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About This Book

The millions of masks in the sea and the rivers have become a tragic symbol of the
healthcare system in the COVID-19 era. First barriers in the face of the adversity, they
have also become a lasting and visible mark of a system largely based on single-use.
Although the contribution of waste to the overall impact of the healthcare sector is
relatively small (ca 5-10% in terms of carbon footprint), they highlight the idea that
the healthcare sector is at the same time saving lives and jeopardizing others via the
degradation of ecosystems, thus going against its very mission of non-maleficence
(primum non nocere). Healthcare (HC) systems collectively account for 5 % of the
global carbon emissions. It is common to represent it by saying that if they were a
country, they would be the fourth largest emitter.

Yet, in recent years, things have begun to shift, and initiatives deployed to reduce
emissions within healthcare institutions are booming. New guidelines, protocols, and
technologies are emerging across various contexts in an effort to reduce their envi-
ronmental footprint, i. and to address the disconnect many healthcare professionals
experience between what they signed up for (save lives) and the reality that health-
care systems may simultaneously harm others through environmental damage. In
the Anthropocene, healthcare institutions and professionals often feel insufficiently
prepared to assess their environmental impact and, more importantly, to identify
effective ways to avoid, reduce, mitigate it. Lack of time, lack of resources, lack of
imagination or lack of space to think new ways of providing care are part of the brakes
to bring significant changes to daily practices. Although many actors, whether insti-
tutional or individual, recognize the need for change, the lack of practical tools, case
studies together with bureaucratic constraints and the limited time often make such
changes difficult to implement. Framed positively, many institutions and healthcare
professionals are in demand to innovate toward more sustainable practices but do not
know where to start. This is the raison d’étre of this book. We provide responses to
these needs by presenting various types of innovation that can help reduce the envi-
ronmental impacts of healthcare systems. Readers will not find a “cookbook” for
innovation in healthcare; rather, they will discover nine distinct forms of innovation
that suggest possible directions, along with a critical examination of the dominant
current pathway, technological innovation. The ambition of this book is to broaden the
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reader’s perspective by offering reflections, ideas and tools to support change within
healthcare institutions. To this end, this book brings together different conceptual
frameworks and case studies, as well as a proposed grammar of innovation. Below,
we briefly present what are the core tenets of the book.

The contribution of this book is threefold. First, it proposes a grammar of inno-
vations that can be used to understand how different forms of innovation affect the
healthcare sector. Second, it analyses the indicators used to measure both environ-
mental impact and innovation. Finally, it critically evaluates the existing literature
on innovation in the healthcare sector based on this framework. At present, existing
classifications of innovations whether within or beyond the healthcare sector do not
adequately capture the variety of tools available. Therefore, efforts are often concen-
trated on two or three subtypes of innovation rather than on the full spectrum of the
9 forms of innovation. This is due to a number of biases (intervention bias, techno-
logical preferences) which tend to filter out other forms of innovation which may
be much more promising in terms of reducing environmental impacts. By proposing
nine distinct forms of innovation, this book extracts different innovations that are
available either in the literature on health innovation or mostly outside. It thus offers
a comprehensive portfolio of existing innovations that can be mobilized within the
healthcare sector.

The Voice of the Environment

This book brings an environmental perspective to the debates on innovation in the
healthcare sector. Therefore, it adopts a strong sustainability approach in which
healthcare systems are not viewed as detached from ecosystems but rather as
embedded within, made possible by them. The HC sector, like others, relies on
finite resources (metals, fossil fuels, water, rare earths...) and impacts nature directly
through climate change, pollution and biodiversity loss. It seeks to interrogate how
healthcare systems can operate within planetary boundaries. While taking an envi-
ronmental perspective, it also acknowledges that the quality of care must not be
compromised.

Human Before All

This book posits that healthcare systems are deeply human, which means that envi-
ronmental problems cannot be solved solely through efficiency gains or technological
substitution. This is true for two reasons. The first one is environmental. When an
environmental problem is tackled through technology, it tends to lead to a rebound
effect, where the deflationary benefits of cost reduction are wiped out by an increase
in new uses, thus overshadowing the initial benefits. For instance, as the efficiency of
medical imaging in the UK doubled (i.e., the energy necessary for a scan was halved),
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the number of scans quadrupled, resulting in a doubling of total energy consumption.
Rebound effects are a real warning for environmentalists and often a reality check for
over-enthusiastic entrepreneurs or leaders who are prone to magical thinking. The
second reason for getting away from solutions that are only technological is cultural.
As technology-only is chosen, this leaves unchanged the maximalist imaginary (see
final part on imaginaries) in place that leads to resource-intensive solutions.

Focus on Innovations

To avoid adding more negativity to a sector already where challenges are already
numerous (stress, burnout, high turnover) and because efforts to reduce environ-
mental impacts also bring their own share of discomfort, this book adopts a positive
framing under the banner of innovation. Without refuting the urgency of changes,
it seeks to look at it not as a "double burden" (Rivard et al., 2020), but as a double
opportunity. However, as we have shown elsewhere, the most positive terms are
particularly vulnerable to misconceptualization due to the power dynamics and imag-
inary struggle that they face (Brulé, 2024). In particular, it will question the current
tendency to associate innovations with technology in order to open door to low-
tech or organizational innovations. Many HC professionals are innovators on a daily
basis but, like Monsieur Jourdain discovering he was speaking prose in Moliere’s
Le Bourgeois Gentillhomme, they might not realize it. Part of this is a question of
framing, as well as a tendency for a “winner-takes-all” dynamics in the representa-
tion of innovation, with the current assumption that innovation is only about Artifi-
cial Intelligence(Al) and Virtual Reality(VR). Innovations can be technological, no
doubt. However, the spectrum of innovations is much richer and diversified once it
is integrated into socio-cultural contexts. Also, while innovation may be based on
technology, this also entails that in some other cases, renouncing technology may be
the wisest choice. The fact that technology can be helpful means it is a tool, not a
substitute for reasoning or imagination.

‘We have known since Schumpeter that innovation is a dual process, with dynamics
of creation and dynamics of destruction intimately connected. Although this destruc-
tion is often considered from the perspective of previous technologies or the social
fabrics it affects, it is also of major importance to examine the environmental degra-
dation that innovations may lead to. This is particularly true as the dynamics of inno-
vation are usually embedded in the long term. The dilemma of control (Collingridge,
1980) highlights the fact that in the early stages of development, innovation can still
be redirected toward low-impact pathways, but their environmental consequences
are not yet known. Conversely, once the environmental effects of certain innova-
tions become known, they are already locked-in, making change very difficult. This
is particularly true in the healthcare sector, where technologies, protocols and care
pathways are usually in place for long time. The widespread adoption of single-
use plastics in hospitals, initially promoted in the mid-twentieth century as hygienic,
convenient, and cost-efficient, still embedded in protocols, procurement systems, and
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regulatory standards, is one example among many. Despite extensive evidence of their
environmental burden, whether on the extractive side (upstream) or on the emissions
(downstream), the structural dependence of healthcare on disposables makes transi-
tions to circular alternatives very difficult. The promises of Al do not operate in a
vacuum, but rely on data centers that consume large amounts of electricity and water
for cooling.

Focus on Healthcare Delivery

While prevention and health promotion are essential topics, they are not the primary
focus of this book. We fully acknowledge that they represent the most effective
forms of care (we often remind our students that the greenest care is the care that
is not needed) and offer the greatest potential for reducing environmental impacts
(Marrauld et al., 2023). However, the chapters of this book do not address how to
reduce disease incidence. Although healthcare represents only 10% of the overall
health constituents (Shortell, 2013), it is where a significant share of environmental
impacts occurs. This book instead responds to frequent questions we receive from
healthcare professionals and institutions: what can we do, in our daily practice, to
better reduce our environmental impacts?

Because this book is primarily intended for HC professionals and others inter-
ested in (re)thinking the healthcare system, it does not focus on architectural design,
building energy systems, or hospital infrastructure planning such as Heating Venti-
lation Air Conditioning (HVAC) optimization or insulation. While these elements
represent an important part of the healthcare system (20-25%), and although the
environmental impact of healthcare buildings is a well-documented area of research
(Eckelman & Sherman, 2016; Short & Al-Maiyah, 2009), such interventions typi-
cally fall within the domain of architects and engineers and lie largely outside the
direct control of healthcare professionals and clinical teams. HVAC-related energy
can be indirectly treated through the way healthcare professionals choose to deliver
care rather than on the building itself. This will partly be treated in some forms
of innovation (see, e.g., organizational innovation). Instead, this book focuses on
what can be done within care delivery: clinical practices, social, and organizational
dimensions, and the technologies that are adopted.

Meso Level

The healthcare system can be observed at various scales. At the macro level, policies
shape the type of system that is adopted (e.g., reimbursement schemes, climate poli-
cies, carbon reduction targets, and R&D budgets). At the meso level, technologies
are purchased, routines or/and clinical guidelines and practices are decided, norms
are built and unbuilt, social fabrics meshed and unmeshed. At the micro scale, i.e. at
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the level of everyday practice, one can observe how choices and non-choices are
made, how actions are carried out or neglected, within life trajectories that may be
linear, disrupted or fragmented.

The book’s primary analytic lens is the meso level, the organizational and insti-
tutional settings where care is planned, delivered, and regulated. Between macro-
level forces (economic models, regulation, global supply chains) and micro-level
behaviors (individual values and actions), the emphasis is on situated innovations,
i.e., how groups of healthcare professionals, patients, managers, and policymakers
engage with the challenge of environmental impact in a daily manner through clinical
norms, professional routines and/or clinical practices, and infrastructure. Likewise,
the geopolitical considerations of material and energy, such as the conditions of
cobalt extraction in the Democratic Republic of the Congo, conflicts and wars for
resources are not directly addressed in this book. The meso-level focus is an invita-
tion to recognize the agency already present within healthcare systems, and seeks to
make visible the practices, constraints, and imaginaries which shape their ecological
footprint. This book examines how a wide range of sustainability-oriented solutions
(frugal design, Al optimization, behavioral change, circular procurement) are being
shaped, legitimized, or resisted within institutional contexts. The approach acknowl-
edges that both macro-level governance targets and micro-level professional initia-
tives (e.g., green teams, clinical champions) influence these dynamics, but empha-
sizes that lasting transformation depends mostly on how these forces are negotiated
within the operating (and operative) logic of healthcare systems.

Structure of the Book

We begin by establishing the historical background and methodological frame-
work of this book by tracing the emergence of environmental awareness in health-
care (Chap. 1). After outlining the methodological frameworks used in this book
(Chap. 2), we examine how the environmental impacts of the healthcare sector are
assessed (Chap. 3). We then present the nine forms of innovation used in this book
(Chap. 4). Finally, we discuss how literature views innovation in healthcare to reduce
environmental burden and suggest axes of reflections in the future (Chap. 5).
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Chapter 1 ®)
Historical Context Gedar

Abstract It is during the twentieth century, and especially its second half, that the
multiple impacts the healthcare sector has on the environment have become substan-
tial. A bibliometric analysis shows that the literature on the environmental impact
of the sector has sparked interest later than other sectors such as the transport or the
building sector. Looking at the last decades, one can observe that, after early isolated
initiatives, the 2010s were the foundational decade whereas the 2020s represent
the Great Acceleration period where sustainability really started to be a topic in a
post-COVID-19 era.

Keywords Comparative analysis - Historical perspective -+ Awakening -
Bibliometric analysis

In ancient Greece, and later in Rome, health was intimately connected to the seasons
and the natural environment. Hippocrates emphasized the importance of “airs, waters,
and places” and health was conceived as an equilibrium between the human body
and the environment, in its natural dimension (air, water) but also its cultural one
(diet, lifestyle, social customs). During the Middle Ages, the relation to the environ-
ment persisted within institutions as monastic medicine integrated natural remedies
with communal care (Geadah, 2012). The Enlightenment marked a dramatic turn,
as modern European cultures, in their effort to liberate rational thought from the
influence of the medieval Christian Church, ended up isolating the human body from
its context (Pietroni & Pietroni, 1996).! This intellectual rupture paved the way for
deeper transformations from the nineteenth century onward, as steam engines and
fossil fuels were reshaping the landscape, drawing populations from the countryside
to the cities in what could look like a Turner painting. Modern public health and
hygiene emerged in response to epidemics in the urban fabrics, with figures such

!ronically, the Church had earlier performed a similar disjunction but in reverse, placing the care
of the soul above the care of the body. In both cases, the result was a form of reductionism: medieval
spirituality neglected the somatic, while modern biomedicine tends to overlook the existential and
relational. It is frequent that pre-modern, modern, and post-modern use similar tools and end up
being less different that they wish (Latour, 2012).

© The Author(s) 2026 1
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2 1 Historical Context

as Edwin Chadwick and John Snow often seen as central figures. At the same time,
clinical medicine entered the era of specialization and sterility, based on the discov-
eries of Louis Pasteur, Joseph Lister and Robert Koch (Novick & Mays, 2005). The
twentieth century saw a dramatic reconfiguration of the HC sector around a techno-
logical, biomedical, hospital-centered paradigm, following the Flexner Report (1910)
and the Hill-Burton Act (1946) in the United States and the Beveridge Report in the
United Kingdom (1942) (Cellucci et al., 2019; Shi & Singh, 2022).

These changes led to remarkable gains in population health. Life expectancy was
around 35-40 years during the Middle ages, driven down by child mortality, poor
health conditions, lack of knowledge in health in general (the miasma theory was
dominant until Pasteur) and unpredictable yields in agriculture (Zeitoun, 2021). Since
the middle of the twentieth century, global average life expectancy has risen from
45 years in 1950 to 72 years in 2022, with many high-income countries exceeding
80 years. Antibiotics alone are estimated to have saved tens of millions of lives
worldwide since their introduction. Imaging technologies such as CT and MRI have
made it possible to diagnose diseases in a radically new way. Intensive care units
(ICUs) paved the way to survive injuries and sepsis. Not only have these technologies
increased the quantity of life, but they also improved the quality of life, by enhancing
the way chronic diseases (diabetes, hypertension, cancer) or disabilities (mobility
loss, visions issues, dementia) are experienced by patients on a daily basis. In many
ways, the story of the healthcare system is one of grandeur and triumph, especially
when looking at it since the mid-nineteenth century.

However, as Homer and Virgil showed us, heroism is never unambiguous as
every triumph carries a cost. The triumph of healthcare is no exception, and is in
many ways Janus-headed. The very innovations that have improved longevity have
normalized high-resource throughput as a clinical necessity. For decades, healthcare’s
own environmental impact was not questioned. Environmental protection, where it
existed, was addressed externally, via sanitation departments, urban planning, or
occupational health, not by questioning the ecological cost of medicine itself. It was
(and it is) estimated that from a temporal and a spatial perspective, the benefits of
healthcare were largely surpassing the costs.

This assumption was recently questioned. Today, healthcare’s environmental
impact is no longer invisible and as in other domains such as transportation, building
or industry, but with a delay, the awareness of the impacts of the healthcare sector
is growing. The re-consideration of the environment in the health sector is recent
and apart from an important report from the World Health Organization focusing on
Environmental Health (1994) and from isolated initiatives here and there, did not
occur before the twenty-first century. Reports from the UK’s NHS (2007) and orga-
nizations like Health Care Without Harm revealed that healthcare systems contribute
to an amount ranging from 4 to 8% of national greenhouse gas emissions in many
countries (Boyd et al., 2019; Naylor et al., 2020). At the same time, a landmark report
from the Institute of Medicine(Health et al., 2011) challenged the sector’s narrow
focus on clinical performance and urged it to expand its definition of health outcomes
to include environmental and social determinants. As we shall see throughout this
book, innovations to reduce the environmental footprint of the healthcare system
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are blossoming in many hospitals, clinics, pharmacies, private practices. Healthcare
professionals are triggering initiatives in many departments throughout the globe.
Life cycle assessments, hospital carbon audits, green certifications, and new sustain-
ability standards are emerging (Eckelman & Sherman, 2016; Shermanetal.,2019). At
the moment at which these lines are written, the Geneva University Hospitals (HUG)
became the first European hospitals to be awarded the Healthcare Sustainability
Certification.

Yet this shift is only starting. As we shall see in the next chapter, the sector is in
many ways less mature than other fields for cultural and structural reasons. Unlike
other sectors, green certifications are only starting to be chased. Many healthcare
institutions or professionals lack the language or tools to act toward a more sustainable
healthcare system. There is a lag between the willingness-to-act and the possibilities
to do so. Since COVID-19 in particular, sustainability has entered the daily narratives
of HC institutions and workers. Seeing the amount of plastics and later realizing that
this was only the tip of the iceberg of the environmental impacts, many HC workers
felt that things were going backwards, that the impacts of the curing activities were
preventing the Hippocratic duty “first do not harm”. Many HC workers reported
feeling sick when seeing the amount of wastes generated by some services.

How did the environmental narrative enter the healthcare sector? Without going
into each detail, one can draw the main points that made that encounter possible.
Historians would not necessarily agree on who pioneered ecology before the twen-
tieth century. John Ray, Carl Linnaeus or Georges Louis Leclerc de Buffon for
their taxonomy of plants, Alexander von Humboldt or later Antoine Rauch for
linking climate, biodiversity and human activities, Ernst Haeckel for coining the
term ecology. In more recent times, it is generally agreed that ecological awareness
became a scientific, societal and political topic in the 1960s under the leadership of
Rachel Carson and the scientists revolved around her (Eugene and Howard Odum,
Garrett Hardin, Barry Commoner, Murray Bookchin to cite a few). She is seen as the
leading figure paving the way for others to think in systems with her eye-opening
books, The Sea Around Us (1951) and Silent Spring (1962). The former looked at the
oceans as finite and vulnerable (and no longer as infinite and self-resorbing) whereas
the latter documented the effects of anthropic activities and in particular on the trophic
chain and the feedback loop it had on human health and is often cited as the bible
of modern ecology. This book and Rachel Carson (physically) took position against
the triumphant chemical industry of the time just a few years after the Swiss chemist
Paul Hermann Miiller had received, for his work on the promises of DDT, the Nobel
Price of medicine. During the 1960s, her book and personal impulse aggregated civil,
political and scientific forces for the first time into an emerging moment, the ecology
(“the study of home™).? The ecological movements have encountered downs (the oil
crisis and the conservative government of the late 1970s early 80 s) and some ups
(the Brundtland Commission and the Rio Earth Summit in the late 80 s-early 90 s).

2 The term itself is generally attributed to the German biologist Ernst Haeckel who defined it as
“the whole science of the relations of the organism to the environment”.
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They have relied on important actors (Denis and Donella Meadows, James Love-
lock, André Gorz, Arne Naess, Vandana Shiva...) and have faced many opponents,
especially in the private sector (petrochemistry, intensive agriculture, pharmaceutical
industry, finance).

What is now known as sustainable development (or sustainability)® emerged from
the Brundtland commission. Despite many objections that can be made to the term and
the circumstances during which it was negotiated (Rist, 2014), it became a language
that was used across different countries and different sectors. While the United States
is the country in which the main authors started to push for ecological movements,
environmental sustainability began shaping some major sectors well before others. In
the transportation sector, grey literature was released on shifting from cars to public
transport by the UITP (International Association of Public Transport),* anticipating
the congestion effects and effects on the environment. This interest was later rein-
forced by the oil crises of the 1970s (1973, 1979) while public transportation was
also seen as economically viable and necessary for security reasons. European cities
in the Netherlands and Germany also influenced that movement. This was supported
by visionary figures such as Amory Lovins, who pioneered systems thinking in
energy-efficient transport (Lovins, 1974), Jan Gehl, who studied pedestrian-friendly
urban design in Copenhagen (Gehl, 1971) or Ivan Illich who questioned speed-based
mobility and advocated for human-scale transportation (Illich, 1974).

The interest in the housing sector appeared during the oil crises of the 1970s,
which led to the development of energy-conservation measures and, eventually to
the passive house movement in Germany in the 1980s. This also had to do with leading
figures such as Hassan Fathy, who promoted vernacular, low-impact architecture in
the early 1970s (Fathy, 2010), Edward Mazria, and Brenda and Robert Vale, who
popularized the principles of passive-solar design (Mazria, 1979; Vale & Vale, 1975).
Later, physicist Wolfgang Feist developed with Bo Adamson a concept of Passivhaus
in Darmstadt in 1991 in order to erect a standard of ultra-low energy buildings. In
the Kyoto protocol, the building sector was recognized as a major CO, contributor.
Books layed out good practices (Passive House Planning Package 1998). Standards
of efficient buildings such as BREEAM (1990) or LEED (1998) were erected to
plan energy-saving buildings at a larger, more replicable scale. In the EU Energy
Performance of Buildings Directive (2002), energy performance was demanded.

In the industry sector, historic accidents such as the Great Smog of London (1952),
the accident of Minamata in Japan (1958), Seveso (1976), the Bhopal disaster in India
(1984), the Chernobyl nuclear accident (1986), the Exxon Valdez oil spill (1989) led
to institutional responses such as the creation of the “polluter payer” principle, the
Clean Air Act, the creation of the Environmental Protection Agency or the Clean
Water Act. The discovery of the ozone hole led to the Montreal Protocol (1987).

3To read about the differences between the terms in English (Ruggerio, 2021) and in French
(Fragniere, 2022).

4 “Public transport within the framework of urban general traffic plans” from their 34th International
Congress in Copenhagen (1961), and “Regional organisation of transport and urban development”
from their 38th International Congress in London (1969).
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Fig. 1.1 Number of publications per field (logarithmic scale). Google Scholar searches for
“sustainable [sector]” by decade

By the early 2000s, most major economic sectors had established environmental
performance indicators and dedicated institutional structures for managing their envi-
ronmental impacts. All except the healthcare sector. When taking a comparative lens,
the late awakening of the healthcare sector is remarkable, especially when consid-
ering the goal of the sector: having people live longer. This cultural and institutional
lag could be documented in many ways (policy analysis, archives) but academic
traces seem to be a sensible way to observe differences because they reflect and
shape institutional priorities. Other databases show similar results (see Appendix B)
(Fig. 1.1).

It appears clearly that the scientific interest in sustainability in healthcare emerged
after other sectors. The 10 publication landmark was achieved in the 1990s compared
to the 1960s for transportation and building and the 10,000 landmark in the 2020s
compared to 2000s for the building industry and 2010s for the transportation sector.
But the recent dynamics behind sustainability in healthcare deserve a closer look
as the speed of its catching up is remarkable. More articles have been published
since COVID-19 pandemic than ever. As the contributions before the Brundtland
Commission and Rio Conference are marginal in that sector, one can look at the
development since 1990 in 4 different periods (Table 1.1).

Itis also possible to observe the late interest in environmental matters by looking at
the MeSH (Medical Subject Headings) terms. While “Quality of Health Care” entered
medical terminology in 1968 and “Social Justice” in 1978, environmental concepts
such as “recycling” appeared only in 2011, “Social Determinants of Health” in 2014.
To date (early 2026), no MeSH terms yet exist for “sustainability”, “planetary health”,
or “environmental impact of healthcare”. This absence in medicine’s standardized
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Table 1.1 Scientific publications per decade

Period Number of publications on Key drivers
sustainable healthcare

1990-1999 140 Early environmental awareness, waste
management focus

2000-2009 998 Climate science emergence, NHS carbon
footprint

2010-2019 6220 Paris agreement, Policy frameworks,
terminology standardization

2020-2025 18,200 Climate emergency, COVID-19, Net Zero
commitments

Data based on google scholar search for exact terms “sustainable healthcare” by publication year

vocabulary reflects what the American sociologist William Ogburn coined “cultural
lag”. While conceptual frameworks such as “Environmental Health” (1999) and
“Environmental Pollution” (1974) entered medical vocabulary relatively early, more
precise measures such as “Climate Change” and “Carbon Footprint” emerged later
(respectively 2010 and 2011), despite scientific consensus emerging in the 1990s
(see Appendix Table A.1).

The Silent Era (1990-1999)

After at least three decades of accumulation of scientific evidence in the field of
environmental studies, the 90 s are undoubtedly its political moment following the
Brundtland Commission and the Rio Conference. At the time, a large scientific-
political front to fight the hole in the ozone layer through the ban of the Chlorofluo-
rocarbons via the Montreal protocol. That is also the period at which the healthcare
sector joined the movement, even from a distant perspective, with the creation of the
term of environmental health by the WHO at the conference of Helsinki in 1994, the
realization that incineration of medical waste was responsible for dioxin and mercury
emissions (Pisters et al., 2017). But at the time, healthcare institutions are focused
on clinical quality improvement, technological advancement, and cost containment
(Fennell & Adams, 2011) with environmental considerations largely absent from
strategic planning and operational management. Hospitals implemented basic waste
segregation protocols to comply with new medical waste regulations (Davies &
Lowe, 1999), but these measures are mostly framed in terms of law compliance and
less so about environmental degradation.
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The Awakening Period (2000-2009)

The first recognition of the environmental impacts of the healthcare system dates
back to the 2000s. One groundbreaking moment comes in 2008 (updated in 2009)
with the NHS carbon footprint report, conducted by the Sustainable Development
Commission, which reveals that the British healthcare system accounts for an esti-
mated 4-5% of the national greenhouse gas emissions (a figure that would later be
revised to 6.3%). The novelty of the report resides not only in its findings but also
in its methodology, applying the same analytical rigor to environmental accounting
that healthcare uses for clinical and financial performance. For the first time, a major
healthcare system had quantified its impact, perceiving new ways through which
it was degrading the environment. However, as in other sectors, this early recogni-
tion remained confined to the pioneers of the field. The initiatives during that period
remained largely isolated and ignored by the vast majority of healthcare professionals
and institutions (and countries).

