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Abstract | The health emergency has challenged our health systems, stressing the weakest
points but also revealing the strengths to be harnessed. Among these, the concern for the
environmental, social and economic aspects of health systems — gathered under the heading
of sustainable healthcare — has suffered a temporary setback but will certainly experience
strong growth in the post-pandemic era. During 2018 and 2019, a collaborative foresight
process on the future of sustainable healthcare was conducted with over 150 healthcare
stakeholders. This paper starts from the strategies that emerged from the collaborative
foresight to re-read them in light of the impacts of COVID-19 on health systems. A systematic
literature review mapped the effects of the pandemic on the sustainable development of
health systems and, therefore, on the defined strategies. Hence, the paper defines the
connections with design disciplines and the possible contribution of designers in the
development of sustainable healthcare in the post-pandemic era.

KEYWORDS | SYSTEMIC DESIGN, SUSTAINABLE DESIGN, HEALTHCARE, SYSTEM
TRANSITION, SUSTAINABLE DEVELOPMENT
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1. Introduction

1.1 Origins and effects of the sustainability debate in healthcare

In 1996, the U.S. Environmental Protection Agency identified the incineration of medical
waste as the main source of dioxin, one of the most powerful carcinogenic gases. For the
first time, healthcare organisations realised that environmental protection had a direct link
to patient care, and international associations and campaign groups gathered under the
banner of the Hippocratic principle primum non nocere (first, do not harm). Main
organisation, such as Healthcare Without Harm, addressed the substitution of impactful
chemicals and pharmaceuticals, endorsed energy efficiency initiatives in health care facilities
and, above all, promoted awareness raising programmes on the environmental impact of
hospital routines. The results have undoubtedly been positive, but the main limit of ‘do not
harm’ is that of a fragmentary vision of the health systems.

During the 2000s, the economic crisis exacerbated the problem of the environmental, social
and economic sustainability of the health sector, which has always been a heavy burden on
the public budgets of Western societies. New health associations and hospital organisations
started addressing the issue, and medical research engaged in the debate on sustainability.
Important medical journals published the reflections of health professionals questioning the
socio-environmental impact of their medical specialties, as evidenced by the contribution of
Sherman and Ryan (2010), among the first to tackling the challenge:

“Only through understanding the connectivity and contribution of modern health
care practice to ecological issues can physicians work toward aligning commitment
to individual care with public and planetary health” (Sherman & Ryan, 2010, p. 139)

As also recognised by the European Commission (2016), making health systems sustainable
means to find new approaches to make them more effective, accessible and resilient. The
Hippocratic principle deserves credit for having pushed medical research to question its role
towards society and the planet, broadening the concept of health towards a holistic vision of
well-being. However, it lacks of systematic methods to investigate sustainable healthcare,
and the complexity of the issue requires a step forward to find points of convergence
between different disciplines.

1.2 Design and medicine towards a co-disciplinary vision

The relationship between Design and Medicine consolidates in the same years of the
sustainability debate in healthcare, but it focuses on topics other than the environmental
ones.

The literature highlights multiple points of contact between the two disciplines: the
attention to a new design of healthcare spaces was one of the first contributions of the
design disciplines in the medical field (Golembiewski, 2016). A more recent field is the design
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of biomedical devices (Vincent & Blandford, 2017), which involves design in the creation of
home and hospital items for rehabilitating patients in their daily routines, or in the design of
safer and more usable medical-surgical instruments to support professionals. The ability to
understand people and manage complex systems has also found wide application in the
emerging eHealth sector (Ekelanda, Bowes, & Flottorp, 2010), which adopts ICTs in the
healthcare field to improve the treatment dynamics and foster the prevention and
management of diseases at home, especially the chronic ones.

The combination of Medicine and Design has therefore produced interesting results, but the
recent addition of the sustainability dimension significantly changes the state of the art. The
economic, social and environmental sustainability of health systems goes beyond the
product and service dimension and requires a strategic and all-encompassing vision. Design
can offer a multi-level perspective to the complex problems of health care and, in particular,
Jones (2013) identifies Systemic Design as a design discipline able to focus on the needs of
multiple users, while addressing the indeterminate complexity of the system in which they
are embedded.

