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Résumé

Les enjeux environnementaux prennent une place majeure au sein de nos sociétés modernes.
L’activité Humaine contribue a la dégradation de I’environnement et les industriels ont le devoir de
limiter I’impact des solutions qu’ils proposent et mettent sur le marché. L’éco-conception est une des
démarches de la conception pour le développement durable qui permet d’intégrer les aspects
environnementaux en amont, lors des phases de développement. La pénétration de ses pratiques au
sein d’industriels nécessite une intégration verticale et horizontale. L’intégration horizontale
concerne les aspects stratégique, tactique et opérationnels tandis que I’intégration horizontale
focalise sur les aspects de changement culturel et de facteurs humain. Cette thése de doctorat
s’intéresse & l’intégration de [’éco-conception au sein d’une entreprise multinationale
pharmaceutique. L’objectif du projet s’est attaché a venir formaliser les concepts pour cette
intégration dans I’industrie pharmaceutique afin de soutenir la transition des pratiques interne de ce
secteur. La variété et complexité des aspects de 1’éco-conception, ainsi que les défis a la fois
techniques et organisationnelles de I’industrie pharmaceutique doivent étre pris en compte afin de
fournir une approche de transition cohérente. Les expérimentations de ces travaux ont été menées
avec un partenaire, industriel pharmaceutique a 1’échelle internationale, en collaboration avec les
Arts et Métiers, campus de Paris. Les travaux menés ont permis de poser les bases d’un modele
d’intégration de 1’éco-conception au sein de I’industrie pharmaceutique, avec des outils
d’accompagnement associés.

Mots clés : Eco-conception, Industrie pharmaceutique, Modéle d’intégration, Environnement

Summary

Environmental issues take a major place in our modern societies. Human activity contributes
to the degradation of the environment and manufacturers have the duty to limit the impact of the
solutions they offer and put on the market. Eco-design is one of the approaches of Design for
Sustainability which makes it possible to integrate environmental aspects, during the development
phases. The penetration of its practices within industrials requires vertical and horizontal integration.
Horizontal integration concerns the strategic, tactical and operational aspects while horizontal
integration focuses on the aspects of cultural change and human factors. This doctoral thesis focuses
on the integration of eco-design within a multinational pharmaceutical company. The objective of
the project was to formalize the concepts for its integration in the pharmaceutical industry in order
to support the transition of internal eco-design practices in this sector. The variety and complexity of
eco-design aspects, as well as both the technical and organizational challenges of the pharmaceutical
industry must be taken into account in order to provide a coherent transition approach. The
experiments for this work were carried out with a partner, an international pharmaceutical industry,
in collaboration with the Arts et Métiers, Paris campus. The work carried out has made it possible to
lay the foundations of an eco-design integration model within the pharmaceutical industry, with
associated support tools.

Key words: Eco-design, Pharmaceutical industry, Integration model, Environment
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General introduction

From the apothecaries, who were providing products to heal, to the current big pharma who
are providing both mass production drugs or specialty care ones, medicine have played a key role in
our modern society (Bhugra, 2014). The intrinsic role of the pharmaceutical industry is nowadays to
make medicines available (Gateaux and Heitz, 2008) and affordable (Nussbaum, 2009) to contribute
to the well-being and health of the Humankind.

The United Nations (UN) have estimated the worldwide Human population at 7.9 billion for
2021 and was estimated around 2.5 billion in 1950 (UN, 2022). The projections estimated a
demographic stabilization between 2050 and 2075 to reach around 10.5 billion of living being.
Discrepancy in healthcare is an issue not solved nowadays. The COVID-19 vaccination is a perfect
witness of the difficulty to provide healthcare in different countries (Sen-Crowe et al., 2021). The
growing population will most likely add challenges to the supply of medicines products. Its emphasis
a first social difficulty of the pharmaceutical sector.

Additionally, the Earth is currently facing an environmental crisis with never encountered
proportion. Formalized by the Planetary boundaries (Persson et al., 2022; Rockstrom et al., 2009;
Wang-Erlandsson et al., 2022), on nine thresholds that shouldn’t be exceeded to live on a proper
Earth, five of them are exceeding their limits. The concept of Country overshoot day is also
formalizing the fact that the way of living of most Human is not sustainable in regards of the resource
regeneration capacity of the planet (Global Footprint Network, 2022).

To address the environmental crisis, the international community, through the UN, had
formalized the Sustainable Development Goals (SDGs) in 2015, where some of them are related to
the environmental aspects (UN, 2015). Some instance and organizations are also known to contribute
to the debate such as the COP (Hussain and Mahase, 2022) or the Intergovernmental Panel on
Climate Change (IPCC) (Rama et al., 2022).

Like any Human activity, the pharmaceutical industry is not neutral in terms of environmental
impact. In regards of the Climate change, the literature suggest that the pharmaceutical industry is
contributing between 3% and 33%, with a most likely value around 15% of the Greenhouse Gas
(GHG) emissions of the health care systems (Eckelman et al., 2018; Lenzen et al., 2020; NHS, 2022;
The Shift Project, 2021). But the environmental footprint is not limited to the GHG emissions, and
pharmaceutical product do have environmental impacts in other aspects such as, non-exhaustively,
the resource consumption (Luu et al., 2021), the degradation of water (Wilkinson et al., 2022) or
even on the human-health (Souza et al., 2019).

This last element represents a high paradox of the pharmaceutical industry. By making
available medicines products, they are contributing to improve the health of population. But in the
other hands, by producing such products, they are polluting the environment. Therefore, take into
account the environment is a key factor for this sector, especially with the One Health concept
philosophy (Destoumieux-Garzon et al., 2018).

Nowadays, the pharmaceutical perform Environmental Risk Assessment (ERA), to determine
the environmental fate of their Active Pharmaceutical Ingredient (API) (Manuilova, 2003). Since
decades, they also adopted the Green chemistry approach, in order to reduce the environmental
burden of their manufacturing processes (Anastas and Williamson, 1996; Diorazio et al., 2021).
However, these approaches are lacking holistic perspective, both in terms of environmental footprint
and lifecycle understanding.

The community of Design engineering is working since the 1990s on Design for Sustainability
approaches (Ceschin and Gaziulusoy, 2016). The Eco-design approach is one of them and focus on
the environmental dimension of the Sustainability. By integrating the holistic environmental
footprint, in a lifecycle perspective, into the design of product or service (EEA, 2001), the Eco-design
is one approach to decrease their environmental burden. However, this mindset is not yet well
implemented within the pharmaceutical sector.

