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Executive summary

Healthcare is an essential part of our lives, promoting and preserving the health of individuals and society. 
The industry has been evolving at a high pace over the last few decades, driven by technology and growing 
care demands. This progress is currently having an opposite effect on the overarching objective of 
serving healthy living due to the increasing environmental footprint and social toll of the industry. Today, 
healthcare accounts for nearly 4.4% of global CO2 net emissions worldwide, while in the Netherlands, 
the sector accounts for about 7% of the national footprint. In particular, Radiology represents a clinical 
area of great concern, being a major contributor to the healthcare carbon footprint due to its high 
energy consumption and hazardous waste generation. Furthermore, Radiology professionals face heavy 
workloads due to rising demands for imaging exams, driven by patient expectations on the one hand, 
and the convenience of leading doctors, as well as existing differences in protocols across hospitals, 
on the other hand. These complex Environmental, Social, and Governance (ESG) challenges must be 
approached in an integrated way, to effectively enable the embedding of sustainable practices at the 
core of healthcare, accelerating in this way the transition towards a circular economy across the industry. 
This research aims to provide broad and deep insights into the Radiology ecosystem in the Netherlands, 
ESG definition guidance, and an end-to-end ESG strategic design toolkit that aims to simplify, measure, 
and integrate ESG efforts across healthcare. An integrated department-, hospital-, national-, and global 
approach is being proposed to streamline efforts towards 2030 ESG goals and beyond.

A systemic design approach is proposed for this study, combining mixed methodologies of qualitative, 
quantitative, and co-creation efforts with cross-disciplinary experts from six university hospitals, as well 
as the national Radiology association in the Netherlands. The steps towards framing, prioritizing, and 
embedding ESG into the Radiology workflow are consistently captured as research findings, concluding 
contextual insights on the ESG impact across the different levels of the system. These are represented 
as an ESG pyramid in this study. Identifying key ESG healthcare challenges and influential entities in 
the system offers a foundation for strategic dialogues on ESG goals definition. Additionally, an ESG 
healthcare ecosystem map has been developed to further understand the dynamics among key system 
stakeholders, on three main dimensions: financial, clinical compliance, and ESG. The perspective of 
embedding ESG in Radiology, within the Netherlands, is taken as a representative industry case study. 
Consolidation of clinical workflow data, operational insights, and current ESG context resulted in a cross-
hospital view of Radiology ESG hotspots, dependencies, and opportunities. Interventions on ESG hotspots 
are then addressed and positioned, at corresponding decision power levels, within the larger system. 
Furthermore, a solution for integrated ESG value-impact measurement and continuous monitoring is 
proposed. Such a simplified and transparent way of working has the potential to increase awareness, 
drive collaboration, significantly reduce ESG spending and identify new circular value opportunities.

The outcomes of this research indicate that embedding ESG hotspots into the Radiology workflow should 
be approached in a holistic and systemic way. The ESG strategic design toolkit can facilitate relevant 
dialogues on the value and impact of ESG interventions across levels in the healthcare ecosystem, enabling 
hospitals and departments to effectively define ESG goals and programs. This simplifies complexity and 
provides consistency across the broader system hierarchy.

Keywords: ESG, Sustainability, Circular Economy, Radiology Workflow, Healthcare Ecosystem
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List of Abbreviations and Glossary

Abbreviations 

APH  Amsterdam Public Health research institute
CE  Circular Economy
CO2  Carbon dioxide
CSR  Corporate Social Responsibility
CT  Computed Tomography
ESG  Environmental, Social, and Governance
EU  European Union
IPCC  Intergovernmental Panel on Climate Change
MRI  Magnetic resonance imaging
NFU  Nederlandse Federatie van Universitair Medische Centra
NVvR  Nederlandse Vereniging voor Radiologie
SDG  Sustainable Development Goals
UNEP  United Nations Environment Programme
UNDP  United Nations Development Programme
WHO  World Health Organization

Glossary

ESG (Environmental, Social, and Governance)
ESG is a framework designed to be embedded into an organization’s strategy to generate value for all 
stakeholders in relation to environmental, social, and governance criteria. Following its formal proposal 
in 2004, the sustainable development of the global economy and society, called ESG principles, has been 
developed for 17 years (Li et al., 2021).

Ecosystem map
An ecosystem map is a visual representation of the various stakeholders, entities, and factors that 
interact with a particular system, illustrating the relationships and dependencies among them. It can 
be used to identify opportunities for collaboration, anticipate potential challenges, and create a shared 
understanding of the complex system.

CE (Circular Economy) 
Circular economy is an economic model aimed at creating a closed-loop system where resources are used 
and reused efficiently, waste is minimized, and the environment is protected. Instead of the traditional 
linear model of take-make-waste, the circular economy focuses on a regenerative approach, where waste 
is considered a valuable resource and reused or recycled (Korhonen et al., 2018). 

Radiology Workflow
Radiology workflow refers to the sequence of steps and processes involved in the delivery of radiological 
services, including the ordering of studies, the scheduling of appointments, the acquisition and 
interpretation of images, and the communication of results to referring physicians and patients.

Sustainability
In 1972, sustainability was first used in a similar context to today, regarding the future of humanity. 
The Brundtland Report from 1987 introduced the first "official" definition of sustainable development. 
Sustainability is the ability to meet the needs of the present generation without compromising the 
ability of future generations to meet their own needs. This includes social, environmental, and economic 
dimensions and requires an integrated approach to decision-making that balances the three pillars of 
sustainability: the social, environmental, and economic pillars (Brundtland, 1987).
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Chapter 1

Introduction

This chapter provides the background and significance of the thesis, followed by the problem description and 
research question addressed in this thesis, project stakeholders and assignments. 

Image source: Vox. Available online: https://www.vox.com/a/supertrees

https://www.vox.com/a/supertrees
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1.1 Background

The buzz surrounding sustainability in healthcare is ultimately driven by the goal of improving human 
and planetary health. This is welcomed and important, in the context that today the healthcare sector 
contributes significantly to the climate crisis, accounting for nearly 4.4% of global CO2 net emissions, 
twice as much as the aviation industry (Health Care Without Harm, 2019). According to Kumar et 
al. (2021), hospitals are among the top consumers of energy and water, as well as greenhouse gas 
emissions and waste producers, including significant amounts of hazardous waste. 

The UN 2030 Agenda for Sustainable Development (Transforming Our World: The 2030 Agenda for 
Sustainable Development, n.d.) and the IPCC reports (Reports — IPCC, n.d.) acknowledge the urgent 
global context and the unprecedented challenge of preventing the temperature from rising to 1.5°C. 
The European Commission aims to cut greenhouse gas emissions by at least 55% by 2030, putting 
Europe on a responsible path to becoming climate neutral by 2050 (2030 Climate Target Plan, n.d.).

In 2017, the EU introduced the overarching sustainable finance program to lead more long-term 
investments in sustainable economic projects and activities (Overview of Sustainable Finance, 2021). In 
order to mobilize capital flows toward a more sustainable economy, the EU Commission adopted the 
action plan on sustainable finance in 2018, which is constantly updated (Renewed Sustainable Finance 
Strategy and Implementation of the Action Plan on Financing Sustainable Growth, n.d.). 

According to the UN Global Compact Strategy 2021–2023, the world is not on track to achieve the 2030 
Agenda for Sustainable Development Goals (SDGs). Studies emphasize that today we are in the grips 
of a climate crisis, as well as a public health and economic crisis. The UN Global Compact, which was 
founded in July 2000, articulated its operations and strategies based on ten universal principles in 
the areas of human rights, labour, the environment, and anticorruption in their 2021–2023 strategy. 
The UN Global Compact Strategy aims to accelerate and scale the global collective impact of business 
by implementing core ESG principles, and the adoption of the SDGs by responsible companies and 
ecosystems (UN Global Compact Strategy 2021-2023 | UN Global Compact, 2021).  

People's health and well-being are increasingly impacted by climate change (Health Care Without Harm, 
2019). The World Health Organization (WHO) has also recognized the importance of sustainability in 
healthcare and has developed a WHO Global Strategy on Health, Environment, and Climate Change 
(WHO Global Strategy on Health, Environment, and Climate Change, 2020). This highlights six strategic 
green transformation objectives, shared across various healthcare sectors.

In the Netherlands, healthcare accounts for 7% of the national footprint in terms of CO2 emission 
equivalent. In addition, 4% of the waste and 13% of the used raw materials (metals and minerals) can 
be attributed to healthcare in the Netherlands (Steenmeijer et al., 2022). Since 2018, more than 200 
stakeholders in the healthcare sector have signed pledges and agreements with the Dutch government 
on a Green Deal towards a Sustainable Care in the Netherlands. On November 4, 2022, the most 
recent Sustainable Care Green Deal 3.0 agreement was signed, consolidating five shared themes and 
objectives for the horizon 2023–2026 (Green Deal Samen Werken Aan Duurzame Zorg (Green Deal 3.0) 
| Greendeals, 2022):

• More focus on preventive health 
• Increasing awareness and knowledge across healthcare professionals and patients
• 55% less direct CO2 emissions in 2030 and climate neutral in 2050
• 50% less primary use of raw materials in 2030 compared to 2016 and maximum circular care in 

2050
• Reducing the environmental impact of and in medication

Primarily, ESG (Environmental, Social, Governance) aims to accelerate fostering sustainability in 
healthcare, by promoting, transforming, and governing responsible practices. This allows healthcare 
organizations to prioritize and formalize specific objectives and shared efforts. Adopting ESG across 
healthcare poses major challenges due to the complexity of operations, stakeholder structures, 
financial limitations, and conservative industry culture (2030 Climate Target Plan, n.d.).

This graduation project aims to clarify and connect the global and national contexts, proposing a study 
and framing of ESG as a value driver at the hospital level. As an industry representative case study, the 
researcher dives into one specific clinical area, Radiology, for an end-to-end assessment. Due to its high 
energy-consuming equipment and waste from interventional treatments (Woolen et al., 2023), as well 
as increasing demand and an overworked workforce (Health Workforce, 2023), Radiology is one of the 
clinical areas with the largest health carbon footprints.

MRI, for example, has a significant resource and carbon impact; rare earth substances like Helium; 
high energy consumption; heavy shipment, and many non-recyclable materials are being used. The 
need for storage in radiologic data centres has increased dramatically over the past five years, with an 
annual average of 23%, raising the ecological cost of big data (Buckley & MacMahon, 2021). Radiology 
workforce worldwide reports experiencing moderate or severe levels of job stress due to a high 
workload. This extensive effort is contrasted by an increasing behavioural trend of patient of ‘no-show’, 
impacting care delivery outcomes and effective human and financial resource management (Mieloszyk 
et al., 2019). Therefore, understanding in depth the ESG challenges and hotspots in Radiology, how to 
prioritize, position, and monitor corresponding ESG interventions, will provide a reliable blueprint and 
valuable case study for other clinical areas across healthcare.

1.2 Problem Description

Given the urgency of the global climate crisis (Reports — IPCC, n.d.), the projected continued growth 
of the world's population (World Economic Forum, 2022), the turning point in the quality of life, the 
rise of chronic health issues (Whiteford et al., 2013), and the increased use of technology (Erdal, 2018), 
we need to cross-connect emerging issues and find integrated solutions in order to be timely with 
solutions and effective in resource management (Health Care Without Harm). The complexity of the 
healthcare system and its growing impact on the three pillars of sustainability (Environment, Social, and 
Economic) calls for a radical new holistic approach to drive effective decision-making on investments, 
changes to protocols and regulations, or larger healthcare system redesign. In these tight internal and 
external contexts, hospitals tend to relate to ESG as an add-on limiting factor, rather than a structural 
system intervention for driving world health and business value.
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Research on sustainable healthcare and Radiology is becoming more prevalent in the healthcare fields, 
although much of it focuses solely on the three pillars of ESG: 

• "Environmental": Buckley & MacMahon (2021) emphasize the importance of research on 
sustainability for Radiology, because technology consumes high energy and has a substantial role 
in this specialty.

• "Social": Over the last few decades, the workload of Radiology professionals has grown 
significantly, from medical imaging equipment solutions to the complexity of cross-sectional 
examinations performed per session and data handling activities (Catalina Imaging, 2020).

• "Governance": Since its beginnings, the field of Radiology has had tremendous success, evolving 
from a support system for clinical decision-making to an essential element of multidisciplinary 
patient care. Modern radiologists have today a complicated and multifaceted job, due to the 
evolving interdependencies of Radiology and other clinical fields. Technological and social trends 
will determine how Radiology as a field and servicing will develop in the future (Brady et al., 2022).

 
Government and healthcare authorities play an important role and have the power to enact rules and 
set standards. The Dutch government is set to implement the "Green Deal Sustainable Healthcare" with 
more than 200 public and private industry members; however, there is little clarity on the roadmap, 
specific deliverables, and governance model to manage the engagement and commitments of the 
participating organizations (Reeder et al., 2023). Therefore, the government must take ownership and 
adopt a more proactive and structured approach to drive change beyond ESG initiatives as voluntary 
and personal imitatives (Brassil & Torreggiani, 2019). 

Collaboration with other hospitals and medical associations is also essential for sharing knowledge, 
strategies, and an overarching future vision. Collaboration across the healthcare value chains and 
"open innovation" can drive significant improvements in sustainability (Lopes et al., 2017). The 
complexity of ESG in Radiology asks for holistic approaches to effectively reduce the impact of the 
healthcare industry and shift towards a circular economy (Hinrichs-Krapels et al., 2022). The integrated 
approach for addressing environmental, social, and governance changes is relatively new and will be an 
evolving subject.

1.3 Project Stakeholders

The graduation project is organized in collaboration with Erasmus MC (Erasmus Medical Center) as 
a primary stakeholder, and five other university hospitals in the Netherlands, in order to investigate 
cross-ESG challenges and opportunities for a shared vision and collaborative transformation. To 
achieve these goals, the researcher has engaged with key stakeholders from the LUMC (Leiden 
University Medical Center), Amsterdam UMC (Amsterdam University Medical Center), UMC Utrecht 
(University Medical Center Utrecht), Radboud UMC (Radboud University Medical Center), and Alrijne 
Hospital Leiden, as well as the national healthcare association for Radiology NVvR (Nederlandse 
Vereniging voor Radiologie).

The primary stakeholders for this study are categorized into two groups of professions: [1] ESG leads 
who prioritize sustainability programs in their hospital, publish annual hospital sustainability reports, or 
drive sustainability in procurement, and [2] Radiology experts (Radiologists, Technologists, or Radiology 
group leaders), who provide diagnosis and treatment for patients, are actively involved in sustainable 
initiatives, as part of a sustainability working group within a hospital, or act broader across the industry, 
as members of the green programs under the national association for Radiology (NVvR).

1.4 Project Assignment
1.4.1 Ultimate Goals
The graduation project aims to provide guidance and an end-to-end toolkit for hospitals, Green Teams, 
and particularly Radiology departments, to effectively contribute and help in achieving the national and 
global ESG goals. Taking a systemic approach and through collaboration with key ecosystem partners, 
the research strives to identify ESG strategic business value for hospitals, address key ESG hotspots in 
Radiology workflow, and provide an integrated measurement mechanism of ESG impact and value at 
department and hospital levels, connected to the external context of global and EU ESG initiatives.

1.4.2 Research Question
The study is motivated by the open questions and practical challenges of how ESG interventions can 
create strategic value, in the short and long term, effectively contributing to global and EU set goals. EU 
has set a target of reducing greenhouse gas emissions by at least 55% by 2030 and reaching net-zero 
emissions by 2050 (2030 Climate Target Plan, n.d.). The research additionally delves into how Radiology 
departments and hospitals prioritize, assess, and scale their initiatives to achieve these objectives. The 
main research question is defined as follows:

“How can ESG principles/policies be embedded 
in Radiology workflows?”

The answers are addressed through a systemic design approach, following the research methodology 
described in the next chapter.

16



18 19

Chapter 2

Methodology

This chapter describes the research methodology and design process, including the tools applied and data 
collection and interpretation. Later in this chapter, the theoretical foundation of ESG definition is presented later in 
this chapter, along with how it relates to healthcare. This chapter concludes with an introduction to the clinical and 
operational context of Radiology.
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2.1 Introduction to Method

ESG encompasses a wide range of factors that go beyond the scope of a single problem-solving. 
The objective of the method presented in this chapter is to illustrate how systemic design approach 
facilitates end-to-end design process to strategically govern complexity. It also describes the process 
of interpreting data from qualitative (interviews), quantitative (surveys) and co-creations. The next 
section of the chapter provides background information on ESG definition for healthcare. In order to 
better understand the clinical workflow, stakeholders, and systems involved, this chapter ends with a 
definition of Radiology.

2.2 Systemic Design Approach

Complex societal problems such as sustainability have a significant impact across multiple 
interconnected institutions, organizations, phenomena, and stakeholders (DeTombe, 2001) and how 
they will continue to function over time. Instead of tackling problems from a single point of view, 
systemic design approaches them holistically, recognizing that the nature of problems is interrelated 
and cannot be solved alone (Bijl-Brouwer & Malcolm, 2020). Creating a “designerly practice” of framing 
problems from multiple perspectives can lead to new avenues for solutions (Dorst, 2011).

What does “systemic approach” mean in healthcare industry? Hinrichs-Krapels et al. (2022) highlights 
the importance of a quadruple-helix approach, which involves cross-disciplinary and cross-sectoral 
research and implementation across industry, government, academia, and the society/public. This 
approach encourages multidisciplinary and participatory approaches that consider the perspectives 
and needs of all stakeholders.

Systems thinkers have contributed to tackling challenging societal problems, particularly sustainability 
challenges, by adopting various approaches and methods and by providing valuable strategies, tools, 
and procedures (Espinosa et al., 2008). Classification of systems approaches has developed by Diehl J.C. 
et al. (2019) to identify appropriate criteria for incorporating systems thinking into the design process 
and provide a conceptual framework for systems thinker to tackle the complex societal problems.

The researcher has chosen the systemic design approach to view the problems as part of a larger 
system and solve them by considering the relationships between different components of the system. 
Building a systemic design competence which referred by Diehl J.C. et al. (2019), the researcher also 
aspires to co-create with stakeholders to reach a shared understanding of complex challenges and 
co-design an end-to-end process, including supporting tools, that can enable them to effectively define, 
prioritize, measure and monitor the impact and value of potential interventions and solutions (as 
presented in Figure 1). Co-creation, participation, and interactive learning are considered fundamental 
principles for this research.

2.3 Research Design Process

The research takes on ambitious macro- and micro- objectives, addressing complex and interrelated 
challenges concerning the planet, the people and the systemic transformation processes in healthcare. 
Therefore, the research design process requires a number of steps of insights gathering, context 
setting and forward looking, in co-creation with multiple stakeholders. The proposed research design 
process is illustrated in Figure 1 and has five steps: [1] analysing the ESG pyramid as the fundamental

base, [2] framing ESG value and impact, [3] positioning interventions of Radiology ESG hotspots, [4] 
measuring ESG in Radiology and at Hospital level, and [5] consolidating ESG strategy toolkit with the 
research conclusions.

2.3.1 Research Design Process Steps

Step 1: Analysing the ESG Pyramid
The research starts by examining widely and 
deeply the developments of ESG policy programs, 
frameworks, trends, and initiatives at global, EU 
and national level, in the Netherlands. It also 
considers what mechanisms and resources are 
already available to use across university hospitals 
in the Netherlands, as well as where there are still 
significant gaps and challenges in the Radiology 
workflow today. This phase is concluded with a 
perceptual framing of the ESG Pyramid and the 
challenges for each of the identified pyramid levels 
in acting, collaborating, and scaling ESG for systemic 
impact in healthcare. Step 1 of the research design 
process will be addressed in depth in Chapter 3.

Framing ESG value 
and impact 

Analysing the ESG pyramid

2

4

35

Conslidating ESG 
strategy toolkit

Positioning 
interventions of 

radiology 
hotspots

Measuring ESG in 
hospital and 

radiology 

1

Figure 1. ESG Research Design Process 

1  Analysing the ESG Pyramid

Desk research
In-depth interviews

Outcomes

Key insights and results (Chapter 3):
ESG Global Forces and Frameworks 
Global Healthcare trends
ESG initiatives in University Hospitals in the Netherlands 

Tools:
ESG Pyramid  (Figure 4)



22 23

Step 2: Framing ESG Value and Impact in Radiology Workflow Step 4: Measurement of ESG in Hospital and Radiology

Step 3: Positioning Radiology ESG Hotspots in the Healthcare Ecosystem

Step 5: Consolidating ESG Strategy Toolkit

Further context of understanding is gathered 
with a group of ESG leads and Radiology experts 
across hospitals and decision-making entities in the 
Netherlands, to collect different types of knowledge 
or perspectives on ESG priorities, engagements, and 
challenges. In this phase, in-depth interviews and 
field research are conducted, and the protocols are 
described in Chapter 2.4.2 Research Design Methods 
and Tools. Furthermore, the researcher framed 
a Healthcare Ecosystem Map in the Netherlands 
to comprehend the decision power and dynamics 
between entities, with a mapped ESG Hotspots 
and Opportunities in the Radiology workflow. The 
research introduces the notion of ESG hotspots to 
highlight high value-impact intervention areas in 
Radiology, as described in Chapter 4.5. Chapter 4 
presents all other Step 2 outcomes.

A standard for measuring the sustainable 
development initiatives of various businesses in the 
industry is necessary for an efficient and reliable 
evaluation system (Li et al., 2021). Measuring is 
crucial for identifying undesirable ESG trends, 
illustrating the impact of potential interventions, and 
demonstrating the short- and long-term value of 
ESG investments. The researcher creats a prototype 
measurement instrument called the ESG Value-
Impact Scorecard that incorporates the important 
measuring criteria at the hospital and department 
levels (in this research, Radiology). This tool was 
validated with stakeholders through the surveys and 
during the Co-creation workshops, addressed in Step 
3. Step 4 outcomes will be discussed in Chapter 6.

In order to leverage ESG hotspots to drive action, 
it is necessary to identify which entities or actors 
can drive hotspots in healthcare ecosystem and 
work towards long-term solutions that benefit both 
healthcare and the larger society. ESG Intervention 
pathways across the ecosystem are then investigated 
for the identified ESG hotspots. Three directions 
of pathways are concluded: bottom-up (initiated 
and driven across the system by the Radiology 
department level itself), top-down (initiatives 
that must be driven by higher system levels for 
standardization and uniform transformation across 
the industry), and bi-directional (where parallel and 
collaborative top-down and bottom-up strategies 
are required to reach viable solutions). In this step, 
the researcher facilitated a series of Co-creation 
workshops with stakeholders who had previously 
been interviewed, to validate the assumptions as 
well as to create a sense of ownership and shared 
responsibility for driving change. In preparation for 
co-creation, a survey using Microsoft Forms was 
conducted to introduce stakeholders to the goals 
and setup of the workshops, collecting preliminary 
data. In Chapter 2.4.2 Research Design Methods and 
Tools, each protocol is presented. Step 3 outcomes 
will be presented in Chapter 5.