Despite the peculiarity and challenges of the healthcare sector, it is inappropriate to think of
"Design for healthcare" as a sub-discipline of Design, this is even more true for "Design for
sustainable healthcare", where the inclusion of environmental sustainability leads to a
further level of complexity. A single branch of design cannot address the issue of sustainable
healthcare. Especially when it comes to environmental sustainability, the risk is to relegate
competence and responsibility to a single discipline, as it has happened in the past for eco-
design (Toso, Barbero & Tamborrini, 2012). Design has a clear disciplinary identity and well-
established methodologies to dialogue on equal terms with Medicine. Sustainability comes
into play as a transversal topic to both disciplines, and it must be tackled jointly, combining
the skills and tools peculiar to Design and Medicine. Only an open and equal collaboration
can enable to tackling the challenge of sustainable healthcare, avoiding the risk of making
simple improvements to the status quo rather than pursuing real sustainable innovation.

1.3 Post-pandemic visions on sustainable healthcare

Today, the COVID-19 pandemic has further highlighted the need for adopting more
sustainable approaches to health systems. Indeed, although environmental concerns on
healthcare may seem secondary to the health emergency, the protection of our planet plays
a crucial role both upstream and downstream in the value chain. First of all, mitigating
climate change and reducing the consumption of resources will contribute to improve the
economic sustainability of health systems — hence the financial resources for acute illnesses
—and to prevent diseases of environmental nature or due to the destruction of natural
ecosystems (Marco et al., 2020). Secondly, the linear system on which current supply chains
are based has shown its fragility during the pandemic, leading to failures that more dynamic,
resilient and local systems could prevent (Jafarnejad et al., 2019).
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However, it is undeniable how the pandemic has changed and will change the approach to
sustainability in healthcare, questioning the contribution of all disciplines involved. In the
two years prior to the COVID-19 outbreak, the author collaborated in a foresight process,
coordinated by the Nordic Center for Sustainable Healthcare, which involved several
stakeholders in the health sector, particularly in the Nordic region. The process resulted in
the definition of macro-strategies aimed at fostering sustainable healthcare. Although the
strategies remain valid as an expression of the complexity of a consolidated system, it is
clear that the pandemic emergency impacts on them, demanding a review in the light of the
COVID-19 experience. It is also important to stress that the strategies were devised from a
foresight process mainly involving the Nordic countries, whereas the pandemic
phenomenon, as well as the research investigating its sustainability impacts, has a global
reach. While, in some respects, this may be a limitation of the analysis of post-COVID
strategies, in others the health emergency has exposed common flaws in health systems
worldwide and their supply chains, thus highlighting the need to actualise the strategies at a
global level. Moreover, the strategies involve different sectors and disciplines, and also
strongly involve design. This paper starts from an analysis of design's contribution to
sustainable healthcare strategies to envision the new evolution of the strategies themselves,
as well as the role of design disciplines in the light of the pandemic experience, proposing
possible approaches for a new normal.

2. Methodology

2.1 Research background

The growing interest in Sustainable healthcare highlights the common perception of the
need for change in the sector. To date, different approaches and visions to the topic have
not yet agreed on a shared definition but, as Fischer (2015) points out, “all approaches seem
to have in common that a comprehensive approach with a long-term focus and a need to
balance economic, social, and ecological interests needs to be used in the discussion of
sustainable healthcare systems.” (p. 298).

This need for a systemic transition towards environmental, social and economic
sustainability was the starting point for a foresight process on sustainable healthcare, which
engaged —through 5 workshops — 165 selected stakeholders representing the health system:
regional and national authorities, universities and research centres, NGOs and healthcare
networks, clusters, health industries, health providers, professional consortia. This foresight
process has jointly adopted anticipation and systemic design methodologies (Pereno &
Eriksson, 2020). The results of the workshops have been elaborated with a double purpose:
first, to identify possible future scenarios for sustainable healthcare, building a triple vision
of the system in the medium-long term. Second, to define the strategies to concretely foster
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a transition towards a desirable future, identifying three main areas of intervention (Table
1).

Table 1. Strategies for sustainable healthcare (SH). Adapted from Pereno & Eriksson, 2020.