To address these challenges, this doctoral thesis involves transdisciplinary expertise, with a
partnership between Sanofi and the Product Design and Innovation Laboratory (Laboratoire
Conception de Produits et Innovation, LCPI, EA 3927), part of the Arts et Métiers Institute of
Technology.
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In this context, the research aimed to support the pharmaceutical industry in the Eco-design
journey. Through the state of the art performed on several topics such as the engineering science, the
Eco-design, and the pharmaceutical industry, success factors and barriers to Eco-design products
were identified. This allowed us to structure our research with the problematic: “How to foster the
Eco-design practices into the New Product Development of medicines in a systemic way? ”.

Two hypotheses are formalized to structure our research.

The first one is based on an organizational perspective. The literature mentions the integration
of environmental aspects into decision making of the development process as one key success factor
of an Eco-design journey. The second hypothesis is built around an operational view. Eco-design
tools are available in the literature and the adaptation of them could favorize the Eco-design
appropriation of the pharmaceutical industry.

The work performed during the doctoral thesis are presented in this manuscript in four phases.
e Phase 1: Context presentation, stakes of the work and state of the art

e Phase 2: Formalization of the problematic, linked to the findings of the state of the art,
and hypothesis of resolution

e Phase 3: Description of the work performed during the PhD who aimed to feed the
hypothesis

e Phase 4. Summary of contributions, limits, conclusions, and perspectives

Those four phases are structured in nine chapters, which aim to describe the way of thinking
all along this research.

Chapter I: Context of the work (Phase 1)

The first chapter aim to present the overall context of the research. The context linked to the
international community, the pharmaceutical industry, the scientific, and the laboratory are
presented. This chapter set the position of this research within each of these dimensions.

Chapter |1: State of the art (Phase 1)

The second chapter set the state of the art on key related topics of this research. Main concepts
of Design science and engineering, the Design for Sustainability, Technical aspects of Medicines,
and Environmental perspectives of pharmaceutical products are exposed. Those elements constitute
the scientific foundation of this research.

Chapter I11: Problematic and hypothesis (Phase 2)

The observations drawn from the state of the art are synthesized in chapter three to lead to the
formalization of the research problem guiding this doctoral thesis. The methodological approach
aimed at resolving this is then presented and leads to the emergence of the two hypotheses structuring
this research work.

Chapter 1V: Stakeholders management (Phase 3)

The consideration of external stakeholders is identified as a success factor to implement an
Eco-design approach. The first experimentation of this research aimed to identify a framework of
external stakeholders of the pharmaceutical industry, to consider in Eco-design approach.

This work was based on both literature review and workshop with experts of the
pharmaceutical industry, in close contact with their external stakeholders. A first theoretical
framework is proposed and another one based on experimentation was set. The experimental one
was structured based on the Geels framework of stakeholders to considers when innovating (Geels,
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2006). A prioritization of these stakeholders was set during the experimentation. This work emphasis
the evolving considerations of these stakeholders, linked to both societal pressure and level of
external stakeholders understanding of environmental issues of medicines. This last aspect highlights
the need of the pharmaceutical companies to consider the holistic environmental footprint of their
products, in a lifecycle perspective.

Chapter V: Pharmaceutical design process (Phase 3)

The chapter five focus on the long journey of developing a pharmaceutical product. It
highlights the sequential process, which is regulatory driven, to ensure the safety of the patient.

Eco-design approaches should be set to the phase of the process. To identify relevant Eco-
design levers within this process, two experimentations were performed. A first one, based on
interviews of Research and Development (R&D) practitioners and a qualitative assessment was
performed in parallel. The results were then merged to define convergence points and set an overall
framework regarding the Eco-design potential levers within the pharmaceutical design process.

This approach is the first step in order to be able to reach a systemic approach of Eco-design.

Chapter VI: Eco-design maturity model (Phase 3)

Despite the numerous tools available in the literature, the pharmaceutical industry struggle to
implement in a systemic manner Eco-design approaches. After we proposed our mapping of Eco-
design potential within the development process, it appeared to us that R&D practitioners needed
support to be able to implement the Eco-design mindset within their activities.

This chapter aimed to present the development of an Eco-design maturity model tool,
dedicated to the pharmaceutical industry: the Drug Eco-designed integration meter (DEimeter). The
development was based on the Design Research Methodology (DRM). The aim of this tool is to track
and guide the Eco-design practices within R&D. It is structured through two dimensions, the
organizational and the operational one. The first dimension, the organizational, aimed to track from
a management perspective the practices aligned with an Eco-design approach. The operational
dimension proposes tools to use, adapted to the phase of the development.

Chapter VII: Monoclonal Antibody LCA guidance (Phase 3)

Life Cycle Assessment (LCA) is currently considered as one of the best tools to assess
holistically the environmental footprint of products and services, from a lifecycle perspective. The
application of the methodology behind this tool is not mature within the pharmaceutical sector and
is time-consuming.

The aim of this chapter is to provide guidance when performing an LCA for monoclonal
antibodies (mAbs). After presenting generic and technical aspects of mAbs, recommendation to
perform LCA for such products are made, based on a study done during the research. Such
recommendations could be the first elements to build a Product Category Rule (PCR) for mAbs, and
therefore foster the capacity to assess this family of product.

Chapter VIII: Contributions and limits (Phase 4)

Chapter seven highlights the contributions made during this research. Both description and
limits are presented to set an overall picture of the work of this research.

Chapter 1X: Conclusion and perspectives (Phase 4)

The chapter nine summarizes the work presented in this manuscript and recontextualizes it to
bring out the contributions and the perspectives that they underlie. A set of questions remaining to
be solved is finally raised to feed the pursuit of scientific reflections on the integration of Eco-design
within the pharmaceutical industry.
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The figure below summarizes the links between the four phases and the nive chapters.
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Figure 1 - Summary of the nine chapters of this manuscript within the four phases
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Phase 1

Chapter |

Context of the work

« Une croissance indéfinie est impossible, nous n'avons qu'une seule Terre, mais une civilisation du
bonheur est possible »

Dumont, R., 1974. La campagne de René Dumont et du mouvement écologique: Naissance de

[’écologie politique. Déclarations, interviews, tracts, manifestes, articles, rapports, sondages,
récits et nombreux autres textes. FeniXX.