The research ends with consolidating the ESG 
Strategy Toolkit and the end-to-end ESG strate-
gic design process blueprint as the last step. This 
concludes a holistic view of all tools, methods, and 
resources that have been developed throughout 
the research process. The researcher aims that 
this toolkit can serve as a comprehensive guide for 
hospital professionals to adopt and transform ESG 
in the clinical workflows. Chapter 7 will present the 
consolidated ESG strategic design methodology and 
toolkit developed.

In the final chapter of this paper, Chapter 8, the researcher reflects on the lessons learned, valuable 
insights, experiences, and knowledge gained throughout the research process.

Framing ESG Value and Impact 
in Radiology Workflow

Measurement of ESG in 
Hospital and Radiology

Positioning Radiology ESG Hotspots 
in the Healthcare Ecosystem

Consolidating ESG Strategy Toolkit

Desk research
In-depth interviews
Field research
Survey research
Co-creation workshops

Survey research
Co-creation workshops

In-depth interviews 
Survey research
Co-creation workshops

Co-creation
In-depth interviews 

2

3

4

5

2.3.2 Research Design Methods and Tools
Five main methods are used to setup and execute upon this research (see Table 1).

1.   Desk Research Protocol (Qualitative and Quantitative Research) - Step 1 of the Research 
Design Process.
The researcher outlined the search strategy that focused on the specific data in order to broadly and 
deeply identify the current ESG goals, frameworks, trends, and efforts in global, EU, national, and 
academic hospitals. Desk research included not only comprehensive scientific literature reviews but 
also reports from both public and private industries, news articles, blogs, and social media, given the 
topic's constant evolution and the interconnectedness of different sources. The researcher mostly used 
Scopus, ResearchGate, Google Scholar, organization websites and reports, hospital annual reports, and 
Linkedin as search engines. The collective insights were continuously collected on a digital whiteboard 
called Miro, which helps systematically gather, analyze, and synthesize the relevance across multiple 
levels. The ESG goals and roadmap from the EU and university hospitals in the Netherlands are 
summarized in Appendix A.

Outcomes

Outcomes

Outcomes

Outcomes

Key insights and results (Chapter 4):
Ecosystem insights of Healthcare / Radiology in the 
Netherlands
ESG Challenges in Radiology workflow
ESG Hotspots and Opportunities in Radiology

Tools:
Healthcare Ecosystem Map (Figure 6)
Radiology workflow (Figure  8) 
ESG Hotspots and Opportunities (Figure 10)

Key insights and results (Chapter 5):
System level mapping of ESG interventions 

Tools:
ESG Pathways (Figure  11)

Key insights and results (Chapter 6):
ESG as Business Driver

Tools:
Hospital ESG Scorecard (Figure 12)
Radiology ESG Scorecard (Figure 13)

Key results (Chapter 7):
Strategic design process 

Tools:
ESG toolkit (Figure 14)
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• How are interviewed: Each interview lasted 45 to 65 minutes and was semi-structured and open-
ended. Open questions are more inviting and give interviewers more agency (Eppich et al., 2019). 
Most interviews were conducted via Zoom or Teams meetings for convenience of location and time; 
some took place in person at the hospital, and one was answered via email. The conversations 
were recorded under individual agreements for transcription purposes. The original audio is only 
available and accessible to the researcher, as per university regulations. The report discloses a brief 
explanation of their roles and responsibilities within the organization, but their names are withheld 
out of respect for their privacy.

• What are asked: Semi-structured interviews are combined with pre-planned questions and 
emergent questions or probes depending on the dialogue between the interviewer and participants 
(DiCicco-Bloom & Crabtree, 2006). The researcher intended a different set of questions for 
Sustainability/ESG leads and Radiology experts, as each has specific interests and priorities. The 
flow of questions was consistent in terms of [1] awareness of ESG and the mechanisms to be 
familiar with; [2] the governance structure of ESG prioritization to meet their long-term goals; [3] 
internal and external collaboration efforts; and [4] their vision of a future sustainable hospital or 
Radiology. The interview stopped when saturation was reached and the researcher began to see 
the same patterns of responses repeatedly. The questionnaires for interviews for both groups are 
presented in Ta-ble 2. In-depth interviews served various purposes in this research, as shown in 
Table 5.

3.   Field Research in the Radiology Department – Step 2 of the Research Design Process.
Radiology is a complex web of several workflows with many different stakeholders involved. The 
researcher had the opportunity to visit the Radiology department at Erasmus MC and was welcomed 
by the technologists who had previously been interviewed. It was allowed to observe and interact with 
healthcare professionals in a natural environment. Focused on gathering insights into ongoing ESG 
initiatives, the researcher was also involved in discussions with Radiology staff to identify bottlenecks 
and potential opportunities for enabling conditions to embed these initiatives in the workflow. The 
session lasted for a half-day, and the researcher also conducted in-depth interviews on-site. The 
findings from the field research are mapped in the Radiology workflow in Chapter 4.

2.   Interviews Protocol (Qualitative Research) – Step 2 of the Research Design Process. 
While desk research provides a foundation of exiting knowledge, interviews allow to capture different 
types of knowledge or perspectives on ESG and explore nuance or other phenomena that may not be 
readily available in existing sources.

• Who are interviewed: Stakeholders selected for the interview are categorized into two groups: 
[1] Sustainability/ESG leads who prioritize sustainability programs in their hospital, publish annual 
hospital sustainability reports, or drive sustainability in procurement, as well as [2] Radiology 
experts (Radiologists, Technologists, or Radiology group leaders) who provide accurate and timely 
diagnosis and treatment for patients, are actively involved in sustainable initiatives, or are part 
of a sustainability working group in a hospital or national healthcare association. The researcher 
conducted interviews with representatives across university hospitals and healthcare organizations 
to investigate cross-ESG challenges and opportunities. A snowball sampling method (Welch & 
Patton, 1992) was used to identify other relevant experts. The list of stakeholders who were 
interviewed is shown in Table 4.

Table 1. Research methods with main goals and data needs 

Table 2. Interview questionnaires for ESG leads and Radiology experts

Research Method

Informant

Desk Research

In-depth Interview

Survey Research

Co-creation 
Workshop

Field Research

1

2

4

5

3

Research Type

Qualitative +
Quantitative

Qualitative +
Quantitative

Qualitative +
Quantitative

Qualitative +
Quantitative

Qualitative

Step 1: Analysing the 
ESG Pyramid

Step 3: Positioning 
Radiology ESG Hotspots 
in the Healthcare 
Ecosystem

Step 4: Measurement 
of ESG in Hospital and 
Radiology

Step 2: Framing ESG 
Value and Impact in 
Radiology Workflow 

Identifying current 
Global, EU, National 
and Academic Hospital 
ESG goals, frameworks, 
programs, initiatives

Measuring the 
awareness, 
engagement and 
activation level of 
different stakeholders. 
Radiology workflow 
ESG insights and 
initiatives per hospital

Validation of Radiology 
ESG hotspots and 
initiatives at hospital, 
ESG metrics applicable 
and healthcare national 
ESG Ecosystem map

Consolidation insights 
on ESG Ecosystem 
map dynamics, 
Radiology ESG Hotspot 
prioritization and ESG 
interventions mapping 
on system levels; 
Co-definition of ESG 
Metrics for Radiology 
and Hospital

Assessing ESG 
challenges and impact 
across Radiology 
workflow (hospital visit)

- Existing ESG goals for each 
system level and system entity 
- Existing ESG global 
frameworks
- Existing ESG reports in 
academic hospitals and other 
Netherlands entities
- Radiology clinical workflow 
and stakeholders involved

- Department ESG priorities
- Department ESG programs
- Hospital ESG governance 
models
- Cross-hospital collaborations
- ESG challenges in Radiology
- ESG opportunities in 
Radiology

Awareness: How are you aware and relate to the long-term goals of the EU (and global)?
Priorities: Is sustainability a key priority in your hospital and how is it addressed across 
departments?
Priorities: How do you report on this internally and externally?
Collaboration: To what extend do you collaborate with other hospitals in order to maximize 
synergy and share efforts?
Vision: How do you envision the future of healthcare, and how are you hoping to influence it in 
your position?

Awareness: How familiar are you with the sustainability?
Priorities: Do you see initiatives in Radiology that address sustainable practices?
Collaboration: How are these connected to broader sustainable programs in your hospital and 
cross-healthcare?
Vision: What is your vision, and what practical interventions could you implement to foster 
sustainable practices in Radiology?

- ESG report existence at the 
hospital level
- ESG report existence at the 
department level
- Individual prioritisation of 
ESG hotspots

- Ecosystem validations
- ESG hotspots driving forces 
mapped on system levels
- ESG value and impact in 
scorecard at the hospital level
- ESG value and impact in 
scorecard at the department 
level 

- Radiology clinical workflow 
and stakeholders identification 
- Ongoing ESG initiatives

Research Step Main Goal Data Needs

Interview questionnaires

Sustainability / ESG lead

Radiology expert
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4.   Surveys Protocol (Quantitative Research) – Step 3 and 4 of the Research Design Process. 
Surveys are efficient to collect data from a large number of participants in a relatively short amount of 
time. The purpose of the surveys is to use the data to provide insight into the Co-creation workshop, in 
which participants can become familiar with the subject and activities that will be carried out during the 
workshop. 

• Who are surveyed: The survey was distributed to every stakeholder who had been previously 
interviewed in step 2. All survey questions are relevant for both Sustainability/ESG leads and 
Radiology experts, therefore a single link has been set up to make it easy to quantify the results.

• How are surveyed: The survey was filled out using Microsoft Forms, which is easy and intuitive 
to use. It was sent together with the invitation to the co-creation workshop and the researcher 
indicated that it should only take a few minutes for efficiency. The surveys were conducted 
anonymously in order to encourage more honest and unbiased responses.

• What are asked: The survey includes five questions for effectiveness while also resulting actual 
outcomes. Lists of questions, supporting assets, and question types are shown in Table 3. The 
survey results are presented in Appendix C.

• What are asked: Prior to the workshop, the researcher created four supporting assets on Miro, a 
digital whiteboard: [1] Healthcare Ecosystem Map in the Netherlands (outcome of Step 2) [2] ESG 
Hotspots in the Radiology Workflow (outcome of Step 2) [3] ESG Hotspots Pathwaysl (outcome of 
Step 3) [4] Measurements of ESG (outcome of Step 4). Each visual had prepared key questions to 
validate the assumptions and fill any gaps. The blueprints for co-creation are shown in Appendix D.

• How are Co-created: In contrast to step 2, where 1:1 in-depth interviews were conducted, 
this phase’s co-creation was meant to bring together stakeholders from various hospitals or 
healthcare organizations as well as different fields of expertise. Since it was challenging to have 
everyone there at once, the researcher spread out the series of sessions over the course of one 
week to accommodate their schedule. The sessions were taped under individual agreements for 
data interpretation in order to capture the interactive feedback and activities on Miro. Only the 
researcher had access to the original recordings, which were removed after transcription. Table 5 
presents the role that Co-creation workshops played in serving several of the research goals and 
the corresponding outcomes documented in this paper.

5.   Co-creation Workshop Protocol (Co-creation) – Step 3 and 4 of the Research Design Process.
Co-creation refers to a collaborative process where multiple stakeholders come together to jointly 
create and shape a solution, product, or outcome. This is a generative design research approach that 
engages stakeholders as partners who are "experts of their experience, promotes out-of-the-box 
thinking, and makes stakeholders' tactic values explicit” (Sanders & Stappers, 2014). The researcher 
aims to bring together the stakeholders who were previously involved in the interviews, actively share 
common or different perspectives, and ensure to work towards a common purpose. The co-creation 
workshop also has the aim of validating the various tools that have been created for steps 3 and 4. The 
protocol for the co-creation workshop is as follows:

• Who are Co-created: The main participants in the Co-creation workshop are the stakeholders who 
were previously interviewed in step 2. The researcher applied the method of snowball sampling 
through the participants to broaden and deepen validations, despite the fact that a small number 
of stakeholders were unable to participate due to hospital priorities. As a result, a chairman 
from NVvR as well as a radiologist from Radboud also joined the Co-creation. Table 4 lists the 
stakeholders that participated.

Table 3. Survey questions and types

Table 4. Overview of stakeholders who were interviewed and co-created

Survey questions

Organization Stakeholder group Roles / Positions Years of experience Interview

In-depth 
interview

E-mail

In-depth 
interview
In-depth 
interview
In-depth 
interview

In-depth 
interview
In-depth 
interview
In-depth 
interview

In-depth 
interview

In-depth 
interview

-

Yes

-

Yes

Yes

Yes

Yes

-

-

Yes

Yes

Yes

Co-creation

Supporting assets Type of questions

Do you report on ESG at hospital level?
Erasmus MC

Erasmus MC & NVvR

LUMC

Amsterdam UMC

Alrijne Hospital & 
NVvR

Radboud UMC & 
NVvR

Program manager

Program manager

Procurement and 
sustainability lead
Manager of 
department Radiology
Manager of 
department CT

Manager of 
department Radiology
Manager of 
department MRI

Technologist

- Technologist 
- Green Team at
Erasmus MC
- Sustainability Working 
Group of NVvR

- Radiologist 
- Sustainability Working 
Group of NVvR
- Radiologist 
- Sustainability Working 
Group of NVvR

+12 years

+21 years

+11 years

+21 years

+14 years

+22 years

+29 years

+10 years

+8 years

+40 years

+23 years

Sustainability / 
ESG lead

Radiology expert

Radiology expert

Radiology expert

Radiology expert

Radiology expert

Radiology expert

Yes / No / I don’t know

Yes / No / I don’t know

Multiple choice (limited 3 
options)

Open text

Open text

Do you report on ESG at Radiology department level?

What are the top 3 hotspots would you give the highest priority 
based on the highest impact on the ESG and the possibility for 
action and influence by Radiology in the hospital?

What other hotspots do you take into account besides those listed 
on the slide from question 3?

ESG Hotspots in Radiology 
workflow (outcome of 
Step 2)

Healthcare Ecosystem Map 
(outcome of Step 2)

Does the Ecosystem Map represent all actors and the complexity 
in the Healthcare system in the Netherlands (to address identified 
hotspots)? If not, which other actors would you include or exclude, 
and why?

1

1

2

2

3

3

4

5

4

6

5

7

8

9

10

11

2.3.3 Data Collection and Interpretation
The key results from the initial processing steps are revisited and linked to the overarching re-search 
goals. Table 5 presents the data modelling criteria and data interpretation considerations then 
applied to reach final conclusions with respect to [1] the structure and gaps in the global and national 
landscape of the healthcare ecosystem; [2] key ESG challenges and priorities of ESG Hotspots across 
the Radiology workflow; [3] system-level positioning of ESG Hotspots interventions; and [4] ESG value-
impact metrics to measure ESG adoption in Radiology workflows. Chapter 8 presents the researcher's 
final conclusions on the defined research question and overarch-ing study goals.
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Table 5. Data Collection and Interpretation Models

Research  Design Step   Research  Goal Data Modelling Criteria  Data Needs Data Analysis Considerations  Data Collection Method  Outcomes

Step 1: Analysing the ESG 
Pyramid 

Step 2: Framing ESG Value and 
Impact in Radiology Workflow 

Step 3: Positioning Radiology 
ESG Hotspots in the Healthcare 
Ecosystem

Step 4: Measurement of ESG in 
Hospital and Radiology 

Step 5: Consolidating ESG 
Strategy Toolkit 

Identifying Global, EU, National and Academic 
Hospital ESG goals, frameworks, programs, 
initiatives 

Understanding the ecosystem context of 
Radiology and measuring:  
• stakeholder ESG awareness level; 
• ESG initiatives at department in the 

context of hospital ESG goals / roadmap
• ESG current impact and bottlenecks 

across Radiology workflow  

ESG Hotspot prioritization in Radiology; 
Deeper insights level in the Ecosystem 
dynamics and system level mapping of expert-
proposed Radiology ESG interventions 

Co-definition and expert validation of ESG 
Metrics and Measurements for Radiology and 
at Hospital level

Developing an end-to-end strategic design 
process & tools for defining ESG goals, 
prioritize interventions and measure their 
added value and impact 

Current ESG Goals and Programs: 
• Global
• EU
• National
• Hospital
• Radiology Department  

Netherlands Healthcare Ecosystem  
• Entities 
• Roles & Responsibilities
• Business models
• Dependencies

ESG awareness level & initiatives
• Department level
• Hospital Green Teams
• Hospital management 

• Quantitative 
and qualitative analysis

• Cross- connection department initiatives, 
personal staff efforts and hospital ESG goals

• Similarity and differentiation aspects in 
radiology workflow across hospitals 

• Expert reasoning and context for selected ESG 
challenges, hotspots and opportunities 

• Existing ESG metrics and reporting mechanisms

Radiology workflow
• Clinical workflow steps
• ESG challenges across 

workflow
• ESG hotspots and 

opportunities mapping 
• Current ESG measurements & 

reporting in Radiology

• Expert cross-validation of 
workflow steps, clinical roles, 
ESG challenges and 
opportunities, current ESG 
measurements & reporting

ESG Hotspots & Interventions
• Expert hotspot ranking (top 3)
• Hotspots interventions 

selection (expert group 
ideation) 

• System level mapping of 
ESG interventions and 
implementation pathway 
directions (expert group 
debate and decision)

ESG metrics
• Clinical Workflow key 

performance indicators 
• ESG metrics in use
• Expert feedback and validation 

of proposed ESG topics 
and metrics (ESG Scorecard 
Department, Hospital) 

Validation of 
• Process steps
• Governance model 
• Tools

• Desk research
• In-depth interviews

• Desk research
• In-depth interviews
• Field research
• Survey research
• Co-creation workshops

• Survey research
• Co-creation workshops

• In-depth interviews 
• Survey research
• Co-creation workshops

• In-depth interviews
• Co-creation workshops

• Cross-validation 
from official sources , 
hospital representatives

• Cross-validation of in-
depth insights with 
official sources or 
representing experts

• Expertise led prioritization 
of ESG hotspots and 
interventions, based on 
consensus or majority 

• Cross-validation of ESG 
pathways considerations 
and constraints against 
gathered learnings from prior 
desk research

• Cross-expert validation 
of clinical and ESG 
performance indicators

• Expert validation of 
proposed metrics and 
reporting approach (ESG 
scorecard) 

• Qualitative and quantitative

• Comparison of goals and timelines of global 
and local entities

• ESG priorities, roadmaps and governance 
models

• ESG programs scope and active steering
• ROI measurements 

• Functional clusters in the ecosystem
• Influence and power flow on: ESG, finance, and 

compliance
• Important dependencies, partnerships, 

programs 

• Analysis of expert criteria for ESG hotspot 
ranking

• Perspectives and dimensions in experts 
dialogue on system level positioning of ESG 
interventions, gaps, risks and means for 
influence 

• Common reporting mechanisms on 
clinical workflow performance 

• Formal and informal ESG indicators used in 
Radiology departments and at top-level, in 
different hospitals

• Expert feedback in majority leading 

Key insights and results (Chapter 3):
ESG Global Forces and Frameworks 
Global Healthcare trends
ESG initiatives in University Hospitals in the 
Netherlands 

Tools:
ESG Pyramid  (Figure 4)

Key insights and results (Chapter 4):
Ecosystem insights of Healthcare / Radiology in 
the Netherlands
ESG Challenges in Radiology workflow
ESG Hotspots and Opportunities in Radiology

Tools:
Healthcare Ecosystem Map (Figure 6)
Radiology workflow (Figure  8) 
ESG Hotspots and Opportunities (Figure 10)

Key insights and results (Chapter 5):
System level mapping of ESG interventions 

Tools:
ESG Pathways (Figure  11)

Key insights and results (Chapter 6):
ESG as Business Driver

Tools:
Hospital ESG Scorecard (Figure 12)
Radiology ESG Scorecard (Figure 13)

Key results (Chapter 7)
Strategic design process 

Tools:
ESG toolkit (Figure 14)
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2.4 ESG Definition for Healthcare

Healthcare organizations have historically embraced environmental, social, and governance (ESG) 
efforts through caring for patients and developing treatments, vaccines, and systems to improve 
human health and save lives (PWC 2019). ESG, which stems from responsible investment, is defined 
as a corporate commitment to improving social well-being and ensuring long-term sustainability for 
stakeholders (Agarwal et al., 2023). Organizations with a strong ESG strategy tend to perform better in 
terms of future financial performance through long-term executive strategies (Velte, 2017).

The ESG principle is a framework consisting of environmental (E), social (S), and governance (G) 
factors (see Figure 2) that help in measuring the environmental footprint and social impact of 
business operations (EBA Report, 2021). Adopting these ESG principles in healthcare can lead to more 
sustainable, resilient, and socially responsible practices, such as reducing waste, energy, and carbon 
emissions, improving patient outcomes, and improving community health by promoting ethical 
governance and accountability (Serafeim, 2013).

The ESG definition for Radiology will be introduced in Chapter 4.2, building on previous 
recommendations, and expanded with new insights and ESG factors concluded with experts during this 
research. This definition will be the reference for defining a measurement and monitoring mechanism 
for the ESG strategic value for the Radiology departments and wider across hospitals, which will be 
presented in Chapter 6.

Figure 2. ESG framework (international frameworks) by EBA Report, 2021

Source: EBA Report on ESG risks management and supervision. Available online: https://www.eba.europa.eu/eba-publishes-its-report-
management-and-supervision-esg-risks-credit-institutions-and-investment (accessed on 31 July 2021).

2.5 What is Radiology? 
Radiology is the branch of medical discipline that uses x-ray, radioactive substances, and other kinds 
of radiant energy to diagnose diseases and guide their treatment, within the bodies of humans and 
other animals (Radiology - Wikipedia, 2020). It consists of two main areas: Diagnostic Radiology and 
Interventional Radiology, both of which use radiant energy to diagnose and treat diseases. The images 
can be provided by various imaging techniques, including X-ray, MRI, Ultrasound, CT scans, and PET 
scans. Each examination in Radiology must go through many sequential steps, including scheduling the 
patient, beginning and completing image acquisition, sending the completed images from the scanner 
into the digital image achieve, dictating the preliminary and final interpretation, delivering reports, and 
submitting charges (Pianykh et al., 2017).

