, this line of research defines a different approach as to the role of environmental
assessment in Ecodesign and/or product development. The conventional structured and rigid
approach has been here substituted by analyzing the design process and inferring the
constraints from it. It is important for ecodesigners of the future to still have in their assets the
powerful tools and capability for innovation that designers have had for so many years.

References

Bastante-Ceca, M., 2006. Propuesta metodoldgica para la cuantificacion de la ecoeficiencia
de los productos industriales a partir de la evaluacion del valor funcional y de los
impactos economico y ambiental. Ph.D. thesis, Universidad Politiécnica de Valencia
(UPV), Valencia, Spain.

Brezet, H., van Hemel, C, 1997. Ecodesign: a promising approach to sustainable production
and consumption. UNEP.

Collado-Ruiz, D. & Ostad-Ahmad-Ghorabi, H., 2010a, Comparing LCA results our of
competing products — Developing reference ranges from a product family approach.
Journal of Cleaner Production, 18, Elsevier

Collado-Ruiz, D., & Ostad-Ahmad-Ghorabi, H., in press (2010b), Fuon theory: standardizing
functional units for product design. Resources, Conservation & Recycling, Elsevier.

Collado-Ruiz, D., & Ostad-Ahmad-Ghorabi, H., under revision (2010c), Influence of
environmental information on creativity.

Collado-Ruiz, D., 2007. Propuesta prescriptiva para impulsar la integracion del Ecodisefio y
el disefio para el Desmontaje en el proceso de desarrollo de productos. Ph.D. Thesis,
2007, Universidad Politécnica de Valencia, Valencia.

Coulter, S., Bras, B. ,Foley, C., 1995. A lexicon of green engineering terms. In: Proceedings
of the 10th International Conference on Engineering Design. 22-24 August, Prague,
Czech Republic.

2435



XIV INTERNATIONAL CONGRESS ON PROJECT ENGINEERING Madrid 2010

Erzner, M. & Birkhofer, H., 2002, Selecting methods for life cycle design based on the needs
of a company. D. Marjanovic (Editor), Proceedings of the International Design
Conference,Dubrovnik, Craotia.

Erzner, M. & Birkhofer, H., 2003. Environmental Impact Assessment in design or is it worth
carrying out a full LCA? In: Proceedings of the 14th International Conference on
Engineering Design, August 2003, Stockholm.

Erzner, M., Griner, C., & Birkhofer, H., 2001. Implementaion of DfE in the deaily design work
— An approach derived from surveys. In: Proceedings of 2001 ASME Design
Engineering Technical Conference (DETC 2001), September 2001,Pittsburg.

Erzner, M., Wimmer, W., 2002. From environmental assessment to Design for Environment
product changes: an evaluation of quantitative and qualitative methods. Journal of
Engineering Design, 13 (3): 233-242.

Germani, M., Mandorli, F., Corbo, P., Mengoni, M., 2004. How facilitate the use of LCA tools
in SMEs — A Practical example. In: Proceedings of 12th SETAC Europe LCA Case
Studies Symposium, p. 163 — 166.

Gertsakis, J., Lewis, H., Ryan, C., 1997, A guide to EcoReDesign: improving the
environmental performance of manufactured products. Centre for Design, RMIT
University.

Goedkoop, M., Oele, M., Effting, S., 2004. SimaPro Database Manual. Methods Library. Pré
Consultants B.V., Netherlands.

Goedkoop, M., Spriensma, R., 2001. The Eco — indicator 99 A damage oriented method for
Life Cycle Impact Assessment. Methodology Report, Pre- Consultants b.v., Amersfoort,
Netherlands.

Howarth, G., Hadfield, M., 2006. A sustainable product design model. Materials and Design,
27:1128-1133. Elsevier.

ISO 14040. Environmental management - Life cycle assessment — Principles and framework
(ISO 14040:2006). Brussels, CEN (European Committee for Standardisation), 2006.

Jeswiet, J., Hauschild, M., 2005. EcoDesign and future environmental impacts, Materials &
Design, 26 (7): 629-634.

Jonbrink, A.K., Wolf-Wats, C., Erixon, M., Olsson, P., Wallén, E., 2000. LCA software survey.
Report IVL B 1390.

Karlsson, R., Luttropp, C., 2006. EcoDesign: what's happening? An overview of the subject
area of EcoDesign and of the papers in this special issue. Journal of Cleaner
Production, 14: pp 1291-1298.

Lehni, M., 2000. Eco-e-ciency. creating more value with less impact. WBCSD (World
Business for Sustainable Development).