“Infinite growth is impossible, we only have one Earth, but a civilization of happiness is possible”
Dumont, R., 1974. La campagne de René Dumont et du mouvement écologique: Naissance de
[’écologie politique. Déclarations, interviews, tracts, manifestes, articles, rapports, sondages,

récits et nombreux autres textes. FeniXX.
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Chapter 1 — Context of the work

I Context of the work

This chapter aim to present the context of this work, by presenting succinctly General
elements, linked to the international community, the Industrial context, with some historical facts
and current trends, the Scientific context, the Research laboratory one to then expose main stakes of
the work.

|. Context of the work

Figure 2 - Context of the work structure

1.1 General context

In 2019, the population on Earth was evaluated around 7.7 billion. The forecast of the United
Nations (UN) is expecting for 2050 around 9.7 billion and 11 billion living souls for 2100 (UN,
2019). The same year, a global study highlighted that 369 diseases and 87 risk factors were identified
within 204 countries (Vos et al., 2020).

Meanwhile, we are living on a planet with limited resources. In 2021, the Earth Overshoot
Day, also known as the evaluated date, when the Human activities consume more than what the Earth
can regenerate in one year, was determined on July 29" (Global Footprint Network, 2021).
Furthermore, there is now a consensus within the scientific community to say that Human activities
has warmed the climate with a peak during the last 2000 years (IPCC, 2021).

Embraced by the International community since 2015, the Environment protection is part of
the Sustainable Development Goals (SDGs). 17 goals were settled in 2015 with the aim to cover all
aspects of sustainability all around the world (Fleming et al., 2017).

Table 1 - List of the Sustainable Development Goals (SDGs) of the United Nations (UN)
Title Description
1iom No poverty End poverty in all its forms everywhere

Zero hunger End hunger, achieve food security and improved nutrition and
promote sustainable agriculture

Good health and well Ensure healthy lives and promote well-being for all at all ages
being

Quality education Ensure inclusive and equitable quality education and promote
lifelong learning opportunities for all
Gender equality Achieve gender equality and empower all women and girls

Clean water and Ensure availability and sustainable management of water and
sanitation sanitation for all

Doctoral thesis — Duc-Nam LUU 21



Affordable and clean Ensure access to affordable, reliable, sustainable and modern
energy energy for all

Decent work and Promote sustained, inclusive and sustainable economic growth,

economic growth full and productive employment and decent work for all
- Industry, innovation Build resilient infrastructure, promote inclusive and sustainable
& and infrastructure industrialization and foster innovation

Reduced inequalities  Reduce inequality within and among countries

Sustainable cities and Make cities and human settlements inclusive, safe, resilient and
communities sustainable

Responsible Ensure sustainable consumption and production patterns

consumption and

production

Climate action Take urgent action to combat climate change and its impacts

Life below water Conserve and sustainably use the oceans, seas and marine
resources for sustainable development

Life on land Protect, restore and promote sustainable use of terrestrial

ecosystems, sustainably manage forests, combat desertification,

and halt and reverse land degradation and halt biodiversity loss
Peace, justice and Promote peaceful and inclusive societies for sustainable
strong institutions development, provide access to justice for all and build

effective, accountable and inclusive institutions at all levels
Partnerships for the Strengthen the means of implementation and revitalize the
goals global partnership for sustainable development

Generally, the sustainability topic is part of the Corporate Social Responsibility (CSR) of an
industrial. The concept of Triple Bottom Line of Elkington (TBL) (Elkington, 1998) is sometimes
considered as the origin of the modern CSR. Latapi Agudelo et al. described a history and evolution
of the CSR and found older trace of this concept in 1953 (Latapi Agudelo et al., 2019).

The TBL, with the People, Planet & Profit framework, can be considered as a link between
the sustainability field and the CSR (Oliwa, 2021). The SDGs of the UN can be placed into the TBL
framework as below.

e People: SDG 2; 3;4; 5
e Planet: SDG 13; 14; 15
e Profit: SDGS; 9; 11

It is also possible to identify some SDGs on the crossroad of two pillars of the TBL.:
e People/Planet: SDG 6

e People/ Profit: SDG 1; 10
e Planet/ Profit: SDG 7; 12

Finally, the SDG 16 and 17 can be understood as transversal goals, which are not directly
contributing to the TBL, but are required to be able to foster them.
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Figure 3 - The SDGs of the UN within the Triple Bottom Line framework

This diversity of goals highlights a well-known challenge within the Environmental ethic topic
between the Anthropocentric, the Biocentric and the Ecocentric philosophies. Indeed, it raise the
guestion of what is morally acceptable in terms of Environmental burden VS Societal contribution
for the Humankind. The Anthropocentric way of thinking can be defined as “the belief that there is
a clear and morally relevant dividing line between humankind and the rest of nature, that humankind
is the only principal source of value or meaning in the world” (Purser et al., 1995). In this
perspective, “nature has moral consideration because degrading or preserving nature can in turn
harm or benefit humans” (Kortenkamp and Moore, 2001). While Biocentrism is identified as the
“ethics that sees inherent value to all living things”, Ecocentrism go further by considering also
“environmental systems as wholes, and their abiotic aspects” (Kopnina et al., 2017).

For a designer and more broadly the Society, the answer to the question “Is my product
Sustainable?” will differ depending on his Environmental ethic. Some examples in part 1.2 let us
think that we are still in an Anthropocentric world, even if the Ecocentrism philosophy seems to be
growing within the Society.

The purpose of this thesis is not to focus or neither discuss about the environmental ethics and
philosophies. We will not initiate this important debate, closely linked to our topic, and will focus
more on how the pharmaceutical sector can embrace the Environmental sustainability of its products
and activities, in a holistic perspective, to contribute to the environmental journey of the Humankind.

.2 Industrial context

The pharmaceutical industry is closely linked to the history and evolution of medicine. In this
part, I aim to present a quick overview of the genesis & current trends, the societal duty, and high-
level environmental aspects of this industry.
Genesis of pharmaceutical industry to current trends, a quick history

The history of products to heal or cure patient come alongside with the humankind. 5000 years
(Kelly, 2010) ago, the Sumerian clay slab from Nagpur were already suggesting use of medicinal

plants. Authors suggest that China, 2500 before Christ, already had 365 drugs (Petrovska, 2012) and
many examples can illustrate the use of plants to heal patients. But those approaches are far from an
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industrial way of production and the modern pharmaceutical industry is linked to the European
history of medicine.

The history of the western pharmaceutical industry can be identified in four phases: 1870 —
1930; 1930 — 60; 1960 — 80; 1980 — present.

o 1870-1930

The birth of the pharmaceutical industry is usually identified in the nineteenth century
(Malerba and Orsenigo, 2015). This industry is considered as the merge of the apothecaries, who
went from small production in a broader one, and of chemical companies. Usual medicines used in
1800s include opium, morphine, phenacetin and acetanilide as painkillers. Opium was also used for
diarrhea and cough (Memon, 2022). Cocaine was used for oral pains and toothache as illustrated in
the figure 4. Other medicines were discovered, such as the insulin in the 1920s (Sims et al., 2021).

e DL e s

COCAINE
TOOTHACHE DROPS

Instantaneous Cure!