A radiology imaging service cannot operate efficiently without a well-organized group of healthcare 
professionals. In the Radiology department, the stakeholders listed in Figure 3 are generally involved in 
the decision-making process for delivering imaging services. Maia (2021) identified five: [1] the Clinician, 
who requests the examination; [2] the Administrator, who schedules patients and records payments; 
[3] the Operational Assistant, who guides the patient from the waiting room to the exam room; and 
[4] the Radiographer or technologist, who welcomes the patient and performs the examination. The 
Radiographer or Technologist completes the image acquisition under the supervision of the Radiologist 
or with the assistance of [5] the Physician Engineer. The exam will then be interpreted and reported by 
a Radiologist before being sent to the Clinician, or it may go there directly (Maia, 2021).

In resource-constrained settings, fewer and less specialized professionals often fulfil multiple roles in 
Radiology due to limited technical, staffing, or economic resources. For instance, technologists may 
handle additional administrative and IT responsibilities, while some radiologists may perform nursing 
procedures themselves. However, it is crucial to ensure that these roles are adequately represented, 
either by specialized individuals or multitasking professionals, as they all play a vital role in servicing 
effective and safe imaging (Pianykh et al., 2017).

Figure 3. Radiology workflow and stakeholders in decision-making (flowchart from Maia, 2021)

Source: Maia, M. Health Technology Assessment And Decision-Making Processes: The Purchase Of Magnetic Resonance Imaging Technology. 
Available online: https://doi.org/10.1017/s0266462321000970 (December 2021).
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Chapter 3

Analysing ESG Pyramid

This chapter's goal is to give an overview of the relevant underlying knowledge, literature, and published reports. 
The chapter highlights all the important terms, trends, and initiatives defining the ESG pyramid, as well as the ESG 
impact, concluded with experts, across the Radiology workflow.
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3.1 Introduction to Analysis
This chapter introduces the concept of the ESG pyramid, a framework that aims to connect the macro, 
mezzo, and micro within the global healthcare system. Key challenges for the different levels of the 
pyramid will be concluded and discussed based on a broad literature study. The chapter’s next section 
presents ESG goals and initiatives in different university hospitals in the Netherlands. Finally, how ESG 
considerations in Radiology clinical workflow can have a significant positive impact is presented.

3.2 ESG Pyramid

Having a solid ESG strategy has evolved from a ‘nice to have’ to an ‘essential part’ of any organization’s 
capabilities and business. ESG reporting is becoming mandatory for an increasing number of 
organizations and industries worldwide. However, for healthcare and its clinical workflows, the speed of 
change is slow, and systemic interventions are extremely challenging. Figure 4 illustrates the proposed 
concept of the ESG pyramid (the research focus area) that aims to address the entities involved, their 
roles, and the key challenges at each level.

Figure 4. ESG pyramid and key challenges

Global ESG policies

Key Challenges

Global & EU

National Healthcare & 
University Hospitals & 
Medical associations

Hospital Departments
Clinical Workflows

1

2

3

Image Source: RamSoft. Available online: https://www.ramsoft.com/
radiology-workflow (9 September 2022).

Disclaimer: The project scope includes these organisations. 

• Lack of integration and synergy between 
ESG policy programs and reporting 
frameworks

• Disconnect between top level policies, 
visions, and MC initiatives

• Lack of long term shared roadmap at 
regional level

• No mechanism of standardisation and 
scaling of MCs initiativess

• Complex process to improve / change 
clinical workflows

• Lower level of urgency and awareness 
of ESG at granular level in the clinical 
workflows

The researcher identified three important levels to be considered in the ecosystem: [1] Global and 
regional EU level; [2] National healthcare and Hospital level; and [3] Department and Clinical workflow 
level.

• Level 1 introduces global ESG driving forces as well as their current defined ESG goals, programs, 
and governance frameworks, as presented in Chapter 3.3 Global ESG Driving Forces. The EU 
presents the most advanced programs, goals, and policy frameworks for environmental protection, 
social justice, and responsible governance. Nevertheless, there is a gap between the EU and the 
national government of the Netherlands with regard to policy alignment, involvement in the 
decision-making process, and advocacy for particular needs and priorities to ensure that the ESG 
initiatives are effectively implemented at the national level (The United Nations, 2017).
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• Level 2 investigates the setup and entities involved in the Netherlands healthcare system, 
highlighting the specific ESG setup and initiatives in academic hospitals as presented in Chapter 
3.5. The decentralized healthcare system in the Netherlands aims to improve accessibility, local 
decision-making, and patient-centered care (Decentralisation of Government Tasks, n.d.). On the 
other hand, the problem is further compounded by confusion about decentralization principles and 
practices because of the lack of clearly defined new roles for all levels, including those who get the 
benefits of decentralization (World Health Organization, 2001). The policy is limited by inconsistent 
technical competence at the local level, resistance from the center to share responsibility, and a 
lack of cooperation across entities.

• Level 3 investigates ESG impact in the Radiology workflow for this research, as presented in 
Chapter 3.6. Radiology is at the forefront of providing patients with diagnosis and treatment 
guidance. However, embedding ESG principles into the Radiology workflow poses several 
operational challenges due to the complexity of the workflow and multiple stakeholders involved 
(Maia, 2021), limited financial and human resources (Catalina Imaging, 2020), and low levels of 
urgency and awareness of the impacts Radiology makes (Buckley & MacMahon, 2021).

This research aims to further assess identified gaps at Levels 2 and 3, ongoing initiatives within and 
across hospitals, as well as opportunities to accelerate and bridge efforts across the healthcare 
system in the Netherlands. The system structure and its dynamics are captured as an ESG Healthcare 
Ecosystem Map, which is described in Chapter 4.

3.3 Global ESG Driving Forces 

According to desk and literature research, institutions rely on several international frameworks and 
standards to define ESG factors, while some use their own definitions (EBA Report, 2021). The following 
established entities are defining and scoping ESG, formalizing reporting frameworks, and driving 
transformation across international systems and are frequently used by organizations.

1.   Intergovernmental Panel on Climate Change (IPCC) and United Nations Environment 
Programme (UNEP) 
In October 2018, the Intergovernmental Panel on Climate Change (IPCC) released an alarming report 
that concluded that limiting global warming to 1.5°C would help prevent the worst effects of climate 
change (Reports — IPCC, n.d.). Established by the World Meteorological Organization (WMO) in 1988, 
IPCC provides UNEP with an objective source of scientific basis for climate change policies and a 
framework to underlay negotiations. The IPCC's mission and formal role is to provide global decision-
makers with a reliable, rigorous, and up-to-date assessment of the science underlaying climate change. 
IPCC has published a total of sixth assessment reports since 1990. The most current report is the 
Sixth Assessment Reports (AR6), which was released in March 2023 after three first instalments in 
2021 and 2022 (AR6 Synthesis Report: Climate Change 2023 — IPCC, n.d.). Additionally, the IPCC plays 
a significant role in the annual Conference of the Parties (COP) meeting, which bring together public 
and private entities to decide upon shared global priorities and programs under the United Nations 
Framework Convention on Climate Change (UNFCCC) treaty (List of Parties to the United Nations 
Framework Convention on Climate Change - Wikipedia, 2005).

UNEP: https://www.unep.org/UN: https://www.un.org/en/

COP: https://unfccc.int/process/bodies/supreme-bodies/conference-of-the-parties-cop

IPCC: https://www.ipcc.ch/

UNFCC: https://unfccc.int/

Reference Links

2.   Sustainable Development Goals (SDGs) and United Nations Development Programme (UNDP)
On January 1, 2016, the world embarked on a 15-year mission to complete the UN’s 2030 Agenda 
for Sustainable Development. The 17 Sustainable Development Goals (SDGs) and the 169 goals have 
drawn significant attention from the public and academia (Biermann et al., 2022). These goals are 
designed to be the blueprint to achieve a better and more sustainable future for all, calling for ending 
poverty, protecting our planet, and ensuring peace and prosperity for all people. To assist governments 
in integrating the SDGs into their national plans, policies, and institutional frameworks, UNDP deploys 
integrated policy support missions, such as the Global UNDP Strategic Plan 2022-2025 (Strategic Plan 
2022–2025 | UNDP, n.d.).

3.   Corporate Social Responsibility (CSR)
Since the 1960s CSR has been evolving as an accountability concept for businesses with respect to the 
impact of their decisions and actions on society, environment, ethical practices within the growth of the 
economy (ISO 2010; Hąbek and Wolniak 2016; Hąbek 2017; Financial Time 2018). From its introduction, 
CSR that social responsibility must take environmental factors into account and demand incorporation 
of inclusive and sustainable interventions in business operations (Żelazna et al., 2020). Companies 
that prioritize CSR work are appreciated that stand for more than simply financial gain, promoting 
sustainable development (European Commission, 2002).

4.   Environmental, Social, and Governance (ESG)
In June 2004, the United Nations Global Compact put forward the concept of ESG for the first time, 
advocating enterprises to consider environmental, social, and governance performance while focusing 
on their core business objectives (UN Global Compact, 2004). ESG evolved as a new concept, built 
upon prior corporate social responsibility (CSR) principles, expands across areas of ethical financial 
investments, increased accounting transparency and innovation of sustainable value propositions. ESG 
is not only evaluating the overall performance of businesses but drives structural changes towards 
green financing and policy frameworks to secure long-term economic growth (Wan et al., 2023). 

5.   Connecting SDGs and ESG Frameworks
In 2020, the UN Global Compact Network Korea disclosed the framework (see Figure 5) connecting for 
the first time the SDGs and the ESG dimensions, providing an actional solution and interconnected 
measurement mechanism of the SDGs goals within ESG frameworks. This framework is often used 
by organizations to couple their sustainability goals and programs to SDGs and integrate these in a 
preferred ESG reporting framework. This approach provides a higher level of transparency on priorities, 
enables dialogue with internal and external stakeholders, and enables formal reporting, towards 
stakeholders and investors on the business goals, sustainable pathways and achieved progress (Khaled 
et al., 2021).

UNDP: https://www.undp.org/SDGs: https://sdgs.un.org/goals

European Commission, 2002

UN Global Compact, 2004: https://unglobalcompact.org/library/255

UNDP Strategic Plan 2022-2025: Strategic Plan 2022–2025 | UNDP

Reference Links

Reference Link

Reference Link

https://www.unep.org/
https://www.un.org/en/
https://unfccc.int/process/bodies/supreme-bodies/conference-of-the-parties-cop
https://www.ipcc.ch/
https://unfccc.int/
https://www.undp.org/
https://sdgs.un.org/goals
https://op.europa.eu/en/publication-detail/-/publication/6e2c6d26-d1f6-48a3-9a78-f0ff2dc21aad/language-en
https://unglobalcompact.org/library/255
https://strategicplan.undp.org/?_gl=1*yedngx*_ga*OTc4MzY3NTIxLjE2NjkyOTEwODc.*_ga_3W7LPK0WP1*MTY4NjgxMTI1NS4zLjAuMTY4NjgxMTI1Ni41OS4wLjA.
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In the context that the UN Sustainable Development Goals (SDGs) are a globally agreed and accepted 
framework of practices with clearly defined indicators and goal-oriented recommendations that enable 
criteria-unbiased sustainability assessment, this research adds the perspective of ESG as value driver 
and widely accepted change instrument across industries worldwide (Five Ways That ESG Creates 
Value, 2019).

3.4 EU and Global ESG Healthcare Trends

In order to frame and interpret the healthcare system data gathered in this study, the researcher 
initially conducted an extended literature study to understand the key global factors and ESG 
trends driving the transformation of the healthcare industry. Three main insights are relevant to be 
highlighted in the context of this research: 

1.   Increasing demand for healthcare
Growing global populations and quality of life depreciation cause extreme pressure on the healthcare 
system and increase costs. By 2030, it is predicted that there will be a shortage of 13 million nurses 
worldwide (World Economic Forum, 2022). As a result, across the globe, the healthcare industry is 
increasingly under pressure of ‘doing more with less’, in a sustainable and socially responsible way. 

Figure 5. Framework connecting ESG and SDGs by UN Global Company Network Korea
(SDGs, the Compass for ESG Management, 2021)

Source: SDGs, the Compass for ESG Management. Available online: https://mediask.co.kr/90001-246 (accessed on 22 June 2021).

2.   Top priorities of climate change, circular economy, and ESG by healthcare providers
Healthcare accounts for 4.4% of global CO2 emissions and consumes more than 10% of materials 
extracted and processed globally every year (Health Care Without Harm, 2019). Furthermore, in the US 
only, the number of healthcare facilities has increased by more than 22% since 2003, leading to a 21% 
rise in energy consumption by 2019 (Bawaneh et al., 2019). The trend analysis shows that reporting on 
ESG is becoming the norm across the industry, improving measurement transparency, and providing 
information to stakeholders on progress towards set targets and goals.

3.   Prioritizing waste management in hospitals
According to Practice Greenhealth, hospitals produce 13 kg of waste per bed per day, with hazardous 
waste accounting for 15–25% of that total. In response to the dilemma, 94% of patients are considering 
the importance of hospital sustainability programs, and healthcare leaders are eager to partner to 
drive sustainable practices and future-proof healthcare innovation (Better Business Center, 2019), 
upstream as well as downstream. A powerful instrument that can accelerate ESG transformation across 
healthcare value chains is Procure-ment, recognized by both suppliers (Future Health Index | Philips 
2021) and hospitals (Strategic Procurement in the European Healthcare Sector, 2019). This can have 
short-and long-term positive impacts on finances, compliance, and ESG.

As a result of workforce shortages, climate change, and economic pressures, healthcare providers 
worldwide are being forced to improve operational efficiencies and develop new care delivery models 
(Health Workforce, 2023). Socially conscious healthcare professionals are becoming more aware of the 
need to reduce the carbon footprint to protect the planet’s and people's health.

3.5 ESG Initiatives in University Hospitals in the Netherlands 

University hospitals and medical associations in the Netherlands are increasingly aware of the 
importance of ESG and are taking steps to address them and improve their sustainability practices. 
A comprehensive analysis of ESG activities at six university hospitals in the Netherlands—Erasmus 
MC, LUMC, Amsterdam UMC, UMC Utrecht, Radboud UMC, and Alrijne Hospital Leiden — as well as 
a national healthcare association — NVvR—were conducted as part of the study (see Table 6). These 
activities, which were cited in the annual reports, press articles, and social media posts of the hospitals, 
were classified into categories for cross-analysis.

https://mediask.co.kr/90001-246
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Table 6. ESG activities at the six hospitals and a national healthcare association in the Netherlands

Erasmus MC Amsterdam UMC Alrijne Hospital LeidenLUMC Radboud UMCUMC Utrecht NVvR

Sustainable Care Green 
Deal 3.0

ESG Strategic Plans or 
Annual Reports

Yes – Annual sustainability report

- In 2020, Green Team was 
introduced 

- To raise awareness and 
provide the creative impetus for 
sustainability practices

- 15 Green Teams presently

- Standardised urine bags in the 
Radiology department

- Material flow analysis in the 
intensive care unit

- Sustainability strategy integrated 
into procurement

- ICU environment hotspots: 
gloves, gowns, and CRRT 
(Continuous Renal Replacement 
Therapy) bags

- Sustainability coordinators 
at Erasmus MC collaborate 
with between UMCs to ensure 
interactions with the steering 
committee and management 
group as well as monitor the 
progress of the 4 Green Deal-
related working groups

- Close cooperation in the field of 
procurement, with national Green 
Teams supporting each other in 
the transition to sustainability

- Developed the Green Team 
(specifically, Operating Room) 

- To improve waste collection 
and the elimination of disposable 
gowns

- 25 Green Teams presently
 

- Dashboard Groen 2022 to 
monitor progress and raise 
awareness of improvements 
with the support of the Green & 
Healthy programs
 

- LUMC and Erasmus MC are 
members of this consortium 
and have implemented various 
sustainability initiatives through 
technical solutions as part of 
its Medical Delta Sustainability 
Program
 

- Since 2021, 9 Green Teams 
(specifically, Operating Room) are 
dedicated 

- To advance the separate disposal 
of waste in operating rooms
 

- Contribute to a healthy 
environment, combate climate 
change, expand the circular 
economy, and create equal 
opportunities for all

- Joint commitment across 
Radboud University and 
Radboud UMC to work together 
to accelerate the adoption of 
sustainable practices

- Green Teams

- Focus on themes on CO2 
reduction, waste
counteract, green doctoring and 
healing environment
 

- Standardised urine bags in the 
Radiology department

- Sustainability
as a selection criterion for 
purchasing (e.g., circular 
and energy-efficient medical 
equipment) 

- Internal and external inspirations 
by Green Teams

- Partnership with TU Delft 
students from different disciplines

- Established the NVvR '21-'30 
strategic vision: Radiology, the 
navigator of healthcare

- Partly inspired by Sustainable Care 
Green Deal, a joint sustainability 
working group was set up at the end 
of 2021

- 10 sustainability working group 
members presently

- Focused on activities related to 
waste separation, contrast agents, 
energy consumption and stock 
management systems

- The sustainability working group 
is affiliated with the green care 
alliance as a green care

- In 2022, the Green Care (Groen 
Zorg) community was introduced

- Developed Green Teams 
(specifically, Operating Room)

- Focus on reducing pollution, 
protecting food supply, 
and assessing healthcare's 
environmental impact.  

- In 2021 the Amsterdam Public 
Health research institute (APH) 
has recalibrated its strategic plan, 
aiming to reduce its negative impact 
on climate and waste through its 
daily operations 

- The Academic Medical Center 
(AMC) and the VU University Medical 
Center (VUmc) joined forces to 
leverage their respective expertise, 
research, and facilities

- Joints enable to ensure sustainable 
access to complex patient care
 

- In 2021, a Hub Circular Hospital 
was created

- Focus on disposables and circular 
business models for cataract 
surgery
 

- Five themes for the new 
sustainability policy: CO2 natural 
and sustainable real estate, 
sustainable transport, circular 
business operations, clean 
wastewater, and an environment 
that promotes health

- The working groups align on CO2 
reduction strategy and roadmap, 
and they work together to finance 
initiatives

- There are various contracts with 
suppliers to support the committee 
achieve its sustainability goals

- Close cooperation with universities 
to contribute various levels of care 
research, and education to be more 
sustainable

Erasmus MC Sustainability Report 
2021: https://www.erasmusmc.
nl/-/media/erasmusmc/pdf/2-
themaoverstijgend/erasmusmc_
duurzaamheidsverslag_2021_def.pdf

LUMC Annual Report 2022: https://
www.lumc.nl/siteassets/over-het-lumc/
het-lumc/strategie-en-verantwoording/
bestanden/jaarverslagen/lumc-
jaarverslag-2022.pdf

Amsterdam UMC Strategic plan 2020-
2023: https://www.amsterdamumc.
org/download/strategic-plan-
aph-2020-2023-.htm

Radboud UMC Sustainability policy 
2021-2025: https://www.radboudumc.
nl/getmedia/7cf7384b-e933-43fa-9e1f-
fa5ea837051e/Duurzaamheidsbeleid-
2021-2025-Definitieve-versie.aspx

Alrijne Sustainability and Environment 
Report 2021: https://www.alrijne.nl/
media/6743/milieujaarverslag-2021.pdf

NVvR Sustainability Working Group: 
https://radiologen.nl/kwaliteit-nvvr/
werkgroep-duurzaamheid

UMC Utrecht Sustainability policy 
2020-2025: https://assets-eu-01.
kc-usercontent.com/546dd520-97db-
01b7-154d-79bb6d950a2d/18e2512d-
856b-40df-a09d-ad200d97f29b/iPDF%20
Duurzaamheidsbeleid%202020-2025_
mrt2021_v2.pdf

Yes - Strategic plan 
2020-2023

Yes - Annual report Yes - Annual report Yes -Guidelines for radiological 
reporting

Yes - Sustainability policy 
2020-2025

Yes -Sustainability policy 
2021-2025

ESG Communities

ESG Internal Programs

ESG Collaboration with 
ecosystem partners

Reference Links

Healt hcare Green 
Deal 3.0: https://www.
greendealduurzamezorg.nl/
deelnemers/ 

Reference Link

https://www.erasmusmc.nl/-/media/erasmusmc/pdf/2-themaoverstijgend/erasmusmc_duurzaamheidsverslag_2021_def.pdf
https://www.erasmusmc.nl/-/media/erasmusmc/pdf/2-themaoverstijgend/erasmusmc_duurzaamheidsverslag_2021_def.pdf
https://www.erasmusmc.nl/-/media/erasmusmc/pdf/2-themaoverstijgend/erasmusmc_duurzaamheidsverslag_2021_def.pdf
https://www.erasmusmc.nl/-/media/erasmusmc/pdf/2-themaoverstijgend/erasmusmc_duurzaamheidsverslag_2021_def.pdf
https://www.lumc.nl/siteassets/over-het-lumc/het-lumc/strategie-en-verantwoording/bestanden/jaarverslagen/lumc-jaarverslag-2022.pdf
https://www.lumc.nl/siteassets/over-het-lumc/het-lumc/strategie-en-verantwoording/bestanden/jaarverslagen/lumc-jaarverslag-2022.pdf
https://www.lumc.nl/siteassets/over-het-lumc/het-lumc/strategie-en-verantwoording/bestanden/jaarverslagen/lumc-jaarverslag-2022.pdf
https://www.lumc.nl/siteassets/over-het-lumc/het-lumc/strategie-en-verantwoording/bestanden/jaarverslagen/lumc-jaarverslag-2022.pdf
https://www.lumc.nl/siteassets/over-het-lumc/het-lumc/strategie-en-verantwoording/bestanden/jaarverslagen/lumc-jaarverslag-2022.pdf
https://www.amsterdamumc.org/download/strategic-plan-aph-2020-2023-.htm
https://www.amsterdamumc.org/download/strategic-plan-aph-2020-2023-.htm
https://www.amsterdamumc.org/download/strategic-plan-aph-2020-2023-.htm
https://www.radboudumc.nl/getmedia/7cf7384b-e933-43fa-9e1f-fa5ea837051e/Duurzaamheidsbeleid-2021-2025-Definitieve-versie.aspx
https://www.radboudumc.nl/getmedia/7cf7384b-e933-43fa-9e1f-fa5ea837051e/Duurzaamheidsbeleid-2021-2025-Definitieve-versie.aspx
https://www.radboudumc.nl/getmedia/7cf7384b-e933-43fa-9e1f-fa5ea837051e/Duurzaamheidsbeleid-2021-2025-Definitieve-versie.aspx
https://www.radboudumc.nl/getmedia/7cf7384b-e933-43fa-9e1f-fa5ea837051e/Duurzaamheidsbeleid-2021-2025-Definitieve-versie.aspx
https://www.alrijne.nl/media/6743/milieujaarverslag-2021.pdf
https://www.alrijne.nl/media/6743/milieujaarverslag-2021.pdf
https://radiologen.nl/kwaliteit-nvvr/werkgroep-duurzaamheid
https://radiologen.nl/kwaliteit-nvvr/werkgroep-duurzaamheid
https://assets-eu-01.kc-usercontent.com/546dd520-97db-01b7-154d-79bb6d950a2d/18e2512d-856b-40df-a09d-ad200d97f29b/iPDF%20Duurzaamheidsbeleid%202020-2025_mrt2021_v2.pdf
https://assets-eu-01.kc-usercontent.com/546dd520-97db-01b7-154d-79bb6d950a2d/18e2512d-856b-40df-a09d-ad200d97f29b/iPDF%20Duurzaamheidsbeleid%202020-2025_mrt2021_v2.pdf
https://assets-eu-01.kc-usercontent.com/546dd520-97db-01b7-154d-79bb6d950a2d/18e2512d-856b-40df-a09d-ad200d97f29b/iPDF%20Duurzaamheidsbeleid%202020-2025_mrt2021_v2.pdf
https://assets-eu-01.kc-usercontent.com/546dd520-97db-01b7-154d-79bb6d950a2d/18e2512d-856b-40df-a09d-ad200d97f29b/iPDF%20Duurzaamheidsbeleid%202020-2025_mrt2021_v2.pdf
https://assets-eu-01.kc-usercontent.com/546dd520-97db-01b7-154d-79bb6d950a2d/18e2512d-856b-40df-a09d-ad200d97f29b/iPDF%20Duurzaamheidsbeleid%202020-2025_mrt2021_v2.pdf
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3.6 Impacts of ESG on Radiology Clinical Workflow

To be able to navigate the developing global health trends and upcoming climate crisis, it is imperative 
to harness the adaptability of healthcare and Radiology (Buckley & MacMahon, 2021). Incorporating 
ESG considerations into the Radiology clinical workflow can lead to optimized operations, high-quality 
value-based care, and drive sustainable and responsible healthcare practices.