Liikanen, L., and Perttula, M., 2008, Inspiring design idea generataion: insights from a
memory-search perspective. Journal of Enngineering Design, In press, pp. 1-16.

Lindahl, M. Engineering Designers’ Requirements on Design for Environment Methods and
Tools. PhD Thesis KTH, Sweden, 2005.

McAloone, T., 2003. Demands for Sustainable Development. In: Proceedings of the 14th
International Conference on Engineering Design, Linkdping, Sweden.

Millet,D., Bistagnino, L., Lanzavecchia, C., Camous, R., Poldma, R., 2007. Does the potential
of the use of LCA match the design team needs? Journal of Cleaner Production; 15:
335-346.

2436



XIV INTERNATIONAL CONGRESS ON PROJECT ENGINEERING Madrid 2010

Nielsen, P.H., Wenzel, H., 2002. Integration of environmental aspects in product
development: a stepwise procedure based on quantitative life cycle assessment.
Journal of Cleaner Production, 10: p 247-257.

Ostad Ahmad Ghorabi, H., Bey, N., Wimmer, W. Parametric Ecodesign - An Integrative
Approach for Implementing Ecodesign into Decisive Early Design stages. In: D.
Marjanovic, editor. Proceedings of the Design 2008 - 10th International Design
Conference. 19th-22nd may, Dubrovnik (Croatia), 2008: 1327 - 1334.

Ostad Ahmad Ghorabi, H., Wimmer, W., Bey, N., 2006: Ecodesign Decision Boxes — A
Systematic Tool for Integrating Environmental Considerations into Product
Development. In: D. Marjanovic (Editor), Proceedings of the 9th International Design
Conference - DESIGN 2006, 15-18 Mai 2006, Dubrovnik, Croatia. The Design Society,
pp. 1399 - 1404.

Ostad-Ahmad-Ghorabi, H., Collado-Ruiz, D., Wimmer, W., 2009, Towards integrating LCA
into CAD. Proceedings of the International Conference on Engineering Design (ICED)
2009, Stanford, August 2009.

Ostad-Ahmad-Ghorabi, H., 2010. Parametric ecodesign—development of a framework for
the integration of life cycle assessment into computer aided design. Unpublished PhD
thesis in the Vienna University of Technology, consulted in April 2010.

Park, P., Tahara, K., 2008. Quantifying producer and consumer-based ecoeficiencies for the
identification of key ecodesign issues. Journal of Cleaner Production 16 (1), pp. 95-
104.

Purcell, A., and Gero, J., 1996, Design and other types of fixation. Design Studies, 17(4),
pp.363-383.

Reijnders, L., 1998. The factor X debate. Setting targets for eco-efficiency. Journal of
Industrial Ecology, 2(1), pp. 13-22.

Rietzschel, E., Nijstad, B., Stroebe, W., 2007. Relative accessibility of domain knowledge
and creativity: The effects of knowledge activation on the quantity and originality of
generated ideas. Journal of Experimental Social Psychology 43 (6), pp. 933-946.

Roche, T., 2004. The Design for Environmental Compliance Workbench Tool. Chapter in
Talaba, D.,Roche, T., 2004, Product Engineering. Eco-Design, Technologies and
Green Energy. Springer.

Roche, T, The development of a DfE Workbench. Ph.D. Thesis in Galway Mayo Institute of
Technology. 1999.

Solidworks, 2010. Solidworks Sustainability. The easy way to more environmentally friendly

designs.

Sousa, |, Wallace, D., 2006. Product classification to support approximate life-cycle
assessment of design concepts. Technological Forecasting & Social Change, 73: 228-
249.

Stevels, A., Brezet, H.,, Rombouts, J., 1999. Application of LCA in ecodesign: a critical
review. Journal of Sustainable Product Design, 9: 20-26.

Waage, S.A., 2007. Re-considering product design: a practical “road-map” for integration of
sustainability issues. Journal of Cleaner Production, 15: 638-649.

Wimmer, W., Zist, R. ECODESIGN Pilot — Product Investigation, Learning and Optimization
Tool for sustainable Product Development. Ecodesign PILOT. Netherlands, Kluwer
Academic Publishers, 2001.

2437



XIV INTERNATIONAL CONGRESS ON PROJECT ENGINEERING Madrid 2010

Correspondencia (Para mas informacion contacte con):

Daniel Collado-Ruiz.

Phone: +34 667 856 373
Fax: + 34 96 387 9869
E-mail : dacolrui@dpi.upv.es
URL : www.idea.dpi.upv.es

2438