Strategy Strategic actions Time horizon Scale of action
COLLABORATION:  Establishing a national collective impact Short National
Increasing initiative for SH
national Creating a Green Deal for SH Medium National
collaboration
Strengthening the cooperation around a Short Local
on SH .
shared vision of SH
INNOVATION: Developing sustainability assessment Medium National
Increasing models for industries Global
sustainable
innovation in Providing industry specific guidance ShorF— National
healthcare medium
Creating virtual accelerator for SH Medium-long  National
companies Global
Creating ‘publics’ as interdisciplinary Short Global
arenas on SH
Increasing support for test beds in SH Medium Global
INFORMATION: Introducing SH into university curricula Medium National
Icr;c”r::tsi\l/r;g Promoting information campaigns Short National
t ted at decision-mak
knowledge about argeted at decision-makers Global
SH Developing an international Short Global

communication package on SH

The paper starts from the results of previous research to deepen the specific contribution of
design in the strategies developed, to explore the implications that the pandemic has on
sustainable healthcare strategies and, especially, on design disciplines in this area.

2.2 Research methodology

As pointed out in par. 2.1, the adopted methodology aims to answer the following research
question: How does design support the implementation of sustainable healthcare strategies,
given the changes triggered by the COVID-19 pandemic?

For this purpose, the research starts from the strategies that emerged within the foresight
process completed before the pandemic (Pereno & Eriksson, 2020), and implements a
methodology based on three analytical steps.
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Figure 1. Graphical representation of the methodological process.

Figure 1 visualises the previous research phase in connection to the three research steps
followed in the past year:

1. Systematic literature review of the pandemic impacts on sustainable
healthcare. The first step has carried out a review on the main databases
(Scopus, Web of Science, and PubMed) which allowed an overall analysis of
the main articles through a categorisation of the authors' keywords and an
in-depth analysis of the most relevant publications. This systematically
highlighted the main impacts of the pandemic on sustainability in the
healthcare sector.

2. The effects of the pandemic on the strategies for sustainable healthcare. The
strategies presented in par. 2.1 (collaboration, innovation, and
communication) have roots in the pre-pandemic era. While in principle they
are still valid, it is beyond doubt that the global health emergency calls for
re-reading them in the light of the new emerging landscape. Therefore, it
has been used a matrix to cross-reference the topics and impacts of the
pandemic on the sustainable development of health systems, in order to
put them in connection with the sustainable healthcare strategies.

3. The contribution of design to post-pandemic strategies for sustainable
healthcare. The last step combines the results of the two previous ones to
define how strategies have changed due to the pandemic and how the
contribution of design disciplines to sustainable healthcare should evolve
into the new normal. The previous work (see par. 2.1) adopted a design
approach for the analysis of foresight process results; however, the specific
contribution of the design disciplines in the implementation of the
strategies that emerged was not further investigated. Thus, the final step
focuses on highlighting the synergies that design brings into play to
contribute to these strategies.
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The three-step methodology has enabled the pandemic phenomenon to be analysed by
means of qualitative-quantitative databases in order to investigate, from a qualitative
perspective, the design synergies in the emerging area of sustainable healthcare, in the post-
pandemic era.

3. The contribution of design to new healthcare scenarios

3.1 The impact of COVID-19 pandemic on the sustainable development of
health systems

A systematic literature review was carried out through the main databases (Scopus, Web of
Science, PubMed) to define the impact of the pandemic on the healthcare sector as regards
sustainability. Table 2 shows the results obtained through a query that was purposely wide-
ranging to include all the topics and disciplines that have dealt, to some extent, with the
effects of the pandemic on the sustainable development of health systems. The records
obtained from the different databases have been cross-referenced to eliminate any
duplicates.

Table 2. The main impacts of COVID-19 pandemic on sustainable healthcare.

Query Database Records  Final records
("covid-19" OR coronavirus) AND (health OR Scopus 370
healthcare OR "health care") AND (sustainability .