• Environmental impact
Significant energy is wasted across the Radiology workflow and practice at large. Two-thirds of CT 
energy use occurs during the inactive idle system state, and one-third of MRI energy usage occurs 
during the system off state, requiring constant cooling (Heye et al., 2020). However, the vast majority of 
the energy used in Radiology, about 86%, is indirectly consumed by data centers through data storage 
servers and cooling systems (Buckley & MacMahon, 2021). In addition, waste generation is an equal 
concern. Both diagnosis and interventional procedures lead to large amounts of contrast leftovers and 
single-use medical consumables and devices. Disposable surgical supplies are the hospital's second-top 
source of carbon emissions in the Radiology department (Hawkins & Tremblay, 2023), while contrast 
substances are not recyclable in the Netherlands. More research is needed to promote energy-efficient 
imaging equipment, advocate for reducing and removing unnecessary data scans, raise awareness 
about sustainability, and suggest alternative approaches to reducing medical waste.

• Social impact
Diagnosis and Interventional Radiology involves a variety of stakeholders, including physicians, 
radiologists, technologists, and support staff, to deliver patient-cantered care by prioritizing the needs 
and comfort of patients. However, because of the demanding nature of their work—long hours, high 
workload, deadline demands, and exposure to stressful situations—burnout is on the rise (Catalina 
Imaging, 2020). It may negatively impact the quality of patient care and contribute to higher staff 
turnover rates. Another significant social impact is that of patient no-shows, which can disrupt the 
operational workflow, waste resources, and delay patient diagnosis or treatment (Mieloszyk et al., 
2019). Radiology plays an important role in ensuring the well-being of healthcare professionals and 
streamlining patient care delivery. By implementing ESG strategies and consistent measures to mitigate 
these challenges, Radiology departments can enhance operational efficiency, improve patient care, and 
promote a healthier work environment for their staff.

• Governmental impact
Government and healthcare authorities play an important role and have the power to enact rules and 
set standards. The Dutch government is set to implement the "Green Deal Sustainable Healthcare" with 
more than 200 public and private industry members; however, there is little clarity on the roadmap, 
specific deliverables, and governance model to manage the engagement and commitments of the 
participating organizations (Reeder et al., 2023). Therefore, the government must take ownership 
and adopt a more proactive and structured approach to drive change beyond ESG initiatives as 
voluntary and personal imitatives (Brassil & Torreggiani, 2019). Collaboration with other hospitals and 
medical associations is also essential for sharing knowledge, strategies, and an overarching future 
vision. Collaboration across the healthcare value chains and "open innovation" can drive significant 
improvements in sustainability (Lopes et al., 2017).
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Chapter 4

Framing ESG Value and Impact in 
Radiology Workflow

The results of comprehensive data from qualitative and quantitative research are presented in this chapter, along 
with framed key results in the Radiology workflow. Following the introduction of an ESG definition for Radiology, 
this chapter also provides a structured healthcare ecosystem map.

Image source: Philips MRI. Available online: https://www.usa.philips.com/healthcare/solutions/magnetic-resonance

https://www.usa.philips.com/healthcare/solutions/magnetic-resonance
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4.1 Introduction to Results

This chapter encompasses the systemic framing of a healthcare ecosystem map in the Netherlands 
to address relationships and dependencies between the various actors from the perspective of 
the proposed ESG definition of Radiology in this study. In the next two sections of the chapter, 
significant ESG challenges and hotspots are mapped in the end-to-end Radiology workflow based 
on data collection and interpretation with selected experts in the field (see Table 4 for an overview 
of stakeholders who were interviewed and co-created). The final section of the chapter shifts to ESG 
opportunities and its potentials.

4.2 ESG Definition for Radiology

Radiology should take proactive steps to advocate for research and policies that promote a sustainable 
future, and research reveals promising opportunities to minimize a carbon footprint while maintaining 
patient care and safety (RSNA, 2021). Professionals in diagnostic and interventional Radiology are 
uniquely positioned to lead ESG efforts and make significant contributions to reducing healthcare’s 
contribution to climate change (Woolen et al., 2023). Radiology departments should therefore pursue 
implementing sustainable practices, investing in ESG education, technology and infrastructure to 
promote and effectively embed environmental sustainability, diversity and inclusion in the workforce, 
advocating for social justice, and adhering to ethical and regulatory standards. 

While Chapter 2.3 discusses the ESG framework's general implications for healthcare and what 
it entails, specific ESG factors for Radiology are necessary to help in assessing and implementing 
sustainable and responsible practices. The researcher outlines the proposed ESG elements for 
Radiology used in this study in Table 7, from the leading perspective of SDGs and considering ongoing 
ESG measurement initiatives as presented in the annual sustainability reports of considered university 
hospitals in the Netherlands for this study. In Chapter 6, these factors are incorporated to measure ESG 
strategic value and impact.

4.3 Healthcare Ecosystem Map in the Netherlands

Healthcare ecosystems today face multiple challenges due to the complexity and are daunted by the 
prospect of generating value from their ecosystem investments (McKinsey & Company, 2019). Since 
2015, the healthcare system in the Netherlands has been decentralized from the national level to 
municipalities. Municipalities are in charge and have responsibilities to bring the decision-making 
process closer to those it affects (Decentralisation of Government Tasks, n.d.). However, there is little 
attention to the resulted challenges of a decentralized healthcare ecosystem, which involves multiple 
stakeholders, complicated relationships, and complex agenda management. To better understand 
the context of decentralization in the Dutch healthcare industry, the researcher proposes developing 
a holistic and integrated view of the current system and its dynamics, presented in the form of a 
Healthcare Ecosystem Map (see Figure 6).

• What is the purpose?
The Healthcare Ecosystem Map is a systemic thinking approach and a visual tool that enables 
stakeholders at various levels inside a hospital and across the healthcare industry to collaborate on 
developing a simplified and shared understanding of their relevant ecosystem structure, dependencies, 
dynamics, and key facts. This map allows to observe complex system factors and drivers of power, 
influence as well as limitations. in a holistic view. This ecosystem map primarily focuses on the factors 
of influence to drive ESG transformation in Radiology as clinical domain by embedding ESG at the core 
of the Radiology clinical workflow.

• Stakeholders and their interests
Placing the patient at the centre, supported by patient networks, and surrounded by society and the 
planet in space, the five stakeholder groups and key actors are identified with their respective interests. 
The system changes required to drive and accelerate the ESG transformation are discussed during co-
creation sessions (see Table 8).

• Information flows
The interactions between groups or actors can be explained by three flows: [1] the financing flow, [2] 
the clinical compliance flow, and [3] the ESG transformation flow. The ROI (Return on Investment) of 
each of the flows is denoted by dotted lines. The existence or absence of ESG reporting from healthcare 
providers to the government is significant in relation to these flows. In a structured governance model 
with hospitals, monitoring and measuring systems should be set in place by the government. In the 
Netherlands, although the Green Deals goals have been defined, it is unclear from the programs, 
timelines of activities, and ownerships how these initiatives are monitored and will be achieved. 
While the research is scoped to identify key drivers for ESG adoption into the Radiology workflow and 
industry at large, further research on the deeper level of introduced flows is recommended.

Table 7. ESG framework and SDGs for Radiology

Dimension Factors SDGs

Environmental (E)

• Energy
• Water
• Waste
• Equipment long-life
• Reusables

• Patient NPS
• Workforce wellbeing
• First-time-right
• Workflow efficiency

• ESG compliance
• Workforce NPS
• Green procurement
• ESG investments
• Circular revenue

Social (S)

Governance (G)
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Health Insurers
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• Reflection on the mapping results
The received expert’s feedback on the ecosystem map proved an unmet need and a great value in 
providing a holistic and simplified view of the actors, interests, and dynamics that can enable shared 
analysis on gaps, prioritization of initiatives, and co-creation of solutions within and across hospitals. 
The qualitative research and co-creation with experts concluded that ESG particularities lie in:

1. calling for a higher authority than medical associations to act as an umbrella organization with full 
accountability for adopting, standardizing, and monitoring ESG initiatives across hospitals.

2. acknowledging that each hospital has its own quality measurement system, but none that is 
aggregated across hospitals.

3. emphasizing upstream the critical responsibilities played by national and local medical associations 
in influencing hospitals and participating in government relations.

4. highlighting the long-term benefits and potential circular revenue that can result from prioritizing 
sustainability in procurement.

5. suppliers' significant contribution in helping to achieve Green Deals goals, which aren't possible by 
hospitals alone.

6. the important role NFU (Nederlandse Federatie van Universitair Medische Centra) has in 
coordinating the implementation and reporting on Green Deal objectives and programs, balancing 
increasing demand in healthcare, and reducing unnecessary scanning.

7. the influential role NvvR has to drive prioritization, standardization, and effective collaboration 
on implementing ESG in Radiology regulations, protocols, and workflows. The low power and 
overwhelming experience for the patient to engage with the complexity of the healthcare system 
for general clinical services and, even more so, to act sustainably.

4.4 Identifying ESG Challenges in Radiology Workflow

The optimization of Radiology workflow challenges is of the utmost importance since it affects quality 
of service delivery and is key to reducing operating expenses. The workflow in Radiology includes a 
number of actions such as ordering examinations, scheduling, image acquisition, storing and reading 
images, and reporting on Radiology exams. As described in Chapter 2.4, the current Radiology clinical 
workflow does not present major changes over time. ESG brings new challenges to the current 
protocols, and changes are inevitable in the context that multiple stakeholders, including patients, are 
involved. The key ESG challenges across the Radiology workflow are highlighted in Figure 7.

According to prior research, several important ESG challenges collide today: 

• 7% of patients fail to show up or cancel their appointments, which is associated with a lower 
socioeconomic level, a distance from the appointment that makes transportation difficult, the 
weather, and a history of missed appointments (Mieloszyk et al., 2019), in addition to 50% of 
recommendations that are not followed through (Shuaib et al., 2014).

• A global study shows that in Germany, 97% of Technologists report severe work stress, which can 
pose a threat to the patient experience and the functioning of diagnostic services, outpacing the 
US at 44%, the UK at 54%, and France at 40% (Philips Research, 2019). Moreover, burnout among 
Radiologists is on the rise and accounts for 45% of cases, with a heavy workload and a lack of 
respect from administrators or colleagues as the main causes (Catalina Imaging, 2020). 

Table 8. Key entities, actors, roles and interests, and quotes

Key Entities

Global Authorities

Government

Healthcare providers

Suppliers and 
innovation partners

Health insurers

Key Actors

- EU
- UN
- WHO

- The Ministry of 
Health
- National Institute for 
Public Health and the 
Environment (RIVM)
- Health and Youth 
Care Inspectorate (IGJ)
- Dutch Healthcare 
Authority (NZa)
- Decentralised 
healthcare authorises 
such as municipality, 
Persoonsgebonden 
budget (Pgb), and 
Social Support Act 
(WMO)

- Academic hospitals 
(being part of NFU and 
including Radiology 
and Green Teams)
- Teaching hospitals
- General hospitals
- Medical associations 
(including NVvR, 
KNMG, CPME, NVZ)

- Medical supply 
services
- Waste management 
services
- Utilities services
- Academia

- National Health 
Care Institute 
(Zorginstituut)
- Medical insurance 
services

- Responsible to define 
and implement the 
sustainable solutions for 
the future

- Allow and enable 
implementation 
at scale and the 
institutionalisation of 
systemic structural 
industry changes 
(especially on ESG)

- Offer expertise and 
implement the solutions 
locally and remotely
- Ensure better 
accessibility and quality 
of care close to politics, 
government, and other 
associations

- Provide Innovative 
solutions, services and 
technology that improve 
patient care and advance 
the overall quality 
and efficiency of the 
healthcare system

- Provide basic and 
extended healthcare 
insurance packages
- Advise and clarify the 
contents of standard 
healthcare benefits for 
patients

-

-

“We are missing one integrated system for measuring 
how initiatives are being implemented, which the 
government (RIVM) could support.”

Radiologist of a MC

“Medical associations oversee national and local 
protocols, guidelines, which are important entity to 
embed ESG in the clinical workflow.”

Sustainability program managerof a MC

“Hospitals measure performance under Green Deal, 
but there is no collective report, as each performs 
independently.”

Manager of department Radiology of a MC

“We play more roles than most people are aware 
of, including that of suppliers to other hospitals and 
producers of our own medication.”

Procurement and sustainability lead of a MC

“By 2023, only 25% of waste can be non-specific, and 
the remains must be recycled according to the Green 
Deal… suppliers should have ownership as hospital 
cannot solve alone.” 

Technologist of a MC

“Water utility services play a vital role in contrast media 
by supplying the necessary water supply dilution, 
cleaning, and patient safety.”  

Radiologist of a MC

Roles and Interests Quotes from Co-creation
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Figure 7. Radiology workflow mapped with key ESG challenges (flowchart from Maia, 2021)
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found an average of 8kg of waste 
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energy consumption (Woolen et al., 2023)

4.5 Identifying ESG Hotspots in Radiology Workflow
Hotspots in Radiology workflow refer to critical points or stages in the process where inefficiencies, 
bottlenecks, or challenges may occur. As an outcome of data collection on several dimensions, the 
researcher proposes using Figure 8 as an alternative to Figure 7 to illustrate the top-most significant 
ESG hotspots appointed by experts involved in this study. These have a direct impact on the 
overall efficiency, productivity, and quality of Radiology services. The procurement cycle and waste 
management have both been added as they have a substantial impact on ESG within the lifecycle of 
medical equipment and Radiology workflow, as presented in Figure 8.

• Hotspot 1: ESG criteria missing in procurement processes
Sustainability is not currently integrated into the procurement function in a structured way. The 
procurement process is reactive, based on department-set criteria and industry tender trends for 
imaging modalities, equipment, disposables, and pharmaceuticals. Collectively, the amount reaches 
several million euros in spending. The healthcare sector needs to develop policies and standards for 
driving ESG, as well as the necessary skills, competencies, and know-how to make informed decisions 
about purchasing responsibly. That being said, hospitals already have the power to ask suppliers 
qualitative questions about their carbon reduction approach, environmental footprint, as well as 
extension and end-of-life solutions.

“It is necessary to prioritise sustainability factors in the procurement processes, such as climate, environment, 
biodiversity, and socioeconomics... The role of the procurement function is to provide an advising role rather 
than making any decisions themselves. It is important to ensure that the procurement process is carried out 
correctly and in accordance with Dutch tender law, which is based on European law.”

Procurement and sustainability lead of a MC

“It is important to see the big picture and taking the time and effort to make sustainable choices. Trend of 
sustainability in the industry is growing and getting more importance of supporting the Green Team.”

Manager of department CT of a MC

• Hotspot 2: Increasing unnecessary Radiology scans
All experts involved in the study raised the increasing demand in Radiology and misaligned exposure 
and contrast standards. According to the research, over 74% of the reports in CT scans and radiography 
were unnecessary, and fewer than 26% were actually required (Khosravi et al., 2023). Radiology centres 
across the country operate at full capacity, with low-to-no influence on reducing the demand for 
unnecessary scans, the duration of the Radiology workflow, or refusing patients and scans.

“We should reduce unnecessary procedure and focus on patient quality of life. While it is necessary for us to 
administer thrombolysis for a 94-year-old, we believe it may be over-treating the patient. Treating a 94-year-
old patient may only improve the outcome by 15%, which may not justify the amount of treatment required.”

Radiologist of a MC

“There is some standardisation in the case of rare diseases, but overall, there is still overconsumption of 
radiography exams.”

Manager of department Radiology of a MC

• Hotspot 3: No common standards for Radiology scans
Every hospital in the Netherlands conducts scans differently, even for the same type of scan. For 
example, one hospital may do a liver scan 30 second after injecting the contrast, while another 
hospital many wait for 35 seconds after the contrast injection. This may be one reason why hospitals 
prefer to treat their own patients rather than refer them to another hospital, as they have a better 
understanding of their own procedures. According to the experts involved, the differences in standards 
are driven by two main forces: technology as equipment requirements and economics as the 
competitive business models of hospitals. 

“Why some basic CT scans cannot be done at hospitals closer to the patient's location, rather than requiring 
them to travel to a specialised hospital? Patients need to travel long distances for short procedures like 
5-minute CT scans, as they could be done at a nearby hospital.”

Technologist of a MC

• Radiology is particularly concerning from an environmental standpoint because it consumes the 
most energy, but it is even worse because 162,260 kWh/yr of MRI, CT, X-ray, and ultrasound are 
consumed inefficiently, such as overnight without use (Woolen et al., 2023). Digital images for data 
storage benefit the environment by minimizing waste, but the energy required to run and cool 
servers for storing images is substantial (Hawkins & Tremblay, 2023).

• The amount of hazardous waste produced by Radiology procedures has a worrying effect on the 
environment. Healthcare facilities in the United States produce more than 5.9 million tons of waste 
yearly (Voudrias, 2018). An Interventional Radiology suite audit of 17 procedures found an average 
of 8 kg of waste per case, with coiling (13.1 kg) and embolization (10.3 kg) cases having the highest 
waste loads – many of which many waste disposals are not recyclable (Shum et al., 2020).

• Contrast media is an important environmental concern in the clinical context of Radiology. In the 
US alone, over 40% of CT procedures utilize contrast media, which is a derivate substance based 
on Iodine (Recycling Iodine, 2022). Iodine is a non-renewable resource, and only about 18% of the 
current global demand is being reused (Expert Commentary, 2015). Furthermore, in most countries, 
due to high toxicity levels and inflammation risks, most countries, including the Netherlands, forbid 
transportation across highways, preferring depletion in local sewage. This has the risk of reaching 
drinking water and nature, affecting the health of people and the environment.
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Figure 8. Key ESG hotspots in Radiology workflow
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• Hotspot 4: Patient low awareness on ESG impact
Radiology faces increasing patient no-show visits due to a variety of factors, including patient anxiety, 
rising healthcare expenses, or misunderstandings about the nature of tests and required patient 
preparation (Singh et al., 2017). However, every missed appointment represents a significant amount 
of environmental, economic, and social impact: loss of energy and consumables, lost revenue for 
healthcare, additional administrative work for staff, and lost opportunity for other patients to get the 
care they urgently need.

“I'm unable to dedicate as much time to sustainability efforts as we would like, due to a shortage of radiology 
technicians. This puts a lot of stress on me.”

Technologist of a MC

• Hotspot 5: Long hours and intense workload for Radiology professionals
In the healthcare industry, there is an increasing demand for care and an excessive emphasis on 
profitability, which lead to a rise in workload, stress, and burnout for the medical workforce. Despite 
advancements in technology that have made machines more efficient and faster, additional skill 
requirements, increasing demand for scans from different clinical areas, and new service expectations 
from patients make the work environment for medical professionals more complex and challenging.

“Pressure from the government is to do more with less is exacerbating the situation. I feel that there are fewer 
staff but more patients, and the situation feels like a vacuum.”

Manager of department Radiology of a MC

• Hotspot 6: Overloaded Radiology staff to act on ESG as an add-on activity
The biggest challenge is the shortage of time in the hospital for such initiatives, when done as add-ons. 
Several technologists across hospitals engaged in the study addressed the fact that they are unable to 
dedicate as much time to sustainability efforts as they would like, mainly due to the significant shortage 
of staff. This is a real and big pressure across Radiology and healthcare at large. On another level, as 
the Radiology Manager at Erasmus MC addressed, there is the challenge of maintaining motivation for 
sustainable practices once the novelty wears off. All involved in the study highlighted the importance of 
keeping flexibility in healthcare and embedding ESG at the core of the workflow, as a high workload can 
make it difficult to sustain ad-hoc activities.  

“I'm unable to dedicate as much time to sustainability efforts as we would like, due to a shortage of Radiology 
technicians. This puts a lot of stress on me.”

Technologist of a MC

• Hotspot 7: High energy consumption of medical equipment, no EcoMode embedded
Large diagnostic imaging systems such as MRI, CT, DXR, and US are the biggest energy consumers in 
the Radiology department. MRI in particular uses significant high energy, about the same as cooling 
a three-bedroom house for a day with central air conditioning (Buckley & MacMahon, 2021). Several 
Technologists addressed the fact that current installed base imaging equipment is designed to remain 
on at all times, whereas more advanced CT scanners are difficult to turn off and make errors when 
turned on in the morning, taking about 20–30 minutes to start up.