PRICHENLS CGHIDNSESS
Prepared by the

- LLOYD MANUFACTURING CO.

219 HUDSON AVE., ALBANY, N. Y.

For sale by all Druggists.

Figure 4 - Advertisement for Cocalne Toothache Drops in US, 1885 (NIH, 1885)

The table 2 is summarizing a list of apothecaries, their estimated year & country of creation
and their relationship with current pharmaceutical companies.

Table 2 - Non exhaustive list of apothecaries with their relationship with current big pharma

Apothecary Country Current
pharmaceutical
company

Merck 1668 Germany Merck Germany

Hoffmann-La Roche 1896 Switzerland Roche

Burroughs 1880 England GSK

Wellcome

Midy 1778 France Sanofi

Etienne Poulenc 1900 France Sanofi

Abbott 1888 uUS Abbott

Smith Kline 1830 uUsS GlaxoSmithKline

Upjohn 1886 us Viatris

o 1930-60
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This period is identified as the “Golden age” of the pharmaceutical industry (Malerba and
Orsenigo, 2015). Alongside with the discovers related to medicine, the field of chemistry saw a
growth of development. Synthetic vitamins, sulfonamides, antibiotics, hormones (thyroxine,
oxytocin, corticosteroids, and others), psychotropics, antihistamines, and new vaccines were
developed at that time.

Table 3 - Example of medicine products discovered between 1930 and 1960

Medicine Therapeutic area Year of discover
Sulfamidochrysoidin Streptococcal infection 1931
Sulfonamide Bacterial infection 1935
Equilenin Sex hormones 1939
Penicillin Bacterial infection 1939
Cortisone Anti-inflammatory 1949
Enovid Contraceptive pill 1956
o 1960 -80

During this era, the cost increase of new drugs leads to a change of paradigm and strategies.
Alongside with this parameter, the progress in different fields, such as pharmacology, biology,
physiology or enzymology, led to a new range of possibilities for drugs development. The birth of
the biotechnology is usually identified with the Genentech company in 1976 (Lucier, 2019). But
some evidence seems to set Cetus as the first biotechnology company in 1971 (Bains, 2020). Main
innovations were brought around cardiovascular drugs; tranquilizers, antidepressants, and
antihistamines with fewer side effects; nonsteroidal anti-inflammatory drugs; oral contraceptives;
cancer therapies; and means of controlling the symptoms of Parkinson's disease and asthma attacks.

Table 4 - Example of medicine products discovered between 1960 and 1980

Medicine Therapeutic area Year of discover
Ibuprofen Pain killer 1962
Ketamine Anesthetics 1962
Triamterene Blood disorder (pressure) 1964
Amiloride Blood disorder (pressure) 1967
Diclofenac Pain killer, anti-inflammatory 1973
Tramadol Opioid pain Killer 1977

o 1980 — present

As in the past, the increase of knowledge in other scientific fields allowed the pharmaceutical
industry to break through new type of medicines. Medicines to treat cancer, such as angiogenesis
inhibitors and drugs targeted to molecular features of cancer cells, and to fight HIV/AIDS, such as
reverse transcriptase inhibitors and protease inhibitors, were discovered.

Modelization and databases helped to speed up the development process of New Molecular
Entity (NME) candidates.

Table 5 - Example of medicine products discovered between 1960 and 1980

Type of Family type Therapeutic area Year of discovery
medicine

Sumatriptan Triptans Headache 1984

Ketoprofen Propionic acid Nonsteroidal anti-inflammatory 1993

drugs
Parecoxib Prodrug of Anti-inflammatory 1995
valdecoxib
Lopinavir Protease inhibitors HIV infection 1996
Ropivacaine Amino amide Local anesthetic 1998
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Dupilumab Monoclonal Atopic dermatitis asthma, nasal 2016
antibody polyps, eosinophilic esophagitis
and prurigo nodularis

A trend seems to appear within the big pharma where “large molecules” are more and more
developed. In other words, a switch from the historical chemical-type of medicine and primary care
focused, for more profitable specialty care drugs (Gautam and Pan, 2016) is observable.

Moreover, strategies of R&D in the pharmaceutical industry are changing, in order to inverse
the decline of NME discovery. Schuhmacher et al. mentioned the “outsourcing of non-core
activities ”, the “externalization of research activities to biotech companies” Who are more agile, the
“open innovation”, the “vitualization of R&D”, or “public-private partnerships” as approaches that
the pharmaceutical industry is currently adopting (Schuhmacher et al., 2021).

The pharmaceutical industry, a societal actor

Intrinsically part of its Societal duty, the Pharmaceutical sector is one of the key actors to
ensure the availability (Gateaux and Heitz, 2008) and the affordability (Nussbaum, 2009) of
treatments. It is therefore one of the key players to contribute to the Sustainable Development Goal
(SDG) number 3 “Ensure healthy lives and promote well-being for all at all ages”. But like any
Human activity, the manufacture of medicine products induces environmental impacts. Therefore,
the Pharmaceutical sector is facing the ethic complexity to provide efficient healthcare product by
non-degrading the environment (Luu et al., 2021).

Even if Environmental issues are more and more visible and considered as critical within the
International community, especially the Climate change (IPCC, 2021), few examples shows that we
are currently still in an Anthropocentric mindset. It is particularly explicit within the pharmaceutical
sector. For instance, a declaration of the European Medicines Agency (EMA) mention that “In any
event this [potential environmental] impact should not constitute a criterion for refusal of a
marketing authorisation” (EMA, 2006). A concrete example of this statement is the case of the
COVID-19 vaccines. Despite the complex cold supply chain, and by extension a high energy
consumption, the deployment of such products was adapted to face the pandemic crisis. The Carbon
emissions equivalent of the vaccines were evaluated around 5.13 x 10*2 gCO.eq for 1.56 x 10%
vaccine doses (Klemes et al., 2021). To illustrate a bit more, if we consider the distance by roads
between Paris and Dakar at 6,882 km (Himmera, 2021) and based on the Environmental Protection
Agency (EPA) calculation tool (OAR US EPA, 2015), the Carbon emissions equivalent of the
vaccines may represent around 3 million Paris-Dakar in an average vehicle.

Another environmental concern, specific to the pharmaceutical products, can be mentioned.
The eco-toxicity is one of the critical issues of the pharmaceutical sector. The chapter 11.5.4 is
describing this aspect.