Web of S 190
OR "sustainable development") AND (LIMIT-TO b of science 429
(PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR, 2020) PubMed 169

The next step was the analysis of the results collected and their categorisation according to
the topics addressed. This has been done in two phases: first, a schematisation of the
keywords of the total records that allowed a general analysis of all contributions. Figure 2
visualises authors' keywords in hierarchical order: some macro-topics emerge, both of a
general nature (public health, system resilience, policy and strategic management, etc.) and
of a more specialised interest (mental health, Personal Protective Equipment, ecosystems
protection, etc.). Hence, the keywords analysis enabled to identify nine main topics resulting
from the relationship between the pandemic and the sustainable development of the health
sector: Health systems, Policy and governance, Environmental aspects, Social aspects,
Economical aspects, Technological aspects, Industry, Food production and consumption,
Education.
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Figure 2. Hierarchical visualisation of authors' keywords related to the impact of the COVID-
19 pandemic on sustainability in the health sector.

Starting from the general topic analysis, an in-depth reading of the most relevant
publications (based on relevance and number of citations) has been conducted for each of
the categories analysed. Table 3 shows the direct and indirect impacts that the COVID-19
pandemic has on sustainable healthcare, as revealed by the papers analysed.

Table 3. The main impacts of COVID-19 pandemic on sustainable healthcare.

Topic

Impacts

Main publications

Health systems

Origin of the pandemic; resilience of health systems;
global health security; well-being during pandemic;
impacts on specific people categories (elderly, young,
people with disabilities); impacts on different categories
of health workers; impacts on specific diseases (mental
health; non-communicable diseases).

Coccia, 2020; Djalante,
Fraher et al., 2020;
Osingada and Porta,
2020; Shaw and
DeWit, 2020.

Policy and
governance

Public health policies; strategies for public governance;
cross-sectoral government strategies; policies to
enhance collaborative innovation actions; public-private
partnership (PPP) and the role of private stakeholders.

Baxter and Casady,
2020; DeWit, Shaw
and Djalante, 2020; La
et al., 2020; Sarkodie
and Owusu, 2020;

Environmental
aspects

Health effects of environmental protection; Sustainable
Development Goals targets; sustainable models of
health system; waste management in healthcare
facilities; medical single-use products and plastics;
wastewater; sustainability of specific activities related
to healthcare (tourism, production, energy).

Cheval et al., 2020;
Marco et al., 2020;
Naidoo and Fisher,
2020; Patricio Silva et
al., 2020; Seshaiyer
and McNeely, 2020;
The Lancet Public
Health, 2020.
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Social aspects

Equity of access to healthcare; pandemic effects in
developing countries; models of international
collaboration for health emergencies; causes of
inequality within the pandemic (migration, low-income,
informal economy); causes of social exclusion within the
pandemic; information suppression.

Bahn, Cohen, and van
der Meulen Rodger,
2020; Wang and Tang,
2020; Armitage and
Nellums, 2020;
Shadmi et al., 2020.

Economical
aspects

Economic risk management strategies; financial
sustainability during the pandemic; labour market
impacts of the pandemic; innovative welfare strategies;
corruption problems.

Kruse and Jeurissen,
2020; van Barneveld
et al., 2020; Visconti
and Morea, 2020.

Technological

Telehealth/telemedicine; social media and pandemic

Fryer et al, 2020;

aspects communication; Healthcare 4.0 and digital innovation in  Helou et al., 2020;
health systems; machine learning; Internet of Medical Smith et al., 2020;
Things (loMT) and medical devices. Thomas et al., 2020.
Industry Supply chain management and supply chain disruptions;  lbn-Mohammed et al.,
Personal Protective Equipment (PPE); sustainable 2021; Leite, Lindsay,
manufacturing in the healthcare industry; sustainable and Kumar, 2020;
transportation. Rowan and Laffey,
2020; Tirachini and
Cats, 2020.
Food Food security; food safety; production and Galanakis, 2020;

production and

consumption

management of food waste; sustainable and healthy
nutrition; sustainable agriculture models.

Attwood and Haja,
2020; Savary et al.
2020.

Education

Role of higher education in the pandemic; health
education; technology and ICTs in education; Learning
Management Systems (LMS).

Code, Ralph, and
Forde, 2020; Hays,
Ramani, and Hassell,
2020; Wahab, Shuib,
and Shaik, 2020.