The Foundational Decade (2010-2019)

The 2010s represent a crucial period for healthcare sustainability. The Centre for
Sustainable Healthcare (CSH), established earlier (in 2008), develops during this
period a model of "sustainable clinical practice" based on four principles: preven-
tion, patient self-care, lean service delivery, and the use of low-carbon alternatives.
This approach, combining clinical quality improvement with environmental impact
reduction shows that environmental protection must not necessarily be done at the
expense of healthcare delivery. Organizations such as Health Care Without Harm
and the Global Green and Healthy Hospitals network begin coordinating efforts
across continents to document and compare the reduction of emissions in healthcare
systems. By 2019, the network represented over 1,000 hospitals across 34 countries.
The message of the IPCC report to cut its global emissions by 45% by 2030 to avoid
catastrophic climate change was integrated by healthcare leaders. Unlike previous
climate assessments that focused primarily on energy and transport, the 2018 report
explicitly called for emissions reductions across all sectors of the economy, placing
healthcare as an actor of decarbonization and environmental impact mitigation. All
this is reinforced by emerging awareness from the youth around figures such as Greta
Thunberg and more frequent heatwaves. In parallel, this period sees the development
of academic research infrastructure for healthcare sustainability. The Lancet begins
publishing occasional papers on health and climate change. The British Medical
Association declares a climate emergency in 2019, followed quickly by medical
associations worldwide.
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The Great Acceleration (2020-2025)

The 2020s represent the period of mainstream adoption of sustainability within the
healthcare sector. Although one could think environmental sustainability would be
de-prioritized during the COVID-19 pandemic, the crisis also saw paradoxical accel-
erations of interest in sustainability within healthcare systems by exposing health-
care’s deep dependence on complex global supply chains and single-use materials
(hospitals reported waste increases of 20-30% during peak pandemic periods (World
Health Organization, 2022). Medical students and young healthcare workers began
organizing strikes and protests, demanding that their institutions better integrate
environmental sciences, which became the case with the integration of curricula of
environmental health (Pfarrwaller et al., 2024). The field of environmental health has
seen a lot of improvement during the last years with key contributions (Braithwaite
et al., 2024; Haines et al., 2017).
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Chapter 2 )
Methods Sheshse

Abstract This chapter provides the multi-method framework used to examine the
environmental landscape of healthcare innovation, drawing on three complemen-
tary approaches. The first one is the bibliometric analysis of the existing literature
(PubMed, OpenAlex, and Google Scholar), revealing areas of thematic density and
existing gaps. The second method is a material perspective, quantifying the elemental
composition and material footprint of healthcare systems or selected medical devices.
The third method draws on direct observation at two events to classify innovations
according to a three-tier framework (high-tech, mid-tech, and low-tech).

Bibliometric Analysis

In order to observe how the literature on innovation in healthcare, in particular vis-
a-vis sustainability, is constituted, stratified and to see how it evolves, a biblio-
metric analysis was performed. This method offers a helicopter view of a research
landscape, through the maping of key themes and actors (Kumar, 2025). This type
of analysis has advantages that were demonstrated elsewhere (Hemmingsen et al.,
2023). It makes it possible to observe where the literature is dense and where it
presents gaps, to track research trends over time, in different countries, to compare
specific areas of a given field and to observe the profile of authors and institutions.
It is a frugal way of conducting research by tapping into what is already here. It
also has some limits. First, boundaries are often blurrier than researchers would like
and articles frequently span multiple themes. Second, it lacks a qualitative dimen-
sion. Some articles might be counted but offer very different degrees of insight. It
must thus be completed by a deep reading of key articles. Third, it has a “winner”
bias in the sense that only the ones that write are being documented. It is crucial to
observe not only the documented landscapes but also the gaps and the silences of the
field. The main source of information used was PubMed for its direct concern of the
biomedical field, complemented where relevant by OpenAlex and Google Scholar,
the former for its span and depth across disciplines, the latter for its access to grey
literature.
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Material Footprint

In a material footprint analysis, we quantified healthcare systems’ resource use using
databases such as EXIOBASE, which is a multiregional, input-output database in
open access. It is based on a top-down approach where aggregate impacts at the
global level are disaggregated to a specific product or service.

‘We have also used an elemental count, which we define as the number of chemical
elements likely present and/or necessary in a medical device, which enables us to
present an indicator of complexity which is largely ignored. This is, however, at the
core of sustainable considerations, since products incorporating more elements are
more dependent on some materials which are sometimes hard to obtain, harder to
recycle, a phenomenon known as “material criticality” (Graedel et al., 2015). Exact
compositions vary by manufacturer and model and are not known precisely, so the
elemental counts we present here represent what is available in the scientific litera-
ture, manufacture documentation and informed estimates based on typical material
compositions for each device category.

Fieldwork

A last part of the work was to document specific events related to innovation. Data
were collected at two events, the Innovation Days organized by the Geneva University
Hospital in 2024 and Healthcare Week Luxembourg. During these two events, innova-
tions were classified into three categories, high-tech innovations, mid-tech solutions
and low-tech/community-based approaches. These two events were selected for their
complementary profiles, the HUG Innovations Days for its clinical, hospital-based
focus, the Healthcare Week Luxembourg for its broader, European perspective.

These three methods contribute in very different ways in portraying the landscape
of innovation. Together, they bring a different angle which enables characterizing
the impacts of the healthcare sector.

References

De Lucia, S., Barras, A., & Brulé, G. (2025a). Frugal innovation in healthcare in a hyper-
technological world [Poster].

De Lucia, S., Furlan, L., Montano, N., Kherad, O., & EFIM Choosing Wisely Working Group.
(2025b). Choosing wisely and climate crisis: Reducing low-value care as a strategy to curb
healthcare environmental impact. Internal and Emergency Medicine. doi:https://doi.org/10.
1007/s11739-025-04063-6

Graedel, T. E., Harper, E. M., Nassar, N. T., Nuss, P., & Reck, B. K. (2015). Criticality of metals
and metalloids. Proceedings of the National Academy of Sciences, 112(14), 4257—4262. https://
doi.org/10.1073/pnas.1500415112


https://doi.org/10.1007/s11739-025-04063-6
https://doi.org/10.1007/s11739-025-04063-6
https://doi.org/10.1073/pnas.1500415112
https://doi.org/10.1073/pnas.1500415112

References 13

Hemmingsen, M. N., Lau, A., Larsen, A., & @rholt, M. (2023). The role of bibliometric analyses
in plastic surgery—Advantages and disadvantages. Gland Surgery, 12(7), 87374-87874.

Kumar, R. (2025). Bibliometric analysis: Comprehensive insights into tools, techniques, applica-
tions, and solutions for research excellence. Spectrum of Engineering and Management Sciences,
3(1), 45-62.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (http://creativecommons.org/licenses/by-
nc-nd/4.0/), which permits any noncommercial use, sharing, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if you modified the licensed material.
You do not have permission under this license to share adapted material derived from this chapter
or parts of it.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Chapter 3 ®)
Impacts of the Healthcare Sector e

Abstract The healthcare sector has multiple, cumulative impacts on the environ-
ment. Among the multiple impacts (use of resources, air pollution, water pollution
...), the relation to global warming under the form of carbon footprint is the most
commonly used. Other methods of impact categorization are secondary in terms of
intensity in scientific literature as revealed by the bibliometric analysis. However,
there are some blind spots in the carbon footprint literature that other indicators make
possible to observe (material intensity, elemental count, water consumption).

Keywords Carbon footprint - Materiality - Impacts - Input - Output - Process

There has always been some form of resource use in the healthcare sector. Excava-
tions in Pompeii have revealed the presence of medical instruments (scalpel, forceps,
probes) made of bronze, copper, and iron. In the Middle Ages, sulfur was used
for fumigation; mercury was used as a remedy for skin conditions, while copper
and lead served as ointments. During the Renaissance, one could find antimony for
emetics, vitriol for caustics, and alum for ulcers in the pharmacies. Heat baths used for
their therapeutic properties, paricularly for skin conditions, required the continuous
burning of wood. As mentioned earlier, the second half of the nineteenth century
constituted a pivotal time not only for the increase in longevity but also for the
use of resources, with the introduction of X-ray machines (1890s) and the devel-
opment of electrical surgical and sterilization equipment (1900s). After the Second
World War, single-use would be more and more present in healthcare settings. This
progression resulted in each step of the care delivery being deeply embedded in
material and energy flows. Diagnostic procedures rely on imaging technologies that
require rare-earth metals for their components (neodymium for the magnets of the
MRI or miniature motors of ultrasound, gadolinium as contrast agents, cerium as
scintillator material) and consume large quantities of electricity (as a rule of thumb,
an MRI scan is equivalent to a 140 km trip with a diesel car). Acute care and treat-
ment phases involve energy-intensive equipment (ventilators, surgical robots, robotic
arms), HVAC systems (heating, ventilation, and air conditioning), and the omnipres-
ence of single-use plastics, pharmaceuticals, and disposable textiles. Follow-up care
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and chronic disease management frequently depend on transportation of the patients,
healthcare workers, family caregivers, the consumption of medicine, and the use of
digital monitoring devices.

Main Impacts

The relatively new interest in environmental accounting within the healthcare sector
remains quite fragmentary. Itis, however, possible to reassemble the disjecta membra
of different scales and different indicators in order to gain a better understanding of
the situation.

At the macro level, the most cited studies (Lancet Countdown, NHS in the United
Kingdom, Shift Project in France) show that the healthcare sector contributes to 4—-5%
of total greenhouse gas emissions (Lenzen et al., 2020; Marrauld et al., 2023; Watts
et al., 2018). Taken together, all national healthcare systems emit as if they were the
fourth most emitting country in terms of greenhouse gas emissions (less than China,
United States, India, but about as much as the whole European Union). However,
emissions of greenhouse gases vary significantly across countries, with high-income
countries polluting the most in relative terms (and thus, of course in absolute terms)
while low- and middle-income countries pollute the least (Karliner et al., 2020). For
instance, the HC sector typically represents only 2-3% of national carbon emissions
in countries such as India and Indonesia, while in high-income countries such as
Switzerland, the United States, or the UK, healthcare systems contribute between 7
and 10% of national emissions.

At the meso level, a large hospital such as HUGs emits around 100,000 t CO;e, as
much as a small city of 10,000-15,000 people. A 40-bed Canadian hospital’s footprint
at 3500-5000 t CO,e annually (Cimprich & Young, 2023). As far as emissions in
the water are concerned, the particles emitted are so different that they cannot be
compared to municipal wastewater (Verlicchi et al., 2012).

Atthe micro level, itis possible to realize that Swiss healthcare emissions reaching
at the individual level represent circa 1 ton CO,e per capita annually (Mermillod et al.,
2024), which represents the target of all activities according to Paris Agreement
targets (Nicolet et al., 2022). This means that healthcare per person alone currently
represents what all other activities combined (food, transport, housing, consumption,
etc.) should not exceed. Next, different indicators must be meshed. When taking a
systemic lens, one can cite three large families of impacts: input (what goes in),
process (what is used to transform/produce), and outputs (what goes out). From an
input perspective, one is generally concerned with the amount of resources used
to deliver a certain service or to produce a given good as well as the pollution
produced in the extraction phase.l From a healthcare perspective, one can think of
the production of plastics, the extraction of helium or the delivery of antibiotics.
Process impacts are about the resources used directly onsite, such as the amount
of electricity used for MRI or the amount of water consumed in a dialysis process.
Output perspectives are about the wastes, emissions, and residues produced by the
system (plastics, medicine residues, used materials, greenhouse gas...). First, input
indicators give us an indication of the resource consumption. In the United States,
healthcare consumes over 2000 kg of materials per capita annually (Eckelman et al.,



3 Impacts of the Healthcare Sector 17

2020). This includes not only wastes and plastics but also construction materials
and pharmaceuticals. A single MRI machine consumes more than 100,000 kWh
per year, which represents the equivalent of 20 households’ annual electricity use
(Roletto et al., 2026). Dialysis procedures consume hundreds of liters of water per
session (Connor et al., 2010). Scope 3 emissions (indirect emissions from supply
networks) account for 60-80% of healthcare’s carbon footprint but remain largely
unmeasured due to supply chain opacity (Singleton et al., 2022). Then, process
indicators give an idea of the operational impacts. Operating rooms, which require
20-40 air changes per hour and energy consumption 3—5 times higher than standard
commercial buildings (MacNeill et al., 2024) produce 20-30% of total hospital waste
despite occupying only 3—-6% of floor space (Thiel et al., 2015). Anesthetic gases,
particularly desflurane, have global warming potentials 2500 times that of CO,,
yet usage patterns vary widely without clinical justification (Sherman et al., 2019).
Finally, output indicators make it possible to see what goes back in the environment.
Hospitals in the United States generate over five million tons of waste per year.
Single-use have increased by 25% over the last decade, driven by the response to
the COVID-19 pandemic, which saw peaks at 200-370% (Klemes et al., 2020; Peng
et al., 2020). This results in feedback loops where health damages are caused by
the healthcare system itself. In 2018, loss of 388,000 disability-adjusted life-years
(DALYs), deaths and illnesses were attributable to the sector’s own pollution in
the United States (Eckelman et al., 2020). Comparable results are found in Europe
(Richie, 2024). This means mortality caused by healthcare-related pollutions is close
to mortality caused by medical errors. Over 60 tons of pharmaceuticals have been
detected in Lake Geneva alone and more than one-quarter of 258 rivers worldwide
contain drug concentrations at toxic levels (Aus der Beek et al., 2016). Antimicrobial
resistance (AMR), driven partly by pharmaceutical environmental contamination, is
projected to cause ten million deaths annually by 2050 based on the current scenario
(O’Neill, 2016).

Comprehensive methods such as Life Cycle Assessment (LCA) and carbon foot-
print analysis integrate across all three stages. These different spheres are far from
disconnected from each other and just need a common language to communicate.
In the same way economists translate social or environmental aspects into economic
terms through cost-benefit analysis and environmental valuation, environmentalists
mostly translate the use of material or the disposal of materials into greenhouse gas
equivalents through methods like carbon footprinting methodologies (Table 3.1).

The predominance of the carbon footprint is not indisputable (Brulé, 2022;
Lazarevic & Martin, 2016), but the easiness to understand was part of its success in
bringing the complexity of the sustainable ethos in understandable terms. Without
going here into an expert debate, the main criticism is the one addressed to any
aggregated measure, which is that carbon footprint “flattens” the complexity of the
real world by projecting everything on a single axis. Per hunc processum, other
impacts, such as biodiversity, which are just as important as to the complexity
of the living are then overshadowed by climate change. In the case of health-
care, many important parts can be invisibilized by the adoption of carbon footprint
(e.g., consumption of water, medical pollution). Furthermore, framing all aspects
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Table 3.1 Measures used to

document the reduction of Methodological approach Results

environmental impacts of Carbon footprint 73

healthcare Life cycle assessment (LCA) 21
Ecological footprint 5
Pharmaceutical pollution 3

Dates All. See Appendix A for more information

into carbon footprint can mislead non-experts and policymakers that all material
problems are simply energy and GHG problems, when in reality these domains
are deeply intertwined through resource extraction, manufacturing processes, and
waste streams. A healthcare system running on perfectly green energy, emitting not
asingle molecule of greenhouse gas would still release antibiotic-resistant pathogens,
endocrine-disrupting pharmaceuticals and microplastics into ecosystems, drinking
water, and food chain.

On top of this, these bring ethical issues and geopolitical matters as many resources
necessary to create the conditions for energy transition are based in low- or middle-
income countries, many in Africa, Asia or Latin America, and extraction often leads
to social and environmental problems there. For instance, most of the cobalt, which is
akey mineral to energy transition is extracted in RDC (80% of the worldwide produc-
tion) in very bad conditions for the local workers, often children, and communities
to the benefits of some multinationals (Baumann-Pauly, 2020; Williams et al., 2021).
On top of this, cobalt is a byproduct of other minerals such as copper and nickel,
which means its extraction requires a large amount of ore mining and material extrac-
tion. According to the Cobalt institute, to obtain 1 kg of Cobalt, one must extract
30 to 50 kg of minerals. The burden of mortality (through accidents) and diseases
(through inhalation and ingestion), also by children is carried by the Global South.
Otherwise said, the fantasized immateriality of a fully electric, sustainable system,
reified by the prism of the carbon footprint, is in fact deeply material. However, these
effects are disregarded by western neocolonialism.

A more prudent way to account for environmental impacts is to combine at
least two reading prisms to understand the impacts of the healthcare system on
the environment (see also Andrieu et al., 2023 for similar arguments).

Health-care’s resource footprints include non-metallic minerals (used for the construction of
buildings, such as hospitals), metal ores (used for the production of buildings and machines),
or fossil fuels (used to produce drugs, build hospitals, or power ambulances). (Andrieu et al.,
p. 747)

To navigate back inside planetary boundaries, health-care environmental strategies must be
broader than greenhouse gases and include objectives in terms of resource use. (ibid., p. 756)

Our choice here is to examine two complementary reading prisms: energy flows and
material flows. The first focuses on energy metrics such as carbon footprint and direct
energy consumption. The second prism encompasses both the quantity of materials
(material use, water consumption, ecological footprint) and their qualitative impacts
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Table 3.2 Type of indicators used in studies to assess reduction of environmental impacts of
healthcare delivery

Resource/impact Input results Process results Output results
Materials 17 42 118
Energy/carbon 29 36 127

Water 23 3 17
Pharmaceuticals 35 31 42

Dates All. See Appendix A for more information

(ecotoxicity, pharmaceutical pollution, antimicrobial resistance). These two prisms
show different angles of the same reality (Table 3.2).

Beyond Carbon

Climate change was called the main systemic threat for humanity by UN Secretary-
General Anténio Guterres. But so is the loss of the diversity, the acidification of
the ocean or antimicrobial resistance. Completing carbon studies with other views
make it possible to look at the repertoire of impacts. The planetary boundaries frame-
work operationalizes strong sustainability by identifying nine Earth system processes
that regulate planetary stability (Rockstrom et al., 2009). Healthcare systems affect
all planetary boundaries including climate system stability through greenhouse
gas emissions, biodiversity integrity through pharmaceutical pollution and resource
extraction, biogeochemical flows through manufacturing and waste disposal, chem-
ical pollution through novel pharmaceutical entities, and freshwater use through
water-intensive operations.

Carbon footprint alone cannot suffice to capture the multidimensionality of envi-
ronmental impacts. In a study comparing 4000 products (Laurent et al., 2012),
carbon footprint was often uncorrelated to other environmental impacts such as toxic
substance emissions. This means that using carbon footprint only could lead to blind
spots or even worse compensation from one impact on another if one was to opti-
mize based on carbon footprint. For instance, burning medical wastes may lead to less
production of methane (x 28—34 times more Global Warming Potential over hundred
years (GWP100) than CO,) compared to landfill decomposition and may thus be
preferred but could lead to contamination of air or water. Multiple studies stress the
fact that comprehensive environmental assessment must reach beyond carbon metrics
(Lazarevic & Martin, 2016; Picasso et al., 2014; Solarin, 2020). This is particularly
true for the healthcare sector. While healthcare accounts for 4—-8% of national carbon
footprints globally it also significantly impacts material extraction (13%), blue water
consumption (7.5%), land use (7.2%), and waste generation (4.2%) (Steenmeijer
et al., 2022) (Fig. 3.1).
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Beyond Output Indicators

Our analysis of healthcare sustainability literature demonstrates a clear focus on
output measures, as compared to input indicators and process indicators. This imbal-
ance is clearer for materials, despite materials constituting the majority of healthcare’s
physical footprint. Only for water is the input the most important, showing that it
is merely considered as a resource to be used. This “end-of-pipe” paradigm mostly
addresses symptoms (waste bins, smokestacks) rather than root causes (material
intensity, clinical decision-making, supply chain over-complexity). This is partic-
ularly questionable as Scope 3 emissions, accounting for 60—80% of healthcare’s
carbon footprint but generated through procurement and supply chains (INPUT),
remain systematically unmeasured (NHS England, 2022).

Environmental Accounting

Energy in the large sense (energy use, carbon footprint, greenhouse gases emissions)
is without any doubt the first and the most used entry when discussing environ-
mental impacts of the healthcare system (see Table 3.4). This is true historically as
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the first study looking at the environmental impact of a national system, the UK NHS
was done using carbon footprint (NHS, 2009). The four most cited studies on the
impact of the healthcare system all tackle energy or climate issues.' On top of the
NHS report, which is of the most cited (Pichler et al., 2019) revealed that healthcare
systems worldwide were contributing 4—10% of national emissions, a figure that has
been used, reused and quoted. Malik et al. (2018) published an article on the carbon
footprint of Australian health care in The Lancet, which signaled that environmental
concerns were central to health matters. Eckelman & Sherman (2016) zoomed on the
US system, the world’s largest healthcare system, highlighting that it was generating
more emissions than entire countries like the UK. This was replicated by most studies
aiming for national or regional accounting of healthcare systems with a comparable
methodology like the Shift in France and researchers in Geneva (Marrauld et al.,
2023; Mermillod et al., 2024). Most of these studies insist on the Scope 3 emissions,
in particular production of pharmaceuticals and medical devices. This was also the
methodology used by studies comparing the impact of national healthcare system
done by Healthcare Without Harm (Karliner et al., 2020). At the meso level, most
studies are also based on the carbon footprint (Alshqageeq et al., 2020). When envi-
ronmental accounting is performed at the unit level, this is largely using a carbon
footprint lens (see, e.g., for radiology, Ditac et al., 2023; for pediatrics, Hansen et al.,
2023; for oncology, Malmberg et al., 2024; for radiology, Roletto et al., 2024; for
endoscopy, Siau et al., 2021). Operating rooms account for disproportionate emis-
sions due to high HVAC needs and large volumes of single-use materials (Sullivan
et al., 2023) (Fig. 3.2).

Energy is quite easy to measure, allows for comparison between hospitals and
countries. If carbon footprint is already omitting many impacts when used on its
golden standard mode, i.e., cradle to grave (extraction of the required materials to
disposal of the used products or equipment), this is even more true for many of
these studies in which only a part of the scope is studied, for instance cradle to
gate (extraction to use in hospital, thus leaving aside the downstream emissions).
Some adopt an even narrower focus with only the use of the energy on site consid-
ered. Most of these methodological restrictions are understandable. Practitioners are
often not trained as environmental specialists, and they seek for actionable measures
directed to “hot spots”. Plus, data on mining and disposal is often scarce (tons of
metal ore or non-metallic minerals). On the output side, these methodologies fail to
track what happens after care delivery (residues, emissions, microplastics, antibiotics
resistance). Overall, these methodological restrictions tend to restrict the scope of
action together with the scope of the study by making problems related to extraction
and downfall emissions invisible.

Although less present, the materiality of the healthcare system is far from absent.
At the macro level, the amount of waste produced by the different healthcare systems
is often studied. The amount of waste produced by national systems has been studied
in various contexts (Eker & Bilgili, 2011; Sepetis et al., 2025; Shrank et al., 2019;

I The top four articles are cited to date (October 10, 2025) respectively 1118 (Eckleman & Sherman),
854 citations (NHS), 602 (Malik et al), 838 (Pichler et al)
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Material footprint of healthcare, in kg per person, 2015 (Andrieu et al. 2025)
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Fig. 3.2 Material footprint of the healthcare sector (Credits: Thomas Gibon) Details in Appendix
C

Tudor et al., 2005). One study compared the healthcare system using resource inten-
sity (Andrieu et al., 2023). The literature on materiality in healthcare is relatively
scarce and fragmented. Some studies use well-established Life Cycle Assessments
(LCAGs) of certain devices, drugs or procedures, others quantify the amount of waste
per bed, the amount of pharmaceuticals in water, the quantity of plastics, etc.

Waste generation shows impressive numbers. The NHS in England produces over
100,000 tons of clinical waste annually. Hospitals in Peru produce on average 4.89 kg
of waste per bed per day (Tudor et al., 2005). Water demand is also very important,
as illustrated by the fact that hospitals in Greece consume between 400 and 1200
liters per bed per day. High-income countries demonstrate dramatically higher mate-
rial footprints in healthcare, with Luxembourg, Switzerland, and Malta exceeding
4000 kg per person annually, versus a few hundred kilograms for LMICs.

Once material flows are examined, it becomes clear how much material is used in
healthcare settings. Operating rooms generate vast quantities of disposable gowns,
syringes, drapes, and packaging, much of it hazardous and requiring energy-intensive
incineration (Eker & Bilgili, 2011). Pharmaceutical residues and contrast agents enter
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Fig. 3.3 Elements likely used in the healthcare process

wastewater, creating downstream toxicity (Cizmas et al., 2015). Imaging equipment
such as MRI and CT scanners incorporate rare earths and specialty metals, which
are alsmost never recovered after disposal.

The number of chemical elements (which we call here elemental count) is impor-
tant in many ways. As the number of elements increase, the recyclability decreases.
Worse still, the recycling narrative (or downstream tropism) invisibilizes the fact
that most equipment is bound to destruction, transfer to low- and middle-income
countries and “energetic valorization”, which is the world for burning what we said
we would recycle (Le Meur, 2021). The more elements we add in a given system,
the more we create “hybrid monsters” (Braungart & McDonough, 2009). This raw
picture finds an echo when looking at a single healthcare trajectory. In the example
below, we highlight the number of materials which are likely to be present in the
simplified case of a 62-year old woman coming for a lack of breath and fatigue
(Fig. 3.3).

A banal story deeply embedded in materials

After several weeks of unexplained fatigue and lack of breath, a 62-year-old
woman is referred for a high-resolution MRI scan, which uses supercon-
ducting magnets made from niobium (Nb), very likely produced in Brazil and
cooling with helium (He). The scanner’s detectors are made with gadolinium
(Gd), a rare earth coming from China, while the servers that process the
images rely on silicon (Si) semiconductors, copper (Cu) wiring, and gold
(Au) connectors. The screens use LEDs made of nitrogen (N), indium (In)
and Gallium (Ga), which are largely produced or refined in China (or South
Korea and Japan for indium refining). After radiologists detect a pulmonary
lesion, she undergoes surgery assisted by a robot, whose frame is composed
of titanium (Ti), vanadium (V), and chromium (Cr) alloys. The magnets of
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its actuators use neodymium (Nd) and dysprosium (Dy) while the feedback
sensors contain antimony (Sb) and tellurium (Te). These four elements, two
rare earths and two metalloids, depend on Chinese mining and/or refining (espe-
cially rare earths and antimony). Other elements are used for the chips of the
robot such as arsenic (As) and germanium (Ge), another critical metalloid
extracted in China (or possibly Canada or Belgium). The surgical instru-
ments contain iron (Fe), nickel (Ni), manganese (Mn), copper (Cu) and zinc
(Zn). The autoclaves used in the process of sterilization are made of molyb-
denum (Mo) and tungsten (W). These two transition metals have most
of their production in China (or Chile or the United States). Monitoring
devices use electrodes made of silver (Ag) and platinum (Pt), the latter being
extracted in South African mines. The anesthesia system uses oxygen (O),
nitrogen (N), and xenon (Xe). The surgical lights use yttrium (Y), europium
(Eu), and terbium (Tb), a rare earth from China used to produce high-
contrast light. After the operation, the patient receives IV fluids in plastic
bags stabilized with compounds derived from chlorine (Cl) and tubing that
may contain fluorine (F). On top of pain medications and antibiotics, which are
“basic” organic compounds with carbon (C), hydrogen (H), nitrogen (N), and
oxygen (O), routine blood tests require reagents whose formulation usually
contain boron (B), sulfur (S), phosphorus (P) or iodine (I). She’s discharged
with a wearable heart monitor powered by lithium (Li) batteries and flexible
electronics using tin (Sn), aluminum (Al), and selenium (Se). The app that
tracks her recovery connects to cloud-based services on servers powered by
chips incorporating tantalum (Ta) and lanthanum (La), a transition metal
and a rare earth from respectively Rwanda or DRC and China. The optical
fibers enabling her teleconsultation are doped with erbium (Er), a rare earth
from China, the USA or Australia.