“I was at the hospital on a Sunday morning and noticed that all the CT scans were still on even though the last 
patient was scanned on Friday afternoon… We don’t know how much energy is consumed per department, as 
there is only one bill for the entire hospital.”

Technologist of a MC
 

• Hotspot 8: Recycling challenge for contrast substances
Regulations can sometimes work against positive initiatives. Hospitals are trying to restrict the amount 
of contrast used per patient, but they face challenges with the different sizes of contrast containers, 
which result in leftovers. Erasmus MC engages with their supplier to collect the unused contrast (See 
left image in Figure 9), whereas the Dutch government prohibits transporting the contrast on the 
highway due to toxicity concerns. As a result, 30 tons of contrast ended up in the sewage, and some 
of it ended up in drinking water. According to NVvR expert joining this study, more hospitals have 
adopted a urine bag that patients can use at home to collect urine with contrast agents after in-hospital 
scanning. This is a practical solution for reducing environmental water pollution by allowing patients to 
dispose of it with other waste in their household, making it incineration-proof (Amazing Erasmus MC, 
2020). The right side of Figure 9 shows the patient’s urine bag at Erasmus MC.

“The usage of contrast media has a considerable environmental impact, as does the amount of waste 
produced. In an ideal world, we would of course like to send those bags to suppliers so that they can extract 
the active ingredients and reuse them. But that's still in the future”.

Manager of department Radiology and Technologist of a MC

• Hotspot 9: Digital scans increasing in sizes and stored for life, min x2 online copies
As diagnostic imaging technology advances, the size of Radiology imaging scans is increasing, leading 
to a growing amount of data that needs to be stored. Regulations require to retain patient imaging 
data for extended periods, typically for the lifetime of the patient, make double copies, and keep the 
data available always online. Many Radiology experts emphasized the need for a central or shared data 
centre where all the images can be stored safely and energy-efficiently and rethought standards on the 
duration of storage and ownership models for generated scans.

“In Denmark, the data is stored centrally, whereas in the Netherlands, each hospital has its own way and 
vision, which can be slow due to Dutch culture. Austria has a decentralized but also centralized system for 
gathering information.”

Manager of department Radiology of a MC

Figure 9. Leftover contrast stored in a container (left) and patient urine bag to surface water quality (right)

Image Source by the Researcher
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• Hotspot 10: Complex equipment, changed or upgraded often overwhelm workforce and drive 
recourse waste

New complex equipment often requires training and additional resources, which can overwhelm staff 
that have to commit to upskilling alongside their other large responsibilities. Proactive collaboration 
between medical companies and hospitals is necessary to define common ESG goals and properly 
jointly measure the environmental and social impact of mutually beneficial outcomes. 

“Medical companies should develop in a direction that aligns with the hospital’s strategic direction. This 
would allow for a more productive and advantageous relationship between the medical companies and their 
customers and users.”

Procurement and sustainability lead of a MC

 

4.6 Opportunities to address ESG Hotspots in Radiology 
Workflow
While the chapter’s previous section addressed the key ESG hotspots in the Radiology workflow, it is 
equally important to define prospects for change and future improvements so that organizations can 
take concrete actions. Ultimately, transforming hotspots into opportunities requires a proactive and 
collaborative approach, a willingness to identify and address underlying issues, and a commitment to 
continuous improvement. Solution directions for each of the selected priority hotspots are concluded 
based on data interview insights and processing as shown in Appendix B, followed by expert dialogue 
during co-creation as shown in Figure 10. The ESG and Radiology experts involved in this research 
proposed and selected the most impactful, pragmatic, and feasible solution directions, here defined 
as opportunities. Table 9 presents these opportunities prioritized for each of the ESG hotspots and 
highlights insights and considerations reached during the co-creation workshops.

Table 9. Prospecting opportunities from ESG hotspots

1

2

3

4

5

6

7

8

10

9

Hotspots

ESG criteria missing in 
procurement processes

Increasing unnecessary 
Radiology scans

No common standards for 
Radiology scans

Patient low awareness on 
ESG impact

Long hours and intense 
workload for Radiology 
professionals

Overloaded Radiology staff 
to act on ESG as an add-on 
activity

High energy consumption 
of medical equipment, no 
EcoMode embedded

Recycling challenge for 
contrast substances

Complex equipment, 
changed or upgraded often 
overwhelm workforce and 
drive recourse waste

Digital scans increasing in 
sizes and stored for life, min 
x2 online copies

Translate hospital and Radiology ESG 
goals in Environmental and Social 
procurement criteria

Formalize efforts to raise ESG awareness 
and skill at all levels of Radiology

Partner at national level to drive 
awareness among doctors and patients 
on the ESG impact of Radiology

Integrate ESG considerations into patient 
care practices

Monitor and actively manage staff well-
being and work pressure, including ESG

Incorporate ESG principles as part of 
Key Performance Indicators (KPIs) in job 
responsibilities

Drive energy and waste reduction as 
procurement criteria for suppliers and 
recyclers

Reduce amount of contrast used and 
collect contrast waste in hospital for 
recycling

Define ESG goals and metrics. Setup 
formal steering on ESG value and impact 
progress

Suppliers to optimize scan data size. 
Rethink ownership and storage of scans 
towards patient and central healthcare

Hospitals should ask questions, identify needs, 
and demand transparency from suppliers prior to 
tendering. This will give greater weight to efforts 
to promote social, environmental, and climate 
responsibility.

The most effort is needed to overcome such 
awareness. One way to raise awareness is to provide 
educational in services that explain the benefits of 
energy conservation and describe specific actions to 
take (Hawkins & Tremblay, 2023).

Doctors must raise awareness of the ESG impact of 
ordering scans, which affects patient workflow and 
staff workload. Environmental considerations should 
be factored into healthcare regulations and combine 
forces to work on a single regulation.

The greatest forms of ESG impact arise from patient 
travel, lifestyle, motivation towards sustainability. 
Some hospitals have implemented patient 
communication/education channels to promote ESG.

Healthcare professionals face a tremendous 
workload, therefore improving motivation through a 
strong sense of teamwork and camaraderie can help.

By aligning ESG goals with individual performance 
objectives, staffs are motivated to actively contribute 
to ESG into their daily workflow.

The Radiology department should collect data and 
analyse insights such as energy consumption and 
scan production rates to raise awareness and make 
improvements. Suppliers should consider ESG 
requirements when designing and manufacturing 
their product, such as the Eco-mode program for large 
equipment to hibernate and optimise the energy use.

Contrast in images can cause safety concerns but 
is needed to detect certain details in an image. 
Alternative container designs could be considered. 
Besides, urine bag should be standardised, which are 
gradually expanded across hospitals.

A steering group is essential for measuring ESG 
factors in hospitals, providing guidance, oversight, and 
strategic direction. They should ensure data accuracy, 
integrity, and transparency, involving internal and 
external stakeholders.

Digital images reduce waste but consume energy 
to operate and cool servers (Hawkins & Tremblay, 
2023). Newer scanners in Radiology produce up to 
20 GB of data per scan, making it crucial to balance 
data storage and relevance. Standardizing patient 
treatment ensures the best care, reducing waste and 
hiccups.

Opportunities Co-creation Insights & Recommendations
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Figure 10. Opportunities to overcome ESG hotspots in Radiology workflow
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Chapter 5

Positioning Radiology ESG Hotspots in 
the Healthcare Ecosystem

This chapter proposes a new strategic tool that maps ESG hotspots onto system levels. The chapter opens with an 
introduction to the ESG pathways and their positioning arguments based on co-creation.
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5.1 Introduction to ESG Pathways on System Levels

The ESG Pathways aim to trigger and support stakeholder 
engagement regarding dependencies, and possible 
solution directions within the system, developing effective 
decision-making capabilities and necessary partnerships. 
The systemic approach to ESG acknowledges the 
complex and interconnected nature of sustainability and 
responsible practices (Verrier et al., 2022). We need to 
identify the entities or actors responsible for hotspots in 
the healthcare ecosystem and investigate ESG intervention 
pathways for structural and long-term solutions. 
Implications are drawn about three pathways: bottom-up 
(initiated and driven across the system by the Radiology 
department level itself), top-down (initiatives that must 
be driven by higher system levels for standardization 
and uniform transformation across the industry), and bi-
directional (where parallel and collaborative top-down 
and bottom-up strategies are required to reach viable 
solutions). Figure 11 proposes an alternative approach of 
the system map of the healthcare system also integrating 
the Radiology workflow. This visual diagram will enable 
a holistic analysis with participants in the study and the 
marking of the required level and the pathway direction 
for the hotspots and opportunities in discussion in this 
study (Chapter 4.6, Figure 10). The following sections 
detail the discussions and arguments with stakeholders 
from various professions and hospitals as a result of the 
co-creation workshops.
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4
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Figure 11. ESG pathways of bottom-up, top-down, and bi-directional ESG hotspots

ESG Pathway Principles:
[1] Who has ultimate decision power in the system
[2] What is the shortest route to realization of solution
[3] What can you / your department / hospital do 
independently, effectively and with impact, on short term
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5.2 ESG Interventions Actionable by Radiology (Bottom-Up)

• Hotspot 7: High energy consumption of medical equipment, no EcoMode embedded 
ESG Pathway: accelerated by department and supplier levels. The Radiology department can 
be the driving force, working internally with procurement and upstream suppliers to incorporate 
these ESG criteria. This relates to the Hotspot 1 argument that the ESG criteria are missed in the 
procurement process. For example, Erasmus MC reports the amount of energy consumed at the 
department level, which considerably increases awareness.

• Hotspot 10: Complex equipment changed/upgraded often overwhelm workforce and drive 
resource waste
ESG Pathway: interventions by department and supplier levels. The vendors can best rethink 
technology and medical operating systems, with an emphasis on ESG at large and reducing effort 
and skilling of the workforce specifically. Close collaboration between hospitals and suppliers is 
required for both solution design and business model alignments.  

5.3 ESG Transformation at Industry Level by Systemic 
Change (Top-Down)
• Hotspot 3: No common standards for Radiology scans 

ESG Pathway: uniformed by national level. NvvR (The Radiological Society of the Netherlands) 
can play a leading and enabling role in driving standardization with durability. This cannot be led by 
a single hospital alone; rather, a national policy must be established in cooperation with hospitals.

• Hotspot 5: Long hours and intense workload for Radiology professionals
ESG Pathway: uniformed by national level. All Radiology experts in the co-creation sessions 
stressed the worsening workload over the last decades. The shortage of healthcare professionals is 
a global issue, and Radiology departments are similarly impacted. The government, or even the EU, 
must approach this from a systemic perspective to make sure the necessary resources, policies, 
and support are available to create a conducive workplace for Radiology staff.

• Hotspot 8: Recyclability challenge for contrast substances
ESG Pathway: driven by higher authority level. Despite being collected by a vendor or disposed 
of responsibly at home, leftover contrast is not permitted to be transported by road because of 
safety concerns if it contains radioactive or hazardous substances. The government or other higher 
authority should take action in this matter. By allowing the recyclability of contrast, the hospital 
may be able to make financial savings while also generating new sources of income.

• Hotspot 9: Digital scans increasing in size and stored for life, min 2x online copies
ESG Pathway: improved by national level, in co-creation across the system. Radiologists desire 
the highest-quality images possible, but if that means affecting the environment and implicitly the 
lives of others, they need to reconsider. Suppliers play a key role in innovating energy-efficient and 
environmentally positive digital solutions. However, this should be handled top-down, coordinated 
at the national level by organizations such as AVZ (Nederlandse Vereniging van Ziekenhuizen / 
Dutch Hospital Association) and engaged by all other relative parties for both reducing the size 
and energy of digital scans as well as finding alternative models of ownership and optimizing the 
management of scans; a never-ending data accumulation affects not just energy use but also 
implies high operating costs.

5.4 Bi-Directions of ESG Transformation

• Hotspot 1: ESG criteria missing in procurement processes
ESG Pathway: proactively collaborated among department, procurement, and hospital 
level. This hotspot led to the most different arguments among stakeholders. From a procurement 
standpoint, product category owners at the department level who are aware of how Radiology 
solutions should be considered in decision-making should facilitate the ESG criteria. Procurement 
is said to be an enabling function rather than one that determines the criteria. On the other 
side, Radiology experts, including radiologists, technologists, and the manager of the Radiology 
department, believe that hospitals should drive ESG procurement criteria definition since the 
Radiology department is underskilled on the topic and unable to drive the change on its own 
with current resourcing. The ESG criteria must be prioritized by the hospital board and enable 
procurement to include them when engaging with partners in the value chain.

• Hotspot 2: ESG Increasing unnecessary Radiology scan
ESG Pathway: standardised by department and cross-hospitals. According to Donelly's 
research from 2005, the most significant causes of unnecessary CT scan requests are doctors' 
obsession with stereotyping rather than clinical examinations, broad psychological publicity for 
utilizing the most up-to-date medical techniques, and increased financial gain from stereotyping 
(Khosravi et al., 2023). Due to the greater radiation in the case of CT, the diagnostic modalities 
used today are still not completely safe, despite several advances in technology. LUMC recently 
took concrete measures to reduce the number of specialization exams by 15%. This opened up 
the conversation between the Radiology department and higher management in the hospital to 
invest in additional interventions and further reduce unnecessary scans. This is a great proof of 
the influence power departments can have through small steps and measured value. According 
to participating stakeholders, for additional efficiency in the system, national guidelines, cross-
hospital alignment, and coordinated implementation at the department level are preferred.

• Hotspot 4: Patient low awareness on ESG impact
ESG Pathway: enhanced by both department and hospital level. According to discussions 
during the co-creation sessions, directly involved medical specialists, such as doctors or nurses, 
may have the greatest impact on increasing ESG awareness among patients. They could act as 
ESG ambassadors, educating patients on the consequences of their decisions (i.e., patient no-
shows) and examination protocols. This undoubtedly calls for the training and skilling of the 
medical workforce on sustainability and ESG at large. The bottom-up efforts, though, need top-
level commitment and public voicing. Hospitals have the power to influence society by bringing 
forward integrated narratives on human, society, and planet health and actively engaging patients 
in sustainable services and innovations. One such successful initiative is the introduction of urine 
bags for patients to use at home after scanning, which ensures responsible use and disposal in the 
household. This participatory effort shapes a new relationship and drives the shared success of 
hospitals, departments, and patients.

• Hotspot 6: Overloaded Radiology staff to act on ESG as an add-on activity
ESG Pathway: driven by department and hospital levels. Although hospitals have a group of 
Green Teams acting as ambassadors to raise awareness internally, however this is voluntary, and 
on top of their current clinical responsibilities and workload, due to the heavy clinical workload, 
they cannot always be on call for ESG or effectively shape and lead initiatives. The hospital’s 
management should formalize ESG positions, effort allocation, and overarching goals. Giving them 
mandates, resources, and governance structures to enable them to effectively grow knowledge, 
develop capabilities, investigate, and lead ESG initiatives within their departments and across the 
hospital.
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Chapter 6

Measurements of ESG in Hospital and 
Radiology

This chapter demonstrates prototypes for measuring ESG at the hospital and Radiology levels. The chapter 
provides instructions for using each measurement tool, called as ESG Value-Impact Scorecard, beginning with the 
question of how ESG may be measured as a business value.
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6.1 How can ESG be measured a Business Driver?

Whereas the previous section of chapter discussed how to address hotspots in the systemic context 
of the Radiology workflow, this section guides how to “measure” those hotspots in a strategic business 
approach. As highlighted in the ESG pyramid in chapter 3.1, the integration and synergy between ESG 
policy programs and reporting framework is essential and must be developed.

At hospital and department levels, monitoring the extent of ESG hotspots or interventions is still 
relatively new. This has the potential to provide necessary information to understand and prioritize 
ESG interventions, and concretely measure the sustainability impact and economic value of made 
investments. The following section recommends a strategic approach to ESG goals setting and metrics 
definition of impact and value, framed within the wider hospital, regional and global ESG context.

6.2 ESG Impact-Value Score Card for Hospitals

The proposed ESG Impact-Value scorecard is intended to provide a 
structured framework for defining, measuring and continuous monitoring 
of ESG performance in hospitals The scorecard provides an integrated 
overview across departments or areas where hospitals can improve their 
sustainable and social impact, each with its specific ESG priorities and 
targets. 

The scorecard is developed as an ESG framework, coupling hospital and 
department goals to SDGs and broader global goals and programs. Such 
an ESG scorecards can be envisioned as a digital dashboard, by design. This 
makes it dynamic and relatively easy to integrate within existing protocol 
software or other internal operational systems used across the hospitals, 
simplifying access and adoption for hospital staffs.

The researcher, in validation with ESG leaders and Radiology experts, 
consolidated in one integrated overview, the sustainability impact and 
economic value of ESG, as illustrated in Figure 12:

• ESG Impact goals and metrics are to be defined along the pillars of “Environment”, “Social” and 
“Governance”, linked to the global SDG framework and relevant global ESG goals the hospital 
committed and contributes to. This constitutes the upper part of the scorecard, in two different 
sections: “2030 Global ESG Goals” and “2030 Hospital ESG Goals”.

• ESG Business Value is proposed to be defined by operational and financial performance KPIs, 
reflecting the productivity, efficiency, as well as spendings, savings and new (circular) revenues 
of ESG interventions investments. This completes the second part of the scorecard, in two other 
sections: “Department ESG Scorecard” and “Circular Economy”.

“What gets measured gets done.”
- Peter Drucker
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Figure 12. ESG impact-value scorecard for hospital
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6.3 ESG Impact-Value Score Card for Radiology

To drive ownership and transformation of ESG, at speed and scale across the healthcare industry, 
increasing transparency and formalizing goals setting and performance monitoring is necessary to be 
adopted across all levels of the ESG pyramid, from UN and WHO to specific hospital department level 
(see Figure 4, Chapter 3.2).
 
Building on Radiology as study case in this research, an ESG Impact-Value card blueprint at department 
level has been designed and proposed for validation towards the engaged ESG and Radiology 
experts. All 5 hospitals as well as the national Radiology association in the Netherlands have been 
acknowledging that this in the most important gap to close in order to grow awareness, enable relevant 
dialogue on ESG investments and accelerate transformation through collaboration on shared urgencies 
and priorities, within the hospital, across the industry and wider value chains.

“This is a valuable measuring tool especially for Green Teams, because it provides transparency and progress 
of ESG investments across departments!”

Sustainability program manager of a MC

Figure 13 presents the proposed blueprint for the Radiology department ESG Impact-Value Scorecard. 
In the top part, as header and north star, the overarching hospital ESG goals are mentioned. These are 
then translated in Radiology specific ESG goals and KPIs in the section "Department ESG Scorecard”. 
The proposed Radiology domains for ESG monitoring presented in this section are concluded based 
on the conducted research data analysis of ESG impact, challenges, and opportunities across the 
Radiology workflow (see 3.2.4 Data Collection and Interpretation, Chapter 2); as well as cross-hospital 
dialogue and expert validation on key ESG priorities in Radiology, system positioning of corresponding 
interventions and key impact- value indicators. 

The last section of the ESG scorecard is dedicated to the Circular Economy transition of healthcare, 
where, in co-creation with participants in this study, four indicators have been prioritized at Radiology 
department level: [1] Green Purchase; [2] Reusable / Multi-use; [3] Equipment Life extension; [4] Resell 
Value at EOL; and [5] Circular Revenue.

An instrument such as the ESG Value-Impact Scorecard needs formal 
program setting, clear ownership, and continuous development. 
Chapter 7 in the next chapter proposes an end-to-end strategic design 
process to help healthcare entities in contextualizing, defining, and 
steering toward their specific ESG goals. It is then essential to centrally 
position, share and operate on these instruments across the hospital 
and with other relevant entities in the healthcare ecosystem. In this 
way it becomes an integrated part of healthcare decision making, 
operations and workflows. 

“Measurement is the first step that leads to control and eventually to 
improvement. If you can’t measure something, you can’t understand it. If 
you can’t understand it, you can’t control it. If you can’t control it, you can’t 
improve it.”

H. James Harrington
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Chapter 7

Consolidating ESG Strategy Toolkit

This chapter provides, as the final design step, the ESG strategic design toolkit that was initiated, developed, and 
evaluated throughout the research. It can serve as start point and blueprint for any entity within the healthcare 
system, or any other industry, that wants to act on ESG. Additionally, it presents a summary of significant 
discussions.
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7.1 Summary of ESG Strategy Value and Impact Toolkit

As one of the goals of the research is the design and validation of a widely applicable and easy to 
adopt strategic design process for embedding ESG at core of healthcare workflows, the researcher 
consolidated all learnings, validations, and developed supporting tools in a four steps strategic design 
process, as presented in Figure 14. This process has been validated and refined during co-creation 
workshops. All stakeholders participating in this study were inspired, felt practically helped and were 
eager to adopt such a process. They appreciated at most the simplification of topic and process, its 
fit for purpose and adaptability to different organizational contexts. The toolkit is designed for low 
maintenance, adaptability, is digital-proof and represents a practical support for complex dialogues 
across the levels of the ESG pyramid. 

Overall, the process aims to reduce complexity, increase speed, and enable steering on ESG 
investments made by organizations and institutions. The steps and tools only cannot guarantee 
high performance outcomes. Table 10 below introduces a proposed governance model to maximize 
outcomes of the ESG strategic design process. Clear ownership and decision-making criteria are 
essential to effectively identify, prioritize, resource and successfully implement ESG initiatives. The 
proposed governance model was discussed and validated with experts and stakeholders for relevance 
and feasibility. Unanimously, all involved had full support on the value of this process and added extra 
time to refine together the methodology.  
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Table 10. Governance Model of Systemic Design Process (supported by ESG Strategic Toolkit) 
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7.2 Building the System View 

Starting outside-in and top-down when acting on ESG is important, especially in current times, when 
policy frameworks, collaboration platforms and transformation programs are already in motion, at all 
system levels (global, regional, national).

A first required step in strategic system redesign is conducting an extensive desk and field study to 
identify the leading entities in driving ESG at global and national level, specific ESG goals and programs 
already defined. It is important to understand then how do these connect, the underlying system 
dynamics and how to best drive collaboration across various system structures and levels. The focus 
of this study has been set on healthcare and specifically Radiology, in order to conduct such a systemic 
research and an end-to-end strategic design assessment. 

Two enabling tools have been developed for this step. These require active participation of cross-
disciplinary experts and leaders, at all system levels: department, hospital, national level and above. 
The enabling tools help stakeholders define, refine, and use a contextualized holistic view for strategic 
decision making:

• ESG Healthcare Pyramid simplifies the external context of a department or hospital. It helps to 
preliminary identify system levels and relevant entities relevant for developing and executing on 
strategic ESG interventions.  