A group of Pharmaceutical associations joined themselves to publish during the UN Climate
Change conference COP26 a joint statement who declare that member of those associations are
mitigating the Environmental impact of their activities who are contribution to climate change (ABPI
et al., 2021). As example of the change of paradigm from stakeholders of the pharmaceutical
industry, in France, the Union of Hospitals for Purchasing (UniHA) had organized a webconference
to talk about how to limit the environmental footprint of hospitals, from a market point of view
(UniHA, 2021).

1.3  Scientific context
Environmental dimension
From a scientific point of view, the Planetary boundaries are setting a framework of “nine

processes that regulate the stability and resilience of the Earth system” (Rockstrém et al., 2009). A
recent update proposed a quantification of the Novel entities (NE) boundary which was performed
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not so far (Persson et al., 2022). Like any Human activity, the pharmaceutical industry is a contributor
in the degradation of each Planetary boundary.

Challenges mentioned previously are part of multiples areas of expertise, which goes from the
fields of Environment sciences, Formal sciences, to the Human and Social ones. The work presented
is this manuscript is included in the research field of Eco-design, as defined by the international
community (ISO, 2020). It is at the interface between the Engineering design and the Environmental
sciences.

Design science and engineering

Ralph & Wand identified 33 definitions of “design”. They proposed a list of 19 concepts linked
to those definitions. Main ones are considering “design” as: “process”; “Creation”; “planning”;
“physical activity”; “system”; “being deliberate or having a purpose, goal or objective”; “activity”
or “occurring in an environment” (Ralph and Wand, 2009).

In Design Research Methodology, Blessing & Chakrabarti states that “design” include:

“Activities that generate and develop a product from a need, product idea or technology to
the full documentation needed to realize the product and to fulfil the perceived needs of the user and
other stakeholders. The perceived need may be social (e.g., transportation means) as much as
economic (e.g., manufacturing systems for mass production). The impulse to start such a process can
come from: the market, such as needs of customers and competing products; internal needs of
product development enterprises, such as new developments, cost reduction, production automation
and diversification goals; and from other sources, such as research results, legislation, environment,
society and politics ” (Blessing and Chakrabarti, 2009).

Within engineering sciences, the field of “design” covers the theories, methodologies,
methods, and tools guiding the practice of design. Its purpose is to guide designers in their steps by
formalizing approaches allowing them on the one hand to correctly apprehend a problem, and on the
other hand to solve it. Four main areas can be distinguished within the engineering sciences of design
(Hubka and Eder, 1982):

Table 6 - The four main areas of the engineering sciences of design, based on Hubka (Hubka and Eder, 1982

Description
Theory of technical Focuses on understanding artifacts (artificial systems) by modeling their
systems mechanical properties, their structure, their operation, their cost, their

social context, etc. This domain contains all “knowledge about the
object targeted by the design process”

Theory of the design Focuses on the action of the designer. It brings together a set of

process processes, methods and technical tools used by the designer. This
domain contains the formalization of the designer's knowledge and
know-how.

Theories from the Focuses on the functioning of design teams and more particularly on the

human and social generation and transfer of information, and therefore of knowledge, in

sciences all its forms.

Design methodologies Focuses on design methods with the aim of leaving design by intuition
and entering structured design. Models to guide the designer at each
stage of the design process are explored. Research in this field aims to
consider new factors making it possible to anticipate parameters such as
risk, quality, etc. as far upstream as possible

Within this context, our work is positioned at the intersection between theory of technical
systems (environmental impact modelization), theory of the design process (adaptation of tools and
processes), theories from the human sciences (communication and transfer of information within
interdisciplinary teams), and theory of the design methodologies (practice of eco-design).
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Figure 5 - Scope of the PhD within the design science framework of Hubka

Design for Sustainability

Scope of the PhD

To comprehend the Design for Sustainability, we first need to understand what is behind the
terminology of “sustainability” as the term “design” in science and engineering was described above.

Sustainability

The concept of sustainability can be defined as the intersection of the three dimensions:
environmental, social, and economic performance, as described by the triple bottom line (Elkington,

1998).

In the literature review of Arena et al., the authors highlighted that the academic perspective
of the sustainability is including several sub-dimensions, within each dimension, as shown in the
table 7 (Arena et al., 2009).

Table 7 - Sub-dimensions of the sustainability, adapted from (Arena et al., 2009).

' Dimension
Sub-
dimension

Environmental

e Materials

e Energy

o Water

¢ Biodiversity

e Emissions

o Waste

e Product and services

S E

¢ Work practices and
adequate working
conditions

e Diversity and equal
opportunities

e Relations with the
community

e Social policy
compliance

e Consumer health and
safety

e Human rights

Economic

e Economic performance

e Market presence

e Indirect economic
impacts

Design for Sustainability
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Rocha et al. are defining the Design for Sustainability (DfS) as “a holistic design approach
that enables to integrate and assess the sustainability dimensions in different stages of the product
or product-service development process towards the required scale of incremental and/or radical
innovations” (Rocha et al., 2019).

The field of DfS appeared in the first half of the 1990s from the integration of environmental
aspects in a material and component centric approach, to a more global one with socio-technical
system perspective (Ceschin and Gaziulusoy, 2019). Alongside with those two levels, Procut level,
Product-Service System level and the Spatio-Social level are defining the overall framework of DfS.
Several approaches exist today to work on these different levels.

Eco-design

The eco-design is a concept part of the DfS. In this part, we aim to expose several definitions,
set the one used in this manuscript and propose a quick history of the approach.

Definition
The concept of “eco-design” is defined by the ISO 14006:2020 norm as below (ISO, 2020):

“Systematic approach that considers environmental aspects in design and development with
the aim to reduce adverse environmental impacts throughout the life cycle of a product”

The definition from the European commission is quite similar (European Commission, 2009):

“Ecodesign” means the integration of environmental aspects into product design with the aim
of improving the environmental performance of the product throughout its whole life cycle

In the United States, the Environmental Protection Agency do not use the term “eco-design”
but “green engineering”. The concept present similarity with “eco-design” and is defined as (OCSPP
US EPA, 2015):

“Green engineering is the design, commercialization, and use of processes and products in a
way that reduces pollution, promotes sustainability, and minimizes risk to human health and the
environment without sacrificing economic viability and efficiency.

Green engineering embraces the concept that decisions to protect human health and the
environment can have the greatest impact and cost-effectiveness when applied early, in the design
and development phase of a process or product.”