Impacts-Take Away

Key numbers

Based on the Paris agreement, a Swiss person should emit 1 ton per person per
year for all of his/her living. That is what is currently (2025) emitted only for
his/her health.

Dialysis procedures can consumes hundreds 300-6000f liters of water per
week, 15'000-30'000 liters/year (https://www.cdc.gov/dialysis-safety/hcp/rec
ommendations-resources/water-use-in-dialysis.html).

A single MRI machine can consume up to 200,000 kWh per year, the equivalent
to the annual electricity usage of 20 households; emits as much CO2e as a diesel
car riding 140 km per exam.

Hospitals generate over five million tons of waste annually in the US alone.


https://www.cdc.gov/dialysis-safety/hcp/recommendations-resources/water-use-in-dialysis.html
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In 2018, healthcare’s greenhouse gas and toxic air pollutant emissions resulted
in the loss of 388,000 disability-adjusted life-years in the US (equivalent to the
burden of brain cancers (source: GBD 2017).

In 2050, antibiotic resistance will be responsible for the death of 10 millions
person per year (about a third of global antibiotics are used for human, the rest
for veterinary uses).

At least 60 tons of medicine are present in Lake Geneva.

More than 1/4 of 258 rivers worldwide are polluted with drugs to toxic
levels https://www.unep.org/news-and-stories/story/what-fuelling-worlds-ant
imicrobial-resistance-crisis

In countries such as Luxembourg, Switzerland, and Malta, the material
footprint per capita exceeds 4 tons per person annually.

Mapping the System: From Resources to Impacts

We can look at the healthcare sector in a linear way that goes from resources to the
healthcare sector and then back to the planet.

Gaia Resources: this represents the elements our healthcare resources derive from
the Earth. These are ecosystems (water, air), resources (mineral, metals, fossil fuels)
as well as biological resources that are used.

Gaia-Outcomes encompass what goes out of healthcare into the environment, e.g.,
emissions of greenhouse gases, pharmaceutical compounds, plastics and microplas-
tics, and electronic waste. These contribute to impacts such as global warming, land
use change, air and water pollution, and biodiversity loss.

Technosphere-IN represents the transformation of fossil fuels, metals, minerals,
biological resources, and water into plastics, pharmaceuticals, medical devices,
electronics, and infrastructure that form the material basis of healthcare delivery.

Technosphere-OUT represents all the extrants leaving the technosphere, whether
under solid form (wastes, e-wastes, plastics), liquid form (polluted water), or gaseous
form (greenhouse gases, VOCs, other gases).

The Sociosphere is an umbrella term that covers the social fabrics in which health-
care is embedded at multiple scales. Macro-level forces include aspects related to
economic conditions, demography, policy, supply chain, and culture. Meso-level
dynamics encompass organizational cultures, protocols, guidelines, professional
norms, social capital, and power dynamics. Micro-level factors involve staff and
patient aspirations, environmental literacy, and personal values.

Innovations are initiatives that aim to reduce the environmental impacts as
proposed in the graph and in the upcoming chapters. Nine forms of innovation under
three main types of innovation: technoproductive innovation, socio-organizational
innovation, and paradigmatic innovation (Fig. 3.4).


https://www.unep.org/news-and-stories/story/what-fuelling-worlds-antimicrobial-resistance-crisis
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Fig. 3.4 Exchanges between the Earth, the technosphere and the sociosphere
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Chapter 4 )
Innovation(S) St

Abstract Innovation is not unidimensional, neither in absolute terms nor in the
specific field of reducing the environmental impacts of the healthcare system. In this
chapter, nine forms of innovation are presented in the three families of innovation
(technoproductive, socio-organizational, paradigmatic). Each form of innovation is
presented with its pros and cons regarding its potential for sustainability.

Keywords Innovation - Invention + Oslo manual + Sustainability -+ Impacts

In the middle of the nineteenth century, the River Thames had become so polluted with
sewage that the smells had reached the Parliament and cholera epidemics had started
devastating London, resulting in thousands of deaths during different outbreaks
(1832, 1849, 1854 and 1866). In Little Dorit, Charles Dickens writes: “Miles of
close wells and pits of houses, where the inhabitants gasped for air, stretched far away
towards every point of the compass. Through the heart of the town a deadly sewer
ebbed and flowed, in the place of a fine fresh river”. A political debate emerged around
the actions to be taken. Edwin Chadwick, a famous figure of modern epidemiology
imagined a system integrating the reuse of human excreta and agricultural nutrient
cycles, minimizing waste and closing ecological loops. In line with his thoughts, the
journalist Henry Mayhew worked on a combination of closed circuits, where waste
is transformed back into useful products (e.g., sewage to fertilizer, rags to paper)
and open circuits, where excrements and unusable products were discarded, empha-
sizing an upstream vision recognizing how social practices could generate new and
unexpected uses that would inevitably generate waste (Leckie, 2020). On the other
side of the spectrum, Joseph Bazalgette, a civil engineer, imagined a system based
on massive sewer infrastructures. This downstream vision was chosen by the parlia-
ment, maintaining the how (do we get rid of the wastes) and forgetting the why (are
the wastes produced in the first place). The solution developed by Bazalgette was
an undisputable success according to certain metrics such as mortality rates due to
cholera or typhoid, less so if considering environmental indicators such as long-term
resource use. This was a solution that emerged about two centuries ago. The environ-
mental cost to solve a health issue was proportionally less expensive and problematic
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in a world of 1 billion individuals than in a world of 8 billion persons. Many environ-
mental transformations or resource use can be justified through health preservation,
but since we know “environment” and “health” are much less compartmented than
we used to think, the question is what environmental cost for what health gains? This
question should not only be adressed at a given time, but examined across decades
and generations. This raises many questions that combine health, resource use, envi-
ronmental justice. We could also add the question of which subpopulations benefit
from the progress/are affected by it, but as defined in the scope of the book in the
introductory chapter, we leave here geopolitical questions aside as this would require
a book on its own and the study of environmental impacts of the healthcare system is
already more than a 9-5 job. However, we can illustrate the tension with a hypothet-
ical case: if we were to save 0.1% of the world population, by using 10% of the world
resources which will make a horrible life for the equivalent of 50% the population in
the coming generations, should we do it? This question is rhetorical and requires
less an answer than a reflection, which is how much we gain in terms of health, how
much we lose in terms of environment, since we now know that degrading the envi-
ronment will backfire on health. Also, after having written extensively on indicators,
we now believe that they are necessary but not sufficient, since there is always a new
environmental problem emerging which wasn’t been thought of when the dashboard
of indicators was constituted and which becomes a blind spot. In that sense, we
need not only indicators but also ethical principles, which act as safeguards of our
best practices. In the same way medicine can be guided by Hippocratic principles
and evidence-based medicine, sustainability indicators (carbon footprint, resource
consumption) are necessary as they measure what we can quantify, but they need to
be complemented by principles like precaution, sufficiency, or justice, in order not
to be blindsided. There are also many papers trying to propose concrete solutions to
reduce the environmental impact of a hospital, a unit or a specific phase of the care
process. These are forms of innovations. Before examining innovations reducing the
environmental impacts of the healthcare sector, let us define the contours of this term
as we use it.

What Is Innovation (and What It Is Not)

Innovation plays a central role in our modern societies. Innovation is celebrated at
all levels. At the national level, Switzerland was designated for the 15th time most
“innovative” country in the world.! At the meso level, companies such as Apple or
Telsa are usually considered as “innovative”. At the individual level, individuals such
as Steve Jobs are viewed as “innovators”. These labeling occur at very different scales
and in very different contexts so let us see if we can find a common denominator.

! For critiques on the way this is measured, read here https://www.publiceye.ch/en/topics/pharma
ceutical-industry/price-of-medicines-walls-of-abusive-patents-are-standing-in-the-way-of-compet
ition.
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In the Oslo manual, which is the reference for the field, innovation is defined as “a
new or improved product or process (or combination thereof) that differs significantly
from the unit’s previous products or processes and that has been made available to
potential users (product) or brought into use by the unit (process)”. Novelty is there-
fore always at the core of innovation, although arguably defining significantly what
different is difficult (Alter, 2010). Behind that generic and institutional definition,
this means innovation is still a very heterogeneous field. In order to better define
its contours, we can also define what innovation is not. By going beyond common
misconceptions, we can see clearer what innovation can serve in our context.

Innovation is not an invention. Invention is the creation of a product or a process
but outside the socio-organizational sphere, whereas innovation is necessarily bound
to the social realm. In other words, an invention can occur in abstracto, away from the
society, whereas an innovation is by definition an invention which has been adopted
to some degree. A healthcare worker creating a zero-carbon catheter alone in his
laboratory but without external use would be an inventor but not an innovator.

Innovation is not only about products. This appeared clearly since the previous
version of the Oslo Manual. In the 2005 version, one can find four subtypes of innova-
tion (product, process, organizational, and marketing). Although this difference was
apparently reduced to two main types in the 2018 version (product innovation and
business process innovation), each type was subdivided into subcategories. Product
innovation is about goods and services, whereas business process innovation includes
6 subcategories (production of goods or services, distribution and logistics, marketing
and sales, information and communication systems, administration and management,
product and business process development). Innovation thus far exceeds the borders
of product innovation.

Innovation does not necessarily occur in private company settings. The later
version of the Oslo Manual left a nice part to public innovation and open inno-
vation. This means “value” is not only about number of patents but can also be about
improving social problems or reducing environmental impacts. Although innovation
has long been restricted to industrial settings and to commercial uses, innovation
has then gradually expanded beyond technology, beyond manufacturing and beyond
market uses which public and social innovations getting more attention (Gault et al.,
2023).

Innovation is far from absolute. It is observer-dependent(van der Kooij, 2017):
what appears as radical innovation from a manufacturer’s perspective may be incre-
mental from a healthcare worker’s perspective. As we shall see later, this framing
has consequences because some innovate while mentioning it and others don’t.

Innovation is not only an outcome. The literature on innovation is often divided
around the question of whether innovation is a product or a process. In the biblio-
metric analyses we are conducting in the frame of this book, we are, by counting
publications, essentially treating innovation as a product. But innovation can also be
considered as a messy and iterative process (Van de Ven et al., 1999).
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Innovation is not always positive.? In an era that can be defined as the innovatiza-
tion of the world (Jeannerat & Crevoisier, 2022), innovation is a term that is positively
connoted. However, any critical stance must resist the temptation to uniformly follow
the flow and adopt it unquestionably. Long regarded as negative in premodern soci-
eties where change was associated as going against divine order (Godin 2012, p. 37),
societies have shifted to the opposite, now being prone to a pro-innovation bias
(Martuccelli, 2016; Rogers et al., 2014). The Schumpeterian concept of innovation
as a creative destruction paves the way to understanding that if innovation can bring
some positivity (creation) it can also bring negativity (destruction). Arguably, many
recent innovations have had a net negative effect (Aggeri, 2023). In recent years,
the amount of scholars not only blindly advocating innovation and looking at the
negative sides have increased. Scholars have looked into the “dark side of innova-
tion”(Chopra, 2013), the noxious effects of innovation (Biggi & Giuliani, 2022) the
“revenge effects” of innovation (Tanner, 1996), the dark side of public innovations
(Meijer & Thaens, 2021). Problems can occur at the society level with unemploy-
ment, mass displacement of workers or lack of meaning due to permanent changes
(Portes, 2021; Sveiby, 2017). There can be issues at the organizational level when
seeking innovation such as information loss, incompatibility with culture, exclusion
of employees, struggle (Dziurski & Wachowiak, 2021; Mariano & Casey, 2015).
Finally, and most relevant to the present book, many innovations, including those
framed as “eco-innovations” end up having a negative impact on the environment
through rebound effects or Jevon paradox, which although distinct concepts, both
highlight the fact that the benefits of eco-innovations decrease with wider use and
end up having net negative consequences when aggregated (Ertelt & Carlborg, 2024;
Raghutla & Chittedi, 2023). Because it is related to a conception of what is “good”,
it is deeply normative. Thus, we can’t treat innovation as an unquestioned good, but
rather as a field of contested values and strategic choices.

Innovation in the Healthcare Sector: What the Literature
Reveals

As stated in the introductory chapter of this book, one way to look at the forms of
innovation in the healthcare sector is to look at the scientific literature. It depicts at
the same time the values and the priorities of a certain field, what is covered and
what is not. Let us now act like the geographers of the land of innovation, observe
the densest part and the least dense, the points of interest and the deserts. Indirectly,
this will bring us information of where the rivers of funding go, where are the areas
that are invested and where are the fields of non-interest.

2 Notable counter-examples about the “dark side of innovation”(Chopra, 2013), the noxious effects
of innovation (Biggi & Giuliani, 2022) the “revenge effects”(Tanner, 1996), the dark side of public
innovations (Meijer & Thaens, 2021).
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Different Divisions of Innovation Beyond Oslo Manual

‘We have seen that the definitions and the forms of innovation are diverse. Innovation-
as-an-end or innovation-as-a-process is a structuring division of innovation studies.
Radical innovation or incremental innovation is also often used in distinguishing
the degree of novelty of new products or processes. Zooming a bit more of what
constitutes innovation, high-tech innovation versus low-tech innovation is typically
seen as the degree of sophistication of the technology used to reach what is consid-
ered as an innovation. When turning toward material or energy, one can distinguish
high-resource from low-resource innovations or low-entropy from high-entropy
innovations (Georgescu-Roegen, 2013).

Beyond the Oslo Manual, scholars have proposed categorizations that capture
innovation’s multidimensional nature. In a previous work of ours, we have devel-
oped three complementary types of innovation (Jeannerat et al., 2023). Technopro-
ductive innovations encompass the development of new products, technologies, and
devices. Social innovations involve new forms of organization, from service delivery
to grassroots movements that restructure the way value is created. Finally, cultural
innovations transform imaginaries and values. Innovation has also been differentiated
as products, processes, positions or paradigms (Tidd & Bessant, 2014). Product inno-
vation refers to the introduction of new or improved goods. Process innovation means
transforming the way activities are performed. Position innovation (which is close to
what we call here service innovation) focuses on changing the way care delivery is
provided, e.g., shifting patients with chronic disease from hospitals to community-
based settings. Finally, paradigm innovation challenges the underlying narratives.
These different categorizations highlight the fact that "innovations are complex and
multi-dimensional" and that classification systems should be "more sensitive to inno-
vation multidimensionality" to effectively guide healthcare transformation (Adams
etal., 2011).

Apart from a few exceptions, classifications of innovations in the healthcare sector
remain limited and fragmented and are unfit for sustainability analysis. As for the
general innovation (not specific in the healthcare sector), some distinguish technolog-
ical from non-technological innovations (Gerush et al., 2024), others degrees of matu-
rity and disruptiveness (Adams et al., 2006), domains of the healthcare sector (basic
science, education, processes, technique, see (Sounderajah et al., 2021)). Finally,
some others focus on one or several subtypes of innovation but lack a theoretical
framework to explicit environmental matters. For instance, Mishra and Jain (2025)
build upon Herzlinger (2006) to develop several forms of innovation and present a
framework which is finer than most of the existing ones in the literature. Yet, the
granularity is too coarse for sustainability matters as it mixes the various forms of
organizational innovation, clinical and technological, organizational/process/social
and it lacks a larger paradigmatic view. In other words, to date, there are no compre-
hensive frameworks that enable to look into the different forms of innovation in
the healthcare sector in a way that is actionable for healthcare professionals and
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Table 4.1 Indicators and environment (see Appendix D for more details)

No environmental Partial environmental Explicit environmental
dimension metrics

Input metrics 3 0 6

Process metrics 4 1 1

Output metrics 7 1 5

Outcome metrics 5 1 5

Total 19 3 17

institutions seeking a grammar of existing innovations to reduce their environmental
impacts (Table 4.1).

A Framework of 9 Innovations in the Healthcare Sector
for Sustainable Use

On top of these lines of division, one can distinguish different types of innovations. In
aprevious work of ours, we have developed three complementary types of innovation
(Jeannerat et al., 2023). Technoproductive innovations encompass the development
of new products, technologies, and devices. Social innovations involve new forms of
organization, from service delivery to grassroots movements that restructure the way
value is created. Finally, cultural innovations transform imaginaries and values. We
here build upon this strand of research to distinguish nine distinct forms of healthcare
innovation, organized across three interconnected domains, that collectively address
the multifaceted challenges of modern medical systems. Technoproductive inno-
vations encompass technological innovation (advanced devices, equipment), clin-
ical innovation (new treatment methods and medical practices that enhance patient
outcomes), service innovation (new models of care delivery), and business model
innovation (new ways of financing and organizing healthcare economics) (Adams
et al., 2011; Boyle et al., 2022). Socio-organizational innovations include organi-
zational innovation, defined by Omachonu and Einspruch (2010) as "the implemen-
tation of a new organizational method in the firm’s business practices, workplace
organization or external relations", social innovation (communities and patients’
engagement), and process innovation (new ways of organizing and delivering care
through improved operational workflows). Paradigmatic innovations comprise at
the same time cultural innovation (new collective values, norms, and narratives), for
instance questioning cure-centric paradigms (Pozzo et al., 2020) and frugal innova-
tion, which provides resource-efficient solutions, achieving more with less (Bhatti &
Ventresca, 2013).

Brought together, these forms of innovations provide a framework of innovations
with a granularity which is fine enough so that healthcare workers and institutions
can seek for themselves what best serves their purpose. Each type of innovation
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is connected to the literature and adapted to the healthcare context. At the highest
level, the tripartite structure (technoproductive, socio-organizational, and paradig-
matic innovation) draws directly from previous work (Jeannerat, Crevoisier, Brulé
and Suter, see below). Building on this conceptual basis, the nine forms of innovation
integrate insights from various fields: product, process, organizational, and business
model innovation as defined in the Oslo Manual; clinical and service innovation
as developed in health research; social and organizational innovation from organiza-
tional sociology; and frugal innovation from global health and sustainability research.
The present classification is therefore a systematic synthesis aimed at capturing the
grammar of innovations that can influence the environmental footprint of healthcare
systems.

Figure 4.2 illustrates this integrative framework. The domain of production
addresses how materials and infrastructures are developed, manufactured, and
deployed. The domain of organization and regulation encompasses protocols, guide-
lines, organizational cultures, professional praxis and procurement norms that shape
what technologies and practices are promoted or resisted. The domain of meaning
shapes the imaginaries and values that define what counts as “good care”, “modern
medicine”, or “professional excellence”. Environmental sustainability in healthcare
is at the center of these three intersecting forms of innovation.

Each domain represents a distinct field of innovation, yet deep transformation
requires coordinated action across all three. The following examines innovations
within each domain, beginning with the technoproductive innovations that currently
dominate healthcare sustainability discourse, then exploring the socio-organizational
innovations that could restructure care delivery, and finally investigating the cultural
innovations necessary to transform healthcare’s underlying cultures and imaginaries.

Technoproductive Innovations

Technoproductive instruments have been long served as responses to environmental
challenges. When the Roman Empire was facing urban pollution and waterborne
diseases, a network of aquaeducti and a sewage system like the Cloaca Maxima
were designed. As the Dutch were facing flooded land and degraded coastal areas
from rising seas, they engineered windmill-powered pumping systems combined
with a line of dikes. The soil loss due to deforestation in the Andes or Southeast
Asia led to the development of terracing technologies such as advanced techniques
of draining, geotextiles, and microclimate management. Some first endeavors to
reduce the environmental impacts of the healthcare system can be observed some
centuries ago, rarely for the environment but for health or practicality matters. As
plague was hitting medieval cities, wastes were separated between contaminated and
not contaminated, following strict protocols for managing infectious patients and
their wastes, and doctors designed leather coats and beaked masks that could serve
through multiple outbreaks. Florence Nightingale, although not tackling wastes for
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the sake of the environment, had erected principles of efficiency that would not be
connected to environmental matters until much later (Shaner-McRae & Jas, 2007).
Nowadays, technoproductive innovation has become a dominant answer within
the portfolio of answers to reduce the environmental impacts in the different stages of
healthcare trajectories (diagnosis, treatment, monitoring). Whether it is in the form
of modified equipment, advanced materials, precision medicine, or Al, technopro-
ductive innovation shows promising ways to tackle the environmental impacts of the
healthcare system. The underlying diversity of technoproductive answers shows that
technology should be understood in the large sense. It does not have to be, say, a robot
or medical arm but can also be a protocol, a process, or a business model. Several
types of innovation fit under the same banner of technoproductive tools. (Fig. 4.1)

Domain of Production

Technoproductive
innovation
Technological-Clinical-
Service

Rec)'/cle

Environmental
sustainability
in healthcare

Socio-organizational 5 S .
g Paradigmatic innovation

Cultural-Frugal

innovation Normative alignment and value
Organizational- Social- negotiation
Process-Business model

Domain of Organization and Regulation Domain of Meaning

Fig. 4.1 The different forms of innovation for environmental sustainability in healthcare (inspired
by Jeannerat et al., 2023)

Technological Innovation

Technological innovation is a rather large subcategory that shows important hetero-
geneity within the healthcare sector (medicines, medical equipment, hard-tech (Al,
machine learning, robots)). It is impossible to fully account for the wide range of
technologies that enable reducing environmental impacts as this includes all existing
types of innovation as well as all the current aspirations of future health. Pharma-
ceutical innovations address impacts through upstream green chemistry approaches
using water-based solvents and continuous processing (Kar et al., 2022), and down-
stream advanced wastewater treatment systems using oxidation and membrane filtra-
tion (Giakoumakis et al., 2021). Laboratory environmental impacts can be reduced
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through process innovations (microfluidic technologies reducing reagent volumes)
(Devis et al., 2025; Lowden & Henderson, 2025; Tjokro et al., 2025) and down-
stream solutions (recycling, reactants or adsorbents such as active carbon or zeolites
for solvents or pollutants).

The selection of equipment can be a sensible way to reduce environmental impacts
of the healthcare sector. A Spanish study shows that shifting 50% of the national
prescription from pressurized metered-dose inhalers to dry powder inhalers could
prevent 200,000 tons of CO, emissions annually (Garin et al., 2025). Choosing
echocardiography over cardiac MRI or SPECT scanning reduces carbon emissions
by 80-99% (Barratt et al., 2023). Power management systems for MRI machines
can save 35-47 MWh annually per machine, reducing electricity costs by $8,050—
10,800 (Komenan, 2025). As for contrast agents, upstream solutions (minimization
of doses via Al-based dosimetry, use of isotopes with shorter half-lives, multi-CT
to optimize or reduce ICM waste), process solutions (collection of patient urine for
24 h, separation of iodinated contrast media and contaminated waste, education of
patient on disposal) and downstream solutions (recycling of patient urine via reverse
0smosis, storing with wastewater treatment plants, use of peracetic acid for disinfec-
tion) can be considered (Leswick et al., 2025). As far as robots are concerned, there
are limited evidence of their environmental impacts. One systematic review show
that robots-driven procedures generating 43.5% higher emissions than laparoscopic
alternatives(6 to 814 kg CO2e per case) (Papadopoulou et al., 2022).

Al and machine-learning technologies may also optimize healthcare operations
through data-driven automation (Upadhyay et al., 2023). The environmental impacts
of Al for healthcare context is a rather novel topic (Champendal et al., 2025). In one
real-world study, autonomous Al, where the machine performs a decision without
human approval, could achieve an 80% reduction in greenhouse gas emissions
compared to in-person specialist encounters with equivalent clinical outcomes (Wolf
et al., 2022). Additional studies suggest Al can reduce emissions through process
optimization and resource waste reduction (Bloomfield et al., 2021; Das & Chandra,
2023). However, the infrastructure upon which Al is built also create environmental
concerns such as increased energy consumption and electronic waste (Champendal
et al., 2025; Mikhailova & Sharova, 2023; Samuel & Lucassen, 2023). The net envi-
ronmental benefit depends on whether AI’s efficiency gains outweigh its own carbon
footprint, a calculation that lacks standardized measurement approaches across the
healthcare sector (Bloomfield et al., 2021). Most studies have theoretical arguments
rather than empirical ones and research shows that only 12% of studies evaluate the
full lifecycle environmental impacts of digital technologies (Berger et al., 2025).

Although we focus here on existing innovations, it is important to realize
that the most promethean forms of future innovation belong to this category,
from genetic engineering pre-birth to ultrapredictive diagnosis, from own-organ-
cultivation avoiding any allo-transplantation to transhumanism. As this is upcoming,
studies about the environmental impacts are yet absent, but one can imagine that, as
for other forms of technological innovation, the benefits (reduction of dialysis, the
reduction of illnesses) can also come with environmental costs (extreme competition
for rare earth, minerals) and social inequalities in health. Implementation barriers
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include high upfront capital costs, rapid obsolescence creating vendor lock-in and
proprietary systems restricting repair and circular economy (see Appendix E for

more details on the barriers).

Anesthetic Gas Capture

A 1,500-bed academic medical center in North America has implemented a technology
that traps anesthetic emissions. This system captures waste gases directly from the
operating room through the ventilation system and destroys them through catalytic
conversion. Combined with switching from desflurane to sevoflurane, the hospital
reduced its anesthesia-related greenhouse gas emissions by 95%. The investment paid
for itself within 18 months through reduced gas purchasing costs.