• ESG Healthcare Ecosystem Map enables stakeholders across different system levels to co-
develop a simplified and shared understanding of their specific ecosystem structure, with key 
dependencies, dynamics, and important facts. 

Both these tools support value case developments for ESG investments, as well as strategic partnering 
for accessing funds, programs and collaboratively executing on defined ESG agendas. They require an 
annual update at minimum, preferably every six months.
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7.3 Identifying ESG Hotspots in Clinical Workflow

The scope of our research has been set on the Radiology clinical workflow, covering both diagnostic 
and interventional procedures. Using Radiology as study case for healthcare, the researcher 
consolidated and validated a generic, broadly applicable, clinical workflow. This result was based on 
preliminary desk and field research, followed by 1:1 refinements and group validation sessions. The 
concluded Radiology workflow process was then used as guide to identify ESG hotspots and ideate on 
possible interventions or solution directions. 

This step in the ESG strategic design process can be best setup in two phases and enabled by specific 
tools:

• Clinical Workflow maps and presents core operational process steps in a representative simple 
format, validated by stakeholders of various backgrounds, roles, and functions. In this way a 
common nominator enabling effective dialogue and decision-making is created. Chapter 4 presents 
the concluded Radiology workflow in this study.

• ESG Hotspots Priority List is the result of a structured process to assess and evaluate significant 
area of ESG impact. Clear ESG criteria and metrics need to be defined to trust and use such 
measurements by various stakeholder groups. In this research, defining in depth criteria were 
not possible due to time and expert access constraints. Therefore, an expert-lead prioritization 
methodology was applied, voting based. The concluded ESG Hotspot priority list is next mapped 
onto the workflow for an integrated and contextualized ESG narrative, as shown in Figure 10.

Mapping out core operational process, their current footprint and social value tensions, are a standard 
second step in the ESG strategic design process. This approach and corresponding steps are applicable 
to any other clinical area or industry.

7.4 Mapping ESG Interventions on System Levels

The third step in the ESG strategic design process enables stakeholders to define solution directions 
and ecosystem engagement strategies, with the ultimate goal of resource optimization and impact-
value maximization. This step helps in framing the value case, required ownership, and collaboration 
models. Two dimensions are proposed at this step:

• ESG Roadmap, though out of scope for this research, it is acknowledged as core need by the 
researcher and stakeholders. Having an overarching formal ESG Roadmap at hospital and 
department level would entitle action and optimize efforts. The researcher recommends that the 
ESG roadmap is developed as an integrated part of organization's business roadmap protocol. 
Business roadmap strategic design is a common and widely implemented process by organizations 
and institutions, usually on a yearly basis, and presenting a short-, mid- and long- term horizons. 
Specifying ESG goals and priorities under existing business roadmap processes would be preferred. 
Alternatively, entities can extrapolate such processes for ESG steering specifically. However, “Before 
we can effectively build new habits, we need to get a handle on our current ones.”

James Clear (Atomic Habits)James Clear (Atomic Habits)   

• ESG Pathways are protocols that enable the assessment of systemic dependencies, power 
structures and strategic directions to implement structural solutions. In the Radiology study 
case, the available resources did not allow reaching the methodology in depth. This however can 
represent a great research topic for fellow students interested in system design. Co-creation is the 
methodology chosen for in this study and three principles are considered for ESG Pathways design 
of selected hotspot interventions: [1] Who has ultimate decision power in the system [2] What 
is the shortest route to realization of solution [3] What can you / your department / hospital do 
independently, effectively and with impact, on short term. These principles triggered rich dialogues 
on system structure, influential entities and available strategies for driving ESG initiatives forward, 
for maximum impact and value. Figure 11 presents the resulted strategies for identified Radiology 
ESG interventions. Three types of directions have been proposed to frame ESG Pathways: bottom-
up, top-down or bi-directional as presented in Chapter 5. ESG leads can best govern and regularly 
advance these strategies and corresponding partnerships across hospital and industry.    

7.5 Continuous Monitoring of ESG Value and Impact

Last and probably the most important step of all, is setting up an ESG impact-value measurement for 
continuous monitoring and active steering. To drive change and transformation, implementing such 
instrument and process is required at both hospital and department level. Chapter 6 presents in detail 
the architecture and definitions of proposed indicators in the ESG Value-Impact Scorecards. Such 
simplified and cross-integrated dashboard helps entities across system levels in ESG Goals definition 
efforts, ESG metrics development and progress monitoring. 
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Chapter 8

Conclusion

The research conclusion is presented in this chapter. The main research question and the secondary goals that 
were previously defined are discussed in the first section, including the limitations that were faced. Furthermore, 
recommendations on future research are shared forward towards academia, sustainability ambassadors and the 
healthcare industry at large. Last but not least, the chapter ends with a reflection from the researcher.

Image source: Unsplash. Available online: https://unsplash.com/photos/vNIgKjZbJW0

https://unsplash.com/photos/vNIgKjZbJW0
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8.1 Conclusion 

The complexity of the healthcare system, as well as the need of addressing equally and effectively all three 
pillars of sustainability (Environment, Social, and Economic), asks for a radical new holistic approach. This 
will enable informed and effective decision making when investing, changing regulations and protocols, 
or redesigning the healthcare system. 

The project started with the goal of providing guidance and an end-to-end toolkit for hospitals, Green 
Teams, and particularly Radiology departments, to strategically define and manage ESG goals. The 
research proposes and proves the value of a system-oriented mindset for understanding external 
dynamics and internal structures, facilitating decision making on optimal position and framing of ESG 
initiatives. In the following section the main outcomes of the research are briefly summarised and related 
back to the overarching research question:

“How can ESG principles/policies be embedded in Radiology workflows?”

Based on the theoretical definition of system thinking and systemic design, the researcher proposes an 
end-to-end strategic design process, supported by specific tools at each step (see Chapter 7), to simplify, 
contextualize and systematically steer ESG transformation in Radiology and healthcare at large. A wide 
range of data collection methods are used at each step of the process, including desk research, in-depth 
interviews, field research, surveys, and co-creation workshops. These led to field learnings on current 
ESG definitions, priorities and initiatives at hospital and Radiology clinical domain level.

The research takes on ambitious macro- and micro- objectives, addressing complex and interrelated 
challenges concerning the planet, the people and the systemic transformation processes in healthcare. 
Therefore, the research design process requires a number of steps of insights gathering, context setting 
and forward looking, in co-creation with multiple stakeholders. The proposed research design process is 
illustrated in Figure 1 and has five steps: [1] analysing the ESG pyramid as the fundamental base (Chapter 
3), [2] framing ESG value and impact (Chapter 4), [3] positioning interventions of Radiology ESG hotspots 
(Chapter 5), [4] measuring ESG in Radiology and at Hospital level (Chapter 6), and [5] consolidating ESG 
strategy toolkit with the research conclusions (Chapter 7).

The research involves 11 cross-disciplined stakeholders from six university hospitals and the national 
Radiology healthcare association in the Netherlands. Research findings indicate the need for continuous 
cross-hospital dialogue to structurally frame, define, and embed ESG into clinical workflows, industry 
regulations and protocols. The systemic and collaborative approach of addressing ESG transformation 
in Radiology, as proposed in this study, is validated by engaged stakeholders as representative clinical 
case study for the industry. The ESG strategic design toolkit can optimize dialogue on value and impact 
of ESG interventions at all levels across the healthcare ecosystem, enabling hospitals and Radiology 
stakeholders to define specific ESG goals, programs and structurally measure their progress. Such 
simplified and transparent way of working has the potential to increase awareness, collaboration and 
significantly reduce ESG spendings.

The research takes a unique holistic approach of defining and designing an end-to-end strategic design 
process for ESG goals setting and value-impact measurement. Different than other prior studies, this 
research takes initially a top-down view on the ESG challenges in the healthcare system. Based on wide 
contextual research and a novel pyramid global healthcare view (Chapter 3), the first strategic design 
step proposed is the development of an ESG healthcare ecosystem map for the Netherlands, from the 
perspective of Radiology (Chapter 4). The ESG pyramid and the ESG Healthcare Map complement each 
other in identifying the role and influence of key stakeholders within the broader ecosystem; formally 
defined ESG goals, and existing dynamics. Such perspective helps to streamline collaboration, 

implementation and transformation across global/EU, Dutch hospitals, and Radiology clinical workflow 
levels.

Data on operational insights, ESG priorities, ongoing initiatives, and key challenges is collected in 
collaboration with the selected group of ESG leads and Radiology experts. As a result, a blueprint for 
ESG hotspots, and opportunities in the Radiology workflow is being developed (Chapter 5). Interventions 
on ESG hotspots are then considered and positioned at the corresponding influence level within the 
system (Chapter 6). Depending on the solution direction for selected ESG hotspots, three different 
system implementation pathways were concluded: bottom-up (initiated and driven upwards and wider 
in the system by the Radiology department level itself), top-down (initiatives that must be driven by 
higher system levels to ensure standardization, transformation and efficiency across the industry), or 
bi-directional (where driving the interventions, in parallel and collaborative, top-down and bottom-up, is 
required to drive engagement and reach viable solutions). The ESG Hotspots in the Radiology workflow 
are presented in Chapter 4, and proposed pathways for their interventions integrated into the ESG 
pathways are illustrated in Chapter 5. 

Most importantly, the research concludes on the immense value of measuring the short- and long- term 
progress and the return of ESG investments. The proposed ESG Value-Impact Scorecards at department 
and hospital level are simple and practical instruments that bring focus, transparency, and reliable 
data-driven insights. These enable effective dialogue and collaboration across hospital and industry. By 
incorporating the ESG scorecards at the core of hospital and department operations, these can drive 
awareness, engagement and be proved contribution towards the national and global 2030 ESG goals. 

Despite the complexity of the healthcare ecosystem and the large number of involved actors, embedding 
ESG interventions into the clinical workflow lies in the hand of departments and responsible experts. All 
stakeholders involved found great value in conducted efforts, endorse the reached research findings 
and look forward to adopting the proposed end-to-end ESG toolkit and effectively setup, collaborate and 
accelerate the ESG transformation in their practices.

“We still have a long way to go. Especially in the area of circularity. Collaboration is the key. Cooperation 
within the whole chain is very important: suppliers, manufacturers, hospitals, banks, insurers, ministries, and 
municipalities. The awareness is certainly there, but now we all have to put our money where our mouth is."

Sustainability program manager of a MC

Choosing Radiology as study case in this research has proven to be a well-made strategic and representative 
choice for understanding how to advance ESG in healthcare. The strong engagement and commitment of 
involved hospitals and clinical experts in the study, reassures on the importance of the chosen research 
question and is an eye-opener on how many efforts are currently conducted by individuals, departments, 
hospitals, and industry level. The research gave the opportunity to address the ESG impact of Radiology 
– from the challenge of recycling contrast, the accumulation of digital scans, to the overloaded radiology 
staff. In spite of the industry complexity to drive ESG forward and at core, the formal commitments 
of academic hospitals for the Green Deal 3.0 national program, is a first step forward to change and 
a foundation for sharing ESG goals. This platform will further accelerate innovation and interventions 
across the industry, such as the implementation of urine-bags for safe disposal in households, currently 
in pilot with several academic hospitals. 

In conclusion, this research contributes with a strategic mechanism to connect bottom-up efforts to 
national and global healthcare ESG goals. By understanding the ecosystem context, key bottlenecks and 
existing system structures, hospitals and departments can more effectively scope, measure and prove 
the value of their ESG investments. This study hopes to be a guide in defining the “why”, “what”, "who” 
and “how” of ESG interventions, in narrow and large healthcare contexts.
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8.2 Limitations

This research has a limited breadth and depth, involving stakeholders representing only several hospitals 
and healthcare associations in the Netherlands. However, a firm conclusion of the study is the value of 
continuous evolution and collaboration in driving ESG embodiment in the clinical workflow. Undoubtedly 
this remains a challenge of mandate, timeline and availability of resources. 

• Resource and time constraints
Although the researcher applied a snowball sampling method to maximize the representation per 
hospital and relevant healthcare associations, stakeholders sampling was limited due to limited access 
to entities and stakeholders, the research timeline and availability of engaged experts. These constrains 
reasoned the narrow focus on the healthcare system in the Netherlands, and more specifically the 
Radiology clinical area. This enhanced the project’s feasibility and a certain richness level of the achieved 
outcomes.

• A lack of shared goals across hospitals
Throughout the data collection, it was prominent that hospitals do not share a common set of goals 
and objectives, and even protocols in the Radiology workflow vary widely between hospitals. This lack 
of standardization can pose challenges to implement ESG consistently and efficiently across operational 
processes in the industry. To a certain extent, the researcher collaborated with the Radiological Society of 
the Netherlands (NVvR) to understand prior efforts, ongoing programs and future opportunities. NvvR is 
a highly influential platform that can bring entities together and efficiently steer the ESG transformation 
across the Radiology practice in the Netherlands. 

8.3 Recommendations to Future Research

Further research could shed light on other ESG hotspots and interventions, and how these could be 
strategically addressed. Leveraging the proposed ESG strategic design toolkit would be an important 
feedback and advancement opportunity. 

• ESG transformation strategy through the integration funnel
The current research ends with a proposal of interconnected and integrated measurement of ESG, across 
different levels in a hospital. Instruments like the ESG scorecard can simplify and improve operational 
and strategic business decision making. To drive the ESG transformation, a clear value management 
system needs to be setup. Aside tools to help business case, business steering and business value proof 
efforts, a strategic ESG value roadmap needs to be defined, financed and managed to return. Though 
initially in scope for this research, due to time and effort constraints, the researcher only conducted 
preliminary research and concept design of such a strategic ESG investment management methodology 
(Appendix E). The proposed approach is setting up an ESG integration funnel that enables prioritization, 
risk assessment, implementation readiness and return of investment measurements. The researcher 
intends to continue helping future research in this space post-graduation, aside here involved mentors, 
supervisors and Radiology stakeholders.

• Testimonials through a case study across hospitals
The research revealed that there is a deep understanding on urgency with the engaged stakeholders 
and a strong desire for embedding ESG into the Radiology workflow. Stakeholders confirmed the great 
value of taking a systemic approach in their decision making and the intension of adopting the tools 
and instruments co-developed. Identifying ESG hotspots was highly appreciated, creating a shared 
understanding between of area's that need attention. Furthermore and mostly, stakeholders appreciated 
cross-hospital collaboration on ESG initiative prioritization and scoping. An open dialogue on power 

structures and pathways in the system to accelerate action on ESG interventions was the most insightful 
step in the research. Stakeholders shared and gathered deeper insights in the structure and dynamics 
of the shared clinical practice, as Radiology. Last, and by far the most valued deliverable of the study, 
are the ESG value-impact scorecards, developed to cross-connect goals, efforts and results within the 
hospital structure and above. All participating hospitals in the study will pilot these, post publishing, at 
Radiology department level. 

Ultimately, the researcher desires hospitals to incorporate all lessons learned, key insights, developed 
processes and tools into their protocols and operational processes. It is equally important for experts 
to continue collaboration and coordination of efforts, to accelerate ESG transformation for and across 
hospitals in the Netherlands. 

8.4 Personal Reflection

The project allowed me an unique opportunity to explore the larger industry of healthcare and 
understand how I can create future shared benefits for patients, healthcare professionals, the broader 
society, and our planet. Through a systemic approach, I was able to bring together the macro, mezzo, 
and micro aspects of the global healthcare system into concise and clear maps and blueprints. It was 
also exceptional to collaborate with multidisciplinary stakeholders from several university hospitals and 
national entities, to co-develop towards the future of Radiology and healthcare.

Looking back on the project kick-off at the beginning of January 2023, I had very ambitious goals, driven by 
the vision and mission to contribute to a more inclusive and responsible healthcare, however, at that point, 
it was unclear to me what results my research would bring. The timelines of this study forced narrowing 
down initial ambitions and defining a structured process to navigate the access and complexities of 
healthcare. To effectively engage with stakeholders, I had to anticipate, simplify and prepare interactions 
ahead. Agility and discipline were needed to navigate the low and changing availability of stakeholders. 
Despite their exhausting schedules, stakeholders showed deep interest and extreme committed to the 
topic of ESG, allowing their lunchtime, part-time, and even scanning time (during break) to contribute in 
interviews and co-creation sessions. I highly appreciate everyone who consistently supported, strongly 
believed, and valued the topic, recognising how urgent change must happen. One important lesson I 
learnt is how to be at ease with complexity and have confidence while moving forward without full control. 
Undertaking a systemic design approach was new to me, and challenged my expectations and planning. 
Due to its nature and end goals, it needs extensive research time, joint effort across stakeholders, several 
validation iterations, and continuous development. The invested time and effort resulted in more than 
a map of the system. It activated and interconnected stakeholders, who ultimately are the driving force 
behind a system.

I hope this research contributes to address the URGENCY of addressing ESG structurally in healthcare. 
Today the industry impact exceeds 7% of the national footprint in terms of CO2 emission in the Netherlands 
(Steenmeijer et al., 2022), Radiology professionals' wellbeing is further at risk due to increasing diagnostic 
and treatment demands (Catalina Imaging, 2020), and the shift of roles and responsibilities due to 
technological advancements (Brady et al., 2022).

A systemic strategic design approach of ESG is in somewhat new in the field of healthcare, however 
needed when dealing with the complexity of ESG across entities and industries. My ultimate hope is 
that this study will serve as a foundation for future research. Furthermore, there is a strong likelihood 
that the developed ESG strategic toolbox during the design process could be applicable to other clinical 
workflows or even other industries. 
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This project goes beyond the academic research for my graduation; I will continue taking on these difficult 
challenges and forging connections that help in achieving short- and long-term national goals. With a 
significance and relevance of the research findings in the field, I feel privileged that these efforts will be 
published in a scientific paper with my thesis committee, the participating hospitals and NVvR.

It is imminent that Radiology or other clinical workflows further adopt ESG dimensions, in order 
to advance knowledge and industry transformation on this topic!
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Appendices

Appendix A

EU and Dutch University Hospitals’ ESG Goals and Roadmap

The researcher sought to integrate, compare, and provide a comprehensive understanding of the 
global, national, and hospital structures as shown in Figure A.1. This complements the substantial desk 
research on global forces, ESG programs and frameworks as illustrated in Chapter 3

A.1 EU ESG Goals and Roadmap
To facilitate effective dialogue with and among the stakeholders participating in this research, the 
researcher simplified and integrated key EU ESG goals and roadmap steps (See Figure A.1).

EU ESG Policies & Programs

2023

30 November 2022

Adoption of several initiatives under the action plan, including:
legislative proposal for substantiating green claims made by companies
measures to reduce the impact of microplastic pollution on the environment

European Commission adopted measures proposed in the circular economy action plan

5 April 2022 European Commission adopted proposals for revised EU measures to address pollution from large industrial installations

30 March 2022 European Commission adopted package of measures proposed in the circular economy action plan

17 November 2021 European Commission adopted proposal for news rules on waste shipments

28 October 2021 European Commission adopted proposal to update rules on persistent organic pollutants in waste

22 February 2021 Global Alliance on Circular Economy and Resource Efficiency (GACERE) launched

10 December 2020 European Commission adopted a proposal for a new regulation on sustainable batteries

11 March 2020 European Commission adopted new circular economy action plan

11 December 2019 European Commission adopted European Green Deal

December 2015 European Commission adopted the first circular economy action plan

2023

30 November 2022

Adoption of several initiatives under the action plan, including:
legislative proposal for substantiating green claims made by companies
measures to reduce the impact of microplastic pollution on the environment

European Commission adopted measures proposed in the circular economy action plan

5 April 2022 European Commission adopted proposals for revised EU measures to address pollution from large industrial installations

30 March 2022 European Commission adopted package of measures proposed in the circular economy action plan

17 November 2021 European Commission adopted proposal for news rules on waste shipments

28 October 2021 European Commission adopted proposal to update rules on persistent organic pollutants in waste

22 February 2021 Global Alliance on Circular Economy and Resource Efficiency (GACERE) launched

10 December 2020 European Commission adopted a proposal for a new regulation on sustainable batteries

11 March 2020 European Commission adopted new circular economy action plan

11 December 2019 European Commission adopted European Green Deal

December 2015 European Commission adopted the first circular economy action plan

2023

30 November 2022

Adoption of several initiatives under the action plan, including:
legislative proposal for substantiating green claims made by companies
measures to reduce the impact of microplastic pollution on the environment

European Commission adopted measures proposed in the circular economy action plan

5 April 2022 European Commission adopted proposals for revised EU measures to address pollution from large industrial installations

30 March 2022 European Commission adopted package of measures proposed in the circular economy action plan

17 November 2021 European Commission adopted proposal for news rules on waste shipments

28 October 2021 European Commission adopted proposal to update rules on persistent organic pollutants in waste

22 February 2021 Global Alliance on Circular Economy and Resource Efficiency (GACERE) launched

10 December 2020 European Commission adopted a proposal for a new regulation on sustainable batteries

11 March 2020 European Commission adopted new circular economy action plan

11 December 2019 European Commission adopted European Green Deal

December 2015 European Commission adopted the first circular economy action plan

2015 Joined in EU Emission Trading System (ETS)

2017 Green Deal on Sustainable Healthcare 2.0 is affiliated

2018 Environmental thermometer Care is established to
provide the environment and sustainability insights
examine management, cleaning and energy 
consumption
bronze, silver or gold certificate

Driving force for awareness and creative inspiration 
to make Erasmus MC even more sustainable

2020 Green Teams are established

framework for our building projects within the 
Strategic Development Outlook for 
Accommodation

2020 Established a CO2 roadmap

2020 Green Deal on Sustainable Healthcare 2.0 is agreed

2020 Carbon footprint measure for the first time, emission reductions required by 2030

2021 UMC Utrecht Network for green healthcare professionals

2021 Green & Healthy program is established

2021 PUUR LUMC program is established

2021 OK team is established

focused on disposables in 2021:
barriers and possibilities for replacing OR 
disposables with circular alternatives
circular business models for cataract surgery

1.

2.

2021 Hub Circular hospital

in 2022:
waste of medication
drug residues in waste water

1.
2.