In the scientific literature, several authors are defining “eco-design” with the integration of
environmental aspects into the design process. Table 8 presents a non-exhaustive list of them.

Table 8 - Definition of eco-design in the scientific literature with the environmental aspect
Definition Reference

“Design which addresses all environmental impacts of a product (Dewberry and
throughout the complete life cycle of the product, without unduly Goggin, 1995)
compromising other criteria like function, quality, cost and appearance”

“EcoDesign focuses on the integration of environmental considerations (Karlsson and
in product development” Luttropp, 2006)
“Lowering environmental impact focusing on the whole life-cycle of (Ceschin and
products from extraction of raw materials to final disposal”’ Gaziulusoy, 2016)
“Ecodesign is an approach to include environmental requirements into (Schéfer and Lower,
the product development process” 2021)
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More recently, authors included in the concept of “eco-design” the broader aspect of
Sustainability. Table 9 presents a hon-exhaustive list of them.

Table 9 - Definition of eco-design in the scientific literature with the sustainability aspect
Definition Reference

“Development of new and more environmental-friendly products that (Maccioni et al,,
have the potential to result in innovative solutions with an enhanced 2019)

sustainability performance”

“Eco-design is used as a tool in the product and service sectors with the (Varzinskas et al.,
aim to increase sustainability and reduce negative environmental impact 2020)

on the product design stage”

“The concept of eco-design is a strategies system that goal for balancing (Mohammed et al.,
and integrating of economic, environmental, and social aspects during its  2021)

whole life cycle in product design phase”

In this manuscript, the author is defining “eco-design” as:

“Integration of the holistic environmental aspects into product or service design with the aim
of improving the environmental performance of the product throughout its whole life cycle; without
unduly compromising other criteria like function, quality, cost and safety”

1.4 Research laboratory context

The Product Design and Innovation Laboratory (Laboratoire Conception de Produits et
Innovation, LCPI, EA 3927) is a research laboratory of Arts et Métiers Institute of Technology, who
is working in the field of Industrial Engineering. It was founded in 1978 by the Professor Robert
Duchamp. The three missions of LCPI (Teaching, Research and Industrial Valorization) are closely
integrated and feed a single and unifying theme: the optimization of the Design and Innovation
Process. The research activities benefit from both of academic roots and the industry. The LCPI team
is multidisciplinary, like the stakeholders involved during the design process: its composition draws
mainly on the Engineering Sciences, and the Human & Social Sciences.

e Laboratory position

The LCPI is structured around two themes of Research. The Design engineering for the first
one, and the Management & Support systems as the second. From those two, axes from skills
perspective and processes ones are defined. Finally, six platforms of competences are formalized in
order to support the overall activity of the laboratory, as shown in the figure below.
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OPTIMISATION OF THE DESIGN AND INNOVATION PROCESSES

THEME 2:
MANAGEMENT &
SUPPORT SYSTEMS

6 PLATEFORMS OF COMPETENCE

ADDITIVE

MANUFACTURING EMOTIONAL AND INNOVATION USAGE ECO-DESIGN PLATEFORM
SENSORIAL PROSPECTIVE ANALYSIS SUSTAINABLE A
VIRTUAL AND ENGINEERING CREATIVITY DESIGN

AUGMENTED REALITY

Figure 6 - Overall Research positions of the LCPI

This PhD is related to the “Eco-innovation”, “Knowledge management” and “Product
Lifecycle management” axis of the laboratory, alongside with the “Eco-design Sustainable design”
platform of competence.

o LCPI legacy

Research in the field of “Eco innovation” can be found since 2000 in the digital archive of the
LCPI, with the work of Marc JANIN (Janin, 2000). Since then, 22 studies related to this skill axe
were performed, including the one described in this manuscript. The “Knowledge management” is
also a topic well explored with around 22 PhDs with a topic related to this process axe. Last axe
relevant to this manuscript, the “System thinking & Product Lifecycle management” is fed with 46
PhDs since 2000.

The work described in this manuscript came these previous studies performed by other
researchers of the laboratory. The figure 7 is presenting a framework of some of them and the
appendix 1 present all the PhDs that can be found in the digital archives.
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Figure 7 - Framework of the PhDs performed in the LCPI with the same skills & processes axis of the research
in this manuscript

The LCPI had various collaboration with the health-care sector, and three of PhDs were
focused on medical devices plus one specifically on drug acceptability.

1.5 Stakes of the work

Through the different prisms contextualizing our work, it is possible to highlight three main
dimensions of this work.

e Societal dimension, the environmental crisis

The Humankind is facing a global environmental crisis. The changes of ecosystems will lead
to the modifications of the way of living and the place of the Human being inside the environmental
whole.

The stake of this work is to contribute to foster innovation with the holistic vision of
environment, with the aim to minimize the environmental burden of the Human activity.

¢ Scientific dimension, understand the levers of the pharmaceutical sector

Approaches to integrate the environment into design practices is not a new topic. However,
levers to improve the environmental footprint of the pharmaceutical sector is still a topic to explore.

The stake of this work is to contribute to the identification of the environmental levers of the
pharmaceutical sector.

e Industrial dimension, the integration of Eco-design practices within the pharmaceutical
sector

The pharmaceutical sector has the intrinsic duty to make available treatment for population to
ensure the well-being of the Humankind. However, the environmental footprint of their products is
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not neutral. By extension, those products may damage the environment, making at risk future
populations. Therefore, an ethical question can be raised “should we treat the current population and
put in the danger the future generation?”. To avoid this eternal and endless debate, the pharmaceutical
sector needs to ensure a proper development of its products. The integration of Eco-design into its
practices appear key.

The stake of this work is to contribute to foster Eco-design in a systemic manner within the
pharmaceutical sector, with the aim to minimize the environmental burden of its activity.

1.6 Summary of the work context

Through the presentation of the context linked to this doctoral thesis, the general framework
of this work is established.

This framework relies on scientific, academic, industrial, and societal criteria, criteria that will
guide the structuring of the reasoning formalized throughout this thesis. It also represents both a
continuity and a novelty of the research performed by the LCPI. A continuity with the legacy of the
previous works regarding “Eco-innovation”, “Knowledge management” and “Product Lifecycle
management” and the research in the health-care sector. It is also a novelty with the merge of the
knowledge of the laboratory regarding these research axes and the health-care industry, by
integrating the environmental perspective into the development of medicine products, which were
not only not explored in the laboratory but is also an emergent topic in the pharmaceutical sector.