Technological innovation at a glance

Definition

New devices, equipment, materials, and digital tools
that introduce novel technical capabilities into
healthcare delivery

Key characteristics

Hardware and software-based solutions
Capital-intensive and R&D-driven

Requires technical infrastructure and specialized
expertise

Contexts

Hospitals, clinical facilities, diagnostic laboratories,
biomedical engineering departments

Sustainability strengths

Reduction of energy use through energy-efficient
devices

Reduction of treatment waste through precision
medicine

Sustainability limitations

Electronic waste and recycling difficulties

High embodied carbon in manufacturing
Dependency on extraction of rare earth minerals and
metals

Barriers to implementation

High upfront capital costs

Rapid obsolescence creating vendor lock-in
Proprietary systems restricting repair and circular
economy

Relationship to other innovation types

Service Innovation (e.g., telemedicine platforms)
Clinical Innovation (e.g., diagnostic technologies)
Process Innovation (e.g., workflow automation tools)

Key indicators

Energy consumption (kWh per procedure/device)
Embodied carbon (kg CO,e in manufacturing)
Material circularity (% recyclable/reusable
components)

Examples

LED surgical lighting (70% energy reduction)
Reprocessed single-use medical devices
Al-powered diagnostic algorithms

(continued)
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(continued)

Technological innovation at a glance

Key references Schumpeter (1942); Freeman & Soete (1997)

Clinical Innovation

As for other forms of innovation, clinical innovation has several definitions. Thus,
it includes a series of interventions that are not formally evaluated according to the
standards of evidence-based medicine. It is usually described as a non-coded form
of innovation in the interstices of evidence-based medicine, which on the contrary
represents an encoded form of innovation (Ghaemi & Goodwin, 2007; Wiersmaet al.,
2025). While definitions vary slightly, they usually rely on deviation from standard
practice and potential for improving healthcare delivery. In many examples, clinical
innovation is not about developing new products (as in the case of technological
innovation, for instance) as to finding new contexts of application for existing prod-
ucts. There are many examples in the psychopharmacology field for instance. In
the 1950s, after clinicians observed iproniazid, originally used for tuberculosis, had
mood-elevating properties, monoamine oxidase inhibitors (MOAIs) became used for
depression. Likewise, a clinician observed that phenothiazines, originally used as
anesthetics, had tranquilizing effects, which led to their use for psychosis treatment.
Other examples include the use of tricyclic antidepressants, originally developed
for schizophrenia and later used for depressive symptoms or carbamazepine, origi-
nally used for epileptic patients to patients with bipolar disorders or azidothymidine
(AZT), used initially for treating thrombocytopenia of AIDS patients, which ended
up increasing life expectancy, due to its antiviral properties. Some of these innova-
tions have environmental benefits, such as minimally invasive procedures (laparo-
scopic versus open surgery reducing postoperative complications and length of stay),
precision diagnostics (selective, indication-based preoperative testing and imaging
rather than routine protocols), and personalized medicine approaches including effec-
tive type 2 diabetes management that prevents disease progression and associated
cardiovascular complications, thereby reducing healthcare resource consumption and
carbon emissions by 9-20% per patient while simultaneously providing co-benefits of
cost savings, reduced patient time burden, and improved clinical outcomes (Barratt
et al., 2023). Genomic therapy shows some promises to move toward a personal,
predictive, and preventive medicine, but the costs/benefits in terms of environment
is not yet known in the literature although arguably questionable (Jimenez-Sanchez,
2015). As far as minimal invasive procedures are concerned, their impacts are higher
as conventional. A study showed that minimally invasive axillary osmidrosis surgery
does consume more carbon than conventional techniques (50.48 kgCOje vs 38.2
kgCO,e) (Tan & Zhang, 2025) showing that this type of clinical innovation is not so
efficient in terms of resource use.
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Also, precision medicine has substantial impacts on the environment (Samuel &
Lucassen, 2023) with potential for improvement (Sittig et al., 2022). Reversely, some
innovations show clear environmental benefit, in particular in the field of anesthesia.
Innovations in anesthesia have been numerous in recent years, which is significant
for a part of the healthcare delivery which is responsible for about 5% on its own.
Switching from desflurane to sevoflurane reduces carbon footprint 40-fold, while gas
capture technologies can trap 100% of anesthetic emissions (Gonzalez-Pizarro et al.,
2023; Potera, 2012). Targeted drug therapies, including prefilled medication syringes
and precision delivery systems can minimize the release of active pharmaceutical
ingredients (APIs) into the environment. This approach aligns with “eco-directed
sustainable prescribing” strategies (precise, lower-dose prescribing and optimized
administration) (Daughton & Ruhoy, 2011). By ensuring that only the required dose
reaches the physiological target, this is a form of co-benefit where patient safety,
cost efficiency and environmental benefits(resource use, wastes, downstream emis-
sions) collide (Moermond et al., 2022). Implementation barriers include economic
incentives (as high-tech procedures are billed much more than low-tech medicine)
intertwined with a cultural paradigm of more is better, guidelines that favor resource-
intensive practices and a tropism to prefer intervention to watchful waiting (see
Appendix E for more details on the barriers).

Precision Diagnostics in Cardiac Care: Echocardiography First

A 1,440-bed in North America has implemented a clinical protocol that prioritizes
echocardiography over cardiac MRI or SPECT scanning for initial cardiac assessment
on one of its sites. This evidence-based approach reduced carbon emissions by 80—
99% per diagnostic procedure while maintaining diagnostic accuracy. This change of
equipment for approximately 15,000 annual cardiac imaging studies prevented 450
metric tons of CO, emissions yearly and saved $3 million annually. The success led
to protocol adoption across the network of a dozen hospitals.

Clinical innovation at a glance

Definition New diagnostic, therapeutic, and treatment approaches
that change clinical practice and patient care pathways

Key characteristics Evidence-based medical advancements
Requires clinical validation and regulatory approval
Driven by medical research and practice evolution

Contexts Hospitals, clinics, research centers, primary care
settings, specialized treatment facilities

Sustainability strengths Reduction of resource use through targeted therapies
Reduction of hospital stays through improved
treatments

Reduction of adverse events minimizing additional
interventions

(continued)
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(continued)

Clinical innovation at a glance

Sustainability limitations Pharmaceutical production environmental footprint
Increased use of single-use sterile equipment
Complex drug supply chains and cold chain
requirements

Barriers to implementation Cultural paradigm (“more is better”)
Guidelines favor resource-intensive practices
Intervention preferred to watchful waiting

Relationship to other innovation types | Technological Innovation (e.g., new diagnostic devices
enable clinical changes)

Process Innovation (e.g., clinical pathways redesign)
Service Innovation (e.g., ambulatory care models)

Key indicators Avoided procedures (% reduction in unnecessary
interventions)

Length of stay reduction (days saved per patient)
Pharmaceutical waste (kg medications avoided/
reduced)

Examples Minimally invasive surgical techniques reducing
recovery times

Point-of-care diagnostics eliminating laboratory
transport

Personalized oncology reducing ineffective treatments

Key references Rogers (2003); Berwick (2003)

Service Innovation

Service innovation is a form of innovation that focuses on creating value through
novel service delivery methods. In the healthcare context, this means questioning
accessibility, efficiency, and personalized care, often, but not only, through harnessing
digital solutions (Willie, 2024). Examples of service innovation include telemedicine
platforms for remote consultations (Haleem et al., 2021), patient-centered medical
homes that establish coordinated care models (Duan-Porter et al., 2022), virtual
reality therapy (Bateni et al., 2024; Tokgoz et al., 2022) and Health Information
Exchanges that enable patient information sharing across providers (Tiase et al.,
2020).

Telemedicine (or even more so a phone call) is one way to avoid emissions, in
particular those related to transportation, although the extent to which this is prof-
itable from an environmental perspective is very dependent on the context in which
it is used (urban vs rural, dense vs non-dense areas...) (Pickard Strange et al., 2023;
Purohit et al., 2021; Ravindrane & Patel, 2022). This represents a quantity of 830
million kg of carbon dioxide emissions primarily through reduced transportation in
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a total of 50 studies (Berger et al., 2025).3 Carbon savings related to transportation
ranged from 95 to 99% of the impacts in some cases, from 0.70-372 kg CO2e per
consultation (Purohit et al., 2021; Ravindrane & Patel, 2022). At the meso level,
some organizations avoided thousands of metric tons of greenhouse gases in 2021
through telemedicine(Morcillo Serra et al., 2022; Thiel et al., 2023). The benefits
of the other forms of service innovation (patient-centered medical homes, virtual
reality therapy, health information exchanges) are much less documented from the
environmental perspective. It is still possible to find traces and infer possible envi-
ronmental benefits. For instance, patient-centered medical homes initiatives, a model
aimed at “improving healthcare quality, decreasing cost, and enhancing the experi-
ence of both patients and providers” (Arend et al., 2012) were associated with reduced
ambulatory care-sensitive emergency department visits(Rosenthal et al., 2013), and
noted a 4.2% reduction in total healthcare spending (Sinaiko et al., 2017). Litera-
ture on Health Information Exchanges (HIEs) do not explicitly discuss environmental
impacts as primary goal but mention reduction of paper usage or unnecessary medical
procedures (Hersh et al., 2015; Menachemi et al., 2018). Electronic health records
(EHRs) enable service coordination that significantly reduces unnecessary repeated
laboratory tests (hemoglobin Alc, vitamin B12, lipid panels), cutting both costs
and environmental impact through better information management (Molero et al.,
2021). Implementation barriers include a fee-for-service which is more rewarded than
community-based care, organizational silos that fragment coordination for sustain-
ability project which are cross-sector by nature and professional hierarchies devalue
primary care and prevention (see Appendix E for more details on the barriers).

A Telemedicine Program

During and after the COVID-19 pandemic, a healthcare center has conducted over 2
million virtual visits between 2020-2023, saving 17,000 metric tons of greenhouse gas
emissions in 2021 alone (primarily through eliminated patient and provider travel since
each teleconsultation saved an average of 8.5 kg CO,e compared to in-person visits).
This program also improved access for rural patients, reduced patient costs by $150—
300, all of this while maintaining clinical quality scores equivalent to in-person care.
The service model permanently transformed care delivery across 15 clinical specialties.

Service innovation at a glance

Definition New ways of delivering and organizing care services
through technology-enabled models

Key characteristics Reorganization of care delivery methods
Integration of technology with service design
Focus on accessibility and patient experience

Contexts Outpatient clinics, telehealth platforms, community
health centers, home care services

(continued)
3 This was discussed in an article (Brulé & Pichon, 2025).
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Service innovation at a glance

Sustainability strengths

Reduction of patient travel through remote
consultations

Reduction of facility energy use through distributed
care

Reduction of infrastructure needs through
virtualization

Sustainability limitations

Digital infrastructure energy consumption and e-waste
Rebound effects from increased service accessibility
Requires robust internet connectivity infrastructure

Barriers to implementation

Fee-for-service more rewarded than community-based
care

Organizational silos fragment coordination
Professional hierarchies devalue primary care and
prevention

Relationship to other innovation types

Technological Innovation (e.g., telemedicine
platforms)

Organizational Innovation (e.g., integrated care
networks)

Process Innovation (e.g., streamlined patient
pathways)

Key indicators

Patient travel avoided (km not traveled via
telemedicine)

Facility energy savings (kWh from distributed care)
Carbon emissions per consultation (kg COze
comparison)

Examples

Telemedicine consultations reducing travel emissions
Mobile health clinics reaching underserved areas
Home-based dialysis programs

Key references

Gallouj and Djellal (2005); Gallouj and Weinstein
(1997)

Socio-organizational Innovation

If technology is only part of the answer as acknowledged in the previous chapter,
this means that a lot can be gained within the “folds of the social”(Lahire, 2019).
Therefore, reducing environmental impacts of the healthcare sector requires organi-
zational innovations (top-down) and social innovations (bottom-up) that transform
care organization, role distributions, and professional practices.

Before entering the different folds above-mentioned, it is important to grasp the
multi-scalar dynamics of care innovation. Building upon the theories of Van de Ven’s
process theory of innovation and Geels (Multi-Level Perspective (MLP), we can try
to see how micro, meso, and macro are interconnected (Geels, 2002; Van de Venetal.,
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1999). Although the micro-meso are the scales of interests here, it is also important
to understand how the macro is constituted, since it is also constitutive and typically
influences back the two other levels through construction of norms, institutions,
guidelines, etc. In line with systems theory, one can recognize that healthcare is a
complex adaptive system with emergent properties that cannot be understood through
linear, unidimensional approaches (Meadows, 2015).

In micro-level niches, radical innovations and experiments emerge, for instance,
with a new product or a new process. If successful, this innovation can expand to
meso-level regimes (e.g., clinical routines, procurement standards, hospital infras-
tructure). Wider adoption is done at the macro-level landscape, where other forces are
in action such as defined societal trends and pressures, climate change and carbon-
reducing targets, as well as pandemics. At that level, learning health systems* provide
a comprehensive framework for coordinating organizational structures in order to
advance toward environmental sustainability through systematic monitoring of the
environmental impacts and well-coordinated leadership (Barber et al., 2024). Tran-
sitions occur when landscape-level pressures regimes, allowing niche innovations to
challenge or reconfigure them. However, the meso level is not just a passive interface;
it is rather a site of organizational inertia, adoption, and contestation. Van de Ven’s
model highlights the fact that innovation trajectories often involve setbacks, reori-
entations, and multiple competing visions. This model shows the cumulative effect
from marginal niches to broader healthcare regime change. These complex dynamics
of sustainable innovation echo the writings of Simmel, Merton, or the Schumpete-
rian representation of innovation from the marginal innovations to the imitation by
a bunch of followers to a stabilization into new rules of the game (Fig. 4.2).

Process Innovation

Process innovation refers to the implementation of new or significantly improved
production or delivery methods. In the healthcare sector, it is generally seen as a way
to improve the efficiency of the care process by translating knowledge into improved
healthcare products and procedures (Collins & Dempsey, 2019; Omachonu &
Einspruch, 2010). Process innovation can reduce environmental impacts by saving
material, by reducing CO, emissions or by improving recycling (Benzidia et al.,
2024; Swalek & Steinerowska-Streb, 2023). This includes avoiding unnecessary
tests as in the example: “no laboratory tests apart from blood grouping and cross-
matching were requested. However, we used radiological investigations extensively
and avoided unnecessary surgical interventions” (Deshpande et al., 2007). Choosing
Wisely campaigns target overuse of tests providing no clinical benefit (or sometimes
even harm), while also generating environmental harm although this is not often

4 An environment that integrates data, science, and technology continuously into routine clinical
practices.
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Fig. 4.2 Multi-scalar spiral of care innovation (adapted from van de Ven and Geels)

the primary concern (Charmillot et al., 2025). Active interventions targeting clini-
cians show 65% success rates versus 13% for guideline dissemination alone(Cliff
et al., 2021). Reducing intravenous antibiotics when oral alternatives suffice, mini-
mizing greenhouse gas-intensive inhalers, and eliminating unnecessary daily blood
tests (Bounoure et al., s. d.; J. F. Davies et al., 2024; Gaudreau-Simard et al., 2025).
Lean Healthcare Management supports these objectives through process optimiza-
tion (Crema & Verbano, 2017). Complementary strategies including energy manage-
ment programs and surgical waste reduction through kit redesign demonstrate both
environmental benefits (234 metric tons CO, reduction, 22% waste decrease) and
cost savings (de Ridder et al., 2022; Wormer et al., 2013). Some changes at the
macro level can show large impacts as for instance shifting from atorvastatin to
generic simvastatin in the United Kingdom was one way to save billions of pounds
and diminish impacts through simpler process and shorter supply chain.’

Medical devices and consumables can reduce environmental impacts of items
such as surgical gowns, ureteroscopes, anesthetic drug tray through reusability, with
reusable devices demonstrating 40-66% lower emissions compared to single-use
alternatives (Keil et al., 2023; Lam et al., 2023). However, parts of the environmental
benefits of the reusability are overshadowed by sterilization methods, which can
account for up to 90% of reprocessed device greenhouse gas emissions (Leiden
et al., 2020).

Clinical guidelines, which have emerged in the healthcare sector in the 1970s,
driven by quality concerns, legal liability, and the evidence-based medicine move-
ment, are one promising way to bring significant changes vis-a-vis sustainability.
Defined as “systematically developed statements to assist practitioner and patient

5 Although not prescribing statin when not needed is the most impactful measure to reduce statin-
related environmental impact (Auer et al., 2014).
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decisions about appropriate health care for specific clinical circumstances” (Field &
Lohr, 1990), they are designed to standardize care pathways. From a sustainability
perspective, although encouraging (reduce greenhouse gas emissions by eliminating
unnecessary procedures, streamlining diagnostic pathways, and standardizing waste
management practices(Braithwaite et al., 2024; Townend & Cheeseman, 2005),
guidelines remain for the moment largely environmentally blind. However, as Khan
et al. (2023) demonstrate with respiratory guidelines, even when sustainable alter-
natives exist, they remain absent from prescribing protocols, like for instance dry
powder inhalers generating 90-95% less emissions than pressurized metered-dose
inhalers (pMDIs), which generate approximately 28 kg CO,-equivalent emissions
(equivalent to a 300 km car journey) per unit. On the other hand, guidelines tend
to encode unnecessary complexity over sustainable alternatives (Govindarajan &
Ramamurti, 2011). Standardizing surgical procedures and using fossil-free textiles
can significantly reduce carbon footprints in operating theaters (Lindskog & Ménner,
2019). Interventions that reduce unnecessary cardiac tests through alerts based on
electronic health records and educational feedback to clinicians achieve 10-17 ton
COse reductions annually. Evidence-based perioperative pathways like Enhanced
Recovery After Surgery (ERAS) and same-day discharge protocols reduce resource
consumption while improving clinical outcomes (MacNeill et al., 2024). Implemen-
tation barriers include temporal architecture of urgency, resource-intensive protocols
and organizational silos which impede cross-functional authority (see Appendix E
for more details on the barriers).

Enhanced Recovery After Surgery (ERAS) Protocol

Enhanced Recovery After Surgery (ERAS) protocols were implemented and stan-
dardized in a large European hospital for 8 surgical specialties. The protocol resulted
in improved patients’ outcomes, reducing average hospital stays from 7 to 4 days for
colorectal surgery with patients experiencing fewer complications, and faster recovery,
while also saving 4'200 euros per surgical episode and improving environmental foot-
print by reducing lab tests by 35%, switching from IV antibiotic to oral use whenever
possible and using standardized surgical kits, thereby saving 234 tons of CO; per year.

Process innovation at a glance

Definition New workflows, protocols, pathways, and operational
methods that improve efficiency and coordination

Key characteristics Redesign of operational workflows and procedures
Focus on efficiency and waste reduction
Requires organizational change management

Contexts Hospital operations, supply chain management,
clinical pathways, administrative services

(continued)
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Process innovation at a glance

Sustainability strengths

Reduction of material waste through lean
methodologies

Reduction of energy use through optimized operations
Reduction of redundant procedures and resource
consumption

Sustainability limitations

Risk of increased throughput driving higher overall
consumption

Focus on efficiency may overlook broader
environmental impacts

Implementation requires energy and resources for
transition

Barriers to implementation

Temporal architecture of urgency
Resource-intensive protocols
Organizational silos impede cross-functional authority

Relationship to other innovation types

Organizational Innovation (e.g., governance structures
enabling new processes)

Technological Innovation (e.g., digital tools
automating workflows)

Business Model Innovation (e.g., value-based care
pathways)

Key indicators

Supply waste reduction (% decrease in unused
supplies)

Procedure standardization (% variance reduction)
Resource utilization rate (% improvement in
efficiency)

Examples

Lean hospital operations reducing supply waste
Just-in-time inventory systems minimizing overstock
Standardized clinical pathways reducing unnecessary
tests

Key references

Hammer and Champy (1993), Davenport (1993)

Organizational Innovation

Organizational innovation describes the process of developing and implementing new
ideas within an organizational context to improve organizational functioning. This
bridging aspect of organizational innovation is the reason why it is studied by various
disciplines (business, economics, engineering, public administration, see Daman-
pour, 2017). Bouwen and Fry (1991) define it as “the development and implementa-
tion of new ideas by people who engage over time in transactions with others within
an institutional order”, highlighting its interactive nature. Organizational innovations
range all the way from small adjustments to deep structural changes, which can entail
environmental, social or economic benefits of different magnitude (Sullivan et al.,
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2023) found that operating room interventions could achieve annual cost savings
ranging from $873 to $694,141, and a reduction of regulated medical waste of up to
30%. Life cycle assessment can support management decision-making by providing
detailed information of the environmental impacts in order to foster organizational
changes (Seifert et al., 2021).

Creating a “green culture” in healthcare can hardly be done overnight; it requires
leaders to distill sustainability into clinical choices, governance frameworks, and staff
practices (Porter-O’Grady & Malloch, 2010a, 2010b). If creating a culture cannot
be done (or undone) easily, organizational innovations can tackle most actionable
spheres such as purchasing practices, waste management, energy efficiency and distill
sustainability within authority structures, accountability and work routines (Fadda,
2020). As far as the routines are concerned, key players can make it possible to
turn abstract guidelines or sustainability goals into concrete actions by mobilizing
resources, persuading colleagues, and embodying the credibility needed.

At the inter-organizational level, innovation can take the form of associations
or networks with, for instance, professional societies increasingly erect sustain-
ability principles and standards, embedding environmental priorities into practical
guidelines. Or, they can act on a specific goal, as, for instance, groups of hospi-
tals deciding to collectively demand greener products, using leverage over manu-
facturers, thereby accelerating changes within the supply chain. Coalitions can
include a couple of regional hospitals or international networks. For instance, Health
Care Without Harm formed a global coalition of 28 organizations, establishing the
Global Green and Healthy Hospitals community in 2010 for networking and peer
learning (Clinton, 2018). Organizational innovation requires some tools to facili-
tate change, such as design thinking instruments. In the Nordic healthcare context,
collaborative foresight workshops were used to engage diverse stakeholders (health
industries, providers, regional authorities, universities, clusters, NGOs, and profes-
sional consortia) using systemic design methods combined with the Three Horizons
framework to enable cross-sectoral dialogue and shared decision-making (Pereno &
Eriksson, 2020). However, inter-organizational networks can also reproduce inertia
if they converge on lowest-common-denominator standards that satisfy all members
but lack transformative ambition (Ulhgi & Ulhgi, 2009).

Engagement and well-being can play a key role in terms of organizational inno-
vation to reduce environmental impacts. Since job satisfaction is key for workforce
stability and motivation (Hoxha et al., 2024), cultures which integrated inclusivity,
psychological safety, and recognition achieve better outcomes at the individual and
the team level (Ahmed et al., 2021; Wang et al., 2025). Implementation barriers
include voluntary reporting, which can lead to greenwashing; silos, which fragment
cross-sectoral authority; and power dynamics and resource-intensive protocols (see
Appendix E for more details on the barriers).
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Hospital’s Sustainability Transformation

A hospital in Africa made significant organizational changes through strong polit-
ical leadership, supportive government policies, and dedicated funding. The hospital
restructured governance to integrate sustainability alongside, establishing a “Green
Leadership Committee” reporting directly to executive management. Concrete changes
included appointing sustainability champions in each department, integrating environ-
mental metrics into the performance evaluation framework and implementing staff
training programs. This led to a reduction in energy consumption of 50%, a decrease
in water usage of 50%, a decrease in the production of medical waste of 30% and
recycling rate going from 15 to 65% over 5 years.

Organizational innovation at a glance

Definition New structures, governance systems, and institutional
coordination mechanisms that reshape how healthcare
organizations operate

Key characteristics Restructuring of institutional arrangements and
hierarchies

Changes in governance and decision-making systems
Focus on inter-organizational collaboration and
coordination

Contexts Healthcare systems, hospital networks, public health
authorities, multi-stakeholder partnerships

Sustainability strengths Reduction of duplicated services through coordination
Reduction of administrative overhead through
streamlined governance

Reduction of resource fragmentation through
integrated planning

Sustainability limitations Organizational restructuring consumes time and
resources

Increased complexity may require additional
coordination infrastructure

Resistance to change can delay environmental
improvements

Barriers to implementation Voluntary reporting & greenwashing
Silos fragment authority

Power dynamics
Health-as-a-business view

Relationship to other innovation types | Process Innovation (e.g., new workflows require
organizational alignment)

Business Model Innovation (e.g., governance
structures enable new financing)

Social Innovation (e.g., community partnerships
reshape institutional roles)

(continued)
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Organizational innovation at a glance

Key indicators Waste diversion rate (% of waste recycled/avoided)
Procurement sustainability score (% green purchasing
compliance)

Energy/water consumption per patient (reduction from
baseline)

Examples Integrated care networks reducing redundant testing
Shared service centers consolidating support functions
Multi-hospital purchasing consortia leveraging
collective power

Key references Lam (2006); Damanpour (2017)

Social Innovation

Social innovation is a process of change emerging from creative recombination
of existing assets (equipment, network, facilities) to achieve social goals through
bottom-up, community-driven initiatives (Manzini, 2014). The bottom-up approach
means that the innovations stem from people (in this context employees, patients,
caregivers...) directly involved in solving social problems (Castro-Arce & Vanclay,
2020). It is community-driven in the sense that it is driven by community needs
rather than by market forces (Moulaert et al., 2013a, 2013b). From the healthcare
perspective, local actors can drive health innovations more effectively than top-
down approaches(Halpaap et al., 2020), increasing accountability and sustainability
(Daniel & Jenner, 2022). For instance, social prescribing services decrease the envi-
ronmental impacts of the healthcare sector by reducing secondary-care referrals and
offering lower-carbon alternatives such as cognitive behavioral therapy (Maughan
et al., 2016). Community-based social innovations developed bottom-up by local
beneficiaries create sustainable healthcare solutions by empowering communities
(Mdleleni & Velapi, 2022). The initiatives of Housing first (Un chez soi d’abord
(France), INSP! (Denmark)) make it possible to imagine an ethical, alternative path
to resource-consuming hospitals by keeping patients at home (Bauer et al., 2016).
Interdisciplinary grassroot movements led by sometimes informal leaders can rapidly
advance environmental stewardship through waste diversion, energy efficiency, and
green purchasing practices (Herechuk et al., 2010).

Social innovation emerges as a shift from a unidirectional model in which physi-
cians “provide” and patients “receive”, toward a reconfiguration of the relation-
ships between professionals, patients, and families, which favors co-production and
deliberative decisions. While patients are increasingly involved in shaping their own
care pathways, families and caregivers are recognized not just as auxiliaries, but as
co-actors in care delivery (for instance, the patient partenaire(“patient partner”) at
Geneva University Hospitals, among others). Value co-creation through stakeholder



Social Innovation 53

engagement has not only benefits in terms of health outcomes but also in terms of
sustainable social change in healthcare delivery(Ahmed et al., 2020). Implementation
barriers include the marginalization of bottom-up grassroots solutions and commu-
nity health and a hierarchy of professions which devalue community health work
(see Appendix E for more details on the barriers).

Community Health Worker Model

A bottom-up program in South-East Asia has trained community health workers to
provide primary care services, conduct health education, and facilitate hospital access
for needy patients, enabling 40% of previously excluded patients to access hospital
care without direct payment. At the social level, equity and wider health coverage was
obtained. Atthe environmental level, reduced transportation through local care delivery,
minimized hospital infrastructure through primary prevention and sustainable behavior
change were achieved for a small annual participation ($15 per capita annually, 95%
less than hospital-based care, while improving maternal and child health outcomes
across 78 rural districts).