2022 Hub Circular hospital

2021 APH (Amsterdam Public Health research institute) recalibrated its strategic plan

2021 Sustainable public health interventions

2022 Established Center for Sustainable Healthcare 
(Centrum voor Duurzame Zorg)

2022 Groene Zorg (Green Care) community

2022 Green Teams & Green Team OK (operating room) are established

2023 Climate congress in Utrecht

2030 CO2 emissions from the healthcare sector must be 49% lower, 50% fewer raw materials

2030 Reduce the CO2 emissions of our buildings by 50% in 2030

2050 Reduce the CO2 emissions of our buildings by 95% in 2050

Figure A.1. EU ESG Goals and Roadmap
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A.2 Dutch University Hospitals’ ESG Goals and Roadmap
This study first examined five university hospitals in the Netherlands, with an eagerness to learn and 
cross-collaborations on the topic of ESG in Radiology. Results from a preliminary analysis of ongoing 
ESG initiatives by hospitals have been aggregated and compared with the goals and roadmap of the EU 
(See Figure A.2). This provided valuable cross- hospital view on ESG hospital specific initiatives, achieved 
results, and established as a good foundation for collaboration dialogues for the future.

EU ESG Policies & Programs

2023

30 November 2022

Adoption of several initiatives under the action plan, including:
legislative proposal for substantiating green claims made by companies
measures to reduce the impact of microplastic pollution on the environment

European Commission adopted measures proposed in the circular economy action plan

5 April 2022 European Commission adopted proposals for revised EU measures to address pollution from large industrial installations

30 March 2022 European Commission adopted package of measures proposed in the circular economy action plan

17 November 2021 European Commission adopted proposal for news rules on waste shipments

28 October 2021 European Commission adopted proposal to update rules on persistent organic pollutants in waste

22 February 2021 Global Alliance on Circular Economy and Resource Efficiency (GACERE) launched

10 December 2020 European Commission adopted a proposal for a new regulation on sustainable batteries

11 March 2020 European Commission adopted new circular economy action plan

11 December 2019 European Commission adopted European Green Deal

December 2015 European Commission adopted the first circular economy action plan

2023

30 November 2022

Adoption of several initiatives under the action plan, including:
legislative proposal for substantiating green claims made by companies
measures to reduce the impact of microplastic pollution on the environment

European Commission adopted measures proposed in the circular economy action plan

5 April 2022 European Commission adopted proposals for revised EU measures to address pollution from large industrial installations

30 March 2022 European Commission adopted package of measures proposed in the circular economy action plan

17 November 2021 European Commission adopted proposal for news rules on waste shipments

28 October 2021 European Commission adopted proposal to update rules on persistent organic pollutants in waste

22 February 2021 Global Alliance on Circular Economy and Resource Efficiency (GACERE) launched

10 December 2020 European Commission adopted a proposal for a new regulation on sustainable batteries

11 March 2020 European Commission adopted new circular economy action plan

11 December 2019 European Commission adopted European Green Deal

December 2015 European Commission adopted the first circular economy action plan

2023

30 November 2022

Adoption of several initiatives under the action plan, including:
legislative proposal for substantiating green claims made by companies
measures to reduce the impact of microplastic pollution on the environment

European Commission adopted measures proposed in the circular economy action plan

5 April 2022 European Commission adopted proposals for revised EU measures to address pollution from large industrial installations

30 March 2022 European Commission adopted package of measures proposed in the circular economy action plan

17 November 2021 European Commission adopted proposal for news rules on waste shipments

28 October 2021 European Commission adopted proposal to update rules on persistent organic pollutants in waste

22 February 2021 Global Alliance on Circular Economy and Resource Efficiency (GACERE) launched

10 December 2020 European Commission adopted a proposal for a new regulation on sustainable batteries

11 March 2020 European Commission adopted new circular economy action plan

11 December 2019 European Commission adopted European Green Deal

December 2015 European Commission adopted the first circular economy action plan

2015 Joined in EU Emission Trading System (ETS)

2017 Green Deal on Sustainable Healthcare 2.0 is affiliated

2018 Environmental thermometer Care is established to
provide the environment and sustainability insights
examine management, cleaning and energy 
consumption
bronze, silver or gold certificate

Driving force for awareness and creative inspiration 
to make Erasmus MC even more sustainable

2020 Green Teams are established

framework for our building projects within the 
Strategic Development Outlook for 
Accommodation

2020 Established a CO2 roadmap

2020 Green Deal on Sustainable Healthcare 2.0 is agreed

2020 Carbon footprint measure for the first time, emission reductions required by 2030

2021 UMC Utrecht Network for green healthcare professionals

2021 Green & Healthy program is established

2021 PUUR LUMC program is established

2021 OK team is established

focused on disposables in 2021:
barriers and possibilities for replacing OR 
disposables with circular alternatives
circular business models for cataract surgery

1.

2.

2021 Hub Circular hospital

in 2022:
waste of medication
drug residues in waste water

1.
2.

2022 Hub Circular hospital

2021 APH (Amsterdam Public Health research institute) recalibrated its strategic plan

2021 Sustainable public health interventions

2022 Established Center for Sustainable Healthcare 
(Centrum voor Duurzame Zorg)

2022 Groene Zorg (Green Care) community

2022 Green Teams & Green Team OK (operating room) are established

2023 Climate congress in Utrecht

2030 CO2 emissions from the healthcare sector must be 49% lower, 50% fewer raw materials

2030 Reduce the CO2 emissions of our buildings by 50% in 2030

2050 Reduce the CO2 emissions of our buildings by 95% in 2050

Figure A.2. Dutch University Hospitals’ ESG Goals and Roadmap

Appendix B

ESG opportunities in Radiology workflow (comprehensive 
interview insights)
Empirical studies have shown operational challenges and bottlenecks when embedding ESG 
interventions into the Radiology workflow. Additionally, a key role in driving transformation is 
concluded to be procurement. This function has the potential to drive education, standards and change 
upwards in the value chain. Increased transparency may drive innovation and collaboration on new 
circular models downstream.

The aim of the research is to reframe challenges into opportunities, taking a systemic design approach. 
As such, the insights obtained from collective interviews are visually represented in Figure B to identify 
specific areas “where and what” ESG interventions can be incorporated to achieve long-term global and 
ESG goals, thereby creating strategic value. The emphasis on “how” key ESG hotspots can strategically 
entrenched, measured, and scaled is addressed in the Chapter 4.

B.1.1. Procurement
Pre-purchase
• Articulation of needs and desires by clear goals and roadmap
Hospitals should set clear goals and make firm demands for suppliers’ transparency. In this way,’ 
efforts made by medical companies in social, environmental, and climate responsibility should be given 
more weight in decision making processes.
• Increase capabilities
The healthcare sector needs to develop its own procurement function with the necessary skills, 
competencies, and know-how to make informed decisions about purchasing equipment. By making 
these demands, hospitals could help drive the industry in a more sustainable and socially responsible 
direction.
• Sustainable decision on vendor selection
During a tender process, hospitals should ask questions regarding ESG in holistic manner and these 
answers should be quantified to calculate over 10 years of use.
• [external efforts] Proactive early engagement with companies
It is important to ask questions and identify the needs and activities happening before the tender 
process begins. For example, "Do we only need to look at the cost? Shouldn't we also calculate the benefits 
for environment?" asked by a procurement lead at Erasmus MC.
Purchase
• Sustainable decision to purchase
Stakeholders involved in the tender process should aim for circularity in the equipment by repurposing 
components from old equipment to build new owns. 

B.1.2. Operational workflow (general)
• Proactive Green teams
The department must tackle sustainability issues on all fronts, activating sustainability ambassadors in 
every department, sharing ideas, inspirations, and initiatives through monthly meetings, Intranet, and 
trainings to increase its visibility among all employees. 
• Leadership involvement
There is an increasing desire to participate in a nationwide trial with 6 hospitals in the Netherlands, 
even if it means spending money to make sustainability improvements. The leadership needs to step 
up and emphasise how important it is to integrate sustainable practices into the workflow.
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ESG (Environment, Social, Governance) Value- Impact Opportunities in Radiology workflow
Radiology of University Hospitals in the Netherlands in example

Operational workflowPost- purchasePurchase ReportReading and image interpretationExamination protocolPerforming the examinationReception of patient for the examinationPatient registrationExamination requestPre- purchase

Sustainable protocol

Optimised the frequency of scans from every 3 months to 5 
months to reduce energy usage and inconvenience for patients

Sustainability awareness / motivation 

Increase awareness from doctors in the ESG impact of ordering 
scans, affecting workflow to patients and work pressure to staffs

Accelerate mindset shift and behaviour change towards 
sustainability, by embedding incentivization and recognition

Acknowledging contributions with diplomas or recognition as a 
green champion of the month for individuals, departments or staff

Incentivization and recognition 

Provide education and training on the importance of sustainability 
with rationale and benefits of the process

Have a display in a room showing energy consumption more 
visible to encourage staff to be more conscious of their energy use 

and to take steps to reduce it

Involve the department leadership or technical staff to help 
determine which scanners need to be on and which ones can be 

turned off without affecting patient care

Leadership involvement

Participate in a nationwide trial with 6 hospitals in NL, by taking 
actions to improve sustainability even if it costs money

Integrated / automised system off at night (Siemens website in 
ECR that you could save 20,000 euros each year if you turn off the 

CT scanner at night for a year)

Green Deal 3.0 is going to lead the way with various innovations 
and research into sustainability

Devote Green team to focus on sustainability initiatives and 
responsibilities, while being change agents to colleagues

Sustainability embodiment in workflow10

11

9
9

Diamond represents key opportunities

Circle represents key insights

12

Balance staff shortages with sustainability, and avoid rolling out 
initiatives due to resource and budget constraints

Involve patients in making more sustainable choices, such as 
eating less meat, and increasing awareness among staff about 

sustainability

Ultimately, the most sustainable healthcare is one that focuses on 
keeping patients out of the hospital

13 Local diagnosis

A systemic change through decentralisation of diagnostic hubs or 
radiology hubs in the healthcare system in the Netherlands

14

Collaborate more among hospitals by not only sharing their 
visions but also by assisting each other's patients to eliminate the 

need for patients to travel long distances for short procedures

Connect with local hospitals and develop specialised protocols to 
perform scans more easily and effectively

Normalise working from home for radiographers to become more 
common in the future, which potentially attract a new generation 

to the profession

Staff well- being16

AI as not replacing human radiographer or radiologists entirely, but 
to complement their expertise and improve the efficiency and 

accuracy of diagnosis

Human centred diagnosis17

There is a new CT scanner that is designed to stay on at all times, including displays 
and computers. I wonder the need for everything to stay on, suggesting that 
perhaps only certain parts of the machine, such as the crystals, need to be powered 
all the time. this design may contribute to unnecessary energy consumption and 
questions the necessity of keeping everything powered on.

Assess Energy waste to increase awareness18

Assess radiology activities to better understand their 
environmental footprint and implement interventions in the 

workflow to improve sustainability

Collect data and analyse insights such as energy consumption and 
scan production rates to raise awareness and make improvements

Program equipment to hibernate and optimise data centers

Large equipment Eco- mode19

19 M. Dirks 
Technologist, 8 years

Change the opening hours of the hospital from 8 AM to 8 PM 
instead of 8 AM to 5 PM to save energy and increase the 

utilisation of equipment

Increase utilisation of equipment in a day20

Share equipments among departments21

Optimize the energy use of the new CT scanner with the new 
detector, exploring ways to keep the necessary parts of the 

machine running while turning off other parts to save energy

Promote sharing of equipment instead of each department having 
their own machines, which can lead to excess machines and 

energy usage

We are tracking usage data for ultrasound machines to determine if all machines 
are necessary and if we can be shared between departments. They may deny 
requests for new machines if they determine that there is already adequate usage 
of existing machines. The goal is to promote sharing of equipment instead of each 
department having their own machines, which can lead to excess machines and 
energy usage.

21

I find it difficult to measure the hospital's energy usage and allocate it per 
department, as there is only one bill for the entire hospital, and it's unclear how 
much is allocated to radiology or other departments.

18 M. Dirks 
Technologist, 8 years

The server rooms use a significant amount of electricity, and it's crucial to make 
them sustainable while ensuring security.

18

I'm not sure about how to reduce the cost or energy consumption of the MRI system 
as it requires a helium pump and superconductor that cannot be turned off.

19

There are stickers placed on all the switches for the lights in their rooms. They are 
currently in their team manager room, and there is a sticker reminding people to 
turn off the lights when leaving the room.

18

Reduce leftover contrast22

Reduce the amount of contrast used per patient, if possible without 
contrast

Separate the contrast and use complete containers of contrast 
agents instead of one bottle per patient, in an effort to minimize 

waste

The radiology department collects leftover contrast in a 3L container and stores 
them in the storage, then a GE service person picks them up to deliver them to a 
recycling factory in Norway. However, the Dutch government prohibits transporting 
the contrast on the highway due to toxicity concerns. As a result, 30 tons of 
contrast ended up in the sewage, which is even worse and more harmful to the 
environment. The government is hindering sustainability efforts.

22 M. Dirks 
Technologist, 8 years

We introduced a new method to minimize contrast waste, which involved using the 
full amount of 60 ml of contrast agent for each patient instead of using 20 ml pots 
that resulted in waste. The new method aimed to use every drip of the contrast 
agent without throwing away any unused amount. We saved 100,000 euros, 
according to the financial department.

22

Standardise urine bag23

Be aware of environmental impact of contrast media usage and the 
amount of waste produced

Contrast media from urine is currently being disposed of in a non- environmentally 
friendly way, and suggest a solution involving absorption material that patients can 
throw away at home instead of in the toilet.

23

Alternatives for disposables24

While automated 3D printing can offer many benefits, including 
increased efficiency and cost savings in some cases, it may not 

necessarily lead to cheaper logistics. Companies considering the 
adoption of this technology should carefully evaluate the potential 

logistical challenges and costs, as well as the long- term benefits

Carefully manage cleaning and sterilisation in hospitals. 
Automated technology could potentially improve the process. 

However, there are challenges to consider such as capacity and 
operations management. The logistics of hospital operations, 
including unit stocking and storage, are also noted as being 

incredibly complex

It's concerning that many medical items are still disposable, including metal clips 
and scissors, and that there should be more efforts to make them reusable or 
rechargeable to reduce waste.

24 M. Dirks 
Technologist, 8 years

Designed for ESG25

Suppliers should consider ESG requirements when designing and 
manufacturing their product. They should also take into account 

the user workflow and ensure that their product is designed to be 
efficient, easy to use, and safe for both the user and the 

environment

Reuse materials26

Collect materials and reuse in the best way possible, a small part of 
the sustainability effort

Standardise requirements among suppliers to make recycling 
easier. Suppliers should use stainable materials, reducing the 

amount of waste generated, and ensuring that the product can be 
recycled or disposed of in an environmentally responsible manner

The biggest issue in healthcare is the waste produced. We are only able to separate 
and recycle hard plastics, but other plastics and medical waste must go into a 
separate system and cannot be recycled. The same applies to sensors and other 
devices.

25

There are initiatives to collect materials like cloth and styrofoam packages from 
restaurants and renew them into new products.

26

At the intervention groups at our radiology department, there are a lot of X- rays 
taken, resulting in a lot of plastic waste. However, they have recently started 
separating paper from plastic in special bags and separating all of the garbage.

26

Centralised data storage27

Have a central data center where all the images can be stored for a 
certain amount of time, such as 3 years, before being deleted

The treatment of patients should be standardized, regardless of 
where they are treated, to ensure they receive the best and 
quickest care possible. Without taking steps to standardize 

treatment, there may be a system with a lot of waste and hiccups

The DNA data organization at LUMC is not as organized as the Dutch culture would 
suggest. In Denmark, the data is stored centrally, whereas in the Netherlands, each 
hospital has its own way and vision, which can be slow due to Dutch culture. Austria 
has a decentralized but also centralized system for gathering information.

27

Sustainable data generation28

Balance the large amount of data generated by newer scanners 
against the necessity of longer storage and relevance

The large amount of data produced by newer scanners in radiology can be up to 20 
GB per patient per scan. This results in a significant storage demand, as the data 
needs to be stored for at least 10 years, if not longer.

28

There is a new Photo counting CT allows for more information to be obtained from 
lower levels of radiation, which was previously discarded. This results in more data 
being generated, which can pose challenges in terms of storage and relevance. 
However, the increased information can provide valuable insights for researchers 
and medical professionals.

28 J. Wisselo
Manager of department CT, 8 years

When imaging a baby, there is no need to keep the images for as long as patient 
become 70 years old. They should find a way to store less data to reduce data 
consumption.

28

D. de Vries
Manager of department Radiology Nuclear Medicine, 21 years

The biggest challenge is to motivate staffs to do things, like giving patients urine 
bags. We calculated how many bags were needed each week, but they were not 
giving away enough, so some colleagues forgot to give them to patients.

10

I was at the hospital on a Sunday morning and noticed that all the CT scans were 
still on even though the last patient was scanned on Friday afternoon. I checked 
who was the last coworker present and didn't want to punish them but rather 
motivate them to switch off machines when not in use. We introduced the idea in 
the CT team meeting, but the team may resist as it may be seen as too much work.

11

We wanted our hospital to participate in a nationwide trial with 6 hospitals, but the 
heads of department said that radiographers are already very busy, so we we may 
not participate. The hospital is still using urine bags because the board of directors 
thinks it's important, even though it costs money. Many hospitals signed the Green 
Deal but don't actually do anything, and even if it costs money, actions should be 
taken to improve sustainability.

9

We wanted our hospital to participate in a nationwide trial with 6 hospitals, but the 
heads of department said that radiographers are already very busy, so we we may 
not participate. The hospital is still using urine bags because the board of directors 
thinks it's important, even though it costs money. Many hospitals signed the Green 
Deal but don't actually do anything, and even if it costs money, actions should be 
taken to improve sustainability.

12 J. Wisselo
Manager of department CT, 8 years

It's important to educate people on why certain processes are important, not just 
for personal reasons but for the greater good. People need practical ways to 
incorporate these changes into their workflow. It can be challenging to change 
habits that have been established over a long period of time, but it's necessary to 
improve processes and outcomes.

10 J. Wisselo
Manager of department CT, 8 years

There are also challenges in changing behavior and culture, such as getting 
colleagues to properly sort waste into the appropriate bins. This requires a shift in 
mentality and will take time and effort to implement.

12

There is a focus on reducing waste and costs in order to deal with budget cuts. By 
putting prices on items and making people aware of the costs, it is hoped that they 
will be more mindful of their consumption and choose to use only what is 
necessary. This approach may also help to reduce waste and promote more 
sustainable practices.

10

I'm unable to dedicate as much time to sustainability efforts as we would like due to 
a shortage of radiology technicians, which creates a big pressure. We spend most of 
their time on patient care, but are able to devote about half a workday every two 
weeks to sustainability initiatives.

12 M. Dirks 
Technologist, 8 years

Increase efforts to develop a roadmap to improve sustainability in 
a hospital, with the goal of more sustainable practices

Set clear goals and acting on them, as well as making firm 
demands for transparency

Hospitals should take a proactive approach to eliminating child labor from their 
supply chains and demand transparency from their suppliers. This can be achieved 
by setting clear goals and acting on them, as well as making firm demands for 
transparency. It is important to understand the rationale behind the use of 
equipment and medication in hospitals, and a more integrated approach is needed 
to ensure more efficient use of resources.

3 M. Timmerman
Procurement, 11 years

Companies' efforts towards climate, environment, and social 
responsibility should be given more weight in decision- making 

processes

I advocate for setting a new norm at Erasmus, where the hospital will only do 
business with companies that have clear policies on climate, environment, and socio 
circumstances. If a company cannot provide clarity on their impact and risk 
mitigation strategies, we will not be considered as a supplier.

Companies' efforts towards climate, environment, and social responsibility should 
be given more weight in decision- making processes.If certain suppliers do not 
provide adequate information in these areas, then the hospital should consider 
working with a single supplier without going through a competitive bidding process.

Proactive Green teams

Activate sustainability ambassadors in every department, share 
ideas, inspirations, initiatives through monthly meetings, Intranet, 

trainings to be more visible for all employees

8

F. Maagdenberg
Manager of department Radiology, 26 years

The department must tackle sustainability issues on all fronts, from mentality to 
waste management, including the waste produced in nuclear medicine and the OR. 
Sustainability efforts are like playing chess, with moves needed in all areas.

8

We have a green team from Amsterdam UMC, which encourages the reuse of 
products and sustainability. While they try to use things a little longer, sustainability 
is not a priority for them. We are not very familiar with these practices.

8 R. Luijk, Manager of department Radiology, 29 years
Teun, Technologist, 10 years

Collaboration Synergy across entities

Hospitals in the Netherlands should collaborate with each other 
and with other organizations to address climate concerns, which 

is one of the biggest issues to tackle

6

We started with a small pilot project of washable caps, which was easy to 
incorporate. The idea was brought to the department's radar and if successful, it 
will be expanded to other departments. The supplier company that produces other 
washable items for hospitals was invited to a meeting and the project started from 
there.

6 M. Dirks, 
Technologist, 8 years

Hospitals in the Netherlands should collaborate with each other and with other 
organizations to address climate concerns.Instead of competing on energy 
purchasing, hospitals should work together to secure a long- term contract with a 
consortium of energy providers or companies to ensure reasonable pricing for 
electricity for the next 25 years. Currently, hospitals in the Netherlands are not 
even working together on energy, and I believe that more needs to be done to 
address climate concerns, which is one of the biggest issues to tackle.

6 M. Timmerman
Procurement, 11 years

Increase capabilities

The healthcare sector needs to develop its own procurement 
function with the necessary skills, competencies, and know- how to 

make informed decisions about purchasing equipment

2

Have more say in what innovations are developed. By making 
these demands, hospitals could help drive the industry in a more 

sustainable and socially responsible direction.

My focus is on changing mental models, as this is key to driving change in the 
healthcare industry. Hospitals, as well as the staff involved in decision- making, 
need to change their mental models in order to bring about this change. This 
means changing the way people think about healthcare, procurement, and 
sustainability. By challenging existing mental models and encouraging people to 
think differently, I hope to create a more innovative and sustainable healthcare 
industry.

2 M. Timmerman
Procurement, 11 years

Proactive early engagement with companies1

Ensure to consider parameters related to climate, environment, 
biodiversity, and social economics and incorporate into the 

decision- making process for procurement

My colleagues are working on a tender related to hospital equipment, but I believe 
that finding criteria for sustainable products is not the right approach. It is 
important to ask questions and identify the needs and activities happening before 
the tender process begins.
"What are the business models that are available? Or the propositions that could be of 
interest?"
"What does it mean in terms for the long long term costs versus short term costs for 
Erasmus MC?"
"Do we only need to look at the cost? Shouldn't we also calculate the benefits for 
environment?"

1 M. Timmerman
Procurement, 11 years

Ask suppliers qualitative questions in a holistic manner on how 
they work on carbon reduction for specific equipment and do not 

plan to score them quantitatively

We want suppliers to feel like they are not being assessed solely by a procurement 
matrix, but rather by specific questions related to the product being purchased.