3.2 The implications of COVID-19 pandemic on sustainable healthcare

strategies

While the sustainable healthcare strategies highlighted by the foresight process (see par.
2.1) show the potentials for action towards new pre-pandemic sustainable scenarios, the
categories analysed in the literature (see par. 3.1) revealed the issues most affected by
COVID-19, and which will undergo a significant change in the post-pandemic era.

In order to identify the role of design in this transformative scenario, a cross-analysis of

these outcomes was carried out. Figure 3 presents the different sub-topics that have been
analysed through a matrix that combines the topic specialisation level with its impact scale
on individual and collective activities. The three categories of sustainable healthcare
strategies are then included in the matrix to identify the scope for future interventions and
impacts:
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1. Post-pandemic collaboration. Collaborative strategies will mainly address
general issues that may have specific impacts on individual activities as well
as on collective life. Among the issues demanding greater attention in the
future are the sector's governance strategies aimed at creating more
resilient systems that can collectively address health emergencies and
complex challenges, such as those posed by the UN Sustainable
Development Goals. The economic and financial crisis has also highlighted
socio-economic weaknesses, as in the welfare, that have a far-reaching
impact on people's lives and require urgent collaborative strategies.

2. Post-pandemic innovation. Innovation strategies will mainly deal with
specialised topics impacting on individual but also collective tasks. During
the pandemic, manufacturing and agri-food industries have shown the need
for greater flexibility, safety and sustainability, particularly some supply
chains such as PPEs. Health technologies also need to innovate from a social
perspective, addressing a global audience with different needs, especially in
developing countries. The efficacy and sustainability of digital health is
another social and technological issue that the pandemic has dramatically
accelerated, while also highlighting shortcomings in usability and
acceptability.

3. Post-pandemic information. The prevention and awareness-raising role of
the media was already evident before the pandemic, but COVID-19 stressed
the need for attention to environmental issues that may cause or accelerate
disasters of environmental origin. Waste and supply chain management in
emergency situations also require more careful and coherent information
strategies. The role of education in such a context is even more striking, as
there is a need to train students, professionals and citizens on sustainable
healthcare issues that are cross-cutting to care, environment and wellbeing.
The results of the literature review (see Table 1) showed that the topic of
misinformation or suppressed information is marginal with respect to
COVID-19. Although the link between sustainable development of the
health sector and information transparency is not one of the core topics of
current research, it is undeniable that seeking out reliable channels and
modes to communicate with citizens is crucial, especially in relation to
sustainable healthcare.
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Figure 3. Relationship between the topics and impacts of the pandemic on the sustainable
development of health systems, in connection with sustainable healthcare strategies.

3.3 The contribution of design to sustainable healthcare strategies in the
post-pandemic era

Starting from the matrix shown in Figure 3, the research finally focused on the contribution
of design disciplines to sustainable healthcare strategies, considering the new challenges
that have emerged.

Figure 4 depicts the design disciplines within the matrix and in connection with sustainable
healthcare strategies. The choice of design sub-disciplines is based on the categorisations
proposed by Ceschin and Gaziulusoy (2019) and Irwin et al. (2015), as both address the issue
of design for sustainability through different levels of action, from product to socio-technical
systems. In some cases, the proposed disciplines have points of overlap or inclusion in each
other (e.g. Design for sustainability transition includes policy design methods and tools), but
the focus was placed on the disciplines themselves rather than on their interdependencies.
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Figure 4. Relationship between main design disciplines and sustainable healthcare strategies.

Overall, the matrix provides support in defining the contribution of design to the three
action areas identified as strategic for the development of sustainable healthcare:

1. Design for collaboration in sustainable healthcare. As previously highlighted, the
governance strategies of the healthcare sector should aim at boosting the
resilience of health systems, addressing the socio-economic issues and the need
for collaborative actions. The pre-pandemic foresight identified collective impact
initiatives and green deals as desirable instruments to enhance collaboration. The
COVID-19 has been strengthening this urgency and design disciplines can support
the process acceleration. To that end, co-design strategies are crucial: Manzini
(2015) defines co-design as a problem-based and solution-oriented design
process resulting from the interaction of a variety of disciplines and stakeholders.
In this process, design experts have acquired the skills to foster collaboration and
guide the process towards achieving solutions that meet actual needs. This ability
is applied to the policy field, working on the design of policies for socio-economic
systems, as well as to the definition of transition strategies for social and socio-
technical systems in the medium and long term. Overall, design for collaboration
towards sustainability acts at the level of complex systems, fostering trans-
disciplinary and cross-sectoral processes. They support both the engagement of
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key stakeholders and the pursuit of clear objectives over multiple time horizons,
based on a clear understanding of the underlying system.