Social innovation at a glance

Definition Bottom-up, community-driven solutions addressing
social needs and health inequities through collective
action

Key characteristics Grassroots and participatory approaches

Addresses social determinants of health
Emphasis on empowerment and community
ownership

Contexts Community health centers, non-profit organizations,
patient advocacy groups, local health initiatives

Sustainability strengths Reduction of healthcare demand through prevention
and social support

Reduction of resource intensity through
community-based solutions

Reduction of institutional overhead through peer
support networks

Sustainability limitations Limited scalability without institutional support
Dependence on volunteer capacity and community
resources

Environmental impact often secondary to social
objectives

Barriers to implementation Bottom-up grassroots solutions and community health
marginalized

Professional hierarchies devalue community health
work

(continued)
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Social innovation at a glance

Relationship to other innovation types | Organizational Innovation (e.g., new partnerships
with community groups)

Service Innovation (e.g., community-based care
delivery)

Cultural Innovation (e.g., shifting values toward
collective health)

Key indicators Healthcare demand reduction (% fewer
secondary-care referrals)

Community resource mobilization (volunteer hours,
peer support)

Institutional cost avoidance ($ saved per capita)

Examples Community gardens promoting nutrition and mental
health

Peer support networks reducing hospital readmissions
Time banks for elderly care reducing
institutionalization

Key references Moulaert et al., (2013a, 2013b), Manzini (2014)

Business Model Innovation

The question of business model innovation can be handled either from a more
organizational perspective (e.g., circular economy, industrial ecology) or from a
more technological perspective. Both perspectives come with their promises and
challenges.

Circular economy business models represent one way for reducing environmental
impacts at the meso level in healthcare. These can take the form of sustainable
procurement strategies or dynamic business model redesign. Some authors have
developed frameworks such as a five-level circular economy framework with quan-
tifiable cost and CO, emission formulas for reuse versus single-use medical devices
(Moshawih et al., 2025). Business models such as Dynamic Business Modeling for
Sustainability (Cosenz et al., 2024) or articulated around product lifetime extension
(Ertz & Patrick, 2020) can reduce waste in energy, water, and medical supplies while
improving cost-effectiveness. However, proper implementation of business model
requires budget allocation, strategic commitment, and transformational leadership,
factors that are unevenly distributed across healthcare systems (Aboueid et al., 2023).

FinTech development can facilitate the healthcare sector’s transition to low-carbon
economies (Li et al., 2024). To some authors, the convergence of financial technology
and health technology enables more efficient healthcare delivery through Fintech
(blockchain technology) potentially reducing the sector’s overall ecological footprint
(Cambaza, 2023). New business models can integrate environmental performance in



Business Model Innovation 55

global performance frameworks (Hensher & McGain, 2020). Business model inno-
vation introduces new ways of financing and organizing healthcare economics (such
as value-based care, subscription medicine, bundled payments) (Alami et al., 2023).
Implementation barriers include the absence of polluter-pays principles which exter-
nalizes environmental costs, fragmented decision-making across finance, clinical and
sustainability departments, and performance metrics ignore environmental outcomes
(see Appendix E for more details on the barriers).

Other authors consider the pros and cons of technological adoption in business
model, arguing that the environmental cost of the infrastructure will add another
layer of complexity from a sustainability perspective (Rgnn et al., 2023).

A New Value-Based Care Model

A primary care organization in North America dedicated to elderly patients has reorga-
nized its business model around value-based care, where the focus is on health outcomes
over costs. Physicians are paid based on patient health improvements and not on visit
volume or act, thereby favoring preventive care, minimally invasive approaches, and
reduced hospitalizations. This shift in the lens used to observe quality resulted in a
50% reduction in hospital admissions, 40% fewer emergency department visits, and
improved clinical outcomes for chronic disease management. The model demonstrated
profitability, generating $450 million annual revenue across more than 100 centers. On
the environmental side, this led to an estimated 9-20% decrease in carbon emissions
per patient through shifting care to lower-intensity primary care settings and reducing
unnecessary procedures and tests.

Business model innovation at a glance

Definition New approaches to financing and organizing healthcare
economics that reshape value creation and delivery

Key characteristics Redesign of revenue streams and cost structures
Changes in value propositions and stakeholder
relationships

Focus on financial sustainability and economic viability

Contexts Healthcare systems, insurance companies, hospital
management, payment reform initiatives

Sustainability strengths Reduction of overtreatment through value-based
payment models

Reduction of waste through aligned financial incentives
Reduction of resource use through preventive care
economics

Sustainability limitations Profit motives may conflict with environmental
priorities

Short-term financial pressures limit long-term
sustainability investments

Market-based approaches may neglect ecological
externalities

(continued)
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Business model innovation at a glance

Barriers to implementation Absence of polluter-pays principles externalizes
environmental costs

Fragmented decision-making across finance/clinical/
sustainability departments

Performance metrics ignore environmental outcomes

Relationship to other innovation types | Organizational Innovation (e.g., governance enabling
new financing)

Process Innovation (e.g., new payment models drive
workflow changes)

Service Innovation (e.g., subscription-based care
models)

Key indicators Preventive care rate (% patients in prevention programs)
Overtreatment reduction (% decrease in low-value care)
Value per resource unit (health outcomes per $ or kg
COze)

Examples Capitation payment reducing unnecessary procedures
Pay-for-performance linking quality to environmental
metrics

Shared savings programs incentivizing resource
efficiency

Key references Chesbrough (2010), Osterwalder and Pigneur (2013)

Paradigmatic Innovation

Paradigmatic innovation operates at several levels. Frugal innovation shows that
resource constraints can drive not just cheaper solutions but more robust and resilient
ones. Cultural innovation can take the form of shifts in professional norms, insti-
tutional practices, and collective values that redefine what constitutes good care.
At the foundational level, imaginaries represent the archaeologies of meaning that
determine what is thinkable, desirable, and legitimate in healthcare.

Frugal Innovation

According to UNICEF Innocenti data, the UK and USA among the lowest in
child well-being across 21 rich countries, despite advanced and expensive health
systems. This paradox reveals that technological abundance does not guarantee
better outcomes. On top of primary prevention and health promotion which are
lagging behind in these two countries, particularly in the USA (Arie, 2012), quality
of care often depends more on relevance and accessibility than on complexity. This is
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where frugal innovation (“Doing more with less”) can intervene. It is often developed
in constrained contexts where natural or human resources are scarce and logistics
dysfunctional or in crises like Darfur, where health interventions must be agile and
immediately impactful (Brown, 2007): use of mosquito net for hernia repairs in
Ghana, insulin storage pot in Nort-East Africa, Toyota-inspired mode of performing
cataract or heart surgery, low-cost dialysis (Table 4.1). Far from a “technological
bricolage” (Lévi-Strauss, 1962), it is a novel way of adapting to ones’ environment.
The benefits are often formulated in economic terms. At Aravind, cataract surgery,
the costs for an operation including intraocular lenses and associated care are in
the range of $11.50 to $100 compared to an average of $3,542 for the same proce-
dure in the United States. Coronary bypass surgery at Narayana Health costs around
$2,100, while U.S. prices range from $76,000 to $342,000. Angioplasty, knee and
hip replacements, and cancer radiotherapy follow similar patterns, with Indian prices
ranging from 2 to 12% of U.S. costs. Similarly, LifeSpring Hospitals provides mater-
nity care at approximately $120 for vaginal deliveries and $300 for cesarean sections,
compared to an average of $8,802 in the U.S. Naryanya Health provides a typical
heart surgery for $2,100, tens of thousands less than in the United States. Although
60% of pediatric surgeries are provided for free, Naranya is a profitable company
with a market valuation over a billion dollars. At Deccan Hospital, peritoneal dialysis
(including diagnostics, medication, and hospitalization) costs about $8,200 per year,
compared to $89,000 typically spent on hemodialysis in the United States. Most
of these examples come from India, which has emerged as a global laboratory for
frugal innovation in healthcare. Only part of this had to do with income differences
(Ramdorai & Herstatt, 2015). Low-cost portable ultrasound machine was developed
to be of use for low and middle-income countries (e.g., GE electric or (Chavignon
et al., 2022). But it could also be formulated in environmental terms. For instance,
a clay pot costing $1-2 and generating 1-3 kg CO,e achieves the same therapeutic
outcome as refrigeration equipment costing $250-$500 and generating 80-100 kg
CO,, although arguably the level of apparent control is lower. This 100-fold differ-
ence in both cost and environmental impact reveals how our assumptions about
“appropriate technology” often favor complexity over effectiveness, global supply
chains over local solutions, and energy intensity over resource efficiency.

While frugal innovation often produces technoproductive outputs (devices,
processes), its constitutive core is cultural: the embrace of sufficiency over maxi-
malism, accessibility over sophistication, and “good enough” over “cutting-edge”.
As Radjou et al. (2012) note, frugal innovation “is not just about redesigning prod-
ucts; it involves rethinking entire business models and reorienting organizational
cultures” (p. 4), a fundamentally paradigmatic, not merely technical, transforma-
tion. Or as Kiefer (2022) points out, “always use the reflection less is more, but
where less translates in a radical form of intelligent economy”. This means that to
achieve frugal innovation, it is not sufficient to simply use less material or energy or
to change procedures. It is necessary to change the mindset to a mindset of “good
enough” (Brulé et al., 2026), one that can result not only in a decrease of energy and
material input, but also of greater robustness, national sovereignty and least exposure
to global disruptions in the supply chain or wars.
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Implementation barriers include a cultural paradigm equating complexity with
quality and “low-tech” solutions perceived as regression, professional identity related
to mastery of hyper-tech environment and a fee-for-service rewards resource intensity
over material simplicity (see Appendix E for more details on the barriers) (Fig. 4.3).

Other forms of frugal innovation are displayed in Appendix E. Crucially, what
distinguishes frugal innovation is not only its material sobriety but its epistemology.
By focusing on core health needs and using light infrastructures that may not be
sustainable in unstable environments, frugal innovation creates an ethics of care
that goes beyond traditional models. This approach connects with value-based care
principles (Porter & Teisberg, 2006).

Frugal innovation at a glance

Definition Affordable, resource-constrained solutions emphasizing
simplicity, accessibility, and doing more with less

Key characteristics Low-cost and resource-efficient design
Emphasizes affordability and accessibility
Often developed in or for resource-limited settings

Contexts Low-resource settings, community clinics,
humanitarian healthcare, rural and remote areas
Sustainability strengths Reduction of material use through minimalist design
Reduction of energy consumption through low-tech
approaches
Reduction of supply chain complexity through local
production
(continued)
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Frugal innovation at a glance

Sustainability limitations

May lack durability leading to premature replacement
Limited standardization can hinder quality control
Scalability challenges without compromising frugal
principles

Barriers to implementation

Cultural paradigm equating complexity with quality and
“low-tech” solutions perceived as regression
professional identity related to mastery of hyper-tech
environment

fee-for-service rewards resource intensity over material
simplicity

Relationship to other innovation types

Social Innovation (e.g., community-based healthcare
solutions)

Technological Innovation (e.g., simplified diagnostic
devices)

Service Innovation (e.g., mobile clinics with minimal
infrastructure)

Key indicators

Cost per outcome ($ per QALY or cure)
Material intensity (kg per treatment/device)
Local production rate (% components sourced locally)

Examples

Paper-based diagnostic tools reducing equipment needs
Gravity-fed drip irrigation for medical gardens
Reusable cloth surgical supplies in low-resource settings

Key references

Radjou et al. (2012), Bhatti and Ventresca (2013)

radiology suites).

Portable Ultrasound: Reverse Innovation in Diagnostics

Initially developed for low- and middle-income countries where traditional hospital-
grade ultrasound systems were too expensive and required stable electricity infras-
tructure, portable devices simplified the technology by reducing elemental complexity
from approximately 25 elements (advanced imaging chips, multiple specialized trans-
ducers, high-resolution displays requiring rare earth metals and complex electronics)
to approximately 15 elements through streamlined design. Rather than remaining
confined to resource-constrained settings, portable ultrasound achieved “reverse inno-
vation”, adoption in high-income countries where its material simplicity translated into
other advantages (immediate point-of-care availability, eliminating patient transport to




60 4 Innovation(S)

Cultural Innovation

‘We have seen that healthcare embraced the theme of sustainability after other sectors.
This can be attributed to a “cultural lag” (Ogburn, 1922). This cultural lag in health-
care can be understood as the time gap between the broader societal recognition
of environmental challenges and the healthcare sector’s integration of sustainability
principles into its core mission, practices, and professional identity. It is in that sense
cultural. But as we saw, this gap is currently being filled by an intense pressure to do
better both from the organizations, as seen in the previous chapter and from healthcare
workers themselves. This is being done also at larger, cultural level through cultural
innovations. Although particularly fragmented (Pozzo et al., 2020), the landscape of
cultural innovation usually depicts a collective process whereby new ideas, practices,
and knowledge that “enhance survival and adaptation within diverse environments.
It is characterized by the accumulation of culturally transmittable information that
influences cognition, affect, and behavior” (Halford, 2020).

If cultural innovation is so fragmented, it is also because cultures are so heteroge-
neous in general and in the healthcare sector is no exception; from public hospitals to
private clinics or ambulatory care, from long-term care to community health centers,
the places where care is delivered are as diverse as the variety of the cultures of the
professions who compose them: physicians, nurses, physiotherapists, pharmacists,
administrators. Organizational culture is key to fostering innovation and sustain-
ability in healthcare (Porter-O’Grady & Malloch, 2010a, 2010b). But as we shall
see, there are brakes in the culture of the organizations, of these professions and
of the care as it is currently thought that make changes difficult. Modern systems
tend to "medicalize" everyday life, turning normal variations into clinical conditions.
Frugal and cultural innovations offer a corrective by focusing on essential functions
rather than technological escalation, reducing complexity while preserving clinical
relevance.

Imaginaries

Imaginaries are usually the most macro part in systems innovation. They are the
recipiendaries and the producers of collective representations. Far from being soft
and abstract, they are the driving forces that shape institutions, categories, and the
rationalities that structure social life. For Castoriadis, the imaginary is the collective
force that creates and forms the symbolic structures of a society or a part of it.
Healthcare’s dominant rationality, which relies on efficiency, cleanliness, and control,
is not existing sui generis, but it is produced through such an imaginary.

“the ways in which we know and represent the world (both nature and society)
are inseparable from the ways in which we choose to live in it” (Jasanoff, 2004, p. 2).
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What appears as neutral technical necessity is actually the result of historically
contingent meaning-making processes. In their system based on 4 types of inno-
vations, Tidd and Bessant (2014) challenge the underlying mental models, like
redefining health systems around prevention and sustainability rather than acute inter-
vention. This naturally means that as for any systemic thinking they are also related
to meso, organizational changes, and micro individual considerations such as profes-
sional identities. Implementation barriers include a feeling of medical omnipotence,
professional identity which can feel threatened by challenging norms and immediate
patient needs favored upon long-term environmental harm (see Appendix E for more
details on the barriers).

Cultural innovation at a glance

Definition Shifts in values, norms, mindsets, and behaviors that
transform how healthcare professionals and patients
understand and practice care

Key characteristics Changes in beliefs, attitudes, and professional culture
Requires long-term behavioral and normative shifts
Often invisible but foundational for other innovations

Contexts Medical education, professional training, healthcare
organizations, patient communities

Sustainability strengths Reduction of overconsumption through changed
professional norms

Reduction of resistance to environmental innovations
Reduction of wasteful practices through behavioral
change

Sustainability limitations Slow and difficult to implement and measure
Resistance from established professional cultures
Requires sustained effort without immediate tangible
results

Barriers to implementation Medical omnipotence

Professional identity threatened by challenging norms
Immediate patient needs favored upon long-term
environmental harm

Relationship to other innovation types | Organizational Innovation (e.g., culture shapes
institutional practices)

Social Innovation (e.g., community values influence
care norms)

Clinical Innovation (e.g., cultural shifts enable
practice changes)

Key indicators Professional behavior change (% adoption of
sustainable practices)

Prescribing patterns (% reduction in unnecessary
medications)

End-of-life care intensity (% reduction in futile
interventions)

(continued)
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(continued)

Cultural innovation at a glance

Examples Deprescribing culture reducing unnecessary
medications

Green healthcare champions promoting environmental
awareness

Patient empowerment movements reducing
medicalization

Key references DiMaggio (1997), Schein (2010)

""Good Enough Death' Guidelines in Intensive Care Medicine

A European society of Intensive Care Medicine issued sustainability-focused clinical
guidelines challenging the cultural imperative to “do everything possible” at end-of-
life. The Top 5 Smarter Medicine recommendations include: “Do not pursue intensive
care for people with severe risk of dying without discussing therapeutic goals with
patients or their representatives”. This cultural innovation redefines “good care” from
maximal intervention to appropriate intervention aligned with patient values. Imple-
mentation at a large European hospital reduced ICU admissions for terminal patients by
25%, decreased resource consumption in the final 2 weeks of life by 40%, and improved
patient and family satisfaction scores. The paradigm shift, from “more is better” to
“good enough”, saves approximately 18 tons COze per 100 end-of-life patients while
honoring dignity and autonomy.

What Innovation to Reduce the Environmental Impacts
of the Healthcare Sector?

The list of the 9 forms of innovations is summarized in Table 4.2.

We have seen that there are many ways to define, to rank, and characterize the
different forms of innovation. Beyond the idiosyncratic character of each type of
innovation, it is important to understand in the context of this work that they carry
different forms of novelty (although we saw earlier that it depends on the perspective
of who judges it) and different degrees of impact on the environment. In the Fig. 4.4,
we use two axes: first, to what degree innovations are incremental or radical and
second, to what degree they are based on a low or high amount of resources. This
categorization is based on ranking and comparison of the different types of inno-
vation. The positioning resulted from comparative evaluation of innovation, based
on literature, criteria of resource intensity (material/energy inputs), and degree of
departure from established practice (incremental versus systemic transformation).
Naturally, it faces some limitations. The first one has to do with the categorization
itself. The categories are less watertight to another than what can be seen on the
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Table 4.2 Synthetic table of the nine forms of innovation
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Innovation Type | Category Description Key References
Technological Technoproductive New devices, Schumpeter (1942);
Innovation equipment, materials, Dosi (1982); Freeman
and digital tools & Soete (2007)
Clinical Technoproductive New diagnostic, Rogers (1995); Berwick
Innovation therapeutic, and (2003)
treatment approaches
Service Technoproductive New ways of delivering | Gallouj and Djellal
Innovation and organizing care (2005); Gallouj and
services through Weinstein (1997)
technology
Business Model | Socio-organizational | New approaches to Chesbrough (2010);
Innovation financing and organizing | Osterwalder and
healthcare economics Pigneur (2010)
Organizational Socio-organizational | New structures, Lam (2005);
Innovation governance systems, Damanpour (2017)
and institutional
coordination
Process Socio-organizational | New workflows, Hammer and Champy
Innovation protocols, pathways, (1993); Davenport
and operational methods | (1993)

Social Innovation Moulaert et al., (2013a,

2013b); Manzini (2014)

Socio-organizational | Bottom-up,
community-driven
solutions addressing

social needs

Cultural
Innovation

Shifts in values, norms,
mindsets, and behaviors

Affordable,
resource-constrained
solutions emphasizing
simplicity and
accessibility

Paradigmatic DiMaggio (1997);

Schein (2010)
Radjou et al. (2012);

Bhatti and Ventresca
(2013)

Frugal Innovation | Paradigmatic

graph. Many innovations can fit in several categories, and in that context, one must
do the sometimes difficult exercise of deciding which form of innovation it is the
most related to and “purify” it accordingly. Yet, the reality is as often (and almost by
definition) more complex than the reality it intends to capture. For instance, many
technological solutions are used in the case of various innovations, and an innovation
such as “big data analytics capabilities” (Benzidia et al., 2023) could either belong to
technological innovation or process innovation. It depends at the same of the primary
function and the degree of novelty of each type of innovation (in the particular case of
big data analytics capabilities, because the primary function is about improving work-
flow and the technology is already existing, it would better fit the category of process
innovation). Likewise, telemedicine (here placed as a service innovation) could also
belong to technological innovation, but we considered that the service contribution
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was more important than the technological one. Even what appears to be the most
aloof types of technology have more in common than what the graph could tell. For
instance, technological innovation and frugal innovation, which could appear as the
most distant forms of innovation (one high-tech and capital-intensive, the other low-
cost and resource-conserving) can sometimes be complementary, as in the case of
assisted diagnostics embedded in low-cost mobile kits. As some researchers suggest,
this synergy allows health systems to “do more with less”, while expanding reach
and maintaining clinical quality (Bhatti & Ventresca, 2013). A second limitation is
the positioning of the different types of innovations, which is made challenging by
the diversity of solutions in each type of innovation. An educated guess was made
in each case to rank them on both axis and to position them in the most sensible
way. A third limitation is related to the static nature of the visualization, which
cannot capture how innovations migrate across categories over time. As previously
mentioned, novelty is situated, normative and contextual. Therefore, what begins as
radical innovation in resource-constrained settings may become normalized service
innovation when adopted by high-resource systems. Reversely, high-tech solutions
may become frugal through local adaptation or contextual simplification. While the
exact positioning can be discussed, the framework’s primary value lies not in precise

cartography but in revealing general patterns.

Now that we have positioned the different forms of innovation based on their
degree of novelty and their impacts on the environment, one can question where the

scientific literature stands to date. This is done in the next section (Fig. 4.4).
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Chapter 5 ®)
A Critical Perspective of Innovation e
in the Healthcare Sector

Abstract The present chapter critically examines the relative weight of each of the
nine forms of innovation as per its number of publications in the scientific litera-
ture. The technical form of innovation dominates the literature whereas other forms
of innovation such as organizational or frugal innovation are misrepresented. The
literature further shows a strong focus on western, medical innovation and male
innovation. An analysis of the scientific imaginaries through bibliometric analysis
reveals a preference of the cure over the care, a “more is better” type of thinking and
an importance of the present over the future.

Keywords High-tech - low-tech - imaginaries + barriers - levers

Arguably, innovations have often been reduced to innovators, forgetting the ecosys-
tems that enabled them, the public aids that made them possible in the first place
(Berkun, 2010). Still, it is impossible to talk about innovation without talking about
innovators. As we shall see, innovations in the healthcare sector are dominated by a
western, masculine, and medical imaginaries. Part of this reason is that, as demon-
strated by Lehoux et al. (2016) and Harris et al. (2018), innovation studies system-
atically privilege formal, documented, institution-backed initiatives while excluding
informal, practice-based, and community-generated solutions. For instance, grass-
roots innovations are frequently invisible in standard metrics of innovation because
they are undocumented, informal, or disqualified because they do not fit dominant
paradigms of value, novelty, or patentability. As Harris et al. (2018) argue, “what
you find depends on where you look™.
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What Innovations?

Recently, we have questioned for whom the innovation in healthcare was (Baras etal.,
2026). Questioning whether innovation was targeting clinical, social, economic, or
environmental benefits, this looks for whom innovation is directed in the health-
care sector. As illustrated in Table 5.1, the distribution reveals that healthcare inno-
vation discourse unsurprisingly prioritizes clinical outcomes, while environmental
considerations receive significantly less attention.

Innovation at What Stage

An alternative approach to analyzing innovation in the healthcare sector is to look at
what stage of the SR (Refuse, Reduce, Reuse, Recycle, and Rethink) framework the
innovation belongs (see Table 5.2).

This distribution reveals healthcare “downstream tropism” as far as sustainability
is concerned, with a focus on “Recycle”. The modest presence of ‘“Refuse” and
“Rethink” approaches suggests that an interest is present, but their secondary status
shows that transformative approaches come after reformist approaches. As for the
indicators, the downstream solutioning dominates while the upstream thinking is
underrepresented.

Beyond Techno-productive Innovation

Observing what innovation is favored through scientific publications provides an idea
of where the focus is in this grammar of innovations. This is illustrated in Table 5.3.

The results presented in the table above show that the focus of innovation in
sustainable healthcare leans on the technoproductive side. Sustainability is seen as a

Table 5.1 main reasons for R
. . Category Article count
environment-saving
innovations Patient/Clinical 1150
Social 524
Economic 348
Environmental 227

Source Pubmed. Dates: all. See details in Appendix A

;[(;atbhl: SSRZ frztrf:ii};l? ceording Strategy Article count
Refuse 31
Reduce 24
Reuse 52
Rethink 31
Recycle 77

Source Pubmed. Dates: all. See details in Appendix A



What Innovations?

Table 5.3 Number of publications per form of innovation

7

Innovation main category Innovation subtype Number of publications
Technoproductive Technological 197

Technoproductive Service 31

Technoproductive Clinical 50
Socio-organizational Process 17
Socio-organizational Organizational 11

Socio-organizational Business model 19
Socio-organizational Social 17

Paradigmatic Frugal 13

Paradigmatic Cultural 21

Source Pubmed. Dates: all. See details in Appendix A

problem to fix through more tools and devices rather than a preoccupation with the
social, organizational, cultural or the lean side. This isn’t so surprising. As shown by
Harmut Rosa (2003), innovation is co-substantial with acceleration. This is however
concerning in many ways. Over the past two decades, healthcare innovation has been
increasingly dominated by the language of digital transformation, artificial intelli-
gence, genomics, and personalized medicine. These narratives are powerful because
they speak to a deep collective desire for control, mastery, and infinite progress. They
promise faster diagnostics, more tailored therapies, and enhanced health system effi-
ciency. Yet these technological trajectories are not without ecological cost. High-tech
care infrastructures require high-density energy, intensive computation, and globally
distributed supply chains. The environmental burden of these technologies is far
from magical. Al systems, particularly large models used for diagnostics, natural
language processing, and treatment prediction, rely on data centers with massive
energy demands, at a moment where the sector tries to cut its energy needs. Person-
alized medicine depends on short-lifecycle diagnostic devices and biologics with
complex cold chains, often yielding significant emissions and material waste. The
global push toward digitization also generates a rising wave of electronic waste,
obsolescence, and resource extraction tied to rare metals. As highlighted by Udegbe
et al. (2024), the data infrastructures underlying Al in healthcare, from wearables
to remote monitoring, often depend on continuous energy input and generate invis-
ible forms of digital pollution through data storage, transmission, and algorithmic
processing. Beyond patents and investment in R&D There are many metrics used to
measure innovation. Most of the work on indicators of innovation were done by Fred
Gault, who has extensively analyzed how innovation was measured (Gault, 2013).
In a previous work, we have identified what academic disciplines were related to
innovation, in particular in the Swiss context (Jeannerat et al., 2023). To date, the
room left to sustainability in innovation metrics has hardly been questioned. If we
take a look at some of the main indicators used to measure innovation, it is possible
to see that the environment is not absent, but that most metrics do not have an explicit
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environmental dimension. This is even more true if one looks at it closer, since, from
the perspective of the main indicators (number of patents, number of publications,
investment in R&D), which all have a blind eye on environmental impacts. This is
also true when looking at indexes of innovation such as the Global Innovation Index
that dedicate only a small part to environmental matters.