In the next chapter, the state of the art will be presented in order to establish the scientific
foundations of the research presented in this manuscript. This will then lead to the formulation of a
problem and hypothesis, who aims to feed the stakes formalized previously.
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Phase 1

Chapter 11

State of the art

« Diagnostiquer, c’est littéralement « voir a travers » (dia gnosis), établir une connaissance qui
dépasse celle du sens commun, créer une lucidité nouvelle sur la réalité quotidienne. »

Frangoise PIOTET, Renaud SAINSAULIEU, « Méthodes pour une sociologie de l’entreprise »,
1994

“To diagnose is literally to “see through” (dia gnosis), to establish a knowledge that goes beyond
that of common sense, to create a new lucidity on daily reality.”
Francoise PIOTET, Renaud SAINSAULIEU, « Méthodes pour une sociologie de [’entreprise »,

1994
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Chapter 2 — State of the art

Il State of the art

All state of the art begins with a literature review. The literature review can be defined as a
process to “identify the theories and previous research which have influenced [the] choice of
research topic and the methodology fo adopt” (Ridley, 2008). This chapter aims to describe these
elements, in order to have a diagnosis and identify the approach of this thesis.

11.1 Structure of the state of the art

As described briefly previously, this work is a legacy of different fields. The heart of this thesis
is around the Eco-design within the pharmaceutical industry. The position of the work suggested in
the chapter one invite us to have a look on different scientific fields.

The design science and engineering are one of the entry points of the thesis (chapter 11.2). The
description of the main associated frameworks, theories, and processes appear as the first key of
scientific understanding for a formalization of an Eco-design approach within the pharmaceutical
sector.

Secondly, the Design for Sustainability (chapter 11.3) is introduced with the aim to explicit the
main concepts. As a main topic of this research, a dedicated focus on Eco-design is proposed.

Afterwards, consideration regarding medicine products is proposed (chapter 11.4). Specificities
of such products are mentioned. Finally, current links between medicine products and environment
are explained (chapter 11.5), from a lifecycle perspective and the actual environmental approaches
within the pharmaceutical sector.

Il. State of the art

Figure 8 - State of the art chapter structure
1.2 Design science and engineering

The purpose of this part is not to present an exhaustive list of product design methodologies.
The literature abounds of reviews that describe different practices (Schmidt et al., 2009), key of
success (Cooper, 2019) and even tool to choose the right methodology (Lahonde et al., 2010). The
aim of this part is to reflect the diversity of methodologies related to the plurality of needs.

e Systematic Design

As described by Lahonde, Pahl and Beitz influenced many designers with their methodology,

based from the German design science (Lahonde, 2010). They structured their method around four
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phases, Clarification of the task, Conceptual design, Embodiment design, and Detailed design. Those
includes several steps as shown in the figure below.
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Figure 9 - Systemic design approach, from Lahonde (2010)
e Axiomatic Design

Developed by the Professor Suh Nam Pyo (Suh, 1990), the Axiomatic design is a methodology
based on 4 principles who aims to systemize the assessment of the user needs & design parameters
to translate them, respectively, in functional requirements & process variable.

Table 10 - The four principles of the Axiomatic Design
Principle Description
1°t: Domains Definition of 4 domains:
e Customer: customer needs
Functional: define Functional Requirements
Design: define Design Parameters
Process: define Process Variable
2nd: From a FR, a DP is defined. From this Design Parameters, some sub
Hierarchies Functional Requirements are defined and so on
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Iterative process between all domains
4™ Axioms 1. Independence: Functions (constraints and principal) must be

independent of each other
2. Information: Minimize system complexity and product design
information

e TRIZ

Basically, TRIZ is a Russian methodology to solve problems. It was developed by Genrich
Saoulovitch Altshuller (Cavallucci, 2016). It is a systematic approach for finding solutions to
technical problems (llevbare et al., 2013).

The approach consists in a four steps process as describe in the figure below.

Step 2 Step 3

Figure 10 - The four steps of the TRIZ methodology, adapted from Moehrle (Moehrle, 2005)

The literature shows some positive sides of TRIZ (llevbare et al., 2013). such as the approach
to problems, the volume of idea generation, the rapidity and the teamworking approach.

Some limits were also identified (llevbare et al., 2013)., like the rigidity and lack of agility of
the method, the difficulty in acquisition and application of TRIZ knowledge, the cultural issues,
organizational and the lack of standard

e C-Ktheory

The C-K theory is a design approach using two interdependent spaces between Concepts (C)
and knowledge (K) (Hatchuel and Weil, 2009). Hatchuel defined his methodology as follows
(Hatchuel and Weil, 2003):

“assuming a space of concepts C and a space of knowledge K, we define Design as the process by
which a concept generates other concepts or is transformed into knowledge, i.e. propositions in K.”

‘ C Concept Space K Knowledge Space
Disjunction
(Co e ‘

Partition

Conjunction

‘(Cq;i '\Cﬂ\_/

Figure 11 - Asymmetric structure of spaces C and K from Hatchuel, (Hatchuel and Weil, 2009)

e New Product Design

Doctoral thesis — Duc-Nam LUU 37



The New Product Design is an approach of the Professor Aoussat. It is a holistic methodology
of design, based on four stages (Aoussat et al., 2000).

New Product Development Phases

Stage 1: Translation Stage 2: Interpretation of Stage 3: Definition Stage 4: Validation of
of requirement requirement by the company of requirements requirements

Industrial
development

Figure 12 - New Product Design methodology, adapted from Aoussat
e Stage gate ® & Agile Stage Gate ®

The Stage Gate® is a holistic methodology set by Cooper who split the development of product
into 6 stages and 5-gates. The stages are similar to the New Product Design previously presented. It
includes the Idea generation, the ldea scoping, the Business case, the Development, the Tests &
Validation and finally the Launch of product (Vedsmand et al., 2016).

The Agile Stage Gate® associate the Agile project management into the previous approach
(Vedsmand et al., 2016). The main purpose of it is to increase the performance results by providing
a framework to work with uncertainties and by more interaction between project team and both users
& consumers.