2. Design for innovation in sustainable healthcare. Whether collaborative actions can
foster social innovation, industries from different value chain are called upon to
address the demand for sustainable innovation, especially in services and
products. The pandemic stressed the need of manufacturing and agri-food
industries for greater flexibility, safety and sustainability from a cross-country
perspective. Service design methods, and Sustainable Product-Service System
design in particular, allow a lateral approach to product design, focusing on a
strongly social dimension that enables complex innovations to be pursued. The
tools for user engagement in the design and validation phases can also be valuable
in the healthcare field, where sustainable healthcare strategies aim to accelerate
the testing and introduction of new solutions. As healthcare, compared to other
sectors, has a lower environmental concern regarding products, ecodesign skills
can act to support recycling and reuse strategies, providing specific guidance to
industries. Lastly, digitalisation and information technologies have been
accelerated by the pandemic and the shift towards digital services will be
confirmed and consolidated in the future. From that perspective, interaction
design methods and tools have already been active in the area of eHealth, but they
can still play an important role in driving new sustainable behaviours, from
resource saving to distributed home care management.

3. Design for information on sustainable healthcare. The pandemic has highlighted
the urgency of informing and training people and professionals on environmental
issues. The environmental origin of COVID-19 strengthens communication
strategies, providing new topics to be addressed. At the same time, some aspects
of resource and waste management require effective communication even in
stressful and emergency situations. In this context, two important design
disciplines come into play: information design supports effective and efficient
understanding of complex situations and information provided to users. In
stressful conditions, this is even more important to enforce environmental
guidelines without overburdening healthcare staff. Visual communication design,
on the other hand, deals with communication to the general public, helping to
define the channels, methods and messages to be conveyed towards creating a
fertile ground for sustainable healthcare.

4. Discussion and conclusions

The paper addressed the impacts of the COVID-19 pandemic on sustainable healthcare, a
trend that was rapidly developing in the pre-pandemic era. This contributed to understand
how the phenomenon may be stalled or, conversely, strengthened in the post-pandemic era.
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The literature shows very little research in the field of design for sustainable healthcare, and

a greater gap exists in investigating how design will contribute to the sustainability of health

systems in the future. The paper lays the groundwork to address this research gap, basing its
contribution on solid research conducted within co-disciplinary and cross-sectoral arenas.

However, the research presents limitations that should be better addressed in the future.
Firstly, the contribution of design is theorised through a deductive path which, although
following a consistent methodology, remains in the realm of anticipation. Therefore, further
validations are needed in the short- and medium-term to validate the actual contribution of
design in a real environment.

The second limit, is related to the problem of assessing the design contribution through real
case studies, which are not common in sustainable healthcare. As discussed in the
introduction, collaboration between Design and Medicine has historically focused on other
research fields — from medical devices to eHealth — other than the environmental issue. The
radical change in the post-COVID era will further evolve existing disciplinary relationships
and research topics, making it even more challenging to identify or create practical inter-
disciplinary projects.

The third limitation relates to the high stress condition in which healthcare professionals are
working. Although the pandemic seems to be coming to an end thanks to the new vaccines
available, doctors, nurses and health workers will still face stressful working conditions in the
coming months. In 2020, this forced the postponement of many projects outside the health
emergency, and in the short term, the restarting of cross-sectoral and inter-disciplinary
collaborations will take time before finding new spaces in a calmer and normalised situation.

Although not easy to address, these research limits pose important challenges for design
disciplines, raising the bar towards broader sustainability goals — such as the link between
the well-being of the planet and our societies — and towards new collaborations able to work
on a system level rather than on specific products or services.
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