Green flow represents Radiology workflow process

Blue flow represents Procurement process

Legends

1 J. Wisselo
Manager of department CT, 8 years

It is important to see the big picture and taking the time and effort to make 
sustainable choices. It is needed to standardize and incorporate questions about 
sustainability into procurement requests. Trend of sustainability in the industry is 
growing and getting more importance of supporting the green team. It is also 
important to consider sustainability Green deal 2.0 both within and outside the 
hospital.

Articulation of needs and desires by clear goals and roadmap 3

During a tender process, ask questions regarding ESG in holistic 
manner and these answers should be quantified to calculate over 

10 years of use

Sustainable decision on vendor selection 4

D. de Vries
Manager of department Radiology Nuclear Medicine, 21 years

Vendors are taking initiatives to make their equipment more sustainable and use 
less energy. During a tender process for an MRI scanner, questions were asked 
about energy consumption, and the answers were used to calculate the electricity 
cost over 10 years of use. There were significant differences between vendors in 
terms of energy consumption, and if points had been given for being energy- 
friendly, a different vendor may have won the tender. The information was not 
scored in the tender, but it was informative and signaled to vendors that 
sustainability is important

4 D. de Vries
Manager of department Radiology Nuclear Medicine, 21 years

The role of the procurement function is to provide an advising role rather than 
making any decisions themselves. It is important to ensure that the procurement 
process is carried out correctly and in accordance with Dutch tender law, which is 
based on European law.

4 M. Timmerman
Procurement, 11 years

Select equipment that is energy efficient and sustainable

Sustainable decision to purchase5

We use tenders to select equipment that is energy efficient and sustainable. They 
should aim for circularity in equipment by reusing parts from discarded equipment 
to build new ones.

5

It would make sense that the hospital pay for a service rather than buying a 
machine, but there is a concern about losing control over the type of machine 
purchased. The hospital wants to ensure they get the best machine possible, but 
vendors may provide the cheapest option to increase profits.

External

Internal

H. P. Schilte
Manager Sustainability, 21 years

Cooperation within the whole chain is very important: suppliers, 
manufacturers, hospitals, banks, insurers, ministries and 

municipalities

We still have a long way to go. Especially in the area of circularity. Collaboration is the 
key.

6

I'm trying to influence people's mind and encouraging them to make the right 
choices in terms of procurement and sustainability.

We have an intranet with a green team button where employees can see what has 
been done and what is planned for the future. However, the green team should 
make themselves more visible on the intranet for all employees.

F. Maagdenberg
Manager of department Radiology, 26 years

We should set up a place where ideas can be brought up, facilitating their 
implementation, and acknowledging contributions with diplomas or recognition as a 
green champion of the month for individuals, departments or staff.

M. Dirks
Technologist, 8 years

D. de Vries
Manager of department Radiology Nuclear Medicine, 21 years

F. Maagdenberg
Manager of department Radiology, 26 years

Research on safety of switching off the contrast, safely playing with 
the temperature

H. P. Schilte
Manager Sustainability, 21 years

10

The awareness is certainly there, but now we all have to put our money where our 
mouth is. The Green Deal 3.0 is going to help us do that. Erasmus MC is leading the 
way with various innovations and research into sustainability. We will continue to 
play that role so that many stakeholders can benefit.

Highlight examples of others who have successfully implemented 
these practices can be more effective than simply telling people 

what they should do

L. Spaargaren
Radiologist, 40 years

10

Motivation can be more effective in encouraging people to adopt environmentally- 
friendly practices, such as turning off screens when not in use. Both the 
environmental impact and the financial benefit (i.e., longer lifespan of the screen) 
can be a powerful motivator.

Regulation and standardisation taking ESG into account

Regulations should be clear and decisions should be made about 
what can and cannot be done, particularly in the field of radiology

7
7

7

Less unnecessary interventions and focus on quality of life for 
patients, not profits

L. Spaargaren
Radiologist, 40 years

There is a lack of clear decision- making in this regard. Privacy laws can sometimes 
hinder the ability to provide effective care. How certain procedures and practices 
vary from hospital to hospital, and that some regulations seem to be in place 
without a clear reason or benefit. We have to be careful to fight against such 
regulations and rules, as it can be difficult to prove them wrong.

Healthcare regulations should take the environment into account 
and combine forces to work on a single regulation

The current regulations focus on keeping people healthy, hospitals afloat, and 
medical specialists' income, but they should also consider the impact on the 
environment. The solution could be similar to what is being done in England with 
connecting the dots to stop damaging people and set up something that helps 
people without damaging the environment.

We need clear regulations on what medical professionals can and cannot do, but no 
one is currently taking the necessary steps to make those decisions.

L. Spaargaren
Radiologist, 40 years

13

The environment should be taken into consideration in design decision making, 
similar to how neurology takes age into account when administering thrombolysis 
for an infarction. While it is necessary for us to administer thrombolysis for a 94- 
year- old, we believe it may be over- treating the patient. Treating a 94- year- old 
patient may only improve the outcome by 15%, which may not justify the amount 
of treatment required.

7 L. Spaargaren
Radiologist, 40 years

We reached out to the UK group for information and express a desire to make 
others aware of resources and contacts for those interested in working on 
environmental issues.

Internal

External

The energy consumption associated with performing frequent scans in radiology. 
Some scans may be performed more frequently than necessary to accommodate 
doctors' preferences. For example, follow- up CT scans may be scheduled every 3 
months when they could be done every 5 months. By reducing the frequency of 
these scans, the workload on staff could be reduced, which may result in energy 
savings.

13 M. Dirks 
Technologist, 8 years

Sustainability is now part of the education for doctors, which wasn't the case 
before. While some doctors still don't consider sustainability, there is more focus on 
patient health and lifestyle factors such as diet and exercise. Ultimately, the most 
sustainable healthcare is one that focuses on keeping patients out of the hospital.

13 D. de Vries
Manager of department Radiology Nuclear Medicine, 21 years

Patients are more educated and demand these exams, and sometimes even 
specialists request unnecessary exams. I think that the trend will eventually peak 
and then go back down to a reasonable level.

11 F. Maagdenberg
Manager of department Radiology, 26 years

There is some standardisation in the case of rare diseases, but overall, there is still 
overconsumption of radiography exams.

Every hospital conducts scans differently, even for the same type of scan. For 
example, one hospital may do a liver scan 30 seconds after reinjecting the contrast, 
while another hospital may wait for 35 seconds after the contrast injection. this 
may be one reason why hospitals prefer to treat their own patients rather than 
referring them to another hospital, as they have a better understanding of their 
own procedures.

14 M. Dirks 
Technologist, 8 years

Why some basic CT scans cannot be done at hospitals closer to the patient's 
location, rather than requiring them to travel to a specialised hospital?

Sustainability is now part of the education for doctors, which wasn't the case 
before. While some doctors still don't consider sustainability, there is more focus on 
patient health and lifestyle factors such as diet and exercise. Ultimately, the most 
sustainable healthcare is one that focuses on keeping patients out of the hospital.

14 D. de Vries
Manager of department Radiology Nuclear Medicine, 21 years

We try to remind patients of their MRI appointments one day before, but 
sometimes people in the low- income area frequently change phone numbers, 
making it difficult to contact them. If a patient misses their MRI appointment twice, 
the department will not schedule them for a third time unless they speak with a 
doctor and get a new order.

15 R. Luijk, Manager of department Radiology, 29 years
Teun, Technologist, 10 years

Give patients the responsibility of prioritizing medical 
appointments and showing the impact of sustainability when they 

do not show up

Patient responsibility to ESG15

Radiographers working from home could become more common in the future and 
could potentially attract a new generation to the profession.

16 D. de Vries
Manager of department Radiology Nuclear Medicine, 21 years

It can be challenging to motivate healthcare professionals due to the lack of staff 
and high workload. However, in our hospital's radiology department, we have a 
strong sense of teamwork and camaraderie, which motivates us to perform well. 
We believe that this positive environment is fostered through team- building 
activities and small gestures of appreciation, such as providing cookies on Fridays.

16 R. Luijk, Manager of department Radiology, 29 years
Teun, Technologist, 10 years

Motivate healthcare professionals in high workload by having a 
strong sense of teamwork and camaraderie

Radiographers will need to shift and adapt to new technologies in the future. AI will 
certainly take over certain aspects of radiology, which means radiographers will 
become more important than radiologists in the future.

17
F. Maagdenberg
Manager of department Radiology, 26 years

Pressure from the government is to do more with less is exacerbating the situation. I 
feel that there are fewer staff but more patients, and the situation feels like a 
vacuum.

F. Maagdenberg
Manager of department Radiology, 26 years

R. Luijk, Manager of department Radiology, 29 years
Teun, Technologist, 10 years

R. Luijk, Manager of department Radiology, 29 years
Teun, Technologist, 10 years

D. de Vries
Manager of department Radiology Nuclear Medicine, 21 years

It is challenging to measure progress in sustainability efforts, as it is costly to 
measure water quality, and patients travel from different regions to get a CT scan.

Changing the opening hours of the hospital from 8 AM to 8 PM instead of 8 AM to 5 
PM can help save energy and increase the utilisation of equipment, such as CT 
scanners. This could result in significant sustainability benefits. It could be 2 shifts, 
but the machines are running 3 hours extra every day while saving energy.

20 D. de Vries
Manager of department Radiology Nuclear Medicine, 21 years

R. Luijk, Manager of department Radiology, 29 years
Teun, Technologist, 10 years

23

The accumulation of contrast that patients pee out is a major problem, and I suggest 
using alternative substances and only using contrast when necessary.

L. Spaargaren
Radiologist, 40 years

22

Sometimes it doesn't make sense to use contrast in medical scans, as it can be risky 
but not using it can also make it hard to detect certain things. Measuring diameter 
in the thorax, which can be done without contrast but may make it difficult to see 
other things around. It's a balancing act between risk and benefit.

L. Spaargaren
Radiologist, 40 years

In the past, there were more disposable items used in healthcare such as scissors 
and patient tools. However, there has been a shift towards sustainability and 
reducing waste in recent years.

24 D. de Vries
Manager of department Radiology Nuclear Medicine, 21 years

It is important to consider the long- term costs and impact on the environment when 
making decisions about whether to use disposable or reusable equipment.

26

We made a small change in our hospital to recycle paper waste and suggest 
separating different types of waste to reduce the carbon footprint. We need for 
more significant changes and collaboration to address environmental issues in the 
healthcare sector.

L. Spaargaren
Radiologist, 40 years

R. Luijk, Manager of department Radiology, 29 years
Teun, Technologist, 10 years

F. Maagdenberg
Manager of department Radiology, 26 years

F. Maagdenberg
Manager of department Radiology, 26 years

M. Dirks 
Technologist, 8 years

F. Maagdenberg
Manager of department Radiology, 26 years

M. Dirks 
Technologist, 8 years

R. Luijk, Manager of department Radiology, 29 years
Teun, Technologist, 10 years

28

Some people think the higher Tesla is better but is not true. Certain medical 
imaging technologies are more suitable for certain areas of the body. MRI is good 
for neurology and musculoskeletal imaging, but not for abdomen imaging due to 
the increased movements in that area. The number of images being produced by 
CT and MRIs are increasing, with newer technologies producing even more data per 
voxel.

L. Spaargaren
Radiologist, 40 years

Create a Culture of Sustainability
One way to raise awareness is to provide 
educational in services that explain the 
benefits of energy conservation and 
describe specific actions to take.

Nurses and Climate Change: Ten Strategies for Reducing 
Carbon Emissions in the Radiology Department, Janice E.

Power Down Workstations
Because standby mode still uses 
energy (up to 5% in households), 
unplugging equipment over nights and 
weekends can be a great energy saver.
At 14 cents per kWh times the average 
energy use of a computer times 24 
hours, the cost is between $6.93 and 
$195.90 per monitor per day.

Nurses and Climate Change: Ten Strategies for Reducing 
Carbon Emissions in the Radiology Department, Janice E.

Store Images in the Cloud
Digital images are beneficial to the 
environment in reducing waste, but the 
energy used to power and cool servers 
for storing images is significant.

Nurses and Climate Change: Ten Strategies for Reducing 
Carbon Emissions in the Radiology Department, Janice E.

Become a Climate Ambassador
Nurses earn continuing education 
credits while gaining knowledge of the 
health impacts of climate change.

Nurses and Climate Change: Ten Strategies for Reducing 
Carbon Emissions in the Radiology Department, Janice E.

Advocate for Using AI for Radiological Tests
Magnetic Resonance Imaging (MRI) is a powerful 
diagnostic tool, but one scanner used for 
approximately 4000 patient images consumes 
enough energy to power 26 households for a year
The MRIs diagnostic time and energy consumption 
can be reduced by using AI for MRI protocols.
Use of AI for high- energy tests can reduce repeat 
tests through increasing diagnostic accuracy

Nurses and Climate Change: Ten Strategies for Reducing 
Carbon Emissions in the Radiology Department, Janice E.

Approximately two- thirds of energy 
usage for CT occurs during this 
nonproductive idle state, indicating a 
substantial energy inefficiency

Radiology and the Climate Crisis: Opportunities and Challenges— 
Radiology In Training, Bryan W. Buckley, MB, BCH, BAO, MRCPI

Bubble represents Literature insights

Researchers and clinicians should 
incorporate into their data- relevant 
practices:
lifecycles instead of waste (c.f. the 
circular economy)

The environmental sustainability of data- driven health research: 
A scoping review, Gabrielle Samuel and A.M. Lucassen

Solid waste generation is greatest in 
interventional procedures due to a high volume 
of short cases and use of primarily single- use 
products (catheters, sheaths, wires, devices, coils, 
sterile drapes, and sterile towels). An audit of 17 
procedures in an interventional radiology 
suite found an average of 8 kg of waste per 
case with the greatest waste burden coming 
from coiling (13.1 kg) and embolization (10.3 kg) 
cases

Radiology Environmental Impact: What Is Known and How 
Can We Improve? Sean A.

Saiyeda and Hamdard (2020) provided a 
roadmap for green IT healthcare that 
included not only aspects of design and 
manufacturing, but also purchase, use 
and disposal of IT technologies.

The environmental sustainability of data- driven health research: 
A scoping review, Gabrielle Samuel and A.M. Lucassen
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• Sustainability awareness / motivation
The most effort is needed to overcome such a challenge. One way to raise awareness is to provide educational 
in services that explain the benefits of energy conservation and describe specific actions to take (Hawkins & 
Tremblay, 2023). A live display in a room showing energy consumption can be more visible to encourage staffs to 
be more conscious of their energy use and to take action to reduce it.
• Incentivization and recognition
Acknowledging contributions with diplomas or recognitions as “Green champion of the month” for the 
departments or individuals can accelerate their mindset shift and behaviour change towards sustainability.
• Sustainability embodiment in workflow
Staff shortages must be balanced with sustainability to avoid rolling out initiatives due to resource and budget 
constraints. It requires delegating responsibilities to Green Team members to concentrate on initiatives while also 
acting as a change agent for colleagues.
• [external efforts] Collaboration synergy across entities
Hospitals in the Netherlands should collaborate with one another and with other organizations such as suppliers, 
manufacturers, hospitals, universities, insurers, ministries, and municipalities to address climate concerns, which is 
one of the biggest issues to tackle. 
• [external efforts] Regulation and standardisation taking ESG into account
Regulations should be clear, and decisions should be made about what can and cannot be done, particularly in 
the field of Radiology. Environmental considerations should be factored into healthcare regulations and combine 
forces to work on a single regulation.

B.1.3. Examination request
• Sustainable protocol
Doctors must raise awareness of the ESG impact of ordering scans, which affects patient workflow and staff 
workload. They might involve patients in adopting more sustainable choices, such as eating less meat, and raise 
sustainability awareness among staff.

B.1.4. Patient registration
• Local diagnosis
Many stakeholders in the Dutch healthcare system envision a systemic change through the decentralisation of 
diagnostic or Radiology hubs. Connecting with local hospitals and adopting specialized protocols can make scans 
easier and more successful.
• Patient responsibility to ESG
Patients should also be responsible for prioritizing medical appointments and acknowledging the impact of no-
show on sustainability.

B.1.5. Reception of patient for the examination
• Staff well-being
Healthcare professionals face a tremendous workload, therefore improving motivation through a strong sense of 
teamwork and camaraderie can help. This positive environment is fostered through team-building activities and 
small gestures of appreciation, such as providing cookies on Fridays, according to Technologists at Amsterdam 
UMC.
• Human centred diagnosis
AI as not replacing human Radiographer or Radiologists entirely, but to complement their expertise and improve 
the efficiency and accuracy of diagnosis. The usage of AI for MRI protocols can reduce diagnostic time and energy 
consumption, while it can also reduce repeat tests through increasing diagnostic accuracy (Hawkins & Tremblay, 
2023).

B.1.6. Performing the examination
• [Energy] Assess energy waste to increase awareness
It is essential to assess Radiology operations to better understand their environmental footprint and implement 
interventions in the workflow to improve sustainability. The Radiology department should collect data and analyse 
insights such as energy consumption and scan production rates to raise awareness and make improvements.
• [Energy] Large equipment Eco-mode
The fact that over two-thirds of the energy used by CT is consumed in this inactive stage suggests a significant 
energy inefficiency (Buckley & MacMahon, 2021). The large equipment should have an Eco-mode program to 
hibernate and optimise the energy use.
• [Energy] Increase utilization of equipment in a day
Changing the opening hours of the hospital from 8 AM to 8 PM instead of 8 AM to 5 PM can help save energy and 
increase the utilisation of equipment. This could result in significant sustainability benefits. It could be 2 shifts, but 
the machines are running 3 hours extra every day while saving energy. 
• [Energy] Share equipment among departments
Departments should promote sharing of equipment instead of each department having their own machines, which 
can lead to excess machines and energy usage.
• [Contrast] Reduce leftover contrast
Contrast has been shown to safety concern, according to study, but it can also make it difficult to detect certain 
details in an image. Hospitals and suppliers should consider different container designs in an effort to minimize 
waste.
• [Contrast] Standardise urine bag
Contrast media from urine is currently being disposed of in a non-environmentally friendly way. Such urine bag 
initiatives, which are currently being implemented in a number of hospitals, should be standard.
• [Waste] Alternative for disposables
While automated 3D printing can offer many benefits, including increased efficiency and cost savings in some 
cases, it may not necessarily lead to cheaper logistics. Companies considering the adoption of this technology 
should carefully evaluate the potential logistical challenges and costs, as well as the long-term benefits.

B.1.7. Examination protocol
• Designed for ESG
Suppliers should consider ESG requirements when designing and manufacturing their product. They should also 
take into account the user workflow and ensure that their product is designed to be efficient, easy to use, and safe 
for both the user and the environment.
• Reuse materials
Hospital needs several initiatives of collecting materials and reusing them in the best way possible as a small 
part of the sustainability effort. For instance, LUMC initiated a project to recycle waste materials like cloth and 
Styrofoam boxes from restaurants into brand-new products.

B.1.8. Reading and imaging interpretation - report
• Centralised data storage
The treatment of patients should be standardized, regardless of where they are treated, to ensure they receive the 
best and quickest care possible. Without taking steps to standardize treatment, there may be a system with a lot of 
waste and hiccups.
• Sustainable data generation
Digital images benefit the environment by reducing waste, but they also take a lot of energy to operate and cool 
the servers that store those images (Hawkins & Tremblay, 2023). Moreover, the large amount of data produced 
by newer scanners in Radiology can be up to 20 GB per patient per scan. It is important to balance between the 
amount of data and the need for longer storage and relevance.
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Appendix C

Survey Results

Prior to the co-creation workshop, survey research was introduced to synthesize and evaluate key 
findings from in-depth interviews and desk research with involved stakeholders. This made it easier for 
the participants to understand the researcher's interpretation and proposed design tools, which were 
then discussed in the co-creation sessions. The survey was filled out using Microsoft Forms, which is 
easy and intuitive to use. Enquiries were conducted anonymously in order to encourage more honest 
and unbiased responses. The survey results can be seen following the five questions (see Figure C.1) in 
Figure C.2.

Answers on Q4.
• Separate waste for reuse intensively. 
• The problem is that the mentioned hotspots are not all 

taken into account in the first place. A common reaction 
with regards to scans is that for research purposes it is 
inevitable to have high numbers of scans, which i beg to 
differ. Is it really true that more scans lead to more reliable 
research input?

• Digital scans increasing in size

Answers on Q5.
• Yes, I think so.
• I guess. 
• The patient social network (or NOT having one!!!): direct 

family, relatives, friends, neighbours....
• Sorry, the resolution is insufficient for reading
• Map is difficult to interpret

Figure C.1. Survey questions blueprint

Figure C.2. Survey results
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Appendix D

Co-creation Blueprint

Several co-creation workshops were held to enrich the depth of data collection on the ecosystem 
context, ESG hotspots and opportunities in the Radiology workflow. A structured strategy and pre-
planned workshop blueprint were created, as shown in Figure D.1, to enable an effective interaction 
with the extremely busy stakeholders.

Figure D.1. Co-creation Blueprint
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Figure B. ESG integration funnel

Appendix E

ESG Transformation Strategy through the Integration 
Funnel
ESG transformation is much needed and very complex, especially in highly regulated, public-private industries 
such as healthcare. Adding layers and functions in such industries and organizations is slow and ineffective. 
Furthermore, in decentralized healthcare systems such as those in the Netherlands, collaboration and resourcing 
of topics such as ESG might be challenging.

The learnings in this study tend to conclude that the most effective way to drive ESG forward, is by embedding 
ESG principles into the current way of working, even more so in the investment decision-making processes. 
Figure E envisions and recommends an ESG innovation and transformation process that can be incorporated into 
existing change management processes as well as a stand-alone process. Five main steps are proposed to carry 
the ideation, investment decision making and deployment of ESG interventions: [1] Identification and collection of 
ESG hotspots; [2] ESG Idea generation with value-impact business case (for prioritized hotspots); [3] Prototyping 
selected ESG initiatives; [4] Development of approved ESG initiatives based on strategic fit-, impact-, and viability 
criteria; [5] Go/NO-GO for ESG intervention Implementation.
  
Building such ESG integration funnels and processes can answer the transformation needs of specific 
departments, hospitals, or broader ecosystems. The need and proposed concept were discussed with stakeholders 
during interviews and workshops. High relevance and a strategic need were concluded. As time and resources 
were limited, the researcher shares forward the recommendation for further future explorations on the topic.

Appendix F - Project Brief
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