Innovation by Whom?

Beyond Colonial Innovation

The fact that innovation is used as a way for countries to bring their domination on
others is not new. During the European conquest of New World and the following
slavery, the idea of novelty was used as a differentiator between the civilized West
and populations that were “closer to Nature” (Boumediene, 2016; Guien, 2025).
This is also visible in everyday literature. In order to keep the productive species,
Robinson Crusoe eliminates the natives and keeps Friday under custody. Where are
the official innovators trying to reduce the environmental impacts of the healthcare
sector from? The publications stem from institutions (universities, hospitals, clin-
ics...) from OECD countries, with the UK (37.4%) and US (27.3%) alone account
for nearly two-thirds of healthcare sustainability innovation publications, despite
representing less than 5% of global population. On the other side of the spectrum,
countries representing approximately 75% of global population contribute only 4.3%
of healthcare sustainability innovation research. The geographic distribution shown
in Table 5.4 reveals several blind spots in healthcare sustainability as the Global
North is the origin of the lion’s share of the publications. This means that the archi-
tecture of knowledge carries blind spots and that, as for other fields (Al, soft power),
the voice of the Global South is virtually unheard.

Table 5.4 countries of origin of publications on the environmental sustainability sector

Country/region Publications % of Total Publications per 100 M population
England 70 37.4% 125.0
United States 51 27.3% 15.4
Netherlands 18 9.6% 105.9
Switzerland 12 6.4% 1333
Germany 7 3.7% 8.4
France 5 2.7% 74
Australia 2 1.1% 7.7
Canada 2 1.1% 53
Global South Total 8 4.3% 0.1
Other High-Income 12 6.4% 3.0

Source Pubmed. Dates: all. See details in Appendix A
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The crual irony in the case of environmental health is that, as we have seen through
frugal innovation, the Global South might detain missing pieces to reduce the envi-
ronmental impact of the healthcare system in the Global North. As a matter of fact,
countries like India have been leaders in frugal innovation or “jugaad” innovation
(which means “manage” in Hindhi). This raises at least two issues. First, inno-
vation solutions are developed primarily by and for high-resource settings, poten-
tially missing more sustainable approaches developed under resource constraints.
High-tech solutions from well-resourced environments may prove inappropriate for
resource-constrained settings where most healthcare is delivered. Second, this is a
lack of visibility of solutions which might prove particularly robust, including for
the Global North which is increasingly depending on electricity and technological
solutions. While this might work most of the time, it also raises problems when
electricity installations face issues as seen in April 2025 in Spain/Portugal when a
power cut during which every hospital had trouble operating.

Beyond Medical Innovation

In order to further sktech the profile of the innovator, we must turn toward what
professions are typically considered as innovators. The analysis of which healthcare
professions are represented in sustainability innovation literature reveals strong hier-
archies that may fundamentally bias the types of solutions that emerge as shown in
Table 5.5.

The publications by medical doctors are ahead of all other professions combined.
This shows a clear pattern of the medicalization of innovation, i.e., the edge medical
doctors have on innovation in the healthcare sector. This can be explained by higher
cultural capital and prestige (Citaku et al., 2012; Plochg & Hamer, 2012; Van Wijn-
gaarden etal., 2012) in a context where the medicalization of care delivery has led to a
dominant figure defined by technical precision, scientific rationality, and adherence
to standardized protocols. This was already present in the Flexner Report (1910).
Environmental consciousness, when it appears at all, is peripheral. Reversely, the

Table 5.5 professions mentioned in the publications on initiatives to reduce environmental impacts
in the healthcare sector

Title Results (PubMed) | Percentage % | Results (OpenAlex) | Percentage %
Medical doctors | 195 55.9 6811 39.1

Nurses 98 28.1 4711 27.1
Pharmacists 17 4.9 2061 11.8
Physiotherapists | 9 2.6 1106 6.4
Midwives 8 2.3 773 4.4
Radiological 6 1.7 79 0.5

imaging

Nutritionists 16 4.6 1859 10.7

Total 349 100.0 17,400 100.0

Source Pubmed / OpenAlex. Dates: all. See details in Appendix A
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underrepresentation of other professions translates in missed opportunities in terms
of innovation. Although innovations are often claimed by professions with the most
cultural capital, many innovations are done on the ground by the forefront workers,
as already claimed by Adam Smith in The Wealth of Nations:

All the improvements in machinery, however, have by no means been the inventions of those
who had occasion to use the machines. Many improvements have been made by the ingenuity
of the makers of the machines, when to make them became the business of a peculiar trade;
and some by that of those who are called philosophers or men of speculation, whose trade it is
not to do anything, but to observe everything; and who, upon that account, are often capable
of combining together the powers of the most distant and dissimilar objects. In the progress
of society, philosophy or speculation becomes, like every other employment, the principal or
sole trade and occupation of a particular class of citizens. Like every other employment too, it
is subdivided into a great number of different branches, each of which affords occupation to a
peculiar tribe or class of philosophers; and this subdivision of employment in philosophy, as
well as in every other business, improves dexterity, and saves time. Each individual becomes
more expert in his own peculiar branch, more work is done upon the whole, and the quantity
of science is considerably increased by it.

Craftsmen and blue-collar workers in the face of difficulties have often invented
solutions to bypass them. They have often been invisibilized and the innovations
were claimed by the management or the factories, to which the inventions belong.
The construction of professional identity is not only positive but negative, i.e., against
other professions. Medical professionals distinguish themselves from “alternative”
practitioners, social workers, or environmental advocates partly by emphasizing their
commitment to scientific rigor, technological mastery, and evidence-based practice.
Since sustainability is often based on principles of precaution and not always on hard
data, advocating for sustainability is a risk of trespassing the boundaries of legitimate
medical expertise and be considered as “less serious”.

Beyond Masculine Innovation

The question of who conducts innovation from a gender perspective has received
attention in various settings (Mendonca & Reis, 2020; Schgtt & Cheraghi, 2015),
less so in healthcare contexts despite exceptions (Cheon et al., 2022). To explore
potential gendered differences, we analyzed the first names of lead authors in a
recent corpus of 2025 publications retrieved from PubMed. Gender inference was
initially performed using the Genderize API based on the first name of the first author.
For names with ambiguous, rare, or culturally unfamiliar profiles, or for which the
probability was below a confidence threshold (typically <0.70), we conducted manual
verification through institutional affiliations and visual identification via institutional
websites or academic profiles. As illustrated in Table 5.6, the gendered segmentation
is remarkable. Among publications centered on technological innovation, we found
that only 25% of first authors were women, whereas in the social innovation corpus,
70% of first authors were women. These results suggest a gendered orientation in the
way innovation types within the healthcare literature are structured or divided. Men
appear more frequently in domains linked to high-tech and digital tools, while women
more often author work related to social and organizational innovation. Although not
definitive, this observation resonates with previous findings on gendered divisions of
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Table 5.6 Sex of the first authors in publications on initiatives to reduce the environmental impacts
in the healthcare sector (period: first half of 2025)

Innovation type | Sample Women Men first | Pattern analysis
size first authors
authors
Technological 91 23 (25%) | 68 (75%) | Strong male dominance in
Innovation tech-focused innovation
Social innovation | 64 45 (70%) |19 (30%) | Strong female leadership in social/
organizational innovation

Source Pubmed. Dates: first half of 2025. See details in Appendix A

labor. This is also another way sustainability and gender equality resonate(Merchant,
2010).

These results suggest possible gendered orientations in innovation types within
healthcare literature that have been observed elsewhere (Ragasa, 2012; Zhou & Xu,
2007). Men predominate in technological innovation domains linked to high-tech
and digital tools, artificial intelligence, and medical devices, while women dominate
as far as social innovations are concerned such as community-based interventions,
behavioral change approaches, and people-centered design. The valorization of high-
tech interventions over preventive or ecological approaches reflects deeply gendered
divisions about what constitutes legitimate medical knowledge and practice.

What Imaginaries

After questioning the tools (techné [téyvn]), the procedures, and the representa-
tions of the innovators, we must now more fundamentally question the imaginaries
upon which our healthcare systems rely. Following Foucault’s archaeology, we must
examine how certain practices become so entranched in institutional discourse that
they come to appear natural rather than historically constructed.

When Techné Means Techno

When Alter says "innovation requires a touch of magical thinking", it seems that,
since a few decades, the genius takes the form of a modern, technological equip-
ment. The expertise in a given field is what the Greeks called techne. From the
Ancient Greece to the Middle Ages, techne echoed an art, local, unique form of
know-how. Techne was then unique, micro and situated. The Industrial Revolution
changed the imaginary and associated techné to machinery, reproduction and indus-
trial. Techne then became reproducible, macro and standardized. The field of health
was later conditioned by that shift with the Pasteurian revolution which equated
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health progress to hygiene, cleanliness, sanitization. In the twentieth century, hospi-
tals gradually became machines for diagnosis and treatment with medical instru-
ments (thermometers, stethoscopes, sphygmomanometers) and laboratory diagnos-
tics (urinalysis, blood counts), emphasizing objectivity and spatial control (Foucault,
2002). This was deeply anchored by several waves such as the rise of biomedicine, the
technodevelopment of post-Second World War, the digitalization and the COVID-19
effect. Power dynamics reinforce that tendency by aligning symbolic capital and
prestige (in general physicians) to mastery of complex technologies over behavioral
(nurses, community health professionals, psychologists, social workers...) (Gaspar
et al., 2025). This is still the case today. A 2019 Euro-Biolmaging survey of 117
infrastructure users and 106 providers across Europe revealed that the most requested
“innovative” technologies had high-intensity. MRI variants came first, followed by
advanced computational imaging techniques (light-sheet microscopy, ultra-high-
resolution microscopy, and positron emission tomography). Technologies coming
at the top of the ladder demand substantial capital investment, energy consumption,
and specialized infrastructure (Euro-Biolmaging, 2019).

Healthcare’s axiological structure can be understood around opposing poles of
purity and impurity. In healthcare, high-tech innovations, which appear as objective,
scientific, and universal, occupy the “pure” pole while other forms of innovation
such as low-tech, social, or behavioral interventions seem contextual, subjective, and
primitive and are relegated to the “impure” pole (Bourdieu, 1988). This purification
process generates the powerful illusion that technology transcends the messy social
realities of healthcare delivery, while frugal approaches, which acknowledge social
and economic constraints, appear ‘“compromised” or insufficiently medical (Fig. 5.1).

Plastic Is Fantastic

When healthcare professionals are asked about the main impacts of their sector,
wastes, and plastics in particular, often come first. In fact, the amount of plastic
wastes generated in HC settings is preoccupying. A German surgical hospital study
revealed the use of 531 grams of polymers (incl. 45% of polypropylene and 25% of

"PURE" POLE "IMPURE" POLE
High-Tech Innovations Low-Tech, Social, Behavioral
* Objective * Contextual
« Scientific * Subjective
* Universal  —— * Primitive
¢ Technology-centered m * People-centered
* Capital-intensive * Resource-constrained
* Laboratory-validated * "Compromised"
EXAMPLES EXAMPLES
Robotic surgery » Al diagnostics * Gene therapy Community health workers * Behavioral programs
Advanced imaging  Precision medicine * ICU tech Frugal innovations e Patient education * Social prescribing

Fig. 5.1 Conceptual purification of forms of innovation
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latex) consumed per patient per day, representing 86% of medical consumables, with
personal protective equipment and incontinence products constituting the largest
categories (Ivanovic¢ et al., 2022). This is not limited to high-income countries as
an Indian study shows that 18% of biomedical waste and 13% of general waste
consisted of plastic material (Dutt Bhardwaj et al., 2023). Plastic is ubiquitous in
all phases of healthcare delivery (preventive, diagnostic, therapeutic, prosthetic, and
palliative care phases) (Sivaram et al., 2021). Although we have here mostly focused
on environmental impacts, there are now concerns that chemicals may leach from
plastic additives, hereby affecting vulnerable patient population (Ramos et al., 2023).
As we have mentioned earlier in this book, this is not where the most impacts are
at least when looking at the most common measure of the carbon footprint, nor is it
the case with the complementary measure explored in this book of material footprint
but it impacts the imaginaries and the feelings of many healthcare workers. It is also
the most direct resource these workers have their disposal, see and touch on a daily
basis. Many express on the ground feeling sick by throwing away so much.! In the
healthcare culture, the “disposable logic” emerged as a discursive formation that
emerged in the 1970s and 1980s. It is not an absolute necessity, but a given narrative
present in western societies (and since then in others) since about half a century.

Cure vs Care

Medicalization describes a process where more and more aspects of human existence,
human behavior, and the human body are reframed as medical issues and where the
professional power of medicine expands over wider spheres of life (Foucault, 2002,
p- 135). The role of the modern hospital is to cure, fix the body and the mind. As we
have seen, the physicians and the administrators are the conductors of that theater.
The relative positions of healthcare professionals can be understood in relation to
their specific forms of capital within the medical field (Bourdieu & Wacquant, 1992;
Canguilhem, 1966). The more specialized and the more technicized, the higher the
prestige; the less specialized and the less technicized, the lower the position on the
prestige ladder. Also, nurses follow that same order, with the most technical and the
most urgent dominating the prestige ladder whereas the nurses busy with community,
prevention, and social work occupy the bottom of the ladder (Longchamp et al., 2015).

The shift that happened to the healthcare sector, which is, the shift from care to
cure is the same that happened in other sectors. In the same way GDP became a proxy
for quality of life, the good cure became a proxy for the good care. Whereas this
approximation (good cure = good care) might have been true in the middle of the
twentieth century, it seems to lose its legitimacy with time. In the same way economic
growth was a decent proxy for good life in the middle of the twentieth century, curing
might have been a decent proxy for good care in the mid-twentieth century. However,
in both cases, the benefits of that simplification have gradually saturated, and the side
effects have become increasingly clear. The fact that an indicator can serve as a proxy
at a given moment and might lose its capacity over time is a form of Goodhart’s law,

! Heard many times in HC settings in France, Switzerland, and Luxembourg.
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which that when a measure becomes a target, it ceases to be a good measure. This indi-
cator reification shows how much the institutionalization of the norms and values can
work for a time, but rarely ad vitaernam. Most of the time, instead of cohabiting, the
logics of care and cure confront. As Apesoa-Varano (2007) shows in her ethnography
of nursing education, professional socialization often revolves around embodying
dual ideals: scientific authority and emotional care. These can be complementary but
are frequently in tension. This cure-as-a-care form of reduction, whereby individual
bodies are “restored” to a presumed state of normalcy overlooks other forms of care.
In particular, preventive, relational, and ecological dimensions are overshadowed of
care, as well as unpaid and informal practices of support that sustain life beyond the
clinic, such as community support, environmental protection and restoration, which
have long been emphasized in feminist and postcolonial literature. Yet, in dominant
healthcare imaginaries, these dimensions are often subordinated to abstract metrics
and standardized protocols.

In that sense, feminist political ecologists define planetary care as a shift from
control to coexistence, from mastery to response-ability (Puig de La Bellacasa, 2013).
Winders & Smith ( 2019) remind us that care cannot be disentangled from political
economy. Under capitalism, both ecosystems and caregiving labor are extracted and
undervalued (Merchant, 2014). Health is then treated as a market good rather than
a shared responsibility for supporting community well-being. The development of
planetary care values also requires attention to other knowledge systems. A “two-
eyed” perspective with western and indigenous considerations (Illes et al., 2025) can
embody planetary care principles through integration of human health with ecological
well-being, their emphasis on relationship and reciprocity, and their attention to
long-term consequences across generations.

More Is Better vs Good Enough

The current mantra of the healthcare setting seems to be “more is better”. Bodies
and minds should be fixed at any cost for as long as possible no matter what. As a
significant share of the healthcare costs and thus a high part of the environmental
impacts occurs within the last year of life (Aldridge & Kelley, 2015), professional
association have started to question this mantra of maintaining life and extending
life in any situation. The Swiss association of intensive medicine has mentioned in
its top 5 for smarter medicine to not pursue care with people with severe risks of
dying without discussing the therapeutic goals with the patients or the represent of
the patient.” McNamara (2004) documents how the theoretical ideal of “good death”
has been replaced by a pragmatic notion of “good enough death”. The notion of
“good enough” could save a lot of resources with virtually no cost in terms of quality
of care (Brulé et al., 2026). Interviewing healthcare workers during the COVID-19
pandemic, Harrison et al. (2023) distinguish the “familiar”, “good enough”, and “best
practices”. The relevance of each ethos is in particular put in perspective with sense
of urgency. This must have us reflected if the ethos of best practices will be the most
relevant in the face of climate urgency.

2 https://www.smartermedicine.ch/fr/liste-top-5/medecine-intensive
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A common concern expressed across interviews, especially by nurses who worked in Covid-
19 wards, was that what would ordinarily be considered ‘best practice’ was not always
possible in the pandemic context due to insufficient knowledge and resources. Instead, health-
care workers had to prioritize what could or needed to be done: ‘We would only address urgent
needs. [...] We just felt like we were trying to get by’. (Harrison et al., 2023)

This approach was framed as a “disaster” model of care.

Doing best practice, in practice, can thus be summed up as a situated yet iterative process of
making care work in relation with what can be known, what can be done, and what can be
done better. (here, now, and for now)

As many environmentalists agree (and more and more healthcare workers), we are in
a state of environmental emergency that justifies changes in the definition of the good
enough. Although it would be possible to picture a very clear distinction between
best practices and good enough in certain cases (e.g., using the full surgical hand
scrub (soap, water, brush, timed procedure) between patients vs using alcohol-based
hand rubs), the exact criteria about the border between good enough and other ethos
is in many cases “flurry” (Harrison et al., 2023, p. 5).

Mapping of Imaginaries

Imaginaries are far from being monolithic. Rather, they are composed of several
sub-imaginaries for which actors struggle for hegemony, following a Gramscian
perspective. In the field of healthcare, one could oppose a dominant one centered on
technology, fixing, resource blindness with another one focused on interdependence,
slowness, planetary health, and ethical futurity (Puig de la Bellacasa, 2013). This
means that what was created as a new magma, as an episteme of modern conditions
in healthcare narrative (single-use, more is better, health is curative) can be unmade.
In that sense, Castoriadis offers us some tools with his radical imaginary, which
represents the unique human capacity to create new social meanings, new institu-
tions, and new forms of caring. Hocini and Dallaporta’s “poetics of care” offers one
example, proposing healing not as a return to prior states but as the emergence of new
ways of life. When dividing imaginaries as conflicting sub-imaginaries, for instance,
one that would be maximalist and one that would be minimalist, without surprise,
the former takes more room in the bibliography than the latter. Trying to characterize
an imaginary is far from trivial, yet one can derive manifestations of the imaginary
through what is valued in the publication. Given that different imaginaries can be
conceived as teleoaffective structures backed by ends and values (Schatzki, 2002), it
is possible to extract a set of values of narratives (Stibbe, 2023) that are constitutive of
the imaginaries. Below is a set of pillars that are carrying each imaginary (Table 5.7).

The ratios show that in each case the number of publications in the maximalist
imaginary is superior to the number of publications in the minimalist imaginary.
However, there are wide disparities depending on the pair of items which is observed.
The ratio is only about two when comparing the larger cure vs care, goes up to 4 to 5
when observing action, decision logic, and temporal orientation. In other words, the
differences are more important when considering what is actually being used on the
field than in philosophical terms. Another way to distinguish sub-imaginaries would
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Table 5.7 maximalist vs minimalist imaginaries

Dimension Maximalist Article count Minimalist Article count Ratio
imaginary imaginary

Relation to Cure 2,900,000 Care 1,338,000 2.2

health

Action “More is 219 « Good 55 4.0
better” enough »

Decision logic | Do more 157 Do better 33 4.8

Temporal Present 668 Future 132 5.1

Orientation

Source Pubmed. Dates: all. See details in Appendix A

be, following (Ricoeur, 2013) to distinguish on one axis reproductive imagination,
which reiterates existing forms, with productive imagination, which brings forth
new possibilities. The second axis distinguishes critical distance, where imagina-
tion questions and reframes reality, from non-critical involvement, where it remains
absorbed in prevailing logics (Fig. 5.2).

Taken together, these four positions present different types of imaginaries. At
the bottom left lies the frace of maximalism, where “more is better” dominates.
At the top left, a portrait reframes current practices, such as efficiency or smarter
medicine, without radically transforming them. At the top right stands the novel,
where planetary care imaginaries open new horizons for ethics and environmental
preservation. At the bottom right, one finds illusions, where technophilic promises of
green innovation mask structural inertia. Success requires careful alignment between
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Portrait of sustainability
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Fig. 5.2 Different forms of imaginaries
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eco-friendly technologies and organizational practices, as misalignment between
green facilities and outdated behaviors among healthcare professionals often leads
to project failures (Pinzone et al., 2016).

What Barriers

One way to see the headwinds that are faced by the different types of innovation
is to define 12 barriers at the macro, meso, and micro levels (full description in
appendix). When aggregating barriers at the macro (economic incentives, policy gaps,
supply chain lock-in, cultural paradigm), meso (temporal urgency, organizational
silos, guidelines and power dynamics), and micro-level (training gaps, competing
priorities, professional identity, psychological distance), the most radical change in
innovation with the most promising gains in terms of environmental impacts (frugal
and cultural innovation) face the most resistance, with frugal innovation and cultural
innovation cumulating 11 out of 12 barriers. These are represented in Table 5.8.

Enabling Transformation

Now that we have identified barriers to innovation, it becomes possible to make some
propositions to lift them.

Beyond Barriers to Innovation

Combine Various Forms of Innovation.

As for interprofessionality, multi-type innovation is one way to avoid separating
innovations and to build coalitions that can move toward resource efficiency, starting
with the most acceptable forms (technological) to the most challenging ones (frugal,
cultural). Technological innovations (which face only 3 barriers in the previous part)
provide immediate visible wins (energy reduction, waste decrease). These quick
successes generate political capital and resources supporting forms of innovation
with slightly more resistance, such as process innovations (optimized sterilization
workflows, supply chain redesign) which face 7 barriers, normalizing sustainability
considerations in daily practice. Organizational innovation (creating sustainability
governance structures, cross-departmental coordination) addresses 8 barriers by
establishing accountability mechanisms and reducing silos, providing leverage for
deeper changes. Then it becomes possible to address cultural innovation (plane-
tary health education, professional training integrating environmental literacy) which
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confronts 6 barriers. Finally, frugal innovation (adopting materially simpler alterna-
tives like zeerpot refrigeration or mosquito net hernia repair) faces 11 out of 12
barriers but becomes feasible through technological legitimacy, operationalization,
sustainability-friendly governance and cultural shifts.

Building Evidence

Clinical validation establishing non-inferiority, demonstrating co-benefits reduces
professional resistance by addressing safety concerns while revealing indirect advan-
tages. For instance, portable ultrasound shows accuracy comparable to typical
hospital systems for some applications such as trauma assessment, cardiac func-
tion, and pregnancy monitoring. Simultaneously, portability, immediate point-of-care
availability, resilience with fewer electronic failure points in demanding environ-
ments, and reduced infrastructure requirements for rural settings are additional bene-
fits. Similarly, the fact that home-based peritoneal dialysis showed equivalent survival
rates with superior quality-of-life metrics challenged assumptions that decentralized
care is less effective than hospital care. To show that frugality or simplicity can bring
decisive advantages, one must operate strategically by targeting receptive contexts
where specific advantages are obvious (e.g., emergency medicine values portability
or patients value home-based care) then generate comparative evidence addressing
skeptics’ concerns and leverage early adopters as champions within professional
networks. Evidence generation proves particularly effective against competing prior-
ities barriers, when “safety above all” dominates professional culture, demonstrating
that simpler or decentralized approaches maintain safety while offering additional
benefits reframes simplicity from compromise to elegant sufficiency.

Professional Education and Training.

Professional education addressing environmental literacy, systems thinking, and
planetary health directly confronts training gaps, the one barrier that affects all
nine innovation types. Despite marginal recent improvements, medical and health
curricula are still full of biomedical content, much less so of environmental health,
ecological impacts of clinical decisions, and planetary boundaries. This produces
professionals with clinical tunnel vision who cannot recognize healthcare’s envi-
ronmental footprint and room for improvement. Improving environmental literacy
reduces professional identity barriers by reframing sustainability from secondary
to core clinical skill, in the same way evidence-based medicine became legitimized
professional knowledge. Education also addresses psychological distance by making
abstract future environmental harms concrete and proximate: when clinicians under-
stand that unnecessary diagnostic testing, overtreatment, and resource-intensive
interventions directly harm planetary health affecting patient populations, temporal
and spatial distance collapse, making long-term harm very concrete.
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Embrace Silent Innovation

Silent innovation (also sometimes mentioned as “invisible innovation’) is not a much
discussed topics except for a few exceptions (Fuglsang, 2010; Tonkonoff, 2013). It
is not totally absent from the healthcare sector (Saidi et al., 2021), where the author
acknowledges that

Innovation activities in health care are difficult to monitor and manage as they are often
tied to improvements of ongoing practices and services. Finding a way to make ‘hidden
innovations’ visible is important if innovation is to be managed strategically within and
across hospitals (p. 725)

Silent innovation is an old tradition in many sectors already described by Adam Smith
in The Wealth of Nations. Silent innovations emerge from daily practice experience
rather than from formal R&D processes. They are typically motivated by professional
values and environmental concerns rather than institutional mandates or economic
incentives. Most importantly, they remain largely undocumented in academic litera-
ture, institutional reports, or formal innovation tracking systems. In order to recog-
nize silent innovations, innovation systems must recognize organizational and social
innovations as equally important as technological interventions.