Idea Screen Go to Business Goto Goto Go to Launch Post-Launch
Case

Development Test Review
Business Develop- X
m Concept Caca pil Testing Launch
Generate Ideas: Concept Build Business D
* Technical Development & Case: Create the Field Trails, Start Production &
* Marketing Scoping: * Technical Product: Customer Tests, Selling:
* Others * Technical * Marketing * Technical Trial Operations:  « Technical (RD&E)
* Marketing * Production (RD&E) + Technical (RD&E) « Production
* Production * Production * Production * Marketing/Sales
* Marketing * Marketing/Sales
i, =0 Post Launch: Product,
) b} production &

. 74 marketing/sales
improvements
aN®

VoC & VoC & VoC & C /User C /User C /User
Customer/User Customer/User Customer/User Iterations & Iteration & Adoption & Use
Feedback Feedback Feedback Feedback Feedback

Figure 13 - The integrated Agile-stage-gate hybrid model — a typical 6-stage 5-gate Stage-gate idea-to launch
system, with Agile built into each of the stages (Cooper, 2018)

e Generic stages of a product’s life cycle

As mentioned by Jamnia even if no standard definition can fit all process, she proposed a
simplistic product life cycle with generalized steps (Jamnia and Atua, 2019). She described this
process in three phases, the New Product Development (NPD) Phase, the Product Sustaining Phase,
and the End of Life Phase.

Even if the business case and concept selection are not in the same order, we can find
similarities between the NPD proposed here, the one of Aoussat and with the Stage Gate®.

This framework put the launch and industrialization as the Sustaining step of the product,
where the product reaches its maturity and stability. The last piece describes the step of the life cycle
where the product is no longer profitable.
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Figure 14 - Typical stages of a product’s life cycle from Jamnia 2019 (Jamnia and Atua, 2019)

e Summary

With the different example of methodologies, we can understand that some methodologies are
focused on specific problems, such as TRIZ & C-K and some of them have a more holistic approach
in terms of life cycle of the product. The table 11 tries to summarize a non-exhaustive list of aspects

of the methodologies seen above.

Table 11 - Non exhaustive list of Design methodology with their target, some advantages and limits

Methodolog

Systemic design (Pahl et
al., 2007

Axiomatic design (Felicia
Veronica and Draghici,
2003)

TRIZ (llevbare et al.,
2013)

Target
Holistic approach

C-K theory (Choulier et
al., 2011)

New Product Design
(Shepherd and Ahmed,
2000)

Holistic approach

Agile Stage Gate ®
(Cooper, 2018)

Holistic approach

Generic stages of a
product’s life cycle
Jamnia and Atua, 2019

Holistic approach

Doctoral thesis — Duc-Nam LUU

Focus on user needs

Problem resolution

Problem resolution

Advantages

Can apply to most
of products

Idea generation
Reduce random
search process

Idea generation
Rapidity
Teamworking

Map Concept &
Knowledge
Practical

Transversal
approach
Reduce
development cost
Better time to
market
Flexibility
Productivity
Team coordination

Can apply to most
of products

Limits
Lack of specificities

Application
difficulty

Require knowledge
Lack of standard
Application
difficulty

Rigidity

Restricted theory

Bureaucratic
Tighter controls
Cross  functional
changes

Resource allocation
Proliferation of
meetings
Bureaucratic

Lack of specificities
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1.3 Design for Sustainability

11.3.1 Overall framework

The field of Design for Sustainability (DfS) emerged in the 90°s with a focus on environmental
aspects of individual products, through the Green design approach (Burall and Council, 1991;
Mackenzie et al., 1997). DfS approaches evolved within the years to broader the environmental,
social, and economical perspectives. These approaches can be defined in different levels as defined
by Ceschin (Ceschin and Gaziulusoy, 2019). The figure below presents a framework of the

approaches of DfS within the different levels.
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INSULAR SYSTEMIC
materials and product-service local socio-technical
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Figure 15 - Evolution of the DfS field, from Ceschin (Ceschin and Gaziulusoy, 2019)
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Table 12 presents a definition of the DfS approaches, with their related sustainability

dimensions.
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Table 12 - DfS approaches definitions with their Sustainabili
Approach

dimensions
Description

Sustainability

Reference

and the product

dimension
Green design ~ Lowering environmental impact through Environmental (Ceschin and
redesigning individual qualities of Economic Gaziulusoy,
individual products 2016;  Dowie,
1994)
Emotionally Strengthening and extending in time the Environmental (Ceschin and
durable design emotional attachment between the user Economic Gaziulusoy,

2016; Chapman,
2005)

generations

Eco-design Lowering environmental impact focusing Environmental (Ceschin and
on the whole life-cycle of products from Economic Gaziulusoy,
extraction of raw materials to final 2016;  Schafer
disposal and Lower,

2021)

Cradle-to- Emphasis on a regenerative approach by Environmental (Braungart and

cradle design  the industry and closing the loops; focus Economic McDonough,
on non-human species and future 2009;  Ceschin

and Gaziulusoy,
2016)

Biomimicry - Mimicking nature in design of forms, Environmental (Ceschin and
products and systems by using nature as Economic Gaziulusoy,
model, measure and mentor. 2016; Fayemi et
- Learning from living beings in order to al., 2017; Graeff,
design in a more sustainable way 2020)

Design for Making people to adopt a desired Environmental (Ceschin and

sustainable sustainable behaviour and abandon an Social Gaziulusoy,

behaviour unwanted unsustainable behaviour Economic 2016; De
Medeiros et al.,
2018)

Product- Go to the root of the sustainability Environmental (Ceschin and

service system problem by delivering functions instead of ~ Social Gaziulusoy,

design for products or services with a focus on both  Economic 2016)

sustainability  environmental and economic dimensions

Design for Innovations aiming to solve social Environmental (Ceschin and

social problems such as poverty, access to safe Social Gaziulusoy,

innovation drinking water or those targeting Economic 2016)
behavioral change and social well-being

Design for the Improving the lives of people who live at Environmental (Boradkar and

base of the the base of the pyramid through market- Social Kulkarni, 2010;

pyramid based solutions through 12 principles Economic Ceschin and

Gaziulusoy,
2016)

Systemic Implement sustainable productive systems Environmental (Ceschin and

design in which material and energy flows are Economic Gaziulusoy,
designed so that waste from one 2016)
productive process becomes inputs to
other processes.

Prevent waste from being released into
the environment.
Result in new, locally-based, value
chains.
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innovations

Design for Transform  socio-technical  systems Environmental (Ceschin and
sustainability  through technological, social, Social Gaziulusoy,
transitions organizational and institutional Economic 2016)

Despite the plurality of methods, Sherwin described a lack of implementation of DfS practices
within the development of products and services in industry (Sherwin, 2004). This observation was
reinforced by Faludi et al., where the authors defined a roadmap to foster the integration of
Sustainability within the design research community (Faludi et al., 2020). They proposed short-,
medium-, and long-term tasks, for both academics and industries. The figure below highlights the
contribution to foster the integration of Sustainability within the industry.

Theme Short Term Tasks Medium Term Tasks Long Term T

Consolidate existing research Develop drivers for SDMT Define and disseminate best

I‘n: lementin. implementing