While innovation is often associated with technological breakthroughs or formal
institutional projects, much of the environmental progress occurring in healthcare
today is not labeled as such. Drawing on von Hippel’s work on “democratizing inno-
vation” and Fuglsang’s analysis of “everyday innovation”, we identify a crucial
category of change that remains largely invisible to formal innovation systems.
Many healthcare initiatives might represent innovation without healthcare workers
stating it or even realizing it, in the same way Moliere’s Monsieur Jourdain had
been performing prose for his whole life without knowing it. Whether they don’t
realize it or lack time to have it recognized as such, many healthcare workers
are quietly modifying practices to reduce their ecological footprint, without neces-
sarily labeling these acts as “innovation”. Part of this has to do with the indicators
used, as “non-technological innovation” (like new care pathways or professional
role reconfigurations) may be less frequently named in publications not because
it happens less, quite the contrary, but because it is less perceived as innova-
tion. However, solutions developed for resource-constrained settings subsequently
adopted in high-income contexts, bypass cultural paradigm barriers by demonstrating
that simplicity can prove superior even where resources are abundant. This legiti-
mation effect proves particularly powerful against colonial bias, the Global South
becomes recognized as innovation source rather than mere recipient. East African
products (e.g., zeerpot) or Indian high-volume eye surgery centers’ frugal techniques
(Aravind model achieving quality outcomes at 1/30th cost) demonstrate that resource
constraints drive innovations valuable beyond their original context.
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Silent Innovation in Practice

Swiss Maternity Unit Resource Optimization: A team of midwives in a mid-size Swiss
hospital in Neuchatel initiated systematic reduction of disposable items through modi-
fied sterilization routines and transition to reusable materials. Because they are not
interested in selling it to the outside, they haven’t documented through indicators, which
is what anyone seeking strategic positioning would do. Discussing the before and after,
we estimate that they have reduced by 40% the disposable items over 18 months while
maintaining clinical quality indicators. Staff did not consider themselves “innovators”,
nor are they seeking for an award, they felt this was simply “the right thing to do”.

Beyond Urgency and Human Worlds

Temporal orientations have been studied in a wide variety of contexts, in particular
in inter-cultural comparisons (Zimbardo & Boyd, 2015), less so between sectors or
jobs. Time-as-a-stressor was often considered (see, e.g., Siebenhiiner et al., 2020;
Wang, 2019), including in the care context, counter-models such as future orientations
seem to be less present in the literature. Biomedical care typically operates through
urgent, short-term timeframes that correspond to individual biological processes
but the longer ecological timescales (climate change, environmental degradation,
ecological health) are typically absent. According to Latour, “the Moderns are not
creatures who look forward, but who look only at the present, confusing it with
reality. This is why the eruption of Gaia surprises them so much. Since they have
no time, they are too busy to fail to notice that time is escaping them [...] For them,
“future* is entirely constituted by their pasts, without any truly realistic or novel
dimension. Children of the Enlightenment, they were accustomed to rejecting with
courage and determination the past from which they came, but they never had the
habit of inventing the future”.?

In healthcare settings in which time poverty is often experienced, sustainability
initiatives fail because they require what Bateson called “Learning III”’, a meta-level
reflection that enables practitioners to see beyond immediate operational pressures to
consider longer-term environmental consequences. Transforming healthcare’s envi-
ronmental impact requires more than technical fixes or policy mandates; it demands
what Govindarajan calls “self-disruption” by established healthcare workers, a will-
ingness to question and reconstruct the temporal logics that currently govern clinical
practice. Creating time-conscious sustainability requires reimagining organizational
practices and professional norms in order to integrate environmental considerations
into the fundamental rhythms and routines of care delivery and professional roles
and task allocation in ways that distribute environmental responsibility across care

3 Own translation
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teams. This might involve developing specialized positions, sustainability coordina-
tors, waste reduction specialists, or green procurement officers, who have the time
and institutional authority to implement environmentally preferable practices.

Augmenting the time perspective also requires expanding the conceptual bound-
aries of the current healthcare system. Ethics of environmental health are future-
oriented and inclusive of more-than-human worlds. They challenge the separation of
clinical responsibility from environmental impact and demand an integrated approach
to living well together across not only generations but also species. This requires
a reformatting of the dualistic, mechanistic, and reductionistic worldview of the
modern healthcare culture (Pietroni & Pietroni, 1996). This echoes what Corine
Pelluchon calls a “new enlightenment” (Pelluchon, 2021).

Conclusions

In the Anthropocene, the healthcare sector is seeking solutions to reduce its environ-
mental impact and do its part, years if not decades after other sectors. Whatever the
reasons (protect the environment to protect the environment (primum non nocere),
protect the environment to feel better about one’s mission, align personal values
with professional values, reputation, costs...), healthcare workers and institutions
are looking for solutions. This book has hopefully brought three main contributions
to the debate on reducing the environmental burden of the healthcare sector.

The first is the laying out of a framework of innovations in the healthcare sector.
Nine forms of innovation were developed in the context of this book (Technological,
Service, Clinical, Process, Organizational, Business model, Social, Frugal, Cultural).
Some are already endemic of the healthcare sector (e.g., clinical innovation) whereas
others are more peripheral (e.g., cultural innovation), but are potential solutions for
healthcare workers and institutions seeking pro-environmental changes. None of
them is a silver bullet and it is likely that several solutions will be needed to bring
the changes that are required to meet the requirements of the Paris agreement for the
healthcare systems of the Global North. Technological innovations, often presented
as the ultimate forms of innovation will not suffice due to rebound effects, the envi-
ronmental cost of technology and the magical imaginary that surrounds it. It can
contribute to some of the changes needed but other types of innovation (change
of use, change of definition, change of norms, change of organizations,...) will
also be required. Solutions within the healthcare sector can be used directly while
those developed outside must be translated into healthcare contexts and realities. For
instance, a business model innovation must fit within the insurance and reimburse-
ment frameworks in which healthcare systems are embedded, often with significant
differences across countries.

A second contribution is an analysis of the indicators used to depict innovation
on the one hand and environmental impacts on the another hand. The first shows that
environmental considerations are largely absent from the most dominant indicators,
which focus primarily on the number of patents or publications and rarely account
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for the environmental burden that they may entail. The second highlights a large
tropism on carbon metrics, concentrating the debate on energy while overlooking the
material dimension of a sector that depends heavily on a limited number of regions
for its supply (mainly Asia for medicines and rare earth, Africa and Latin America
for metals). Future perspectives should focus on making invisible innovations more
visible in order to shift the narrative toward more environmentally sustainable forms
of innovations.

A third contribution is a critical reading of current innovation approaches. It is
likely that cultural innovations will also be needed to reduce environmental impacts
and achieve Net Zero emissions aligned with the Paris Agreement. After many
decades characterized by a maximalist imaginary, it is likely that Western coun-
tries will have to embrace some “good enough” imaginary. It is not only about doing
just as well; it is also a way to build systems that are more robust. In a world of poly-
crises, robustness and resilience will become just as important as efficiency which
have characterized the neoliberal management approaches guiding healthcare insti-
tutions. Robustness and resilience show that simplicity and frugality might become
desirable. This is not to topple the traditional paradigms of healthcare system (health
first, more is better) but to argue that healthcare systems should be able to operate
across multiple paradigms, which is not currently the case. In this sense, healthcare
systems in the Global South, long considered second-class systems, offer alterna-
tives. They do not need to be adopted directly, but can provide examples and spaces
for reflection for healthcare systems in the Global North. Not only are there alter-
natives in the Global South, but many options also exist within healthcare systems
in the Global North. As they currently operate at the margins of official innova-
tive frameworks, making them more visible in necessary to recognize that healthcare
systems can significantly improve their environmental performances by using options
that already exist. The good news is that many good examples are already present
within healthcare systems; they are simply not visible enough and remain at the
margins of silent innovation. Recognizing that much is already being done is one
step in this direction. Part of this transformation will also depend on metrics. Good-
hart’s law tend to lead to a reification of the metrics used. At present, the dominant
metrics of innovation are patent-based, industry-driven and competitive. The absence
of environmental considerations within the current framework leads to tragedy-of-
the-commons-type scenarios, in which each actor has an incentive to exploit shared
resources for individual benefit. When innovation metrics instead incorporate collab-
oration, co-construction, and open source approaches, imaginaries of innovation can
shift toward care, social innovation and the recognition of environmental impacts.
At present, competitors may not fully realize the urge for change. The challenges
ahead will require coalitions of individuals who may not see the world in the same
way but who need to roll up their sleeves and work together.
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Environmental Measures Used

Methodological Search terms used Results

approach

Carbon footprint ((“sustainable healthcare"[Title/Abstract] OR “healthcare 73
sustainability"[Title/Abstract] OR “green healthcare"[Title/
Abstract])) AND ((Carbon Footprint{fMeSH Terms]) OR
(Carbon Footprint*[Title/Abstract]))

Life Cycle Assessment | ((“sustainable healthcare"[Title/Abstract] OR “healthcare 21

(LCA) sustainability"[Title/Abstract] OR “green healthcare"[Title/
Abstract])) AND ((Carbon Footprint{MeSH Terms]) OR
(Carbon Footprint*[Title/Abstract]))

Ecological footprint ((“sustainable healthcare"[Title/Abstract] OR “healthcare 5
sustainability"[Title/Abstract] OR “green healthcare"[Title/
Abstract])) AND ((Carbon Footprint{MeSH Terms]) OR
(Carbon Footprint*[Title/Abstract]))

Pharmaceutical ((“sustainable healthcare"[Title/Abstract] OR “healthcare 3

pollution sustainability"[Title/Abstract] OR “green healthcare"[Title/
Abstract])) AND (“pharmaceutical pollution"[Title/Abstract]
OR “drug pollution"[Title/Abstract] OR “pharmaceutical
residues"[Title/Abstract] OR “drug residues"[Title/Abstract])
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Indicators Used

Appendix A: Search Equation

Resource/Impact | Input Equation Process Equation Output Equation
14 42 118

Materials (green (green healthcare[Title/ | (green healthcare[Title/
healthcare[Title/ Abstract] OR “healthcare | Abstract] OR healthcare
Abstract] OR sustainability"[Title/ sustainability[Title/
“healthcare Abstract] OR sustainable | Abstract] OR sustainable

sustainability"[Title/
Abstract] OR
sustainable
healthcare[Title/
Abstract]) AND
(Equipment and

healthcare[Title/
Abstract]) AND
(Equipment and
Supplies[MeSH Terms]
OR “material*"[Title/
Abstract] OR

healthcare[Title/
Abstract]) AND
(Equipment and
Supplies[MeSH Terms]
OR “material*"[Title/
Abstract] OR “solid

Supplies[MeSH “equipment"[Title/ waste"[Title/Abstract]
Terms] OR Abstract] OR OR “plastic waste"[Title/
material*[Title/ “device*"[Title/ Abstract] OR “medical
Abstract] OR medical | Abstract]) AND waste"[Title/Abstract])
device*[Title/ “reus™"[Title/Abstract]

Abstract] OR OR “sterilization"[Title/

procurement*[Title/ | Abstract] OR

Abstract] OR supply | “single-use"[Title/

chain*[Title/ Abstract] OR

Abstract]) AND “reprocessing"[Title/

(consumption*[Title/ | Abstract])

Abstract] OR

input*[Title/Abstract]

OR

purchasing*[Title/

Abstract])

29 36 127

(continued)
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(continued)

Resource/Impact | Input Equation Process Equation Output Equation

Energy/carbon (green (green healthcare[Title/ | (green healthcare[Title/
healthcare[Title/ Abstract] OR healthcare | Abstract] OR healthcare
Abstract] OR sustainability|[Title/ sustainability|[Title/
“healthcare Abstract] OR sustainable | Abstract] OR sustainable
sustainability"[Title/ | healthcare[Title/ healthcare|[Title/
Abstract] OR Abstract]) AND Abstract]) AND (Carbon
sustainable (“energy"[Title/Abstract] | Footprint{fMeSH Terms]
healthcare[Title/ OR “HVAC"[Title/ OR “carbon
Abstract]) AND Abstract] OR “operating | footprint*"[Title/
(“energy"[Title/ room*"[Title/Abstract] Abstract] OR CO2[Title/
Abstract] OR OR “ventilation"[Title/ Abstract] OR “GHG
“electricity"[Title/ Abstract]) AND emission*"[Title/
Abstract] OR (“efficiency"[Title/ Abstract] OR
“fuel"[Title/ Abstract] OR “greenhouse gas*"[Title/
Abstract]) AND “management"[Title/ Abstract])
(“input"[Title/ Abstract] OR
Abstract] OR “optimization"[Title/
“consumption"[Title/ | Abstract])
Abstract] OR
“demand"[Title/
Abstract])
23 3 17

Water (green (green healthcare[Title/ | (green healthcare[Title/
healthcare[Title/ Abstract] OR “healthcare | Abstract] OR healthcare
Abstract] OR sustainability"[Title/ sustainability[Title/
“healthcare Abstract] OR sustainable | Abstract] OR sustainable

sustainability"[Title/
Abstract] OR
sustainable
healthcare[Title/
Abstract]) AND
(“water"[Title/
Abstract]) AND
(“consumption[Title/
Abstract] OR
“demand*"[Title/
Abstract] OR
“input"[Title/
Abstract] OR
“use"[Title/Abstract])

healthcare[Title/
Abstract]) AND
(“water"[Title/Abstract])
AND (“dialysis"[Title/
Abstract] OR
“sterilization"[Title/
Abstract] OR
“cooling"[Title/Abstract]
OR “laundry"[Title/
Abstract])

healthcare[Title/
Abstract]) AND (Carbon
Footprint[MeSH Terms]
OR “carbon
footprint*"[Title/
Abstract] OR CO2[Title/
Abstract] OR “GHG
emission*"[Title/
Abstract] OR
“greenhouse gas*"[Title/
Abstract])

35

31

42

(continued)
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(continued)

Resource/Impact | Input Equation Process Equation Output Equation

Pharmaceuticals/ | (green (green healthcare[Title/ | (green healthcare[Title/

chemicals healthcare[Title/ Abstract] OR “healthcare | Abstract] OR healthcare
Abstract] OR sustainability"[Title/ sustainability|[Title/
healthcare Abstract] OR sustainable | Abstract] OR sustainable
sustainability|[Title/ healthcare|[Title/ healthcare|[Title/
Abstract] OR Abstract]) AND Abstract]) AND
sustainable (“pharmaceutical*"[Title/ | (“pharmaceutical*"[Title/
healthcare[Title/ Abstract] OR Abstract] OR
Abstract]) AND “prescrib*"[Title/ “drug*"[Title/Abstract]
(Carbon Abstract] OR OR ““anesthetic
FootprintfMeSH “antibiotic*"[Title/ gas*"[Title/Abstract])

Terms] OR “carbon
footprint*"[Title/
Abstract] OR
CO2|[Title/Abstract]
OR “GHG
emission*"[Title/
Abstract] OR
“greenhouse
gas*"[Title/Abstract])

Abstract] OR “anesthetic
gas*"[Title/Abstract])
AND (“practice*"[Title/
Abstract] OR
“stewardship"[Title/
Abstract] OR
“choice*"[Title/Abstract]
OR “rational use"[Title/
Abstract])

AND (“pollution”[Title/
Abstract] OR
“residue*"[Title/
Abstract] OR
“environmental*"[Title/
Abstract] OR
“wastewater®"[Title/
Abstract] OR
“emission*"[Title/
Abstract])

Targets of Impacts-Reducing Initiatives

Atrticle
Count

1150

Category Search equation

Patient/Clinical | (“healthcare innovation*"[Title/Abstract] OR “health
innovation*"[Title/Abstract] OR “medical innovation*"[Title/
Abstract]) AND (“patient outcome*"[Title/Abstract] OR “clinical
benefit*"[Title/Abstract] OR “quality"[Title/Abstract] OR
“effectiveness"[Title/Abstract] OR “efficiency"[Title/Abstract] OR
“Quality of Health Care"[MeSH Terms] OR Efficiency[MeSH

Terms] OR Treatment Outcome*[Title/Abstract])

((“healthcare innovation*"[Title/Abstract] OR “health
innovation*"[Title/Abstract] OR “medical innovation*"[Title/
Abstract])) AND ((“social benefit*"[Title/Abstract] OR “equity”[
Title/Abstract] OR “communit*"[ Title/Abstract] OR “social
determinant* of health"[Title/Abstract] OR “Health service*
accessibility"[Title/Abstract] OR “social justice"[Title/Abstract] OR
“Health Inequit*"[Title/Abstract] OR “healthcare disparit*”[Title/
Abstract] OR “Health statu* disparit*”[Title/Abstract] OR “Social
Determinants of Health"[MeSH Terms] OR “Health Services
Accessibility"[MeSH Terms] OR “Social Justice"[MeSH Terms]
OR “Health Inequities"[MeSH Terms]))

Social 524

(continued)
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Category

Search equation

Atrticle
Count

Economic

((“healthcare innovation*"[Title/Abstract] OR “health
innovation*"[Title/Abstract] OR “medical innovation*"[Title/
Abstract])) AND (“cost—benefit analys*"[Title/Abstract] OR
“cost-effectiv*"[Title/Abstract] OR “economic benefit*"[Title/
Abstract] OR “efficienc*"[Title/Abstract] OR “cost reduction"[Title/
Abstract] OR “Cost Saving*"[Title/Abstract] OR *“Value-Based
Purchasing"[Title/Abstract] OR “cost analys*"[Title/Abstract] OR
“Health care cost*"[Title/Abstract] OR “Economics,
Medical"[MeSH Terms] OR “Costs and Cost Analysis"[MeSH
Terms] OR “Value-Based Purchasing"[MeSH Terms] OR
“Efficiency"[MeSH Terms] OR “Cost Savings"[MeSH Terms])

348

Environmental | ((“healthcare innovation*"[Title/Abstract] OR “health

innovation*"[Title/Abstract] OR “medical innovation*"[Title/
Abstract])) AND ((“environmental"[Title/Abstract] OR “Climate
Chang*"[Title/Abstract] OR “Waste management"[Title/Abstract]
OR “sustainability"[ Title/Abstract] OR “carbon"[ Title/Abstract]
OR “green*"[Title/Abstract] OR “ecological*"[ Title/Abstract] OR
“sustainable development"[Title/Abstract] OR “Environmental
Health"[MeSH Terms] OR “Conservation of Natural
Resources"[MeSH Terms] OR “Climate Change"[MeSH Terms] OR
“Waste Management"[MeSH Terms] OR “Environmental
Pollution"[MeSH Terms]))

227

The 5Rs Strategy

Strategy

PubMed search equation

Results

Refuse

(("sustainable healthcare"[Title/Abstract] OR "healthcare
sustainability"[Title/Abstract] OR "green healthcare"[Title/Abstract])) AND
(("overuse"[Title/Abstract] OR "unnecessary care"[Title/Abstract] OR
"low-value care"[Title/Abstract] OR "overtreatment"[Title/Abstract] OR
"de-prescrib*"[Title/Abstract] OR "deprescrib*"[Title/Abstract] OR
"choosing wisely"[Title/Abstract] OR "overdiagnos*"[Title/Abstract] OR
Medical Overuse[MeSH Terms]))

31

Reduce

("sustainable healthcare"[Title/Abstract] OR "healthcare
sustainability"[Title/Abstract] OR "green healthcare"[Title/Abstract]) AND
("resource reduction"[Title/Abstract] OR "energy efficien*"[Title/Abstract]
OR "waste reduction"[Title/Abstract] OR "reducing consumption"[Title/
Abstract])

24

Reuse

("sustainable healthcare"[Title/Abstract] OR "healthcare
sustainability"[Title/Abstract] OR "green healthcare"[Title/Abstract]) AND
("reus*"[Title/Abstract] OR "equipment reuse"[Title/Abstract] OR
"single-use"[Title/ Abstract])

52

(continued)
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(continued)
Strategy | PubMed search equation Results
Rethink | ("sustainable healthcare"[Title/Abstract] OR "healthcare 31

sustainability"[Title/Abstract] OR "green healthcare"[Title/Abstract]) AND
("rethink*"[Title/Abstract] OR "care model innovation"[Title/Abstract] OR
"system redesign"[Title/Abstract] OR "healthcare transformation"[Title/
Abstract] OR "reimagin*"[Title/Abstract] OR "care pathway*"[Title/
Abstract])

Recycle | ("sustainable healthcare"[Title/Abstract] OR "healthcare 77
sustainability"[Title/Abstract] OR "green healthcare"[Title/Abstract]) AND
("recycl*"[Title/Abstract] OR "waste segregation"[Title/Abstract] OR
"waste management"[Title/Abstract] OR "medical waste"[Title/Abstract]
OR "healthcare waste"[Title/Abstract] OR "hospital waste"[Title/Abstract]
OR Recycling[MeSH Terms])

Imaginaries
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Innovation
subtype

Sustainability-focused PubMed equation

Technological

((“sustainable healthcare"[Title/Abstract] OR “green healthcare"[Title/
Abstract]) AND (“technolog*"[Title/Abstract] OR “device*"[Title/
Abstract] OR “equipment”[Title/Abstract] OR “digital health"[Title/
Abstract] OR Technology[MeSH Terms] OR Equipment and
Supplies|[MeSH Terms]))

197

Process

((“sustainable healthcare"[Title/Abstract] OR “green healthcare"[Title/
Abstract]) AND (“process innovation"[Title/Abstract] OR
“workflow"[Title/Abstract] OR “lean"[Title/Abstract] OR “supply
chain"[Title/Abstract]))

Frugal

((“sustainable healthcare"[Title/Abstract] OR “green healthcare"[Title/
Abstract]) AND (“frugal innovation"[Title/Abstract] OR
“low-cost"[Title/Abstract] OR “appropriate technology"[Title/Abstract]
OR “resource-constrained"[Title/Abstract] OR “jugaad"[Title/
Abstract]))

Clinical

((“sustainable healthcare"[Title/Abstract] OR “green healthcare"[Title/
Abstract]) AND (“care pathway*"[Title/Abstract] OR “clinical
practice*"[Title/Abstract] OR Clinical Protocols[MeSH Terms]))

50

Organizational

((“sustainable healthcare"[Title/Abstract] OR “green healthcare"[Title/
Abstract]) AND (“care delivery model*"[Title/Abstract] OR “integrated
care"[Title/Abstract] OR Organizational Innovation[MeSH Terms]))

Financial

((“sustainable healthcare"[Title/Abstract] OR “green healthcare"[Title/
Abstract]) AND (“financial innovation"[Title/Abstract] OR “payment
model*"[Title/Abstract] OR “value-based"[Title/Abstract] OR
“financing mechanism*"[Title/Abstract]))

Service

((“sustainable healthcare"[Title/Abstract] OR “green healthcare"[Title/
Abstract]) AND (“service innovation"[Title/Abstract] OR
“telehealth"[Title/Abstract] OR “home care"[Title/Abstract] OR
“mobile health"[Title/Abstract] OR Telemedicine[MeSH Terms] OR
Home Care Services[MeSH Terms] OR e-health[Title/Abstract]))

31

Social

((“sustainable healthcare"[Title/Abstract] OR “green healthcare"[Title/
Abstract]) AND (“social innovation"[Title/Abstract] OR “community
health*"[Title/Abstract] OR “patient engagement"[Title/Abstract] OR
Patient Participation[MeSH Terms]))

Cultural

((“sustainable healthcare"[Title/Abstract] OR “green healthcare"[Title/
Abstract]) AND (“cultural change"[Title/Abstract] OR “behavior*
chang*"[Title/Abstract] OR “behaviour* change"[Title/Abstract] OR
“paradigm shift"[Title/Abstract]))

21
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Analysis of First Author Institutional Affiliations
Jor Environmental Healthcare Innovation

Search: (((“Ambulatory Care” [Mesh] OR “Delivery of Health Care"[Mesh]
OR “Home Care Services"[Mesh] OR “Hospitals"[Mesh] OR “Primary Health
Care"[Mesh] OR “Telemedicine"[Mesh] OR “ambulatory care*"[Title/Abstract]
OR “delivery of health care*"[Title/Abstract] OR “healthcare service*"[Title/
Abstract] OR “home care service*"[Title/Abstract] OR “hospital*"[Title/Abstract]
OR “primary health care*"[Title/Abstract] OR “telemedicine*"[Title/Abstract]))
AND ((“Carbon Footprint"[Mesh] OR “Environmental Pollutants"[Mesh] OR
“Greenhouse Gases"[Mesh] OR “Medical Waste"[Mesh] OR “Waste Manage-
ment"[Mesh] OR “carbon footprint*"[Title/Abstract] OR “ecological foot-
print*"[Title/Abstract] OR “energy consumption*"[Title/Abstract] OR “energy effi-
cien*"[Title/Abstract] OR “energy use*"[Title/Abstract] OR “environmental foot-
print*"[Title/Abstract] OR “environmental pollutant*"[Title/Abstract] OR “green-
house gas*"[Title/Abstract] OR “medical wast*"[Title/Abstract] OR “waste genera-
tion*"[Title/Abstract] OR “waste management*"[Title/Abstract] OR “waste segrega-
tion*"[Title/Abstract]))) AND ((“Equipment Reuse"[Mesh] OR “Recycling"[Mesh]
OR “Refuse Disposal"[Mesh] OR “energy efficienc*"[Title/Abstract] OR “equip-
ment reus*"[Title/Abstract] OR “green initiativ*"[Title/Abstract] OR “green
practice*"[Title/Abstract] OR “recycle"[Title/Abstract] OR “reduction*"[Title/
Abstract] OR “refuse disposal*"[Title/Abstract] OR “repurpose"[Title/Abstract]
OR “reuse"[Title/Abstract] OR “smarter medicin*"[Title/Abstract] OR “sustainable
practice*"[Title/Abstract])).

Publication period: 2025.

Sample: 187 publications meeting criteria.

Geographic coding based on first author institutional address.

Analysis Per Profession

Title Equation Results
Base ("green healthcare"[Title/Abstract] OR "healthcare 965
sustainability"[Title/Abstract] OR "sustainable healthcare"[Title/
Abstract])
Medical doctors | ("green healthcare"[Title/Abstract] OR "healthcare 195

sustainability"[Title/Abstract] OR "sustainable healthcare"[Title/
Abstract]) AND (General Practitioners{MeSH Terms]OR General
Surgery[MeSH Terms] OR Physicians[MeSH Terms] OR
doctor*[Title/Abstract] OR GP[Title/Abstract] OR "medical
practitioner®"[Title/Abstract] OR physician*[Title/Abstract] OR
surg*[Title/Abstract])

(continued)
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Title

Equation

Results

Nurses

("green healthcare"[Title/Abstract] OR "healthcare
sustainability"[Title/Abstract] OR "sustainable healthcare"[Title/
Abstract]) AND (Nurses[MeSH Terms] OR Nursing[MeSH
Terms] OR Nursing care[MeSH Terms] OR nurs*[Title/Abstract])

98

Pharmacists

("green healthcare"[Title/Abstract] OR "healthcare
sustainability"[Title/Abstract] OR "sustainable healthcare"[Title/
Abstract]) AND (Pharmacists[MeSH Terms] OR Pharmacy[MeSH
Terms] OR pharmacist*[Title/Abstract] OR pharmacy|Title/
Abstract])

17

Physiotherapists

("green healthcare"[Title/Abstract] OR "healthcare
sustainability"[Title/Abstract] OR "sustainable healthcare"[Title/
Abstract]) AND (physical therapy specialty[MeSH Terms] OR
physical therapists[MeSH Terms] OR physical therapy
modalities[MeSH Terms] OR "physical therap*"[Title/Abstract]
OR physiotherap*[Title/Abstract] OR PT[Title/Abstract])

Midwives

("green healthcare"[Title/Abstract] OR "healthcare
sustainability"[Title/Abstract] OR "sustainable healthcare"[Title/
Abstract]) AND ("Midwifery"[MeSH Terms] OR midwi*[Title/
Abstract])

Radiological
imaging

("green healthcare"[Title/Abstract] OR "healthcare
sustainability"[Title/Abstract] OR "sustainable healthcare"[Title/
Abstract]) AND ("radiology technician*"[Title/Abstract] OR
"radiologic technologist*"[Title/Abstract] OR radiographer*[Title/
Abstract])

Nutritionists

("green healthcare"[Title/Abstract] OR "healthcare
sustainability"[Title/Abstract] OR "sustainable healthcare"[Title/
Abstract]) AND ("Nutritional Sciences"[MeSH Terms] OR
"Nutritionists"[MeSH Terms] OR dietetic*[Title/Abstract] OR
dietician*[Title/Abstract] OR nutrition*[Title/Abstract])

16

Analysis of Gender Patterns in Healthcare Innovation

Leadership

Sample: 187 recent publications from first half of PubMed 2025 (analysis done in

july).

Equation scoping:
((("Ambulatory Care" [Mesh] OR "Delivery of Health Care"[Mesh] OR

"Home Care Services"[Mesh] OR "Hospitals"[Mesh] OR

"Primary Health

Care"[Mesh] OR "Telemedicine"[Mesh] OR "ambulatory care*"[Title/Abstract]
OR "delivery of health care*"[Title/Abstract] OR "healthcare service*"[Title/
Abstract] OR "home care service*"[Title/Abstract] OR "hospital*"[Title/Abstract]
OR "primary health care*"[Title/Abstract] OR "telemedicine*"[Title/Abstract]))
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AND (("Carbon Footprint"[Mesh] OR "Environmental Pollutants"[Mesh] OR
"Greenhouse Gases'"[Mesh] OR "Medical Waste"[Mesh] OR "Waste Manage-
ment"[Mesh] OR "carbon footprint*"[Title/Abstract] OR "ecological foot-
print*"[Title/Abstract] OR "energy consumption*"[Title/Abstract] OR "energy effi-
cien*"[Title/Abstract] OR "energy use*"[Title/Abstract] OR "environmental foot-
print*"[Title/Abstract] OR "environmental pollutant*"[Title/Abstract] OR "green-
house gas*"[Title/Abstract] OR "medical wast*"[Title/Abstract] OR "waste genera-
tion*"[Title/Abstract] OR "waste management*"[Title/Abstract] OR "waste segrega-
tion*"[Title/Abstract]))) AND (("Equipment Reuse"[Mesh] OR "Recycling"[Mesh]
OR "Refuse Disposal"[Mesh] OR "energy efficienc*"[Title/Abstract] OR "equip-
ment reus*"[Title/Abstract] OR "green initiativ*"[Title/Abstract] OR "green
practice*"[Title/Abstract] OR '"recycle"[Title/Abstract] OR "reduction*"[Title/
Abstract] OR "refuse disposal*"[Title/Abstract] OR "repurpose"[Title/Abstract]
OR "reuse"[Title/Abstract] OR "smarter medicin*"[Title/Abstract] OR "sustainable
practice*"[Title/Abstract])).

Gender analysis protocol:

Genderize API analysis of first author names

Manual verification for ambiguous cases using institutional websites
Confidence threshold: > 0.70 probability

Cultural verification/visual verification on the websites for non-Western names

i
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Table A.1 MESH terms
MeSH Terms Entry | URL
Date
Attitude 1999 | https://www.ncbi.nlm.nih.gov/mesh/68001290
Carbon Footprint 2011 | https://www.ncbi.nlm.nih.gov/mesh/?term=Carbon+Foo
tprint
Climate Change 2010 | https://www.ncbi.nlm.nih.gov/mesh/?term=Climate+
Change
Clinical Protocols 1988 | https://www.ncbi.nlm.nih.gov/mesh/?term=Clinical+Pro
tocols
Conservation of Natural | 1977 | https://www.ncbi.nlm.nih.gov/mesh/?term=Conservation+
Resources of+Natural+Resources
Cost Savings 1992 | https://www.ncbi.nlm.nih.gov/mesh/?term=Cost+Savings
Costs and Cost Analysis | 1966 | https://www.ncbi.nlm.nih.gov/mesh/?term=Costs+and+
Cost+Analysis
Culture 2024 | https://www.ncbi.nlm.nih.gov/mesh/68003469
Economics, Medical 1999 | https://www.ncbi.nlm.nih.gov/mesh/?term=Economics%
2C+Medical
Education 1999 | https://www.ncbi.nlm.nih.gov/mesh/68004493
Efficiency 1999 | https://www.ncbi.nlm.nih.gov/mesh/68004526
Environmental Health 1999 | https://www.ncbi.nlm.nih.gov/mesh/68004782
Environmental Pollution | 1974 | https://www.ncbi.nlm.nih.gov/mesh/68004787
Equipment and Supplies | 1999 | https://www.ncbi.nlm.nih.gov/mesh/68004864
General Practitioners 2011 | https://www.ncbi.nlm.nih.gov/mesh/?term=General+Practi
tioners
General Surgery 2009 | https://www.ncbi.nlm.nih.gov/mesh/68013502
Health Inequities 2022 | https://www.ncbi.nlm.nih.gov/mesh/?term=Health+Inequi
ties
Health Services 1978 | https://www.ncbi.nlm.nih.gov/mesh/?term=Health+Ser
Accessibility vices+Accessibility
Home Care Services 1967 | https://www.ncbi.nlm.nih.gov/mesh/68006699
Medical Overuse 2016 | https://www.ncbi.nlm.nih.gov/mesh/?term=Medical+Ove
ruse
Midwifery 1966 | https://www.ncbi.nlm.nih.gov/mesh/?term=Midwifery
Nurses 1967 | https://www.ncbi.nlm.nih.gov/mesh/68009726
Nursing 1999 | https://www.ncbi.nlm.nih.gov/mesh/68009729
Nursing care 1966 | https://www.ncbi.nlm.nih.gov/mesh/68009732
Nutritional Sciences 2007 | https://www.ncbi.nlm.nih.gov/mesh/68052756
Nutritionists 2014 | https://www.ncbi.nlm.nih.gov/mesh/?term=Nutritionists

(continued)
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https://www.ncbi.nlm.nih.gov/mesh/68009726
https://www.ncbi.nlm.nih.gov/mesh/68009729
https://www.ncbi.nlm.nih.gov/mesh/68009732
https://www.ncbi.nlm.nih.gov/mesh/68052756
https://www.ncbi.nlm.nih.gov/mesh/%3Fterm%3DNutritionists
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MeSH Terms Entry | URL
Date

Organizational 1989 | https://www.ncbi.nlm.nih.gov/mesh/?term=Organizational+

Innovation Innovation

Patient Participation 1978 | https://www.ncbi.nlm.nih.gov/mesh/?term=Patient+Partic
ipation

Perception 1999 | https://www.ncbi.nlm.nih.gov/mesh/68010465

Pharmacists 1968 | https://www.ncbi.nlm.nih.gov/mesh/68010595

Pharmacy 1999 | https://www.ncbi.nlm.nih.gov/mesh/68010604

Physical Therapists 2012 | https://www.ncbi.nlm.nih.gov/mesh/?term=physical+therap
ists

Physical Therapy 2006 | https://www.ncbi.nlm.nih.gov/mesh/?term=physical+the

Modalities rapy+modalities

Physical Therapy 2012 | https://www.ncbi.nlm.nih.gov/mesh/?term=physical+the

Specialty rapy+specialty

Physicians 1999 | https://www.ncbi.nlm.nih.gov/mesh/68010820

Quality of Health Care 1968 | https://www.ncbi.nlm.nih.gov/mesh/?term=Quality+of+
Health+Care

Recycling 2011 | https://www.ncbi.nlm.nih.gov/mesh/68059027

Social Determinants of | 2014 | https://www.ncbi.nlm.nih.gov/mesh/?term=Social+Determ

Health inants+of+Health

Social Justice 1978 | https://www.ncbi.nlm.nih.gov/mesh/?term=Social+Justice

Technology 1999 | https://www.ncbi.nlm.nih.gov/mesh/68013672

Telemedicine 1993 | https://www.ncbi.nlm.nih.gov/mesh/?term=Telemedicine

Value-Based Purchasing | 2013 | https://www.ncbi.nlm.nih.gov/mesh/?term=Value-Based+
Purchasing

Waste Management 1995 | https://www.ncbi.nlm.nih.gov/mesh/?term=Waste+Manage

ment
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Appendix B
Publications Per Sector

Decade Building Healthcare Building
1940 1

1960 3 1 1

1970 22 2 5

1980 8 4

1990 63 4 128
2000 1154 75 599
2010 4821 582 2267
2020 5551 2154 4595
Total 11,623 2,822 7,598

Source openalex
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Appendix C
Material Footprint

Material footprint of healthcare, in kg per person, 2015-2022 average
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Appendix D
Metrics of Innovation

Metric name Category | Environmental | Primary source Brief definition
dimension
Total R&D spending | Input None OECD Frascati Total expenditure on
Manual research and
development
Green R&D Input Explicit OECD Green R&D budget
budget allocation Growth specifically allocated
to environmental
innovation
Sustainable Input Explicit EU Horizon Number or funding of
innovation programs Europe sustainability-focused
innovation programs
Green procurement Input Explicit OECD Public Policies mandating
policies Procurement environmental criteria
in procurement
Environmental Input Explicit EU funding Funding mechanisms
conditions in funding frameworks with environmental
performance
conditions
Innovation hubs, Input None OECD Innovation | Number or capacity
incubators Policy of innovation hubs
and incubators
Sustainability-focused | Input Explicit Academic Research centers
centers literature dedicated to
sustainability
innovation
STEM graduates, Input None OECD S&T Human capital in
researchers Indicators science, technology,
engineering,
mathematics
Sustainability training | Input Explicit WHO/academic | Training programs on
in health programs sustainability for

health professionals

© The Editor(s) (if applicable) and The Author(s) 2026
G. Brulé, Reducing the Environmental Impact of Healthcare Systems, Sustainable
Business Development, https://doi.org/10.1007/978-3-032-34889-0

(continued)
115


https://doi.org/10.1007/978-3-032-34889-0

116 Appendix D: Metrics of Innovation
(continued)
# | Metric name Category | Environmental | Primary source Brief definition
dimension
10 | Clinical trials with Process | Explicit ClinicalTrials.gov | Clinical trials
sustainability including
endpoints environmental/
sustainability
outcomes
11 | Development cycle Process | None OECD Oslo Time from concept to
time Manual market launch
12 | Commercialization Process | None Academic Delay between
time lag literature innovation creation
and market entry
13 | Collaboration Process | None Bibliometric Degree of
intensity analysis inter-organizational
or cross-sector
collaboration
14 | Cross-sector Process | Partial OECD Innovation | Number of
partnerships surveys partnerships across
different sectors
15 | Patent-paper linkages | Process | None OECD STI Citations from patents
Scoreboard to scientific literature
16 | Number of patents Output | None OECD Oslo Total patents filed or
filed/granted Manual granted in period
17 | Green patents (IPC Output | Explicit OECD Green Patents in climate
YO02) Growth Indicators | change mitigation
technology classes
(IPC Y02)
18 | Patent environmental | Output | Partial USPTO/EPO Patents with
claims databases environmental-related

claims in




Appendix E
Frugal Innovation

Context Frugal Elemental count (Frugal vs. Traditional) Source
innovation
Insulin Clay pot 5 elements (Si, O, Al, Fe, Ca - local clay) vs. | Traditional
storage refrigeration | more than 20 elements (Cu, Al, Fe, rare earths, | technology
(zeerpot) refrigerants, polymers - global supply chains)
Diagnostics | Portable circa 15 elements (simplified electronics, GE Healthcare
ultrasound basic transducers) vs. more than 25 elements
(advanced imaging chips, multiple
transducers, high-resolution displays)
Dialysis Peritoneal 10-15 elements (dialysate solution, plastic Deccan
access dialysis catheter) vs. more than 25 elements Hospital, India
(hemodialysis machine: pumps, filters,
electronics, water treatment)
Surgical Mosquito net | 5-8 elements (polyethylene mesh: C, H, O, N) | Ghana (Harris
repair mesh for vs. 15-20 elements (synthetic surgical mesh | et al. 2018)
hernia repairs | with metallic reinforcement components)
Diagnostics | Paper-based 5 elements (cellulose, reagents: C, H, O, N, Multiple
diagnostic simple colorimetric indicators) vs. more than | LMICs
tools 20 elements (laboratory equipment with
electronics, optics, reagents)
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Appendix F
Barriers to Implantation

Structural Barriers (Macro Level).

Although we explicitly said that the scope of the book was not macro, we list here
the factors that influence the lack of accounting of environmental impacts. There
are numerous: economic mis-incentives, policy gaps, supply chain lock-in, cultural
paradigms and power struggles within the healthcare sector (conflicts of interest).

Economic Mis-Incentives

At the moment, this is limited by several factors, such as the structure of costs
and benefits and the absence of a “polluter pays” principle in healthcare financing
models. This principle emerged after the Minamata accident in 1956 showing direct
and dramatic effects of mercury on health of the newborns on the island of Kyushu
(Japan). Because most of the impacts of the healthcare system are less dramatic but
more diffuse (as well as for the other sectors), the integration of the externalities is not
yet on the agenda. While industrial facilities pay for emissions through carbon taxes
or cap-and-trade systems, hospitals emit freely. The fee-for-service model entails that
the more procedures performed, tests ordered, and medications prescribed, the greater
the revenue, regardless of ecological consequences. This payment structure typi-
cally favors resource-intensive interventions over prevention, acute treatment over
chronic disease management, hospital care instead of home care. Hospital purchasing
departments optimize economicity and rentability of the care while true lifecycle
costs (manufacturing emissions, transportation impacts, disposal burdens) remain
largely invisible or are borne by other actors. The physician choosing pressurized
metered-dose inhalers over dry powder alternatives faces no financial consequence
for the 28 kg CO, differential per prescription, should he/she be even aware of
this difference. Carbon emissions, toxic waste, resource depletion, and ecosystem
degradation never appear on organizational balance sheets. There are little incentives
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to invest in reusable materials unless the healthcare workers ask for it themselves.
Unless environmental impact assessments become mandatory components of health-
care financing, economic incentives will continue rewarding practices that maximize
throughput while externalizing ecological harm.

Policy and Regulatory Gaps

Healthcare operates within regulatory frameworks prioritizing patient safety, clinical
quality, and infection control. Whereas laudable, these goals create environmental
blind spots. The impacts in terms of global warming, ocean acidification, use of
resource, water pollution are virtually absent. Everything happens as if environmental
performance is optional. Most jurisdictions lack enforceable carbon reduction targets
for healthcare institutions. While some countries have established net-zero commit-
ments for health systems (e.g., NHS England’s 2040 target), these remain aspirational
rather than binding. Environmental reporting, where required, typically relies on
voluntary frameworks without standardized methodologies, enabling greenwashing
through positive narratives, cherry-picked indicators, and selective disclosure.

Supply Chain Lock-In

Healthcare supply chains exhibit profound path dependencies that resist transforma-
tion. Global medical device manufacturers achieve economies of scale through stan-
dardized, disposable products distributed via established logistics networks. Hospi-
tals procurement faces limited alternatives: reusable equivalents may be unavail-
able, incompatible with existing infrastructure, or very expensive at small volumes,
even when lifecycle analysis demonstrates long-term benefits. Pharmaceutical supply
chains also present some forms of lock-in since active pharmaceutical ingredients are
manufactured in facilities in Asia, packaged in single-use plastics, and transported
worldwide.

Cultural Paradigms and Societal Expectations

There is an underlying assumption within dominant narratives that medical progress
equates technological advancement. In the collective imaginary, “good healthcare”
means access to cutting-edge equipment, pharmaceuticals, and interventions regard-
less of environmental footprint. The cultural paradigm of “more is better” drives
systematic overtreatment and resource escalation. Defensive medicine practices, fear
of litigation, and patient demands for “everything possible” push clinicians toward



Appendix F: Barriers to Implantation 121

maximalist approaches even when evidence supports watchful waiting or conser-
vative management. This cultural dynamic operates beyond individual psychology
to shape institutional norms and professional standards that encode excess as best
practice (Govindarajan & Ramamurti, 2013).

Organizational Barriers (Meso Level)

At the meso level, typical brakes to changes to reduce the environmental impacts are
temporal architecture of urgency, siloed decision-making and resistance to change.

Temporal Architecture of Urgency

Modern healthcare systems operate under what we might call a temporal architec-
ture of urgency, a structuring of time that prioritizes speed, throughput, and imme-
diate availability over resource efficiency. When surgical teams face pressure to
complete more procedures in less time, the choice between reusable and dispos-
able instruments becomes predetermined by the logic of the system itself. These
include increased use of disposable supplies to reduce cleaning time, deployment of
single-use monitoring equipment to avoid maintenance delays, and preference for
pre-packaged medications over bulk dispensing systems that require additional staff
time. Packages of equipment are open even though they might not be necessary “in
case” this would be needed. This architecture of time is reinforced by staff shortages
and turnover, which creates a form of time poverty, a condition where the scarcity
of personnel translates directly into compressed decision-making timeframes. This
time poverty has systematic environmental consequence since routines are trapped in
resource-intensive modes. This resource-intensive mode is decided not through hier-
archy or common agreement but through what Foucault calls a disciplinary power, a
direct normalization. This can also be demonstrated via the Job Demands-Resources
model (Bakker & Demerouti, 2007). Healthcare professionals face intensifying job
demands (patient loads, time pressures, administrative burdens) while lacking suffi-
cient resources (adequate staffing, time buffers, environmental training). This imbal-
ance transforms environmental consciousness into an additional demand. The orga-
nizational message is clear, though rarely explicit: environmental stewardship is at
best a luxury for when “real work” is complete, a condition that rarely arrives in
chronically under-resourced healthcare settings.
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Organizational Silos and Fragmented Decision-Making

Healthcare organizations, like many modern institutions, operate through deeply
entrenched functional silos. Clinical departments, administration, procurement each
have their own logic, their own language. Sustainability, cross-cutting by “nature”,
fall into the gaps between these silos. This fragmentation means no single actor
possesses both authority and knowledge to implement systemic change. Clinicians
who recognize environmental harms lack procurement authority. Sustainability offi-
cers lack clinical credibility. Administrators face conflicting priorities from multiple
stakeholders. Performance metrics focus on domain-specific outcomes (patient
satisfaction, clinical quality indicators, financial margins, throughput efficiency)
with environmental impact absent or relegated to voluntary reporting. If “what
gets measured gets managed”, sustainability remains peripheral to organizational
priorities.

The Ambivalence of Guidelines

Healthcare organizations exhibit profound resistance to change, what Richman et al.
(2013) “health sector exceptionalism”, a term that depicts the tendency for healthcare
organizations to be more resistant to change than other technology-sensitive indus-
tries. This institutional conservatism operates through multiple mechanisms. The first
one is the importance of guidelines and protocols, through which “best practices”
are encoded in daily routines, regardless of environmental consequences. Clinical
practice guidelines have proliferated in recent years (one hospital reported biannu-
ally updating over 4,000 guidelines, creating what one quality manager described
as “unsettling”). The bureaucratic apparatus meant to ensure quality inadvertently
ossifies practice, making sustainable alternatives appear as deviations from standards
rather than improvements. Healthcare workers experience “regulatory objectivity”
(Cambrosio et al., 2006). This generates the paradox one nurse articulated: “We don’t
like the rules and still we keep seeking new ones”. Sustainability becomes another
checkbox rather than transformative principle. On top of this, organizational cultures
develop shared normative assumptions about things “should be done”, which can act
as brakes to novelty. For instance, the shift toward disposables in the 1970s-1980s
created a “disposable logic”” now taken for granted by practitioners.
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Different Roles/Power Dynamics

Power relations play crucial roles in mediating sustainability dynamics. Senior clini-
cians, despite holding expert and legitimate power, may find their authority to imple-
ment time-intensive sustainable practices undermined by managerial control over
scheduling and resource allocation.

Professional/Individual Barriers (Micro Level)

Professional Training

Hospitals and healthcare workers have traditionally underestimated their ecolog-
ical footprint, focusing narrowly on clinical missions while overlooking their roles
as major resource consumers, employers, and waste producers (Ulhgi & Ulhgi,
2009). Medical education, already overcrowded with clinical content, has little space
for environmental considerations except new movements (de Lucia et al. 2025).
This creates what might be called “clinical tunnel vision”, an intense focus on
individual patient care that makes broader systems thinking difficult to develop.
Academic medicine rewarded specialization and clinical research more than interdis-
ciplinary environmental thinking, competition more than cooperation. New medical
technologies are assumed beneficial if they improve clinical outcomes, not if
they diminish environmental footprint. Although improving, environmental literacy
remains largely marginal in most curricula. This training gap produces practitioners
who can calculate medication dosages with precision but cannot estimate the carbon
footprint of their clinical decisions.

Competing Priorities

The medical paradigm of “safety above all”, where patient safety and clinical
efficacy are primed above anything, constitutes a strong anchor from the cultural
perspective. Following the Hippocratic principle of “first, do no harm”, it seems
that any consideration beyond immediate patient outcomes is seen as a potentially
dangerous distraction. This Health Sector Exceptionalism (Richman et al., 2013)
further reinforces this barrier: “For a variety of reasons, health care organizations
are more resistant to change than other technology-sensitive industries. Accord-
ingly, health providers have particular difficulty implementing the normally painful
changes that have transformed other industries”. This exceptionalism manifests as a
professional conviction that healthcare’s life-or-death stakes justify exemption from
environmental accountability that applies to other sectors.
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Professional Identities

The intermeshed trends to value specialization and mastery of technological tools
lead to professional hierarchies within healthcare that systematically valorize techno-
logical sophistication over resource efficiency. Physicians specializing in high-tech
interventions (cardiac surgery, interventional radiology, intensive care) occupy posi-
tions of greater prestige, symbolic capital, and economic reward than those practicing
preventive medicine, primary care, or community health. This hierarchy is also valid
for nurses (Longchamp et al., 2015). This means that sustainable alternatives (often
simpler, lower-tech, more labor-intensive) face the risk to be perceived as a regres-
sion rather than an innovation. Advocating for reusability or questioning unnecessary
treatments can be seen compromising modernity or practicing “cookbook medicine”.
Career advancement, research funding, and peer recognition flow toward those who
adopt cutting-edge technologies, not those who optimize existing resources.

Cognitive Biases and Psychological Distance

Healthcare professionals may face systematic cognitive barriers that impede environ-
mental action despite awareness. Psychological distance (Trope & Liberman, 2010)
may seem aloof (future problem), spatially distant (global issue), socially removed
(affects others), and hypothetically uncertain (probabilistic threat) compared to the
immediate, tangible, concrete demands of patient care.
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Glossary

Anthropocene A proposed geological epoch in which human activities signifi-
cantly alter Earth’s climate and ecosystems, shaping health and environmental
conditions.

Antimicrobial Resistance The capacity of microorganisms to resist antimicro-
bial treatments, partly driven by environmental contamination and misuse of
antibiotics.

Carbon Footprint The total greenhouse gas emissions attributable to an activity or
system, expressed in CO; equivalents (CO,e)

Circular Procurement Purchasing strategies that prioritize reuse, repairability,
durability, and recyclability to reduce resource use and waste.

Clinical De-implementation The structured reduction of low-value or unnecessary
medical practices to improve care quality and reduce resource consumption.

Critical Raw Materials Strategically important minerals and metals with high
supply risk, often used in medical technologies.

Decarbonization The reduction of carbon intensity in energy systems and supply
chains to mitigate climate change.

Deprescribing The supervised discontinuation or reduction of medications that are
no longer beneficial or may be harmful.

Elemental Complexity The diversity of chemical elements in a product or device,
influencing recyclability and material dependency.

Enhanced Recovery After Surgery Evidence-based perioperative protocols that
shorten recovery time and reduce hospital resource use.

Frugal Innovation Resource-efficient solutions designed to deliver essential func-
tions with minimal material and energy inputs.

Health Information Exchange Digital systems enabling secure sharing of patient
data to reduce redundancy and improve efficiency.

Life Cycle Assessment A standardized method to evaluate environmental impacts
across all stages of a product’s life cycle.

Material Footprint The total mass of raw materials extracted globally to support a
system’s activities or consumption.
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Operating Room Emissions Greenhouse gas emissions and material flows associ-
ated with surgical suites.

Paradigmatic Innovation A shift in underlying values and frameworks guiding
healthcare organization and delivery.

Planetary Boundaries Biophysical thresholds that define a safe operating space for
humanity within Earth systems.

Rebound Effect Increased consumption following efficiency gains, potentially
offsetting environmental benefits.

Reverse Innovation An innovation developed in low-resource settings and later
adopted in high-income contexts.

Scope 1 Emissions Direct greenhouse gas emissions from sources controlled by an
organization.

Scope 2 Emissions Indirect emissions from purchased electricity, heating, or
cooling.

Scope 3 Emissions Indirect emissions occurring along the value chain, including
production and disposal.

Socio-Organizational Innovation Organizational or governance changes that
improve sustainability without new technologies.

Sustainable Healthcare Healthcare delivery that improves health outcomes while
minimizing environmental harm and resource depletion.

Technoproductive Innovation The development or adoption of new technologies
or products in healthcare.

Technosphere The system of human-made infrastructures and technologies that
transform resources and generate waste.

Technosphere-In Material and energy inputs entering the healthcare system.

Technosphere-Out Waste, emissions, and pollutants generated by healthcare activ-
ities.

Telemedicine Remote delivery of healthcare services using digital communication
technologies.
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